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PriekSvards
Cienfjamie lasitaji!

Jisu uzmanibai tiek piedavats Ventspils Augstskolas (VeA) rakstu
krajums, kura pamatu veido divu VeA fakultaSu, Ekonomikas un parvaldibas
fakultates (EPF) un Informacijas tehnologijas fakultates (ITF) un
inzenierzinatnu institita “Ventspils Starptautiskais Radioastronomijas
centrs” pé€tnieciskie darbi.

Ventspils Augstskola ir regionala augstskola, kas no vienas puses ir
lidziga citam Latvijas augstskolam, jo nodarbojas ar tiem pasiem izglitibas
un zinatnes attistibas jautajumiem ka citas augstskolas, bet kurai, no otras
puses piemitt vismaz divas specifiskas Tpatnibas, kas citam augstskolam nav
raksturigas.

Pirma VeA specifiska Tpatniba ir saistita ar geografisko stavokli, ar
atrasanos pilséta ar vienu no lielakam Baltijas jiiras ostam, kurai ir nozimiga
loma Latvijas transporta infrastruktiira. Lidz ar to VeA Ekonomikas un
parvaldibas fakultates prioritarie p&tniecibas virzieni ir saistiti ar logistiku,
eksportu un importu, Ventspils un Kurzemes regiona uznémumu
konkurétsp&jas paaugstinasanu, inovaciju lomu regionala ekonomiska
attistiba.

Otra VeA specifiska Tpatniba ir saistita ar to, ka augstskolas riciba ir
Eiropas nozimes zinatniskas infrastruktiiras objekts — radioteleskopu RT-16
un RT-32 komplekss, uz kura bazes funkcioné Ventspils Starptautiskais
Radioastronomijas Centrs (VSRC). VSRC veic pétijumus cie$a sadarbiba ar
VeA ITF, lidz ar to ITF prioritarie pétniecibas virzieni ieklauj digitalo signalu
apstradi, darbu ar liela apjoma datiem (big data), satelitu attelu apstradi.

Latvijas un Kurzemes regiona ekonomiskas un socialas attistibas
veicinaSanai, kvalificéta darba sp€ka sagatavoSanai, jaunatnes aizpliiSanas

samazinasanai ir nepiecieSama jaunas paaudzes iesaistiSana petjjumos.

Mes gribam noveélét rakstu autoriem veiksmi turpmakos petijumos.

Prof. Sergejs Hilkevics
Asoc. prof. Galina Hilkevica



DEVELOPMENT OF MONITORING SYSTEM’S OF VEUAS
VIRAC HPC

R.Bralis, K.Skirmante

Engineering Research Institute “Ventspils International Radio
Astronomy Center” of Ventspils University of Applied Sciences,
Inzenieru str., 101, Ventspils, LVV-3601, Latvia

The monitoring system prototype of the Ventspils University of Applied
Sciences institute “Ventspils International Radio Astronomy Centre” High
Performance Cluster (HPC) was developed in 2018. Monitoring system’s
purpose is collection and representation of cluster resource usage and graphical
representation of information for easier understanding of data to VeUAs
VIRAC employees. Publication contains VIRAC HPC monitoring system
prototype description. A brief description of reasons why a custom cluster
monitoring system is needed, the technologies used to develop the prototype.
In Results & Conclusions section a conclusion about each part of this prototype
and its development and the used methodologies. The system has been
deployed on a private VIRAC server separately from cluster for security
purpose (it is only accessible to employees through local network).

Keywords: Web technologies, monitoring of cluster resources, databases

1. INTRODUCTION

High performance computing systems are a quickly evolving technology, so
it is necessary to monitor cluster, which consists of master nodes and computing
nodes, each node represents a computing unit therefore creating necessity, and
improve these systems by analyzing received data from cluster and represent it
graphically. Although there are products for cluster monitoring, a big shortcoming
of available products in market is that clusters should not be optimized to enable all
needed operations for a tool. So there is a need for specialized monitoring tool for
optimized kernel clusters. Since the tool obtains data that is difficult to understand,
a more visual presentation is needed. That is why it is important to present these
situations in a graphic interface, where Web technologies are a useful tool to show
current information both locally and remotely.

The aim of paper is to create a functioning Ventspils International Radio
Astronomy Center monitoring prototype for high performance computing (HPC)
system. To achieve the mentioned goal it is necessary to review cluster resource
monitoring solutions for displaying VIRAC HPC system state, research Web based
application development tools for the gathered cluster resource data implementation
into Web application.

The tasks would be to retrieve and gather resources from cluster nodes into
database, to develop Web application, which represents gathered data in viewable
form.



2. THEORETICAL

VIRAC HPC cluster consists of 2 master nodes and 28 computing nodes,
totalling 30 active cluster nodes. Each node consists two Intel Xeon E5-2630 v3
processors with 8 cores for each, with 128 GB RAM and with 40 Gb/s QDR
InfiniBand network card for communication.

Monitoring system was developed using native OS tools to retrieve data
about each cluster node, parsed and saved into database. To improve value of the
monitoring system, the data is shown on web application which uses modern web
technologies such as Ruby on Rails framework, which utilizes MVC architecture,
and simple graphical interface to improve users experience using it.

Since cluster is based on Unix-family operating system with optimized OS
kernel, therefore removing all ready-made cluster monitoring product options,
monitoring system will use tools from Unix-based OS to retrieve information about
each cluster node, its running processes and their resource usage.

There are multiple web graphical interface development languages and
frameworks which provide a reasonable opportunity to create web applications.
Nowadays a good practise is to approach web development using MVC ( Model-
View-Controller) architecture [3, page 4], so it is reasonable to choose a language
and framework that supports that.

3. EXPERIMENTAL
MongoDB Ruby on Rails
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Fig. 1. Monitoring system schema

A background process, which was written using Bash scripting language,
was developed to call cluster node information gathering script using SSH protocol
every hour. The purpose of it is cluster usage for computation processes for 24/7.
The script is located in a master node to enable possibility to access all computing
nodes.



Cluster node information script is written in Bash scripting language, which
enables direct tool utilization for Unix-like operating systems [5]. The utility called
“ps” returns all active processes in OS. Since it is necessary to save information
about processes that are actually using resources, the result is filtered using utility
“awk” to remove processes that are not active i.e. not using CPU and RAM
resources. The resulting output is returned back to the calling node (master node)
using SSH protocol through tool “ssh” [1]. The received information about the target
nodes are read from a separate text file and called a specific command in every node
to gather necessary data.

Database keeps data gathered from above mentioned programs, as well as
works as database for web application. A MongoDB database enables to create
flexible records and documents not adhering to schematic structure[2]. MongoDB is
a document-oriented database program, classified as NoSQL since it uses JSON-like
documents with schemata. Reason why this program is used is because application
can be further expanded and NoSQL databases have opportunity to have dynamic
schema. The resulting data are stored in a document stored information of each node.

Web server contains web application and creates relation between database
and client graphical interface. Web application/server was written using Ruby
programming language and Ruby on Rails framework with Mongoid library to
establish interaction with database. Ruby on Rails is one of the most popular open-
source web development frameworks that utilise MVC architecture to structure the
web application is logical stages[4]. To enable interaction with MongoDB database,
Ruby library (called gem) Mongoid is used. Mongoid is a official ODM framework
for MongoDB in Ruby[6].

To start web server and background process tool “cron” is used to trigger
processes during boot up of operating system[8]. The background process itself uses
“cron” to trigger the node information gatherer script once every hour.

Cluster information gathering script gets information about random access
memory, processor resources and active node processes, their names, process
identificators, their users and core, which process is assigned for usage.

Script as an argument is given processing node name because connecting to
cluster locally is possible with SSH protocol with node name. The resulting output
contains all node processes which uses processor and random access memory
resources in a table. Table contains aforementioned parameters of the process. Table
is filtered from processes which don’t use any processing power at that moment and
returned to the user or the script which executed it.

Also is necessary to determine count of cores to create conclusion about
available and used nodes. With Unix tool “nproc” user can find out the total available
processing core count on operating system. The info about count of cores is stored
for nodes in a separate MongoDB document.

Script is used in conjunction with macro command and sends the script
process to background, in order to create pseudo-parallel execution for efficiency
since it is necessary to get information from all nodes.

To analyze and update newest information about all cluster nodes system
resources it is necessary to execute previously mentioned script periodically and to
prepare information for saving in database. A another script is used to call the
aforementioned script for all cluster node system information every hour and saves



the information in database. Since the script needs to have specific data about the
cluster configuration, a separate file is used as configuration file for storing that
information. Also it is necessary to log the state of these information gathering
scripts. So a separate Bash script was created for creating functions to log script
process execution state for every day. This is a periodical process so it is executed
by job scheduler “cron”. Resulting information of script is inserted into MongoDB
database to store for web application usage.

In case the process is stopped by unexplained interruption, “cron” is used to
automate starting the process when OS is started.

VEA VSRC HPC MONITORESANAS LAPA Salvenalapa  Konls~

Legenda
Neizmantota Zema noslodze Vidéja noslodze Augsta noslodze

Mezgls 1 Mezgls 2 Mezgls 3

Mezgls 7 Mezgls 8 Mezgls
Fig. 2. Web application graphical representation

Web application shows graphically visual view of cluster nodes and their
current state of each core. It is written using programming language Ruby and its
web application development framework Ruby on Rails. Ruby on Rails uses MVVC
architecture to represent different states of application and abstraction to ease
development time. [4, page 45]

In cascade window, user is given navigation to main page and option to log
out of their profile. Main page view uses data stored in MongoDB database which
was taken from previously mentioned Bash scripts. The view is presented in a row
view. Each row containing 3 nodes. Every cluster node has a separate container
which displays node cores and their representative state of usage determined by
legend above the nodes. The retrieved information about the node is processed to
calculate the arithmetic mean of resource usage for core. The information about the
core process uses is received from background process(which was stored in
database). After the percentage is calculated, the number determines what kind of
color the core should be colored in. The color legend is displayed above the node
table to determine core usage. By clicking on a node container, user is redirected to
a web page of that specific node, where all processes in last hour are shown.



Representation is done in a list sorted in descending order by CPU usage. To retrieve
data from MongoDB database, a gem called Mongoid is used as a library to ease
access to data. Since raw data from database can not fully represent all needed
statistic about nodes, all calculations are done internally by separate helper methods
who extract and calculation percentages for graphical representation, for example to
determine resource usage.

3. CONCLUSIONS

Cluster information gathering

There are many different cluster monitoring products available in public
market, but in case of specialized cluster, these solutions don’t work because of the
their implementations using specific parts of kernel that might be removed for
optimization purpose. So it is necessary to research and conclude how these products
work and try to create a specialized tool that is usable by cluster using tools that
bypass those limitations of optimized kernel. The main monitoring flow of
operations is to retrieve all processes from each node using means that are available
and to parse and save the data script has retrieved.

Web application

It is possible to develop web applications very easily in today's technological
evolution. Every developer needs to know about the ideas and methods that are
popular, so the applications that are created are using means that everybody can
understand and use. Since the cluster information program is custom, it is necessary
to develop applications accordingly. One of modern methodology patterns is MVC
which allows separation and abstraction of application into sections that are easy to
understand.
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SUMMARY IN LATVIAN

Ventspils Augstskolas Ventspils Starptautiska Radioastronomijas centra
Augstas Veiktspgjas klastera monitoringa sisteémas prototips tika izstradats
2018.gada. Monitoringa sist€ma savac un apstrada klastera resursu izmanto$anas
datus un grafiski attélo tos vieglakai izpratnei Starptautiska Radioastronomijas
centra darbiniekiem.

Publikacija satur VSRC augstas veiktsp&jas klastera monitoringa sistémas
prototipa aprakstu. Tiek aprakstiti iemesli kap&c specializéta klastera monitoringa
sistéma ir nepiecieSama, kadas tehnologijas ir nepiecieSamas $adas sistémas izveidei.
Rezultatu un secinajumu nodala ir veikti secinajumi par katru prototipa sastavdalu
un tas izstradas gaitu un izmantotajam metodologijam, tehnologijam.

Sistema ir izvietota atseviska privata VSRC serveri, kur§ ir pieejams
darbiniekiem lokala tikla.
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THE LOFAR LONG-BASELINE CALIBRATOR SURVEY
CLASSIFICATION STATISTICAL ESTIMATION

A. Nikolajevs, K. Prisis

Engineering Research Institute “Ventspils International Radio
Astronomy Centre” (ERI VIRAC) of Ventspils University of Applied
Sciences, Inzenieru 101, Ventspils, LV-3601, Latvia

In this paper data manipulation of the LOFAR Long-Baseline Calibrator
Survey (LBCS) and the Westerbork Northern Sky Survey (WENSS)
catalogues are carried out. The aim for that is to make calibrator classification
statistics plots and estimations for further observations and upcoming stations.
It is important to know in advance if there will be sufficient calibrators
available for all long baseline international stations. Firstly, mean flux
densities of LBCS calibrators against declination or observed station’s baseline
length to the tied core station are plotted and classified sources are marked.
Secondly, we provide the designation — naming it success rate — for the number
of sources with correlated signal against all the LBCS catalogue sources.
Thirdly, there is a trend in mean peak flux densities between stations — longer
the baseline, higher mean peak flux density. Finally, estimations for upcoming
and recent stations are made and some results are not encouraging, which leads
us to a need for new surveys or techniques.

Keywords: LOFAR calibrators, LBCS classification, statistical estimation,
catalogue manipulation

1. INTRODUCTION

LOFAR, the LOw-Frequency Array [1], is a new-generation radio
interferometer constructed in the north of the Netherlands and across the Europe.
LOFAR covers the largely unexplored low-frequency range from 10-240 MHz and
provides a number of unique observing capabilities. LOFAR is one of the first radio
observatories to feature automated processing pipelines to deliver fully calibrated
science products to its user community. New capabilities and techniques of LOFAR
make it an important pathfinder for the Square Kilometre Array (SKA) [2].

One of the challenges in the design of the LOFAR radio telescope is
calibration of the ionospheric effects as at low frequencies ionosphere is not uniform
and can change within minutes [3]. Compensation for phase delays caused by Earth’s
atmosphere is very important for further radio interferometer data interpretation. To
achieve this, a calibrator source near the target source must be observed. They should
be close enough on the sky to be subject to approximately the same propagation
effects. To do a calibration, delay and phase solutions are transferred from the
calibrator to the target source. Aim of LOFAR LBCS [4] is to identify sources over
a large part of the northern sky suitable for calibrating further observations. The
survey includes sources with correlated flux densities starting from 50 mJy at
frequencies around 110-190 MHz. Suitable sources are described as calibrator
density over the sky. For the shortest international baselines, there is around one
suitable calibrator source per square degree. For the longest baselines, there are
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significantly less suitable calibrators available. LBCS is an ongoing project and more
than 24 000 sources have been observed and processed so far. LBCS database is
formed using survey results. For each International LOFAR Telescope (ILT) [5]
station, sources are classified into groups which are described if the source can be
considered as suitable calibrator (marked as P-class) or there is insufficient
correlated flux for calibration (marked as X-class). The LBCS source selection in
the region north of 30°N uses three surveys. The first survey is the 74-MHz VLSS
[6], the second survey is the Multi-frequency Snapshot Sky Survey (MSSS) [7], and
the third, the most used, is the 325 MHz WENSS [8]. The LBCS database does not
contain flux densities per beam for each source and the WENSS catalogue can be
used to supplement the list. WENSS catalogue [9] sources are observed at frequency
different from LBCS but still close enough for further calibrator classification
statistics, therefore, estimations can be made.

2. CALIBRATOR CLASIFICATION ESTIMATIONS

Automated Python scripts are used to manipulate WENSS and LBCS
catalogues. As there are no unified source names in both catalogues, script
recognizes sources by their coordinates — right ascension and declination. There are
24 893 sources so far in the LBCS and 229 420 sources in the WENSS catalogue.
ERI VIRAC high performance computing server cluster is used for execution of the
scripts. In total 18 447 sources overlaid in both catalogues and formed a new list
containing LBCS database concatenated with peak flux densities from WENSS
catalogue.

This chapter briefly explains catalogue manipulation and statistical methods
used to acquire calibrator classification estimations.

2.1. MEAN FLUX DENSITIES AGAINST DECLINATION

Peak flux densities are displayed as P-class or X-class source against
declination. The script generates plots for every single station. Each source in the
plot is displayed as P or X class source (for the specific station). Axes represent peak
flux density in mJy/beam and declination in degrees. Range of Y-axis is limited to
see only most of the points. Mean values are calculated for short intervals of 10
degrees by calculating all the specific class source peak flux densities in the interval
and dividing by the count of sources. Mean values are connected to form a line. We
chose to show the most extreme cases — the closest station DE605 (Jilich, 226 km)
in Fig. 1 and the furthest station FR606 (Nancgay, 700 km) in Fig. 2 to the tied core
station at Exloo. Stations of Poland and Ireland were not included due to the lack of
observed sources.
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DE605 (325 MHz)
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Fig. 1. DE605 peak flux densities and their mean values (classified as LBCS P or
X sources) against declination — as the best case

FR606 (325 MHz)
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Fig. 2. FR606 peak flux densities and their mean values (classified as LBCS P or X
sources) against declination — as the worst case
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2.2. LOWER LIMITS OF FLUX DENSITIES

The peak flux densities at the lower limits of the LBCS sources seem
interesting. Peak flux densities are displayed as P-class or X-class source against
declination but the range of Y-axis is limited to 300 mJy/beam. In Fig. 3 and Fig. 4
we can see at which peak flux density point the P and X class sources start to appear
in the plot.

Peak flux density (m)y/beam)

50 4 . -t B P-class source
. . * Bl x-class source
0 T T : T T T T
30 40 50 60 70 80 a0

Declination (Degrees)

Fig. 3. Lower limits of DE605 peak flux densities (classified as LBCS P or
X sources) against declination

Peak flux density (m)y/beam)

50 4 . -t B P-class source
. . * Bl X-class source
0 T T : T T T T
30 40 50 60 70 80 a0

Declination (Degrees)

Fig. 4. Lower limits of FR606 peak flux densities (classified as LBCS P or
X sources) against declination
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2.3. MEAN FLUX DENSITIES AGAINST BASELINES

The script calculates and generates mean peak flux densities of the P or X
class sources for each station. In Fig. 5 axes represent mean peak flux density in
mJy/beam and station-to-core baseline length in km. The linear trend line is also
marked for the P and X class source data as the points form a significant trend. The
linear trend line equation is calculated using polyfit() and constructed using poly1d()
function of numpy package.

Mean peak flux density vs baseline length
1400

K608
$E609 DE604 y —$11606

1200 - e DEBO E6O7
DEGOSy~ JE601 ©E6O3

1000 ~

Mean peak flux density (m]y/beam)
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K608 RE06
DEEO‘i DE601 _,[35_;03 DEG%O £607 ¢
600 - E605 E604
Il station (P-class) Il Mean (P-class)
I station (X-class) El Mean (X-class)
400

T T T T T T
200 300 400 500 600 700
Baseline length (km)

Fig. 5. Mean peak flux densities per station for P and X class sources

2.4. SUCCESS RATE AGAINST BASELINE

Since having mean peak flux densities of the P and X class sources for each
station, the success rate which describes P-class source percentage from all LBCS
sources observed by the station can be calculated. In Fig. 6 axes represent success
rate and station-to-core baseline length in km. It turns out that success rates from
each station form a trend. The linear trend line equation is calculated using polyfit()
and constructed using poly1d() function of numpy package.
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P-class success rate vs baseline length
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Fig. 6. Success rate per station

3. RESULTS AND DISCUSSIONS

Results of mean peak flux densities against declination can be seen in Fig. 1
while Fig. 2 shows the distribution of P (as green dots) and X (as red dots) class
sources on the plot. As we can see there are more red dots at the bottom and
occurrence of green dots increases if we move above. If plots were to be compared
from different stations then there are obviously more red dots then green dots on
longer baselines. The mean line on the plot shows mean peak flux density on a
specific declination interval. Peak flux density decreases as we move further in
declination till 60 degrees. Above 60 degrees there is a gap of sources at the lower
limit of the plot. That results in increase of mean values at that declination range.
For all the stations used in the LBCS observations, the mean peak flux density trend
is very similar. For longer baselines mean lines move up slightly.

At the lower limits of peak flux densities in Fig. 3 and Fig. 4 we can see the
300 mJy/beam range — part of the plot where the P and X class sources start to appear.
The amount of X-class sources visually seems similar for both extreme cases
(DEB05 and FR606) but the amount of P-class sources significantly decreases on
longer baselines at that flux density range. All plots at the bottom start with red dots
from roundly 50 mJy/beam that are followed by incrementation of green dot amount
from about 100 mJy/beam.

In Fig. 5 we can see a significant trend for both P and X class source data.
Mean values are about 1150 mJy/beam for the shortest baseline stations (DE605,
DEG601) of P-class source data. The last station in the plot (FR606) has the mean
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peak flux density around 1250 mJy/beam. A similar trend can also be observed for
X-class source data — just above 600 mJy/beam and 700 mJy/beam respectively.
Resulting P-class source (1) and X-class source trend line equations (2):

MPFD = 0.1672 X BL + 1135.33 (1)
MPFD = 0.1439 X BL + 584.86 )

MPFD - mean peak flux density in mJy/beam;
BL - baseline length to the tied core station in kilometers.

We can statistically estimate from trend lines, what mean peak flux density is
more likely to be from P or X class source for a certain baseline length. There are
more recent international stations that are not included in Table 1. By knowing their
baseline length to the tied core station we can calculate what mean peak flux density
sources are more likely to be suitable as calibrators. There are 5 international stations
— PL610 (693 km), PL611 (999 km), PL612 (915 km), IE613 (989 km), and
upcoming station in Latvia LV614 (1079 km).

Table 1
Mean peak flux density estimation for recent stations
. Estimated mean Estimated mean
. Baseline length to
International . . P-class source peak X-class source
. tied core station . ;
station (km)* flux density peak flux density
(mJy/beam) (mJy/beam)
PL610 693 1251 685
PL611 999 1302 729
PL612 915 1288 717
IE613 989 1301 727
Lv614 1079 1316 740

! measured from the map: http://astron.nl/lofartools/lofarmap.html

Results of success rate against station-to-core baseline length in Fig. 6
describes how the P-class source percentage from all LBCS observed sources
changes against station baseline length to the tied core station. The most successful
station appears to be with the shortest baselines and the least successful with the
longest baselines. Resulting in success rate trend line equation (3):

SR =—-0.0731 X BL + 76.22 ?)

SR - success rate of the station in %;
BL - baseline length to the tied core station in kilometers.

This plot regarding the trend line can statistically estimate how many
calibrator sources from LBCS there will be available for a certain baseline length. In
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Table 2 the success rate for recent international stations is calculated by using that
equation.

Table 2
Recent station success rate estimation
International station Baseline Iengt_h to the tied Estimated success rate
core station (km) (%)
PL610 693 25,6
PL611 999 3,2
PL612 915 9,3
IE613 989 3,9
Lv614 1079 -2,7

4. CONCLUSIONS

Statistically, the mean peak flux density is lower for the sources on the higher
declination. This might be affected by the ionosphere because the layer of the
ionosphere is thicker on the lower elevation (and also declination). Another reason
for that might be a man-made interference because by observing at lower declination
station will detect man-made radio signals from the ground. Longer baselines
statistically should have higher flux density to classify the source as P-class.

Lower limits of flux densities show that there are not any P-class sources
under 80 mJy/beam. No matter if it is a short or a long baseline.

In Fig. 5 there is just a small difference between the shortest and the longest
baseline mean peak flux densities but it is worth mentioning. Even estimated data
for the furthest station LV614 does not differ significantly. But that change between
baseline lengths may hold useful information about P and X class estimation.

There is a huge contrast between stations when we compare the success rate.
This designation reflects the amount of LBCS calibrators available for a certain
baseline length. Unfortunately, the result is not encouraging for some recent and
upcoming stations. The shortest baseline station (DE605) success is rated as high as
70% but at the moment the longest baseline station (PL611) has only 3%. And there
seems may not be any LBCS calibrator for upcoming station L\VV614. Therefore we
need solutions as another calibrator survey with more compact sources.
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SUMMARY IN LATVIAN

Saja dokumenta tick veikta LOFAR garo bazes liniju kalibratoru
parskata (LBCS) un Westerbork Northern Sky Survey (WENSS)
katalogu datu manipulacija. ST dokumenta mérkis ir izveidot kalibratoru
klasifikacijas diagrammas un nove&rt§jumus nakamajam stacijam un
turpmakajiem noveérojumiem. Svarigi iepriek$ zinat, vai biis pieejami
pietickami daudz kalibratoru visam garo bazes liniju starptautiskajam
stacijam. Pirmkart, diagrammas tiek att€loti LBCS klasificétu
kalibratoru vid&jie pliismas blivumi attieciba pret deklinaciju vai
noveérojuma stacijas bazes linijas garumu pret saistito kodola staciju.
Otrkart, m&s sniedzam apzimg&umu, nosaucot to par panakumu
koeficientu, avotu skaitam ar koreléto signalu pret visiem LBCS
kataloga avotiem. Treskart, var noverot vid€jas pliismas blivuma
tendenci starp stacijam - jo garaka ir bazes Iinija, jo vairak piecaug
vidgjas plasmas blivums. Visbeidzot, tiek wveikti aprekini par
jaunakajam un gaidamajam stacijam, un dazi no iegiitajiem rezultatiem
nav iepriecino$i, kas rada nepiecieSamibu veikt jaunus avotu parskatus
vai izmantot citas metodes.

Atslegas vardi: LOFAR kalibratori, LBCS klasifikdcija, statistiskais
novertejums, katalogu manipuldacija
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We present the core of the Monte Carlo polarized light scattering program.
Our goal is to create a program which would simulate multiple scattering of
polarized radiation (starlight and dust thermal emission) by cloud of
circumstellar dust, following random travel of large number of photon
packages and drawing the resulting statistics. Our principal application of the
full program will be modeling of dust envelopes of asymptotic giant branch
(AGB) stars and post-AGB objects (protoplanetary nebulae); however, the
same Monte Carlo scattering core can be used for other astrophysical
problems, as well as other branches of science (meteorology, remote sensing
of the Earth and other planets, environment control etc.).

The different test calculations for several dust cloud shapes were made; the
photon source for those clouds was located in the cloud center.

Keywords: polarization, radiation scattering, Monte Carlo method

1. INTRODUCTION

As it is described, e.g., in [1], asymptotic giant branch (AGB) stars are stars
of intermediate initial mass (approximately from 2 to 8 Solar masses) at late stage of
their evolution, having carbon-oxygen core enclosed by concentric helium layer and
hydrogen-rich outer part. Nuclear reactions in such a star are unstationary;
successive helium flashes take place, inducing large-scale convection and mixing of
material of various chemical composition. After several hundreds of thousands of
years, most often the AGB star loses its hydrogen-rich envelope in a superwind event
(or in several such events). Dust condensates within the cooling envelope, strongly
blocking the outcoming optical and ultraviolet radiation of the star and reradiating it
in the infrared; such a system is called post-AGB object. Its synonym is proto-
planetary nebula, because the optically thick gas-dust envelope continues to expand,
becomes optically thin, and the ultraviolet radiation of the very hot stellar nucleus
ionizes the surrounding gas, creating planetary nebula.

Multiple scattering of electromagnetic radiation (or radiative transfer in
commonly adopted terminology) in gas-dust envelope of post-AGB object
determines its temperature distribution. The outcoming radiation observed with
telescopes is the only source of information about most part of astronomical objects,
including post-AGBs. Polarization of radiation is a sensitive indicator of shape
(often nonspherical) and morphology of the dust envelope, as well as chemical
composition, shape, size and orientation of dust grains. Further conclusions can be
made about the mechanisms of matter outflow, possible binary star nature of the
object and the magnetic fields. The idea is as follows: i) looking at the (polarized)
images of post-AGB objects, to make some hypothetical assumptions about their
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structure, ii) based on these assumptions, to model the radiative transfer process
numerically, thus obtaining the model image how it should look in the telescope, iii)
comparing the model results with real, high-precision astronomical images, to draw
conclusions if the model is correct.

By far the most part of opacity in circumstellar envelopes under
consideration is ensured by dust, rather not by gas, and the existing version of our
software takes into account only dust. From the viewpoint of just radiative transfer,
we treat the scattering medium (i.e. dust clouds) and radiation field as stationary.
This assumption does not exclude the possibility of gas-dust outflow from the star,
with dust temperature gradually changing in equilibrium with local radiation density
and spectrum as well as with local gas temperature (large grains), or statistically
fluctuating dust temperature (small grains). Gradual cooling of dust can be the cause
of additional condensation of material onto dust grains, but this is a very slow
process in comparison with the establishment of radiative equilibrium. The program
core described here treats only scattering and absorption of polarized radiation,
independently of its origin (either emitted by star or by thermal emission of dust);
the process of infrared self-emission of dust is not explicitly described in this code.
So, the first application of this code will be to the calculation of scattering of
polarized radiation initially emitted by the star in the visual and ultraviolet domain;
however, the basic physical concepts are applicable to dust radiation as well.

Minkowski spacetime is assumed; our code is not suitable for objects where
general relativity is essential. It is assumed that the dust cloud is of low enough
particle density so that its effective refractive index is very close to unity, radiation
propagates along straight lines (no refraction), and there is no linear nor circular
birefringence. At this point we do not consider redistribution of radiation between
frequencies just in the scattering process because it is important only within spectral
lines of gaseous species, and maybe also within sharp spectral features of polycyclic
aromatic hydrocarbons (PAHS), fullerenes and other nanoparticles being something
intermediate between dust and molecules. Here we model polarized radiative
transfer in the continuum only.

2. DESCRIPTION OF CORE OF THE MONTE CARLO LIGHT
SCATTERING PROGRAM

Similarly as in [2], the radiation field is modeled as series of photon
packages travelling through the cloud, with random points and random directions of
initial emission obeying certain joint statistical distribution. The geometrical
endpoint of each straight photon path is dependent on the optical path travelled along
that path, and the optical path is a random variable obeying exponential distribution.
Spatial location of any point under consideration is characterized by its Descartes
coordinates; the dust cloud is discretized into rectangular 3D boxes, with constant
optical properties of individual dust particles inside each box. However, we allow
the dust concentration to vary continuously either inside single box, over several
boxes or over the whole dust cloud, with possible discontinuities at the geometrically
exact borders of the cloud (just this was the case in our test calculations).

The direction of propagation of radiation is described by standard spherical
angles (9, ¢), 0 <3 <, 0 << 2x with one and the same direction of polar axis
=0 and one and the same zero direction of ¢ in the whole dust cloud.
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Propagation of radiation is modeled following the random travel of many
individual photon packages in precisely defined (not discretized) directions, and
directly measurable quantity is the radiation flux onto receiver (CCD matrix pixel).
Similarly, the instantaneous spatial location of each photon package is followed
using its exact (not discretized) coordinates. In our calculations, spatial discretization
really appears only as boxes of uniform dust optical properties.

Polarization state of each photon package is characterized by its associated
normalized Stokes vector (really a 3-vector):

1
1
= 8;1 (2.1)
V/I

IR QL

where (I, Q, U, V ) are Stokes parameters defined as in [3], and the plane going
through the direction of propagation and the global polar axis &= 0 is the linear
polarization reference plane (let us call it standard reference plane). As a rule, vector
i changes after each scattering event.

The program’s core described here chooses some random optical path z, and
it is assumed that the photon package travels just the optical distance zalong straight
line through the dust cloud until it is scattered or absorbed. In the general case the
optical path is chosen as

T=—1Iné (2.2)

where £ is a computer-generated pseudorandom number uniformly distributed over
(0, 1). In the approximation checked up to date (trial calculations) we assume that
the effective extinction cross section of dust cloud is not dependent on polarization
of radiation (no linear or circular dichroism nor birefringence); it follows that the
normalized Stokes vector does not change along the free travel of photon package.
If the opposite would be true then one must integrate the gradual change of
normalized Stokes vector along the path of propagation. For the very first section of
the total zigzag path of photon package (until the very first scattering event), we
artificially simulate that each emitted package interacts with the dust cloud (rather
the package is not allowed to escape from the cloud through the outer boundary),
similarly as it is described in [2]:

7, = —In[1 —&(1 — e M0)], (2.3)

where 7, is the optical path from the point of emergence of photon package until
the point of its first interaction with the dust cloud, t, is the optical path from the
point of initial emergence of the photon package until the outer boundary of the dust
cloud along the direction of propagation, and £is a computer-generated
pseudorandom number uniformly distributed over (0, 1).

At the end point of travel along straight line, the photon package is either
scattered or absorbed; probability of scattering is the single scattering albedo a =
Ysca/Zext » Where Xg ., and X, are effective scattering and extinction cross section
in the cloud, respectively. If the cloud is anisotropic and/or contains optically active
particles then albedo can depend on both the direction and polarization of incident
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radiation. Test calculations carried out until now were done assuming isotropic
scattering medium containing chaotically oriented particles and their mirror-
symmetric counterparts in equal numbers (see [3], paragraphs 4.1 and 4.2), and in
this case albedo is independent on both direction and polarization of the incident
radiation. It means that the modeling of each photon scattering/absorption event
starts with calculation of the weight of scattered photon package Wi (sca)

ka(sca) = aka(inc) ) (2.4)

if the optical path length before scattering was calculated according to equation (2.2),
and

ka(sca) = a(l - e_TO)ka(inc) ) (2-5)

if the optical path length before scattering was calculated according to equation (2.3)
(see [2]). Here Wiminc) is the weight of incident package, and 7, has exactly the
same value as was previously used in equation (2.3). Difference between the weights
of incident and scattered packages, Wi (inc) — Wim(sca) » Characterizes the amount
of absorbed energy acting as heat input for dust particles.

In order to determine the direction of propagation (9scq , Pscq) OF photon
package after the scattering act, let us recall that the angular distribution of ordinary
(unnormalized) Stokes parameters of scattered radiation is proportional to the
expression (see [3], derivation of equation (4.14), with some obvious redesignations)

Isca(ﬁ' (P) x R(X)F(H)R(lp)linc(ﬁ' (P) | (2-6)

where I;,. and I,., are Stokes vectors of the incident and scattered radiation,
respectively, | = (1 Q U V)™, R(y) and R(y) are the Stokes rotation matrices,

1 0 0 0

_ |10 cosyp —siny O
RG) = 0 siny cosy Off’ 7

0 0 0 1

@ is the scattering angle, and F(6) is the scattering matrix if the scattering plane is
used as polarization reference plane for both the incident and scattered radiation.
Angles (v, 6, ) are Euler angles for rotation from the incident beam with its
standard reference plane to the scattered beam with its standard reference plane, and
they obey the conditions w € [0, 27), €< [0, #], and y € [0, 27).

In medium lacking any symmetry, scattering matrix F(¢) has 16
independent real elements ([4]):

F11(0) Fi2(8) Fi3(0) Fi4(0)
F21(0) Fy(0) F23(8) Fau(6)
F31(0) F32(0) F33(8) F34(0)
F11(0) Fio(8) Faz(0) Faa(0)

F(0) = (2.8)
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If the medium is anisotropic then in reality the elements of matrix (2.8) can
be dependent not only on the scattering angle & but also on the direction of incident
radiation and on the scattering plane (i.e. on angle ). Further it is assumed that
F(0) isindependenton .

Matrix product defined by equation (2.6) is quite cumbersome in the most
general case; however, for determination of the direction of photon package after
scattering, only the first Stokes parameter of the scattered radiation (intensity lsa)
must be considered. Its angular distribution is proportional to

Isca (ﬁsca ’ (psca)
x Fll(e)linc (ﬁinc' @inc)
+ [F12(0) cos 2y + F;3(8) sin 2¢]Qinc Fine: Pinc)
+ [_F12 (9) sin le + F13(9) Cos le] Uinc (ﬁinc; (pinc)
+ F14(9)Vinc (ﬁinc' (pinc)

(2.9)

Intensity characterizes the amount of radiative energy propagating in small
spatial angle dQ = [sin Jsca d%ca Agrcal = [d(COS Sca) dercal. Due to this, the
expression (2.9) is proportional to the joint 2-dimensional probability density
function p (usca, ¢xca) OF the direction of propagation of scattered photon package,
where fisca = COS Sea.

3. NOTES ON TEST CALCULATIONS

In our test calculations, the initial emergence (generation) of the photon
package takes place in point source located in the center of spherically symmetric
dust cloud. The initial distribution of directions of propagation of photon packages
is assumed to be isotropic, randomly choosing cos 9, from uniform distribution over
[-1, 1], and ¢4 from uniform distribution over [0, 2x). The dust cloud has spherical
inner and outer boundaries of finite radius. The optical properties of single dust
particles are uniform in the whole cloud, but their spatial concentration is assumed
to be i) uniform, ii) proportional to 1/r, iii) proportional to 1/r2. We assume that the
scattering medium (cloud) is macroscopically isotropic and mirror-symmetric [3].
The dust particles are randomly oriented oblate spheroids with an aspect ratio of 1.8
and relative refractive index of 1.53+i0.008. The size of distribution is given by
equation:

_ (constant*R™3, Ry <R <R,

n(r) = { 0, otherwise; (3.1)
R; = 0.24583 um and R, = 1.19417 um correspond to the effective surface-
equivalent-sphere radius R.rr = 0.6um and effective variance v,rr = 0.2 . The
wavelength of the incident light in the surrounding medium is 4; = 0.63um.
Average extinction cross section per particle (Cexx) = 1.87101 pm?, Average
scattering cross section per particle (Csca) = 1.7376 um?, single-scattering albedo o
= 0.9286698 (see [3] page 180). The calculations of dust parameters were made
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using programs developed by M.I. Mishchenko et al., based on T-matrix method.
Finally, it is assumed that the central point source emits unpolarized radiation.

In order to find the geometrical coordinates of the endpoint of the optical
path determined by equation (2.2) or (2.3), the effective extinction cross section of
cloud per unit length is numerically integrated along the line of propagation of
photon package; our numerical tests for spherical cloud with various continuous dust
concentration laws mentioned above (constant, proportional to »~*and proportional
to r~2 ) indicate that trapezoidal rule of integration gives enough precision.

In practical implementation of this algorithm, equation (2.2) gives big

changes of 1 for small changes of § if & is small (i.e. t is big). In order to circumvent
this instability, if £ < 0.001 then we recognize the fact that the optical path t = -
In(0.001) is certainly passed, and we generate new pseudorandom number in order
to determine precisely what optical path will be passed in addition to this. This
procedure can be repeated in cascade-like manner as many times as necessary.
The results of our test calculations are shown in Figures 3.1 — 3.3 where the
simulated distribution of radiation intensity over the CCD matrix in the focal plane
of telescope is shown, with the assumptions about dust concentration mentioned
above

Fig. 3.1. Image of the dust cloud if the dust concentration is constant.
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Fig. 3.2. The same, but the dust concentration is proportional to

Fig. 3.3. Image of the dust cloud if the dust concentration is proportional to
4. CONCLUSIONS AND FUTURE TASKS

Core of the Monte Carlo light scattering program was created and tested for
different dust concentration functions, which could be used to simulate light
scattering in real cosmic objects. Results of the program are virtual CCD matrix
images, the results of optical astronomical observations also are CCD matrix images;
so if all the essential parameters of cosmic object will be set in light scattering
program, it will be possible to compare image of simulation with image of real
astronomical observations.
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Mathematical and physical theoretical base was elaborated and integrated
into the core of the light scattering program. The geometrical way calculations of
photon package travel using trapezoidal rule were checked by comparing results with
the results of analytical geometrical way calculations. The accuracy of calculations
using trapezoidal rule was high —maximum error was less than 10°° (the optical depth
of the cloud was t, = 10 ). We conclude that at least in circumstances tested here it
is not necessary to complicate the calculations using Simpson’s rule.

The future tasks are: 1.) to modify the program core to make it possible to
simulate real cosmic object; 2.) to collect essential data of asymptotic giant branch
(AGB) stars and post-AGB objects; 3.) to simulate light scattering by cosmic objects
and compare virtual CCD matrix images with the results of astronomical
observations.
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SUMMARY IN LATVIAN

Izveidots programmatiiras kodols polarizéta starojuma parneses puteklu
makonT aprékiniem ar Montekarlo metodi. Musu mérkis ir polariz&ta starojuma (gan
zvaigznes izstarotd, gan puteklu termiska starojuma) daudzkartgjas izkliedes
modelé$ana asimptotiska milzu zara (AMZ) zvaigznu un p&c-AMZ objektu
(protoplanetaro miglaju) puteklu apvalkos, izsekojot daudzu fotonu pakesu
pseidonejausiem klejojumiem puteklu makont un uzkrajot rezultgjoso statistiku. So
programmatiru var izmantot ari citu astronomisku objektu model&$anai, ka arT citas
zinatnes nozar€s (meteorologija, Zemes un citu planétu talizp&té, apkartéjas vides
piesarnojuma kontrol€ u.c.).

Tika veikti testa aprékini dazadas formas puteklu makoniem, pienemot, ka
fotonu avots atrodas makona centra.
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This paper describes reduction procedures and imaging of radio astronomical
data from the gravitational lens system CLASS B0631+519 acquired by e-
MERLIN interferometer. The source has been previously imaged with VLA,
MERLIN and the VLBA interferometers. Data reduction and polarisation
calibration procedures will provide data on Faraday effects such as Faraday
rotation and depolarization between lensed images that in turn carry
information on large and small-scale magnetic fields in the lensing galaxy.
Reduction of data and imaging of the radio astronomical source was done
using Astronomical Image Processing System (AIPS) in conjunction with
automatic data reduction pipelines that performed specific data processing
steps. As a result, the sky map for the gravitational lens system was
successfully acquired and accuracy comparing the generated map to sky maps
of the source produced by different authors was confirmed. As a whole,
acquired knowledge in radio astronomical data processing and various data
processing tools will allow VIRAC to participate in future collaborative
scientific research concerning corresponding fields of science as well as to do
reduction of data acquired by VIRACs radio telescopes RT-32 and RT-16 not
only in single station mode but also when interferometer network is formed,
thus expanding VIRAC’s technological and scientific potential.

Keywords: AIPS, SERPent, Parseltongue, gravitational lensing
1. INTRODUCTION

Strong gravitational lensing is a phenomenon when a background source
obscured by a massive galaxy or cluster of galaxies is multiply imaged and visible
in the field of site besides the intervening or lensing galaxy. This is caused by the
gravitational field of the intervening galaxy that effectively bends the ray-path
emitted by background source [1]. A visual representation of basic gravitational
lensing is shown in Figure 1.
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Distance: 7.5 billion light years

What the telescope sees 1.6 billion light years

Quasar

Earth

-

nal lens bends the
light rays

Fig. 1. Image describing principles of gravitational lensing. The image itself is of
the quasar SDSS J0013+1523 (blue), bracketed by the lensed images of the
background galaxy (red), obtained with the W. M. Keck Observatory's 10 m

telescope and Adaptive Optics. From “Caltech / EPFL / WMKO” by F. Courbin, S.
G. Djorgovski, G. Meylan, et al, 2010,
http://www.astro.caltech.edu/~george/gsolens/lensillustration.jpg.

CLASS B0631+519 (Figure 2) has one of the richest lensed image structures
known and is thus an ideal system to probe mass properties of the lensing galaxy
including Faraday rotation and depolarization between lensed images to determine
large and small-scale magnetic fields in the lensing galaxy. Unlike the standard
Faraday rotation measure grid technique, the lensing approach can deliver Faraday
rotation and Faraday dispersion produced by a distant intervening galaxy free of
contamination from the background source and the Milky Way [2].

Fig. 2. Radio map of the 1.7 GHz MERLIN observations taken on March 1, 2003.
The data were naturally weighted. The synthesized beam is sized 186x161 mas at
P.A. =31.7-. Contours are plotted at factors of (-3, 3, 4.5, 6.75, 10.1, 15.2, 22.8,
34.2,51.3,76.9, 115, 173, 259, 389, 584, 876) times the RMS noise [1].
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In order to obtain information on Faraday effects, extensive processing of raw
correlated data must be performed to acquire the image of the galaxy and perform
polarisation calibration (see Figure 3) [3]-[5].

A full process starting from signal detection and ending with the generation of an
image of a radio astronomical source is shown in 0. Covered in green are the data
processing steps that were performed by the author and are described in this paper.
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Fig. 3. Diagram of the approximate hardware and software needed to obtain an
image of an astronomical source from signals detected by radio telescopes.

The following parts of the paper provide a deeper explanation of specific

procedures and tools needed to obtain sky maps of astronomical objects. Also, the
results of data processing for CLASS B063+519 data are given.

2.e-MERLIN DATA FORMAT
CLASS B0631+519 was observed and correlated using e-MERLIN radio

interferometer, consisting of 7 telescopes (21 baseline in total) [6] and operating in
standard continuum mode:
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— Data are split into 8 sub-bands (called IFs);

— Each sub-band is 64 MHz wide (8 by 64 MHz = 512 MHz/BW), divided
into 512 spectral channels;

— Available bandwidth is 1250-1750 MHz;

— Expected RMS noise for a 12 hr on-source observation run: 6 pJy/beam,
twice this value if Lovell telescope is not included [7].

After observation, the correlated data are exported to a FITS-IDI standard file
format. For a given observing run, each FITS file contains a single source, with
multiple sub-bands per FITS file if these sub-bands are spectrally identical. The
FITS-IDI data is hosted at Jodrell Bank Observatory (JBO) close to the correlator on
archive disks [7].

Usually, a number of sources including the target is being observed as part of
the run. This is because multiple sources need to be observed to perform calibration
procedures for radio telescopes. The observation consists of scans from:

1) The target source (in particular case B0631+519);

2) The phase calibrator (PH-Cal) — 0631+531;

3) An absolute flux calibrator (FX-Cal) — 3C286 (1331+305);

4) A bright point-source calibrator (PT-Cal) — 0Q208 (1407+286);

5) A zero-polarization calibrator (ZEROPOL-Cal) — 3C84 (0319+415);

6) An absolute position angle calibrator (ANGPOL-Cal) — 3C286 (1331+305).

This 25-hour observation is mainly structured in ~10 minute cycles, where
approximately 3 minute PH-Cal scans are followed by ~7 minute scans on the target
supplemented with an hour or 2 hour long observations for other calibrators.

3. DATA PROCESSING

The data processing was carried out according to the guidelines provided in
e-MERLIN COOKBOOK [7]. To perform data processing, a partly automated
software eMERLIN pipeline.py [8] was used. Also Scripted E-merlin RFI-mitigation
Pipeline for interferometry (SERPent) [9] was utilized. The aim of these pipelines is
to reduce the data processing burden for scientists and to reduce time required for
data processing. This is very useful because some data processing steps can take up
to several weeks when done manually. The pipelines were run using Parseltongue —
a Python scripting interface for AIPS [10].

In order to make sure that any data processing steps had been successful, data
had to be manually viewed for each baseline (21), both circular polarisations (RR
and LL) and for each source. This means that after each data processing step at least
108 manual data viewing procedures had to be performed meaning that even with
partial automation provided, still a large amount of time had to be spent to assure
data quality.
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Fig. 4. An image acquired by AIPS task SPFLG for baseline Kn — Da showing data
for PT-Cal. All 8 IFs are plotted. X-axis represents frequency, Y-axis represents
signal frequency and color represents the phase of the correlated signal.

In Figure 4 clear signs of high amplitude RFI can be seen as random phases
at particular frequency channels. The amplitudes of uncalibrated data vary between
a few 100 pJy to about 1 milliJy [7] but the amplitudes of RFI can reach up to
hundreds of Jy.

This RFI is created mainly by transmitters used in communication systems
and dominates over the true source signal and after averaging the data can ultimately
destroy the coherency of data meaning that reconstruction of the source image is no
longer possible. For this reason, to remove RFI, SERPent pipeline together with
manual flagging was applied for all the sources, baselines, IFs and time ranges.

In Figure 4 one can also see a gradual change in phase both in frequency and
time. These are called delays or delay offsets. The phase of the interferometer is a
function of the frequency multiplied by the delay, meaning delay offsets will show
up as a phase slope across the frequency band. Furthermore, if the delay offset
changes with time, so will the phase slope, resulting in an additional change in phase
as a function of time, known as the fringe rate [11], [12].

As stated in [11] there is a large number of ways in which the model used by
the correlator can have errors including errors in the source or antenna positions
used, errors in the Earth model, errors in the clock epoch and rate at each antenna
and errors in the atmospheric model. Correction of correlator model errors allows
the data to be averaged in time and frequency, greatly reducing its volume.

Delay offsets for e-MERLIN data vary from couple up to few hundred
nanoseconds and are generally larger on longer baselines. These delays can vary in
time, either as gradual drifts, as fibers change temperature and length (note: 1 foot
of length change corresponds to 1 nanosecond delay), or occasionally as sharp
changes originating in the correlator [6]. And if the delays and rates are very rapid
after doing averaging the coherency of the data may be destroyed. That is why delays
have to be corrected as a function of time, that is performed by AIPS task FRING

[7].
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Fig. 5. Phase plot of correlated data for MK2-CM baseline after fringe fitting.

As can be seen in Figure 5, delays and rates have been successfully removed
by AIPS task FRING (no phase slope in frequency and time). The delay correction
must be performed on all calibrators and might need to be run multiple times to
correct smaller delays for shorter baselines and larger delays that might be incurred
on the longest baselines.

And finally, after doing calibration procedures for all calibrators the image
generation procedures for the target source is presented.

In order to perform imaging procedures, numerous set of parameters must be set
within AIPS. One of these is the cellsize parameter that corresponds and should be
set to the maximum resolution of an interferometer.

In general, the resolution or synthesized beam width of an interferometer is
In general, the resolution or synthesized beam width of an interferometer is
calculated as

A
Q=7 (1)

where D is the maximum separation between two antennas and A is the
wavelength. Maximum distance expressed in wavelengths D, can be easily
found using AIPS task UVPLT and in this case D; = 1,3-108. By knowing
this parameter, a resolution of an interferometer can be expressed as:

o~ )
D,

and the resolution was calculated to be Q = 15,867 arc seconds.
Then 2D Inverse Fourier Transform (IFT) procedure was performed to transform
data from Fourier domain to real plane. The first image that is acquired after 2D IFT
procedure is called the “dirty image” because in this image the true source brightness
is convolved with the PSF of the interferometer [13], [14]. The dirty image of the
target source acquired after 2D IFT is shown in Figure 6.
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Fig. 6. The “dirty” image of the target source B0635+519 after first 2D IFT cycle.

Looking at Figure 6 only a partial source structure is visible compared to
Figure 2, which clearly indicates that true source brightness is convolved by the PSF
of an interferometer.

In order to remove the effects of interferometer PSF a deconvolution
algorithm CLEAN implemented in AIPS was used [14].

During the execution of CLEAN algorithm, the coordinates of the maximum
amplitude signal are searched in the sky map. When this position is found, a
“component” (a spike at this position) is generated of some fraction (called the
“gain”) of the maximum in the image. This component is then convolved with the
PSF of an interferometer and subtracted from the image. The subtracted components
are also called “clean” components. This process is done for all the parts of the image
and is iteratively repeated until the signal level of the map reaches the minimum
signal value set. After the process has finished, an empty map is generated and
collection of clean components is added to this map, and they are convolved not with
an instrumental PSF but with a more appropriate function such as a Gaussian [13].

The sky map generated after the first CLEAN cycle is shown in Figure 7.
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Fig. 7. The image of the target source B0635+519 after first CLEAN
deconvolution cycle.

In the sky map obtained for the target in Figure 7, a clearer source structure
was starting to emerge that better resembles the source structure in Figure 2. but
further data processing cycles were needed to improve the image quality.

In order to acquire a precise sky map of the target, a self-calibration procedure was
performed.

Self-calibration is a process that calculates telescope gains by comparing the
observed data with a model of the sky. These gains are used to provide a corrected
dataset, and hence a corrected image, and using this image the process can be
repeated iteratively until convergence. The model is provided by the image produced
from the data itself hence the “self” calibration — and in particular by the clean
components (CC) table attached to the image. The procedure is done until data
convergence is found [7], [15].

The target image obtained in Figure 7 was used as a model for self-calibration
cycles and this procedure was performed until data convergence and minimal noise
level in the image was achieved. The final sky map of the target source after multiple
phase and amplitude self-calibration cycles is shown in Figure 8.
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Fig. 8. A sky map of the target source B0635+519 after 4th self-calibration cycle.
The image is contour plotted using AIPS task KNTR. Contours are plotted at
factors of (-3, 3, 4.5, 6.75, 10.1, 15.2, 22.8, 34.2, 51.3, 76.9, 115, 173, 259, 389)
times the RMS noise.

CONCLUSIONS

Radio astronomical data reduction is an extensive, time consuming and
complex multi-step process involving various data processing tools and software.
For example, when doing a reduction for data acquired by e-MERLIN radio
interferometer and performing diagnostic tests, information needs to be inspected
for 21 baselines, where data are split into 2 circular polarisations, 8 sub-bands and
multiple time periods, that resulted in the processing of more than 300 data chunks
in one data reduction step.

Nevertheless, numerous automated data processing pipelines and scripting
interfaces including e-MERLIN pipeline, SERPent and Parseltongue etc. have been
introduced to remove data processing burden from scientists and to increase the
speed of data reduction. While this greatly aids data reduction extensive manual
processing and inspection still must be carried out leaving space for future
improvements in data reduction automation.

Data reduction and calibration of e-MERLIN data for gravitational lens
system CLASS B0631+519 performed by the authors was successfully executed and
the sky map of the object was obtained. The RMS noise achieved in the image was
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180 ply/beam and the total cleaned flux density resulted in 66.8 mJy which
coincides with information available in NASA/IPAC Extragalactic Database (NED)
[16] and results provided in [1].

Further work must be done to perform polarisation calibration in order to acquire
information about Faraday rotation and depolarization between lensed images that
in turn carry information on large and small-scale magnetic fields in the lensing
galaxy.
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SUMMARY IN LATVIAN

Saja dokumenta tiek aprakstits ar e-MERLIN interferometru
iegiito gravitacijas 1€cu sisttmas CLASS B0631+519 datu apstrades un
attelveides process.
leprieksgjie gravitacijas lecu sistemas noveérojumi ir veikti, izmantojot
VLA, MERLIN un VLBI interferometrus.

Datu apstrades un polarizacijas kalibracijas proceduras sniegs

datus par Faradeja efektiem, piemeéram, Faradeja rotaciju un
depolarizaciju starp lecu atteliem, kas savukart satur informaciju par
maza un liela méroga magnétiskajiem laukiem l&cu galaktika.
Datu apstrade un debess kermena attélveide tika veikta, izmantojot
astronomisko datu apstrades sisttmu AIPS apvienojuma ar dazadam
automatiskajam datu apstrades programmam, kuras veica konkrétus
datu apstrades solus.

Rezultata veiksmigi tika iegiita gravitacijas lecu sist€mas debess
karte, un iegttas kartes patiesums tika apstiprinats, salidzinot to ar citu
autoru iegiitajam gravitacijas 1&cu sistemas debess kartem.

legtitas zinasanas radioastronomisko datu apstradé un pieredze
darba ar dazadam astronomisko datu apstrades programmam laus
VSRC nakotné piedalities kopigos zinatniskajos p&tijumos, ka arT laus
veikt ar VSRC riciba esoSo RT-32 un RT-16 radioteleskopu iegiito datu
apstradi ne tikai vienas antenas reZima, bet arT interferometrijas reZima,
tadgjadi paplasinot VSRC tehnologisko un zinatnisko potencialu.

Atslegas vardi: AIPS, SERPent, Parseltongue, gravitacijas lecas
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IRBENE - TORUN VLBI EXPERIMENT AND VIRAC
DATA PROCESSING PIPELINE

J.Steinbergs, K. Skirmante, VI.Bezrukovs

Engineering Research Institute "Ventspils International Radio
Astronomy Centre" (VIRAC) of Ventspils University of Applied
Sciences (VeUAS), Inzenieru str., 101, Ventspils, LV-3601, Latvia

VIRAC (Ventspils International Radio Astronomy Centre) operates with two
radio telescopes RT-16 and RT-32 accordingly with 16 and 32 m fully
steerable Cassegrain type antennas. To process observation data VIRAC has
HPC (High Performance Computer).

Interferometric experiment on April 26, 2018 on the baseline Irbene — Torun
was successful and results show fringes which means that the Baltic
Interferometer is possible. Results of the weights plot shows that the first 2
seconds of each scan is corrupted and are not useable for data processing. The
weights plot shows that all data points of observed data except few seconds
from the start have good quality.

Publication shows the results of Irbene — Torun observation, including
inspection plots, correlation function for quasar and maser, and the uv-plane
plot for target source W3(OH) in this observation. Also, contains brief
description of VLBI data processing and created information system to
manage data processing.

Keywords: VIRAC, Radio astronomy, maser, VLBI, correlation.
1. INTRODUCTION

VLBI (Very Long Baseline Interferometry) is a radio astronomy method that
is used for imaging distant cosmic objects, spacecraft tracking, and for applications
in astrometry. In VLBI a signal from an astronomical radio source is collected at
multiple radio telescopes on Earth. This technique allows to emulate a telescope
whose diameter is equal to the maximum distance between the telescopes [1].

Over time, VIRAC staff has been gradually improving the observation
process, including improving infrastructure, developing software and learning to use
VLBI data processing tools. VLBI observation process include: planning
observation, data acquisition, data correlation and post-correlation steps. This
process is described in chapter 2.1 “VLBI data processing” and can be seen in figure
1. In order to plan observations VIRAC use JIVE (Joint Institute for VLBI ERIC)
developed software pySCHED that creates vex file (VLBI Experiment). When vex
file is created, it is loaded into Field system [2], that determines how data are obtain.
Input file for pySCHED is key file. Key file contains information of the participated
stations in the observation, sources being observed and planned scans. When data
are obtained it is sent to VIRAC HPC (High Performance Cluster) and the correlation
process is started. Currently VIRAC use two correlators, in house developed KANA
and JIVE developed SFXC (Software FX Correlator) [3]. Selection of correlators
depends on observation type (near or far fields objects).

VIRAC staff developed Automated Correlation System — ACor which
includes functionalities - update of the vex file, control file creation, correlation
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processing and display of correlation results. ACor system was developed using
modern web technologies, modern graphical user interface design, to create system
suitable for modern science needs, to make scientist work as simple as possible, not
to spend lot of time adapting to the new system. ACor system is described in detail
here [4].

On April 26, 2018 VIRAC staff conducted the first successful interferometric
experiment, data correlation returned the first fringes on baseline Irbene — Torun
(530 km). The mentioned observation was prepared by VIRAC staff from scheduling
to data processing on VIRAC HPC using JIVE SFXC correlator. The observed
sources were 3C123 and 3C84 chosen as calibrators (both sources are Quasars) and
the target source was W3(OH) (selected because of its known spectra line features).
The observation results and results from AIPS (Astronomical Image Processing
System) pipeline will be shown in discussion part.

2. DESCRIPTION OF IRBENE - TORUN VLBI EXPERIMENT
2.1 VLBI DATA PROCESSING

VLBI data processing contains these steps: planning, observation and data
acquisition, correlation, post-correlation data processing, the process is displayed in
figure 1.

The SFXC correlator was used for observation data processing. For correlation
SFXC correlator uses two files: correlation control file and vex file. Before
correlation vex file must be updated — to include sections or blocks TAPELOG_OBS,
CLOCK, EOP (earth orientation parameters), BITSTREAMS and THREADS.
BITSTREAMS and THREADS blocks reorders bits in observation data files,
THREADS block is used only when VDIF (VLBI Data Interchange Format) data
format is applied in station, BITSTREAMS block is used when Mark5C data format
is applied in station. CLOCK block specifies the necessary clock parameters of each
station and they are used for the delay model creation. TAPELOG_OBS block
contains information of the media (disks or tapes) that were used during the
experiment [5].

Control file contains correlation parameters, the most important are
integration time, numbers of channels, data file location. When correlation ends the
cor file is created. JIVE developed tool jplotter is used for the inspection of the
correlation results and creation of the inspection plots. The plots are 1) weights as
function from time, 2) auto-correlation amplitudes and phase as functions related to
channels, cross-correlation amplitudes and phases as function from channels, 3)
amplitude and phase as function from time. The weights plot represents the fraction
of 'good' data per integration period. By successful result the weight function must
be close to 1, if weight function is 0 - no valid data found. The auto-correlation plots
show the station auto-correlation-amplitude spectra (band-passes) with each IF
plotted separately. Only one-minute data samples are used for auto-correlation and
it is optimal to identify the bright calibrator. The cross-correlation plots show
amplitude and phase for baselines to a reference antenna. The amplitude and phase
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versus time plots shows frequency-averaged amplitude and phase as a function of
time in the vicinity of the scan used in the cross-correlation plots. For successful
result the plot will show strong detection of coherent phases and an elevated
amplitude.

Logs and metadata
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Kkey fil vex file| Field system SFXC cor file MS
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1 control file

cor file
ACor
vex file update

vex file control file creation
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Fig.1. VLBI data processing pipeline in VIRAC.

To use jplotter it is necessary to converted *.cor file to AIPS/CASA
measurement set and JIVE developed tool j2ms2 is used for conversion purpose.
When AIPS/CASA measurement set is created, it can be converted to FITS (Flexible
Image Transport System) file using JIVE developed tool tConvert, and FITS file can
be loaded in to AIPS or CASA (Common Astronomy Software Applications package)
for post-correlation data processing. For post-correlation data processing VIRAC
staff currently use AIPS package and its related tasks for analyzing data. The pipeline
includes data editing, calibration, fringe fitting and imaging tasks.

2.2. IRBENE AND TORUN VLBI STATIONS

VIRAC operates with two radio telescopes RT-16 and RT-32 accordingly with
16 and 32 m fully steerable Cassegrain type antennas. The main receiving systems
of both telescopes are cryogenic receivers with 4.5 — 8.8 GHz frequency range (C,
M and X bands), additionally radio telescope RT-32 is equipped with L band
receiver working in the range 1.3 — 1.7 GHz. On the both antennas data registration
units are suitable for interferometric observations.

The Department of Radio Astronomy of Nicolaus Copernicus University in
Torun, Poland, operates with 32 m radio telescope working in similar bands — L, C,
M, X and K and regularly participates in VLBI observations.

2.3. VLBI DATA PROCESSING IN VIRAC.

When observation is finished data can be stored on VIRAC servers called
FlexBuff-1 or FlexBuff-2. Flexbuff-1 has Ubuntu 16.04.4 LST operating system, 6
CPU cores (each working at clock frequency 1200 MHz), 3 TB hard disk and 32 GB
RAM. FlexBuff-2 has Debian GNU/Linux 9 operating system, 16 CPU cores (each
working at clock frequency 1200 MHz), 4.7 TB hard disk and 64 GB RAM.

For data processing SFXC correlator (installed on VIRAC HPC) was used.
VIRAC HPC technical parameters are: node (total 30 items) with two Intel Xeon
E5-2630 v3 processors with 8 cores for each, with 128 GB RAM and with 40 Gb/s
QDR InfiniBand network card for communication. This is sufficient to provide the
correlation of 10 Gb/s observation data stream to one HPC node. During
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observations, received signal in each radio telescope is sampled and digitally split
into frequency channels. For processing of one frequency channel from N radio
telescopes it is necessary to have at least N processors and additional overhead for
data processing management. Considering situation when in the observations
participating 3 telescopes with 16 frequency channels per each, for the data
processing it is needed at least 48 processors (3 nodes) and one master node for
correlation process management [4].

3. RESULTS AND DISCUSSION

3.1. IRBENE — TORUN OBSERVATIONS CORRELATION
RESULTS.

To determine if the results of the interferometric observation successful, the
first step is to compute correlation function. If observation is successful, the
correlation function must consist the fringe pattern.
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Fig.2. Correlation function of source 3C84 (Quasar), Observing frequency -
6662.49 MHz, Upper Side Band (USB); Left Circular polarization (LCP — LCP).
On the X axis — numbers of channels, on the Y axis — relative amplitude.

Fig.3. Correlation function of source W3(OH) (Galactic maser), Observing
frequency - 6662.49 MHz, Upper Side Band (USB); Left Circular polarization
(LCP — LCP). On the X axis — numbers of channels, on the Y axis — relative
amplitude.
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Figure 2. clearly shows the fringe pattern, it means good possibility of
successful VLBI observation at baseline Irbene and Torun for future and it gives
possibility to create The Baltic Interferometer — not only include Irbene and Torun
stations, but may also include stations in Russia and Ukraine. Figure 3. shows the
fringe pattern when signal of maser is spread out to all channels then fringe pattern
tends to sinusoid.

3.2. INSPECTION PLOTS OF IRBENE — TORUN OBSERVATION DATA
QUALITY.
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Fig.4. Weights as function from time (all scans are included); on the X axis — time,
hours and minutes, on Y axis — weights.

Figure 4. shows that all data points except few seconds from the start has
weight 1, that indicates good quality of observed data. The result of data points that
not close to weight 1 indicates situation when antenna is not on source. Figure 4.
shows - Torun antenna need more time to move on source than expected in planning
phase and that should be taken in account for future observations planning.
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Fig.5. Cross-correlation results of amplitude and phase as function of

channels, by sub-band 6 for source 3C84 (bottom) and source W3(OH) (top), on
the X axis — numbers of channels, on the Y axis — phase and amplitude.

Figure 5. shows cross-correlation results of amplitude and phase as function
of channels (at bottom frame - source 3C84, at top frame - source W3(OH). The
result of source 3C84 shows coherent phases and amplitude, it indicates that
observed quasar is bright, both antennas were on source and signal from source is
coherent. The result of source W3(OH) shows strong maser signal as expected.

3.3. RESULTS OF POST-CORRELATION STEPS

The first post-correlation task is amplitude calibration where converting
relative amplitudes into Jansky is necessary. To calibrate all observations, the system
temperature must be obtained.

On the Figure 6. top frame show amplitude as function of time, bottom frame
show phase as function of time. Top frame show that second and fifth scans
containing source 3C84 are notably stronger to others.

The final step of the post-correlation task is to create image (FFT of uv-plane)
of the target source. In mentioned Irbene — Torun observation the uv-plane graph
contains only few pixels because observation contain only one baseline and duration
of it was only 30 min. Regard to obtained result the uv-plane is not useful to create
images, but it is possible to compare the achieve result and the theoretical uv-plane.

The uv-plane is source projection on Earth, where baseline vector appears as
a line drawn on the Earth. This can be decomposed into a component parallel to the
equator at its nearest point to the source, and a component parallel to the line between
this point and the north pole. The components are u and v, and they change as the
Earth rotates. Specifically, they trace out an ellipse in u, v space during one earth
rotation [6].
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Fig.6. Cross-correlation amplitude and phase as function of time.
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Fig.7. The uv-plane model (left) and uv-plane obtained from observation
(right). Observed source W3(OH), axis in mega wavelengths.

Figure 7. shows that the model of uv coverage created before observation using
pySched (left) coincide with uv-plane created from observation data using AIPS
(right). For source mapping the next step would be Fourier, but since the uv coverage
is to low and observed data for imaging is insignificant this step was skipped.

4. CONCLUSIONS AND FUTURE TASKS

In the experiment conducted on April 26, 2018 results from Irbene — Torun
baseline shows fringes, it indicates possibility of Baltic VLBI. The weights plot
shows that all data points of observed data except few seconds from the start have
good quality. The uv-plane model coincidence with the uv-plane created using
observation data.
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Future work in VIRAC will be creation of automated software solutions for
interferometric maser observation using AIPS. Observation planning, data pre-
processing and pro-processing increase VIRAC staff knowledge in VLBI and
increase they capabilities to invest in VLBI network progress. The Baltic
Interferometer can be a good addition to EVN - allowing a to test ideas in smaller
scale that could be considered risky at EVN level.
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3D BUILDING MODEL RECONSTRUCTION USING LIDAR
DATA
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Addressing efficient city planning and scenario-modelling of different events
is important in current urbanization trends. City 3D model preparation using
building plans is a labour intensive process which is prone to errors and
alternatively can be approached by using remote sensing. The aim of this paper
is to evaluate plane extraction based building 3D model acquisition workflow
using countrywide LIDAR data. To extract and create 3D models from LIDAR
dataset, building footprints were used to isolate individual building data.
Detection of roof type was carried out by applying RANSAC algorithm.
Workflow was evaluated for two test sites in town Ventspils.

Keywords: 3D building models, roof reconstruction, LIDAR.

1. INTRODUCTION

According to Central Statistical Bureau of Latvia [3] approximately 70% of
country’s population lives in urban areas. Further urbanisation is inevitable and
needs to be evaluated and analysed thoroughly. Creation of digital city three-
dimensional (3D) models is crucial to assess situation in today's digital age and
provides alternative to city plan overview in traditional 2D format. 3D models
provide natural looking scenes for city planning and basis for modelling and
simulation of different scenarios.

Creation of this kind of data can be done by the means of remote sensing
data. Remote sensing is a science of obtaining information about objects, territories
or phenomena, by analysing data obtained with devices not in the direct contact with
the subject [16]. Remote sensing allows to acquire data on vast areas as a city or
state. Remote sensing technology LIDAR is gaining more popularity due to its
technological advancements over the years [25]. Most common Most common
LIDAR technology is based on distance measurements performed with a pulse type
laser. LIDAR data contains information about the 3D structure of the surface to be
studied. Compared to commonly used orthophoto maps in visible light and infrared
range, airborne LIDAR data contains unique information and enables the
development of innovative solutions in comparison to accustomed applications of
2D geographic information systems. 3D models can be automatically obtained using
LIDAR data to represent the urban environment in a more natural looking way than
2D maps. 3D models automatically obtained from LIDAR data can be used as an
end product or in the development of other products, such as shadow maps, which
allow for the assessment and appropriate planning of the urban development process,
taking into account the shades cast from existing structures.
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For the purpose of obtaining 3D information in small areas, an unmanned
aerial vehicle can be used. It can provide a higher spatial resolution and more elastic
flight planning, but this option is not yet beneficial if the problem have to be
addressed at vast scale, because it is financially expensive and time consuming.
LIDAR data at countrywide level is provided by Latvian Geospatial Information
Agency (LGIA) and is available free of charge for municipalities and state
institutions. However, the development of urban 3D models using this data set is
complicated by spatial resolution challenges. Since the density of LIDAR data points
in countrywide data is not sufficient for the detailed reconstruction of building 3D
models, it is necessary to study signal processing techniques that are able to separate
the shapes of the roofs from a noisy point cloud.

The aim of this paper is to evaluate plane extraction based building 3D
model acquisition workflow using countrywide LIDAR data and to study
challenges in the application of this dataset.

There are multiple approaches to building 3D model reconstruction
Frequently, reconstruction workflows include point cloud segmentation by splitting
LIDAR points into regions [1, 2, 4, 9, 14, 18, 19]. Segmentation methods analyses
not only the point features but also the spatial connectivity between points. Similar
approach but excluding connected component analysis is clustering, for example, k-
means [20, 21, 22].

Quite robust approach is to construct building 3D model using simple
primitives [12, 13]. Primitives include 3D models of basic building shapes which are
combined and scaled to construct complex model. The main disadvantage of this
method is a need for primitive library. Preparation of primitives involves and it
includes time consuming manual work. Lack of primitives included in the library
constrain the reconstructable shapes. to prepare those primitives.

Another set of methods include straight line and plane detection using 2D
and 3D Hough Transformation [11, 23, 24], which is capable to distinguish planes
with largest number of points in the parameter space.

Plane parameters can be estimated also by least squares method, RANSAC
and other regression methods. RANSAC is an iterative method to estimate
parameters of a mathematical model used to describe the dataset [4, 9, 10, 23]. In
case of building 3D modelling, RANSAC has to estimate parameters of planes
forming the building in the point cloud. After considering literature studies and
implementation aspects, RANSAC method was chosen to be used in the workflow
documented in this paper due to its simplicity and computation speed.

2. MATERIALS AND METHODS
2.1. STUDY SITE AND DATA SETS

3D model preparation workflow was evaluated in two test sites in town
Ventspils, in Kurzeme planning region, Latvia with mainly apartment buildings in
the area. Ventspils is located in relatively flat terrain with height above sea level in
range of 3 to 11 meters. Test sites are in the vicinity of Ventspils University of
Applied Sciences (VeUAS) and in the district of Parventa. Vicinity of VeUAS
includes apartment buildings with nine floors and flat roof type. District of Parventa
includes both apartment buildings and private houses of mixed roof types like flat,
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shed, gable, pyramid, hip and others. There are 18 buildings in VeUAS test site and
49 buildings in Parventa test site.

Workflow was developed using LIDAR data provided by LGIA) from
country-wide remote sensing and map database. LGIA organise LIDAR data
acquisition within territory of Latvia since 2014. Main parameters of country-wide
LIDAR data are shown in Table 1.

Table 1
LIDAR data parameters [15].

Data acquisition date: 30.05.2016.

Data supplier: Fit-Conseil

Total point density: no less than 4 points/m?
Average terrain point density: no less than 1.5 points/m?
Data vertical accuracy: no less than 12 cm

Data horizontal accuracy: no less than 36 cm

Point density for data fragments used in this study are a bit above specified,
resulting in average 7 points/mz It is higher than expected, but by today's standards
is considered as low point density [6]. Point density has utmost importance in this
kind of task. Low point density makes task challenging and requires use of advanced
signal processing methods in order to achieve qualitative results.

Besides LIDAR data, building footprints acquired in another research
project by VeUAS and colour infrared orthophoto maps with spatial resolution 0.25
meters/pixel were used. Building footprints were available both as raster images and
as a lists of polygon vertices.

2.2. METHODOLOGY

3D model preparation workflow is split into 5 stages, which can be seen in
Fig. 1. The main idea of the workflow is to a) separate individual building data
points, thus reducing number of points to be processed in one chunk, b) to extract
planes in the point cloud and filter out planes corresponding to the walls, ) to form
a 3D model using footprints and extracted planes.
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Read input data

Extract points within
bounding box

FOOTPRINTS

Exfract points within
footprint

Create 3D model

Fig. 1. Main stages of 3D building model reconstruction workflow.

2.2.1. EXTRACTION OF POINTS CORRESPONDING TO INDIVIDUAL
BUILDING

Extraction of building points is done in two steps. Every building is
processed individually using building footprints.

In the first step, bounding box coordinates of building footprint in the raster
image are calculated. Bounding box coordinates are transformed to map projection
coordinate system and LIDAR points within the bounding box are clipped out for

further processing. Footprint with bounding box and corresponding LIDAR data can
be seen in Fig. 2 a) and b).

(a) (b)
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(©)

Fig. 2. (a) Footprint within the bounding box. (b) LIDAR data corresponding
to the bounding box. (c) LIDAR data within footprint.

In the second step, coordinates of the clipped LIDAR points from the first
step are transformed to image coordinate system of the footprint image. Each of the
LIDAR points is checked If its coordinates fit within the footprint polygon in the
footprint image then it is considered to be valid. Other points are removed from
further processing.

2.2.2. APPLICATION OF RANSAC.

RANSAC is an iterative method to estimate parameters of a mathematical
model used to describe some dataset. It is fit to be used in noisy data, like LIDAR
point clouds, because of its outliers detection capabilities which ensure optimal
model coefficients. [7]

RANSAC algorithm is employed to detect planes in the clipped point cloud
and to represent them by scalar plane equations. RANSAC is applied sequentially
by detecting points forming one plane and then removing these points from the data
set and continuing with the next plane. Results of RANSAC algorithm include
parameters of scalar equation of the plane and point lists, which contain set of the
points from data, belonging to the each plane. Since we are interested only in planes
forming the roof of the building, validity of each plane is checked. First validity
check is used to determine if the detected plane has sufficient number of points to
form significant part of the model. Plane is considered as valid if at least 10% of
building points belongs to it meaning that this limits number of planes within model
and theoretically the workflow could detect maximum of 10 valid planes. If plane is
not up to par with this criteria then its belonging points are removed from model.

All planes with sufficient number of points are further filtered by the angle
they form with plane XY which can be calculated using obtained plane equation
parameters. This step is required because of the downside of LIDAR data acquisition
technology known as LIDAR “shadow” [8]. This phenomenon is present because of
the scanning angle which during data acquisition is not kept perfectly at nadir.
During such data acquisition at least one wall of the building will get registered while
there will be missing data (so called “shadow”) in the opposite side. Registered wall
would form a vertical plane which can be filtered out by analysing angle. Empirical
threshold of 17° was used in this case. If forming angle between plane and XY axis
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is inside the range (73°; 107°), then it is considered to be vertical and corresponding
points are removed from further processing.

Next task is to classify roof type by angles formed by planes found by
RANSAC and XY plane and number of planes. This process is done using a priori
information about flat and gable roof. For flat roof all detected planes must be
parallel to XY plane, within a specific angle range, to be classified as flat. IF (o <17°)
OR (o > 343°) THEN the plane type is horizontal. If types of all planes are
horizontal, then the roof is considered as flat.

For roof to be classified as gable, number of detected planes must match two
and for both of the detected planes must be larger than 17° and smaller than 343°.
Number of footprint corners must match four with footprint polygon angles within
a range 73° < C < 90°. This enables exclusion of unusual building footprints from
gable roof generation process. In any other case building roof would be represented
as flat in this version of the workflow.

2.2.3. FORMATION OF 3D MODEL

In this study 3D model is stored in PLY file format [17], also known as
Stanford Triangle Format, due to its simplicity. This format allows to describe 3D
objects, by specifying list of triangles forming the surface of the object. Each triangle
is defined by list of vertices forming it. Correspondingly each vertex is described by
its X, y, z coordinates. Additional properties such as colour, transparency, surface
normals and others can be added to change triangle appearance.

One way to represent arbitrary surface for PLY standard is using surface
triangulation. Surface triangulation means preparation of the net of triangles
covering whole surface.

In case of a simple, rectangular flat roof building, triangulation is a trivial task,
but not all of the buildings are as simple. Triangulation of the flat roof type building
footprints is conducted using Delaunay triangulation [5]. List of footprint corner
coordinates is employed to form constrained shape, which is then splitted into
triangles. Examples of the triangulation results can be seen in Fig. 3.

N
(@) (b)
Fig. 3. (a) Triangulation of simple footprint. (b) Triangulation of complex
footprint.

Triangulation process is done by connecting given set of points (within the
constrained shape) in triangles and checking each triangle by drawing circumcircle
around it. If no additional points are included next triangle gets processed. If
circumcircle includes additional points, triangle must be split and new triangles
checked. Process continues until all circumcircles fulfil this Delaunay criteria. [5]
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Result of the triangulation process is a list of coordinates forming triangle
vertices and list of the vertices forming triangles. This is already required input for
PLY except the z coordinate of vertices or the height value still have to be assigned.
In the case of flat roof, average point z value within the footprint is used as building
final height. Building walls are constructed using two following vertices of the
footprint in the counter-clockwise direction. Coordinates (X; Vi; z), (Xi; Yiets Z), (Xiua;
Via; 0), (X;; Vi, 0) are used to form two triangles: 1) (X;; Vi; 2), (Xies; Yirr; Z), Kisa) Yisr; 0),
2) (Xis; Yy 0), (Xi; i 0), (Xi; Vi, 2). Process continues until all successive footprint
vertex pairs are processed. Resulting list of vertices and planes are exported into PLY
file.

In the case of gable roof, additional points must be added to construct a model.
Assumption that a ridge is parallel to the longest building wall was used. In this case
trimmed maximum value Zmax (10% of highest values were removed before finding
maximum) of z coordinate values was chosen as building height. Additional points
at height Zmax are added. Position of added points are arithmetic mean of the
coordinates of two shortest edge vertices of the building. When ridge points are
found, creation of the model is split into two parts. First of all, creation of the base
model is just like in the case of flat roof.

Creation of the roof part is based on distance checking from added ridge points
to the upper points of the base of the roof. Selecting one of the added ridge points
(for example 5) and identifying two shortest distances (all distances between point 5
and points 1, 2, 3, 4 are analysed) allows to construct gable (points 1, 5, 4), see Fig.
4. Second ridge point and two longest distances are used to construct second gable
(points 2, 6, 3). Construction of the roof planes involves ridge points and both of the
longest building sides. At this point, task is to split two groups of four vertices into
two triangles. Process is repeated for both roof planes which completes roof model.

6
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Fig. 4. (a) Distance checking from ridge point (b) Roof element of 3D
model.

2.3.4. CONVERSION OF DTM MODEL TO PLY FORMAT.

Viewing separate 3D models for use of planning is not giving full perspective
of area. Digital Terrain Model (DTM) is used to provide context for visualizing urban
environment. DTM is derived from LIDAR data and contains information only about
terrain, while buildings, trees and other data are already filtered out. DTM data, as it
is formed as 2D image with data about height as pixel values, can be presented in
3D PLY format. Using spatial resolution of the DTM image and map projection
coordinate extent of the image, each pixel can be treated as a small building with flat
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roof and constructed like described in section 2.2.3. In this process no mean value is
needed because individual pixel contains only one height value.

DTM representation in Fig. 5 looks simply like a flat plane due to the small
variations in terrain height which is characteristic for this town.

For easier interpretation, texture generated from colour infrared orthophoto
maps is employed. Colour infrared images allow to calculate Normalized Difference
Vegetation Index (NDV1) which shows activity of chlorophyll. Simple thresholding
of NDVI allows to separate green vegetation from other materials like impervious
surfaces. In the texture image, those two classes: green vegetation and other, is
marked by different colours. Texture is applied to every pixel in DTM by specifying
the corresponding RGB code.

Fig. 5. (a) Parventa test site results. (b) VEUAS test site results.

3. RESULTS AND DISCUSSION.

The aim of this paper was to evaluate plane extraction based building 3D
model acquisition workflow using countrywide LIDAR data. As an additional data,
building footprints and DTM were employed and processed to obtain urban
environment 3D models.

Building footprint coordinates can be easily transformed and applied to filter
LIDAR data and to extract points associated with individual buildings.

RANSAC method is able to detect relevant planes in the LIDAR data and to
obtain accurate information about the number of planes and their parameters.
Analysis of angle between the plane and XY plane enabled efficient separation of
points belonging to the building walls from points belonging to the roof.

Applied LIDAR processing methods yielded accurate results in case of flat
and gable roof types. Workflow includes just one threshold for angle analysis with
values related with actual geometric properties of the LIDAR point cloud formed by
the building. Assessment of the workflow results was done manually. Further
validation of workflow accuracy is needed but lack of reference data in 3D format
makes it impossible.

Further research should include methods for reconstruction of arbitrary roof
shapes with low point density LIDAR data.
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INOVATIVO TEHNOLOGIJU IEVIESANA SILTUMENERGIJAS
RAZOSANA UN TO IETEKME UZ CENTRALAS
SILTUMAPGADES ATTISTIBU

D. Cekule

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Izvéleta téma ir aktuala, jo misdienas siltumenergijas raZotaji saskaras ar
stingram Eiropas Savienibas direktivu prasibam un vienu no galvenajam
energetikas problemam — siltumnicefektu izraiso$o gazu samazinasanu. Ar
tehnologisko iekartu palidzibu ir janodroSina ekologiska un ilgtspejiga
siltumenergijas razoSana, jauzlabo siltumapgades dro§iba un jasamazina
atkariba no dabas gazes importa.

Darba tiek raksturota centralas siltumapgades nozime, attistibas posmi. Tiek
aprakstita p&tijuma metodologija, veikts respondentu raksturojums, analiz&ti
un interpretéti pétijuma dati par jauno tehnologiju ievie$anu centralizétaja
siltumapgadg un to ietekmi uz uzn€mumu finansu raditajiem.

Apkopota informacija var biit noderiga siltumapgades uznémumu vaditajiem,
lai uzzinatu par citu lidzigu uzn@mumu pieredzi atjaunojamo energoresursu
izmantosana. Apkopotos datus var izmantot ari ka informacijas avotu
turpmakiem pétijjumiem ilgtspéjigas energétikas politikas jautajumu
izzina$ana un risinasana.

1. IEVADS

Lai nodrosSinatu miisdienu prasibam atbilstoSu centraliz€to siltumapgadi,
jauzlabo visa siltumapgades sist€éma kopuma, ieskaitot gan siltuma parvadi, gan
patérétaju sisteémas, ka ar1 jaseko lidz nozares aktualitattm un jaunakajam
tehnologijam.

Pétijjuma priekSmets ir jaunakas tehnologijas siltumapgadé, pétijjuma
objekts — siltumapgades uznémumi.

Peétljuma mérkis ir izpétit un aprakstit jaunakas tehnologijas siltumapgadé
un noteikt to ietekmi gan uz siltumapgades uznémumu finansu raditajiem, gan uz
ilgtsp&jigas energetikas saglabasanu kopuma.

Peétfjuma veikSana tika izmantotas $adas pétijumu metodes: zinatniskas
literattiras izp&te un analize, dokumentu analize, gadijumu izp&te, aptaujas metode
un statistiskas analizes metode.

2. CENTRALIZETAS SILTUMAPGADES ATTISTIBAS POSMI
Masdieniga siltumapgades sist€ma ir vienota un komplicéta sist€ma, kas
sastav no daudzam un sarezgitam tehnologiskajam iekartam siltumenergijas

razoSanai, parvadei un sadalei, siltumapgades reZimu uzturéSanai un visa
siltumapgades procesa reguléSanai un kontrolei. Visam tehnologisko iekartu
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kopumam ir jadarbojas saskanoti, precizi un nepartraukti visa siltumenergijas
piegades kede — sakot no siltumavota un beidzot ar gala pateretaju [1].
Centralizetas siltumapgades joma tehniskas attistibas zina domingjoso lomu ienem
Danija un Zviedrija, kas siltumapgades attistibas problémam ir piesaistijusi
zinatnisko potencialu un veic pétijumus $aja joma. Mingto valstu zinatnieki, p&tot
centralizétas siltumapgades attistibu un tas nakotnes prognozes, centralizeto
siltumapgadi iedala attistibas posmos jeb paaudzes [2].

Paslaik Eiropas Savieniba, ar1 Latvija, centralizéta siltumapgade ir parejas
sakuma no tresas paaudzes uz ceturto. Tresa paaudze ir raksturiga ar slegtiem
siltumtikliem un noteiktu siltuma avotu pieslégumu, ar samera augstu siltumnesgja
temperatiiru parvades tiklos un palielinatu siltumenergijas patérinu €kas (Iidz 250
kKWh/m? apkurei). Ceturtas paaudzes centralizétajai siltumapgades sistemai
raksturigas kardinalas izmainas, kas iezimgjas ka:

1. Atvertie parvades tikli, kam pievienojas jebkur§ interesents, ar1 individuala
privatmaja, kas savam paSpatérinam razo energiju, izmantojot atjaunojamos
energoresursus, kuru parpalikumu ta var ievadit siltumtikla, bet vajadzibas
gadijuma trikstoso siltumenergiju nemt no tikla;

2. Pazeminats siltumnensgja temperatiiras grafiks tiklos, kas nodros$ina loti mazus
siltuma zudumus (I1dz 2-3%) tiklos un paaugstina centralizetas siltumapgades
konkuretspgju, salidzinot ar individualo apkuri;

3. Energijas parpalikumu savak$ana tiklos un akumulacija siltumenergijas veida,
kas ir jauna centralizetas siltumapgades funkcija, kurai izmanto liela apjoma
segtus Gidensbaseinus vai pazemes akumulacijas baseinus;

4, Merktieciga atjaunojamo energoresursu apjoma palielindSana, samazinot fosila
kurinama izmanto$anu;

5. Jaunu energijas veidu izmantoSana siltuma razo$anai (Gidenradis, geotermala
energija u.c.);

6. Ievérojams energijas patérina samazinajums €ku apkurei, ko jaunaja apbavé
nodrosina biivnormativa prasibas par gandriz nulles energijas patérinu ekam
(Iidz 40 kWh/m? gada apkurei), kas vienlaikus ir arT paspietickamas, jo sava
lielakaja dala pasas razo energiju no atjaunojamiem energoresursiem [2].

Ceturtas paaudzes tehnologijas galvenokart balstas uz energijas atguves un
energijas parpalikumu savak$anu un akumulaciju.

3. INOVATIVI RISINAJUMI CENTRALAS SILTUMAPGADES
ORGANIZESANA

Pieaugot energijas resursu pieprasijumam, nepiecie$ama energoresursus
efektivi izmantojo$a un vidi saudz&joSa energijas apgades politika un tehnologijas,
tadél energijas piegades droSums Latvijas iedzivotdjiem un tautsaimniecibai
uzskatams par galveno zinatniski pamatoto energgtikas stratégijas mérki. Tas ietver
sevl stabilas, droSas, videi draudzigas, iedzivotaju un uznémumu pirktsp&jai
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atbilstosas energijas piegadi. Energijas droSums prasa Tstermina un ilgtermina
investiciju palielinasSanu energgtikas nozarg, balstoties uz zinatnisko pé&tijumu
paplasinasanu $aja joma un energoefektivitates pasakumu ieviesanu [3].

Latvijas ilgtermina stratégija energétikas joma izriet no valsts ilgtermina
attistibas merkiem:

. samazinat valsts atkaribu no energétisko resursu importa, tostarp jutibu pret
nestabilajam $o resursu cenam, Tstenojot videi draudzigu atjaunojamo energijas
avotu izmantoSanas pasakumus;

. samazinat fosilo razoSanas iekartu kaitigo ietekmi uz apkartgjo vidi.

Lai sasniegtu Sos mérkus, ari siltumenergijas razotajiem aktivi jaseko lidz
jaunakajam tehnologijam un javeicina energoefektivitate gan siltumavotos, gan
siltuma parvadg.

Turpmak teksta aprakstitas piecas no p&dgjo gadu laika izstradatajam
tehnologijam centraliz&tas siltumapgades energoefektivitates paaugstinasanai

3.1. Diimgazu kondensatori

Udens daudzums biomasas kurinamaja varié no 5% (galdniecibas
parpalikumi) Iidz 50% un vairak (koksnes skelda) un degSanas procesa laika Sis
tidens iztvaiko. Sada veida iztvaiko$anu sauc par latento jeb slépto siltumu un parasti
Sis siltuma daudzums kopa ar izpliides gaze€m pa skursteni tiek izvadits gaisa.

Lai $o energiju lietderigi izmantotu, nepiecieSams atdzesét izpliides gazes ar
dimgazu kondensatora palidzibu. Iekarta regeneré diimgazes un novada
siltumenergiju atpakal sistéma, tada veida iegiistot papildus energiju, kas parsniedz
30% katla jaudas.

3.2. Jaunas paaudzes siltumtrases

Viens no popularakajiem energoefektivitates paaugstinasanas pasakumiem
siltumapgades uznémumos ir siltumtrasu rekonstrukcija. Kop$ valsts neatkaribas
atjaunoSanas, kad siltuma zudumi trases sasniedza pat 40%, zudumu samazina$ana
ir bijis viens no siltumapgades uzn@mumu galvenajiem uzdevumiem. Saskana ar
Ekonomikas ministrijas sniegto informaciju, Sobrid vidgjie siltuma zudumi valstT ir
samazinati Iidz 13% limenim [4].

Siltumapgades sistémas, veicot papildus drosibas pasakumus, paredz caurulu
izolacija iemontétu elektronisku avarijas signalizacijas sistému. Ar sisteémas
palidzibu tiek registréts jebkur§ bojajums, kas palielina caurulu izolacijas mitrumu
un ar augstu precizitates pakapi nosaka bojajuma atraSanas geografisko vietu un lidz
ar to iesp€jama atra ta likvidacija.

3.3. Saules energija
Siltumenergijas iegisanai izmanto saules kolektorus. Tos uzstada ne tikai
individuali uz €ku jumtiem vai pie sienam, bet ar1 1pasi izveidotos laukos (vairaku

desmitu tukstosu kvadratmetri). Saules kolektoru lauki klist arvien plasak veidoti
Eiropa, jo saules energijas nozime centralizétaja siltumapgades sistémas strauji
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picaug. Atkariba no izraudzita saules kolektoru novietojuma pilséta vai novada ir
jaizvelas arT Saules kolektoru piesléguma veids centralizetas siltumapgades sisteémai.
No saules kolektoriem pienako$o siltumenergiju novirza gan uz akumulacijas
tvertni, gan siltumenergijas patérétajiem [5].

Pirmais nozimigakais saules kolektoru projekts Latvija ar kopg€jo virsmu 153
m2 tika uzstadits ar Danijas atbalstu Aizkraukles novada gimnazija, kur atrodas ari
katlumaja. Kolektori domati karsta tidens sagatavosanai [2].

3.4. Akumulacijas tvertnes

Siltumenergija, kas ir iegiita no siltuma avotiem, ieskaitot saules kolektorus,
var tikt uzglabata siltumenergijas akumulatoros jeb kratuvés. No siltuma
uzglabasanas iekartam energiju izmanto vairakiem mérkiem — apkures sistému
pieprasijuma nodroSinaSanai, karsta tdens sagatavoSanai un riipnieciskiem
procesiem.

Pazemes siltuma akumulacija klost 1pasi aktuala Iidz ar ceturtas paaudzes
centraliz&tas siltumapgades sisteémas attistibu. Petfjumi liecina, ka $adu akumulatoru
izveidoSanai varétu izmantot tidens atradnes, kas atrodamas 150 Iidz 500 metru (m)
dziluma. Sadus energijas "pagrabus" iesp&ams izveidot Liepaja, Dobelé un citur.
Sezonas siltuma akumulatora ievadama siltumnesgja temperatiirai ir jabut robezas
starp 40 un 100°C [6].

3.5. No atkritumiem iegiits kurinamais

Terminu ,,no atkritumiem iegiitais kurinamais” (NAIK) jeb angliski Refuse
Derived Fuel (RDF) izmanto, lai raksturotu cietos sadzives atkritumus, kurus
apstradajot izveidota vienveidiga kurinama masa, ko iespgjams izmantot ka papildu
kurinamo energijas ieguvei termoelektrostacijas vai sadedzinat ar energijas atgtiSanu
specialas iekartas. Tas, cik daudz energijas iesp&jams iegiit no atkritumiem, parsvara
atkarigs no kurinama sastava un kvalitates, t.sk. mitruma, pelnu satura un zemaka
sadegSanas siltuma, ka arT no izmantotads sadedzinaSanas iekartas efektivitates.
Aptuveni aprekini rada, ka no sadzives atkritumiem iegiita kurinama Ipatsvars
Latvijas energétikas nozaré potenciali varétu bt 1,3-3%.

No atkritumiem iegtto kurinamo iesp&jams izmantot tadu energoietilpigo
nozaru vajadzibam ka cementa, papira un térauda razoSana un metalapstrade, ka art
elektroenergijas un siltuma razoSana, lidzsadedzinot, pieméram, ar oglém vai
sadedzinot atseviski. Latvija lidz $im no atkritumiem iegiitais kurinamais tiek
izmantots vienigi cementa riipnica CEMEX (Brocénos), kur tas tiek iepirkts no
Igaunijas un Vacijas.

4. SILTUMAPGADES UZNEMUMU ATTISTIBAS ANALIZE

4.1. P&tijuma metodologija

Pétijuma mérkis ir noskaidrot, kadas no jaunakajam tehnologijam ieviestas
Latvijas siltumapgades uznémos un ka pareja uz atjaunojamo energoresursu
izmantoSanu ietekm& uznémumu finansialo darbibu. Aptaujas veikSana ir viena no
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izpetes sastavdalam, kas lauj analizét un vertét veikto statistikas datu analizi un
novertet to atbilstibu realajai situacijai.

Lai izpétitu un analiz&tu centralas siltumapgades attistibas tendences Latvija,
2018. gada aprili un maija tika veikta Latvijas siltumapgades uzn€mumu vaditaju
anketeSana. Aptaujas anketa ieklauti vienpadsmit, p&c jautajumu formas atverti un
dalgji atverti jautajumi. Ka aptaujas metode tika izmantota interneta aptauja (WAPI)
interneta vide, izmantojot ta saucamo veidlapu veidosanu “Google” diska. Aptaujas
dalibniekiem tika nodroSinata pilniga konfidencialitate, tadel iegttie p&tijuma dati
atspoguloti apkopota veida.

Aptaujas merka grupa bija Latvijas siltumapgades uznémumi, kuru kopgjais
sarazotais siltumenergijas daudzums parsniedz 5000 MWh/gada un siltumapgades
gala tarifu regulé Sabiedrisko pakalpojumu regulésanas komisija. Kopa Latvija ir 54
sadi komersanti un aptaujas anketas tika izsttitas visiem uznp€mumiem. Atpakal
sanemtas un atzitas par derigam 33 uznémumu anketas.

Petijuma iegiitie dati apkopoti datu baze, Microsoft Excel programma, ar
iesp&ju tos papildinat, savstarpgji salidzinat un apstradat. Datu analizei tiek
izmantota apraksto$a statistikas metode. Lai noteiktu ilgtsp&jigas energgtikas
attistibas tendences, iegttie dati grupeti un aprakstiti cetras apaksgrupas — sociala,
vides, ekonomiska sféra un tehnologijas. Darba analitiskaja dala izmantoti ari
Centralas statistikas parvaldes un Lursoft datu bazgs iegiitie dati un finansu raditaji.

4.2. Vides faktori

Lielo pilsetu siltumapgades uzn€mumu darbiba balstita uz ilgtsp&jigas
attistibas principiem, Tpasa uzmaniba tiek pieversta jautajumiem par energoresursu
izmanto$anu, energijas  patérina  samazinaSanu un  energoefektivitates
paaugstinasanu.

Siltumapgades uznémumu vaditdjiem tika wuzdots jautajums, kadi
energoresursi parsvara tiek izmantoti siltumenergijas razo$ana. Lielako dalu
kurinama ienem koksnes Skelda (gandriz 70%) un dabasgaze (26%). Papildus Siem
kurinama veidiem, razoSana nelielos daudzumos tiek izmantoti ari tadi fosilie
kurinamie, ka mazuts un dizeldegviela. Uzneémumu vaditaji atzist, ka turpmakajos
gados skeldas apjomi, kas tiks izmantoti Latvijas siltumapgades uznémumos, tikai
pieaugs, jo, piesaistot ES fondu atbalstu, uzn@mumi turpinas modernizaciju, parejot
uz Skeldas sadedzinasanas iekartam. Jau Sobrid lielaka dala uznémumu izmanto
Skeldu, kas lauj saglabat stabilu siltumenergijas tarifu. Kurinama sadalijums pa
energoresursu veidiem redzams atte€la 4.1.
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Izmantotie kurinama veidi siltumenergijas

razosana
2% 1%
‘ = Dabasgaze
Koksnes atlikumi
1% Kurinama skelda
69% Kokses granulas

m Paréjie

4.1. att. Izmantotie energoresursi pa kurinama veidiem, %
Avots: Autores veiktais petijums

Aptaujas anketa tika lugts noradit, kadi pasakumi tiek istenoti kaitigo izmesu
daudzuma samazinaSanai un apkartgjas vides kvalitates uzlaboSanai. Tabula 4.1.
apkopti biezak mingtie.

4.1.tabula
Uznemumos Istenotie pasakumi kaitigo izmeSu daudzuma samazinasanai un
apkartgjas vides kvalitates uzlaboSanai

Nr.  Veiktie pasakumi

1 Pareja uz biomasas kurinamo

2 Optimala katlu darbiba, ieviesta energoparvaldibas sisteéma, iegtits ISO
sertifikats

3 Izmantots videi draudzigs kurinamais

4 Izbuveta jauna Skeldas katlu maja, kurai Sogad planots uzstadit dimgazu
elektrostatisko filtru un dimgazu ekonomaizerus

5 Materialu monitorings, izveidotas skanas barjeras

6 Skeldas katlam ir multiciklons, kas uztver cietas dalinas, katls 2015. gada
papildinats ar kondensatoru, tiek sekots lidz dimgazu kvalitatei

7 Uzstaditi cikloni un dimgazu kondensators

Avots: Autores veiktais petijums

4.3. Ekonomiskie faktori

ES Energgétikas Pamatnostadnés 2020 noteikts, ka Latvijas energgtikas
politikas galvenais mérkis ir konkur&tspgjiga ekonomika ar diviem energétikas
politikas apakSmerkiem:

1. Tlgtspgjiga energétika, kas nodroSina energétikas ilgtsp&ju gan ekonomiska, gan
sociala, gan vides izpratn€. To planots panakt, uzlabojot energoefektivitati un
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veicinot augsti efektivu raZoSanas tehnologiju un AER izmanto$anas
tehnologijas;

2. Energoapgades dro§ibas paaugstinasana, kas paredz energijas lietotajiem
pieejamas, stabilas energijas piegades, mazinot geopolitiskos riskus, dazadojot
energijas resursu piegazu avotus un celus.

4.3.1. Sarazoto megavatstundu skaits

Viens no siltumapgades uznémumu butiskakajiem raditajiem ir pieprasito un
sarazoto MWh skaits. Aptaujatie vaditaji atzist, ka lielakoties §is raditajs ir
nemainigs. Minéts, ka laika perioda no 2013. — 2015. gada sarazotais daudzums
samazinajies pat€rétajiem veicot €ku renovaciju, tomér no 2015. gada atkal
palielinajies jaunu pieslegumu del.

Sarazoto MWh skaits pedéejo piecu gadu laika
(tendenece)

= Nemainigs
= Samazinajies

Palielinajies

4.2, att. Sarazoto MWh skaits katlu majas pedgjo piecu gadu laika (tendence)
Avots: Autores veiktais petijums

Lielakie siltumenergijas patérétaji ir majsaimniecibu un riipniecibas sektors.
Saskana ar Ekonomikas Ministrijas sniegtajam prognozém, lidz 2030. gadam
kopgjais siltumenergijas pieprasijums Sajos sektoros samazinasies par vairak ka
1000 GWh. Ka iemesli tieck mingti energoefektivitates pasakumu veicinaSana
majsaimniecibu sektora, strauja atjaunojamo energoresursu tehnologiju attistiba,
modernu siltumenergijas uzskaites un kontroles sistému ieviesana, ka arT iedzivotaju
skaita samazinaSanas un to ieradumu maina. Lielo pilsétu vaditaji atzist, ka plano
saglabat esoSo raZzoSanas Itmeni, pakapeniski pievienojot jaunus paterétajus
centraliz€tajai siltumapgadei.

4.3.2. Klientu skaits

Centrala siltumapgade ekonomiski dzivotspgjiga ir tikai teritorijas ar
salidzinosi lielu siltumenergijas pieprasijuma blivumu. Siltuma blivums analiz&tajas
teritorijas parsvara parada pietickamu siltumenergijas pieprasijumu, lai esoSie
siltumapgades uznémumi spetu paplaSinaties un butu ekonomiski dzivotspgjigi.
Lielaka dala aptaujato uznemumu (73,3%) norada, ka klientu un pieslégumu skaits
pedgjo piecu gadu laika ir palielinajies — piemeéram, Liepaja un Riga par aptuveni 40
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klientiem gada, pargja dala norada, ka klientu skaits ir nemainigs. Neviena no
atbildem netiek mingts, ka klientu skaits biitu samazinajies, kas ir pozitivs raditajs
uznémuma saimnieciskaja darbiba.

Pieslégumu skaita izmainas centralizétaja
siltumapgadé

= Palielinajies

= Nemainigs

4.3. att. Pieslegumu skaita izmainas p&dgjo piecu gadu laika.
Avots: Autores veiktais petijums

Lai arT klientu skaita zina vérojama pozitiva tendence, siltuma pieprasijums
no majsaimniecibam un industrijam ir ierobezots, jo atseviska potencialo klientu
dala dod prieksroku individualajiem apkures risinajumiem ekonomisko iemeslu del.
Lai realiz€tu centralas siltumapgades potencialu, ir nepiecieSams attistit
ekonomiskus stimulus gala paterétajiem, lai siltuma izmaksas neparsniegtu
alternativas individualas apkures izmaksas. Jaisteno pasakumi, lai sasniegtu kopgja
siltumapgades tarifa samazinasanos, tostarp, nepiecieSams piesaistit ES finansu
atbalstu investicijam jaunu centralas siltumapgades tiklu izveidé un esoSo (veco)
tiklu renovacija. Mazo pilsétu siltumapgades uznémumu vaditaji atzist, ka straujaku
energoefektivitates paaugstinaSanas pasakumu TstenoSanu kavé trikstoSais
investiciju apjoms, paSvaldibu ierobeZotas sp&jas nemt kreditu, ka arT l1€nais kapitala
apgrozijuma atrums. So iemeslu dél vél aizvien pasvaldibas tiek darbinatas
neefektivas iekartas, kas rada paaugstinatu kurinama patérinu un nespgj nodrosinat
siltuma apgadi nepiecieSama kvalitate. Veicot kompleksu sist€émas atjaunoSanu,
iesp&jams optimizet energijas razo$anas procesu un samazinat siltumenergijas
zudumus parvades sisteémas.

4.3.3. Energoefektivitates paaugstinasanas pasakumi
Lai noskaidrotu, ka norit siltumapgades uznémumu attistiba, vaditajiem tika

jautats, kadi energoefektivitates paaugstinasanas pasakumi veikti p&€dgjo piecu gadu
laika. Biezak sniegtas atbildes apkopotas tabula 4.2.
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Nr.

o N o o

10

11

12

13
14
15

4.2. tabula
Uznémumos veiktie siltumapgades sistemas energoefektivitates
paaugstinasanas pasakumi

Veiktie pasakumi

Rekonstrugtas katlu majas, atjaunotas siltumtrases, pareja no mazuta
kurinama uz Skeldu

Katlu majas rekonstrukcija, siltumtrasu nomaina, individualo
siltummezglu uzstadiSana

Kandavas pilséta uzbiivéta jauna skeldas katlu maja ar jaudu 3,5 Mwh.
Kandavas pilséta izbiiveéta jauna siltumtrase aptuveni 3,3 km garuma
Pagastu lokalajas katlu majas akmenogles, dizeldegviela aizvietota ar
koksnes granulam

Rekonstrugtas siltumtrases, vasaras perioda samazinata tiklu temperattira

Siltumtrasu un siltumapgades sistemu rekonstrukcija
Nomaintti apkures katli

SIA "Salaspils Siltums" p&dgjo piecu gadu laika ir uzstadijis skeldas katlu,
kurs tika papildinats ar dimgazu kondensatoru, rekonstruétas siltumtrases,
uzstadits augstas efektivitates gazes katls ar ekonomaizeru un citi
Uzstaditi musdienigi cirkulacijas stikni

Skeldas katlu majas izbiive un tas ieklauana kopgja tikla. Izbiivéjot ~2km
siltumtrasu pievienoti papildus pateretaji, kuri ieprieks tika apsilditi
siltumenergiju razojot 2 novecojusas gazes katlu majas (tas demontgtas)
Skaititaju automatiskas nolasiSanas sist€mas ievieSana. Priedaing uzbtvéta
jauna, moderna Skeldas katlu maja, aizstajot veco, neefektigo, ar malku
darbinamo k/m.

Siltumapgades sisteémas - katlumaja, siltumtikli, siltummezgli -
automatizacijas un vizualizacijas sistémas ievieSana; saules kolektori
elektribai -10 KW

Jauns deglis - jauda 1,6 MW: jauna katlumaja 3 MW

Slgeldas katlu majas buivnieciba, siltumtrasu izbuve, saistvada izbtuve

Eku siltina8ana, eku siltummezglu vadisana attalinati.

Avots: Autores veiktais petijums

maju

Ka biezakie energoefektivitates paaugstinasanas pasakumi tiek ming&ti katlu
rekonstrukcija un pareja no fosila kurinama uz atjaunojamiem

energoresursiem. Ka nakamais tiek min&ts siltumtrasu rekonstrukcija un attalinato
siltumskaititaju ievieSana.

Siltumapgades uznémumiem, veicot sistému modernizaciju, ir svarigi realizgt

siltumapgades pieprasijuma un piedavajuma kartesanu. Sada kartésana dod iespéju
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noveértet siltumenergijas pieprasijuma blivumu un parpalikumu pasvaldibas
teritorija. Lidz ar to paSvaldibam ir vieglak analizét siltumenergijas pieprasijuma
izmainas tuvakaja nakotng, ka arT iespgjamos attistibas scenarijus.

4.3.4. FinanSu raditaji

Lielaka dala aptaujato uznémumu vaditaji atzist, ka energoefektivitates
paaugstinasanas pasakumi, ievieSot jaunas tehnologijas un diversific§jot kurinama
veidu, uzn€muma saimniecisko darbibu ietekmé pozitivi. Ir iespgja noturét stabilu
siltumenergijas tarifu un prognoz&t kurinama izmaksas. Uznémumi, kuri raZzo$ana
vel joprojam izmanto dabasgazi min, ka pie S§1 briza gazes cenas ietekme nav
ievérojama un izmaksas, kas saistas ar siltumenergijas razosanu atskiras maz. Tomér
palielinoties gazes cenai, ietekme biis ievérojama.

Tapat vaditaji min, ka ilgtsp&jigas energétikas politikas prasibas veicina aktivi
domat par iekartu efektivitati un ir par pamatu uznémuma efektivas saimnieciskas
darbibas Tstenosanai. Ka pozitivs fakts tick min&ts iesp&ja piesaistit Eiropas
Savienibas finans€jumu darbibas efektivitates uzlaboSanai.

Nozares finansu raditaji par 2012. - 2016. gadu
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4.4, att. Siltumapgades nozares finansu raditaji par 2012. — 2016. gadu
Avots: Autores veidota diagramma, izmantojot Lursoft uzn@mumu datubaze
pieejamos finansu datus.

Nozar€ no 2014. gada verojams neto apgrozijuma un vid€jas pelnas
pieaugums. Uzp@mumu vaditdji atzZim€, ka S$is raditdjs atkarigs no dazadiem
faktoriem — uznémuma pelnu un apgrozijumu ietekmé novecojusi tehnika, debitoru
paradi, patérétaju un pieslegumu skaits. Tapat tiek minéts, ka 2016./2017. gada
sezona ir bijis garakais apkures periods — vidgji 218 dienas. Lai arT ziemas pedgjo
gadu laika ir siltakas, apkures periods kluist garaks.
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4.4, Socialie faktori

Saskana ar CSP veiktajiem petfjumiem, iedzivotdju ienakumu Itmenis
pastavigi pieaug, bet tani pat laika palielinas nabadzibas riska indekss un ienakumu
atSkiribas (polarizacija) starp bagatajiem un nabadzigajiem pastavigi palielinas.
ledzivotaju aptaujas par centralizéto siltumapgadi parada, ka paterétajus apmierina
sistéma, bet neapmierina siltumapgades pakalpojuma augstie tarifi un iesp&u
trikums telpas uzturét sev ttkamu temperattiru.

Apkures katlu ekspluatacijas ilgums un to tehniskais stavoklis,
siltumenergijas razoSana izmantota kurinama veids, zudumi parvades un sadales
tiklos ir faktori, kas batiski ietekmé ari galapatérétajiem piemé&roto siltumenergijas
tarifu apméru. Saskana ar Sabiedrisko pakalpojumu reguléSanas komisijas
informaciju, Latvija galapaterétajiem piem&rotie siltumenergijas tarifi butiski
atSkiras, pieméram, 2017. gada vieni no zemakajiem siltumenergijas tarifiem bija
Riga, Aizkraukle un Dobelg, kur gala lietotajs par vienu megavatstundu maksaja lidz
50 EUR. Savukart vieni no augstakajiem siltumenergijas tarifiem bija Sigulda,
Talsos un Saulkrastos, kur gala lietotajs par vienu megavatstundu maksaja vairak ka
60 EUR.

Augstie tarifi un galapatérétaju maksatspéja noved pie pastavigiem un
finansiali apjomigiem paradiem par siltumenergiju. Péc Ekonomikas Ministrijas
sniegtas informacijas republikas nozimes pilsétas parada par siltumenergiju apmers
uz 01.09.2015. bija 17,7 miljoni eiro, bet novadu pasvaldibas — 14,1 miljoni eiro.

Sobrid situacija ir uzlabojies un lielaka dala siltumapgades uzneému vaditaji
aptauja min, ka debitoru paradi samazinas. Sada tendence vérojama gan pateicoties
norékinu sistémas sakartoSanai un uzlaboSanai, gan aktivai uzn€muma darbibai
attieciba uz debitoru paradu atgiisanu.

Latvijas lielo pilsétu siltumapgades uznémumu debitoru paradi
2014. - 2016. gada

8000000

6000000
4000000
2000000
0
2014 2015 2016

@ Daugavpils siltumtikli AS lekabpils siltums SIA Fortum Jelgava SIA

W /irmalas siltums SIA W Liepajas energija SIA W Rézeknes siltumtikli AS

W Rigas siltums AS W Ventspils siltums PSIA

4.5. att. Latvijas lielo pilsetu siltumapgades uznémumu debitoru paradu parskats
par 2014. — 2016. gadu
Avots: Autores veidota diagramma, izmantojot Lursoft uzp€mumu datubazg
pieejamos finansu datus.
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4.5. Tehnologiskie faktori un inovacijas

Vairaki aptaujatie vaditaji min, ka centralaja siltumapgadé nepiecieSami
nopietni ieguldijumi infrastruktiira un gan ekspluatacijas, gan uzturé$anas izmaksas
ir loti augstas. Pamatojoties uz aptauja sniegto informaciju, vid€jais razoSanas
iekartu vecums ir 10 gadi, tomér liela dala sistemu ir biivétas pirms vairak ka 25
gadiem, tas ir novecojusas un ar lieliem zudumiem. Daudzviet tiek izmantotas zemas
energoefektivitates un videi nedraudzigas siltumenergijas raZzoSanas tehnologijas un
nepietiekami tiek izmantoti atjaunojamie energoresursi.

Aptauja tika lugts sniegt informaciju par to vai energijas ieguvé tiek
izmantotas kadas no sekojo$am tehnologijam:

e Saules kolektori;

e Akumulacijas tvertnes;

e Diumgazu kondensatori;

e No atkritumiem iegits kurinamais (NAIK);
e Geotermala energija.

46,7 % no aptaujatajiem atzina, ka katlu majas ir aprikotas ar dimgazu
kondensatoru. Parsvara tas ir lielo pilsétu katlu majas, kur ir liels energoresursu
patérins. Neviena no Latvijas katlu majam energija netiek ieglita ar kadu citu no
piedavatajiem energijas veidiem. Ventspili un Daugavpili ir uzsakta projektu
izstrade, lai razoSana ieviestu no atkritumiem iegltu kurindmo. Abas pils€tas
buvdarbu uzsaksana planota 2019. gada un jau 2020. gada otraja pusé paredz&ta
iekartas darbibas uzsaks$ana. Daugavpili planota regeneréta kurinama izmantosana ir
lidz 25 000 t/gada ar ko planots sarazot vairak ka 43 000 MWh siltumenergijas.

Tikai viens no aptaujatajiem uznémumiem, SIA “Liepajas Energija”
siltumenergijas razoSana uzsacis izmantot ari saules starojumu, ko nodroSina
uzstaditie saules kolektori vienda no uznémuma katlu majam. Sobrid, pilotprojekta
ietvaros, no saules starojuma sarazotais siltumenergijas apjoms ir neliels, tomer
perspektiva uznémums vertes iesp&ju par plasaku saules kolektoru parka izveidi,
tadgjadi butiski paaugstinot “zalas” siltumenergijas apjomu. Uzstaditie saules
kolektori razo siltumenergiju, kas izmantojama gan apkuré, gan silta tdens
sagatavos$ana un razo siltumenergiju visa gada garuma. Uznémuma vaditajs norada,
ka Sobrid uzstaditas sist€mas jauda ir neliela un ar karsto fideni nodrosSina vienu
sabiedrisko un divas daudzdzivoklu dzivojamas majas.

Lidzigs, Sobrid vienigais, projekts ir uzsakts uznpémuma SIA “Salaspils
Siltums”. Projekta mérkis ir uzlabot centralizétas siltumenergijas apgades sistémas
efektivitati, nodroSinot pareju no iepirktas siltumenergijas un siltumenergijas, kas
tiek sarazota ar fosilajiem energoresursiem, uz atjaunojamo siltumenergijas
razoSanu.
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5. SECINAJUMI

Ta ka turpmakajos gados tick prognozéts siltumenergijas pieprasijuma
samazindjums, uzpémumu vaditdji atzist, ka Sobrid viens no galvenajiem
uzdevumiem ir jaunu paterétaju piesaiste.

Lielo siltumapgades wuznémumu vaditaji uzskata, ka investicijas
siltumapgades infrastruktira uzlabo energijas pieejamibu paterétajam, sniegto
pakalpojumu parklajumu un kvalitati, ka ari inovativo tehnologiju ievieSana
centralizétaja siltumapgade palielina katlu maju energoefektivitati un veicina
ilgtsp€jigas vides politikas mérku sasniegSanu.

Sadarbibai starp p&tniecibu un siltumapgades tirgus dalibniekiem ir nozimiga
loma, lai sekmé&tu jaunako tehnologiju un inovaciju parnesi uz uznémumiem, kas
darbojas energoefektivitates tehnologiju joma, ka ari atjaunojamo energijas resursu
izmantoSana.

Pastavigas investicijas raZoSanas avotos nodroSina razoSanas lietderibas
koeficienta pieaugumu — viena vieniba siltumenergijas tiek sarazota, patér&jot arvien
mazak kurinama.
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LATVIJAS VESELIBAS TURISMA KONKURETSPEJU
IETEKMEJOSO FAKTORU ANALIZE

|. Ezermale, U. Libkovska

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Tarisms ir viena no lielakajam uznémeéjdarbibas nozarém pasauleé un valsts
tautsaimniecibas konteksta tiek vertéts ka viens no ekonomiskas attistibas
virzieniem un eksporta ienakumu avotiem, kas sniedz nozimigu ieguldfjumu
valsts iek§zemes kopprodukta veidoSana. Tiirisma pakalpojumu eksports, taja
skaita veselibas tlirisma pakalpojumu eksports, defingjams ka arvalstu tiiristu
nopirkto pakalpojumu un pre¢u kopums uznemosaja valsti un, atskiriba no
tradicionala pre¢u eksporta, kad prece no valsts tiek izvesta, tiirisma patérétaji
pasi ierodas valsti un iegadajas produktu jeb tirisma pakalpojumu. P&tijuma
mérkis ir Latvijas veselibas tlirisma pasreizgjas situacijas izpéte, pieejamo
resursu identificéS§ana un lomas raksturoSana wvalsts tlirisma nozares
konkurétspgjas veicinasana. PEtfjuma izvirzitad merka sasniegsanai tika defineti
vairaki uzdevumi: Apzinat veselibas tlrisma attistibas tendences pasaulg,
raksturot Latvijas veselibas tirisma pasreiz&jo situaciju, identificet valsts
atbalsta funkcijas veselibas tirisma attistibai, izanaliz€t datus par veselibas
tirisma produktiem un pakalpojumiem, veikt Latvijas veselibas tiirisma
konkurétspgjas PEST analizi. P&tijuma izmantotas vairakas p&tijumu metodes:
literatiiras apskats, dokumentu analize, ckspertu intervijas, fokusgrupas
diskusija, PEST analize.

Atslegas vardi: veselibas tirisms, medicinas turisms, dabas
dziednieciskie resursi, veselibas turisma klasteris.

1. IEVADS

Lidz ar veseliga dzivesveida pickop$anu un riipeém par veselibu un labsajutu,
pasaules tiirisma nozaré pieaug pieprasijums péc pakalpojumiem $aja sektora. ST
tendence sniedz iesp&ju attistit veselibas tiirismu ka patstavigu tiirisma veidu, un ta
ir aktuala ka pasaulg, ta Latvija. Sis nozares attistiba miisdienas saistita ar vairakiem
faktoriem: sabiedribas novecoSanu, apgriitinatu piekluvi kvalitativiem veselibas
apriipes pakalpojumiem un to pieaugosas izmaksas, tape€c So problému risinaSanai
arvien vairak pacientu izvélas sanemt veselibas apripes pakalpojumus arvalstis. Lidz
ar to veselibas tirisms kllist par vienu no vadosajam eksporta nozarém pasaulg,
ietverot gan labsajutas veicinasanas, gan mediciniska rakstura pakalpojumus. Latvija
veselibas tlirisma attistibu veicina dabas daudzveidiba, geografiskais novietojums pie
Baltijas jiiras un klimats. Tikpat svarigs ir plass atptitas vietu un dazadu atveseloSanas
piedavajumu klasts, daudzveidiga kultiras dzive, ka ari valsts konkur&tspgja
kvalificéta personala, infrastrukttiras un tiesiska regulgjuma joma. Bitiska loma ir
dabas dziedniecisko resursu pieejamibai un to izmantosanai veselibas uzlabosana un
atjauno$ana. So arstniecibas procesu tradicijas jau vésturiski noteikusas Latvijas
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kiirortu attistibu un konkur&tsp&ju, un kalpo ka viens no priekSnosacijumiem
veselibas tlrisma attistibai musdienas. Veselibas tlrisma attistibai Latvija ir
noteicosa loma kopgjas Latvijas tlirisma nozares diferenc€Sana un uzneémejdarbibas
veicinasana. Veselibas tiirisms nav paklauts sezonalitates ietekmei, kas ir butiska
Latvijas probléma tas geografiska stavokla del. Lidz ar to nozares uznéméejdarbibas
parstavjiem ir iespgja samazinat uznémuma apgrozijuma svarstibas un nodrosinat
vienmeérigu darbibu visa gada garuma. Par veselibas tiirisma nozares mérktiecigu
attistiSanu Latvija iesp€jams spriest nepilnu 10 gadu konteksta, kuru laika veikts
ieguldijums likumdosanas pilnveidosana un dazadu sadarbibas modelu izstrade. Lidz
ar to veselibas turisma nozare Latvija identific§jama ka salidzinoS$i jauna nozare,
kuras konkurétspgja 11dz Sim ir maz pétita. Petijums sniedz informaciju par veselibas
tiirisma attistibas priekSnosacijumiem, ka arT identificé produktus un pakalpojumus
eksporta veicinasana un aktivas uznémgjdarbibas vides uzturéSana Latvija. Tapat
pétijuma apkopoti veselibas tiirisma specialistu un ekspertu viedokli par nozares
pasreiz€jo situaciju, problémjautajumu risinasanu un aktivitatém, kuras nepiecieSams
veikt, lai veicinatu tas attistibu un ekonomisko augSupeju. Petijuma netick veikta
veselibas tiirisma pakalpojumu cenu analize.

2. LITERATURAS APSKATS

Dabas arstniecisko resursu izmanto$ana veselibas uzlabo$ana un atjaunosana
jau vesturiski rada to butisko lomu tiirisma nozares attistiba, tapec musdienas
veselibas tlrisms ir viena no vadoSajam eksporta nozarém pasaul ar stabilu attistibas
tendenci. STs nozares atfistiba miisdienas saistita ar vairakiem faktoriem: sabiedribas
novecosanu, apgritinatu piekluvi kvalitativiem veselibas apriipes pakalpojumiem un
to pieaugosas izmaksas, ka arT ilgs gaidiSanas laiks 11dz pakalpojumu sanemsanai [1].
So problému risina$anai arvien vairak pacientu izvélas sanemt veselibas apriipes
pakalpojumus arvalstis. Veselibas turisma attisttbu un popularitati pasaule
veicinajusi informacijas pieejamiba internetd, masu medijos, modernu sazinas
tehnologiju izmantoSana komunikacija ar potencialajiem pacientiem [2].
Starptautiska Medicinisko pétijumu centra apkopotie statistikas dati liecina, ka
veselibas tirisma pakalpojumiem pasaulé katru gadu tiek teréti aptuveni 600 miljardu
ASYV dolaru. So pakalpojumu skaita ietilpst gan mediciniska rakstura manipulacijas,
gan labsajiitu un skaistumu veicinosas procediiras ka masazas, botoksa injekcijas un
implantu ievietoSanas operacijas. Tapat statistikas datos minéts, ka vairak ka 11
miljonu ASV dolaru katru gadu tiek teréti tiesi pakalpojumu sanemsanai arvalstis. ST
ir visstraujak augosa starptautiska tiirisma nisa pasaul€ un tiek prognozets, ka nozares
vertiba lidz 2015. gadam sasniegs tris triljonus ASV dolaru [3]. Turpinoties nozares
attistibai un palielinoties pieprasijumam pec starptautiskiem veselibas apripes
risingjumiem, Medicinas Tirisma asociacija identificgjusi vairakas attistibas
tendences:

* Palielinas veselibas tirisma nozare iesaistito uznémumu skaits. Tas attiecinams
ne tikai uz medicinas pakalpojumu sniedzo$am iestadém, bet arl tiirisma
agentiiram, thrisma operatoriem, veselibas apdro§inasanas uznémumiem,
viesnicam un izglitibas iestadeém,;

¢ Klienti mekle nozares profesionalus; sp&ja pozicionét sniegtos pakalpojumus ka
augstas kvalitates profesionalas kompetences kluist arvien vertigaka;
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* Pacientu pieredzes un atsauksmju nozime. Pacientu pieredzi var definét ka tieSu
vai netieSu mijiedarbibu starp pacientu un organizaciju. Veselibas tiirisma
profesionali, kas var nodrosinat kvalitativu un droSu pakalpojumu integraciju
visos veselibas apripes / viesmilibas posmos, biis loti pieprasiti, jo medicinas
tarisms nakamajos gados kliis vel izplatitaks [3].

Saskana ar Global Wellness Institute (GWI) datiem, ASV joprojam ir liclakais
medicinas un labsajiitas tiirisma tirgus pasaulé. Visstraujak augosais tirgus ir Kina,
jo tas iedzivotaju veélme koncentréties uz veselibas ttrisma pakalpojumiem ir
milziga, taCu pasreizgja infrastruktiira un pieredze So pakalpojumu sniegSanai
starptautisku standartu ietvaros Kinai joprojam ir ierobezota. Citi populari veselibas
tirisma galamerki ir Vacija, Francija, Austrija, Kanada, Izragla, Singaptra, Indija un
Lielbritanija [4]. Katru gadu tiek veidots medicinas tirisma indekss [5], kas verte
vietas ka medicinas ttrisma galamérka pievilcibu. Medicinas tirisma indeksu veido
trisdesmit Cetru raditaju vert€jums tris dimensijas: valsts vide, medicinas tiirisma
industrija un pakalpojumu kvalitate. 2016. gada kopuma tika vertéta 41 valsts [5].
Piecu labako valstu vertgjums att€lots 2.1. tabula.

2.1. tabula

Medicinas tiirisma indekss 2016. gada

Vieta MTI Medicinas Pakalpojumu
kopvertgju- | Valsts Valsts vide tarisma 1valits
1 . .. valitate

ma industrija

1. Kanada 1. vieta no 41 4. vieta no 41 4.vietano 41
2. Lielbritanija | 2. vieta no 41 17.vietano 41l | 5.vietano 4l
3. Izragla 4. vieta no 41 11.vietano 41 | l.vietano 41
4. Singaptra 3. vieta no 41 15. vietano 41 | 6. vietano 41
5. Indija 12.vietano 41 | 1.vietano 4l 3. vietano 41

Avots: autores veidots att€ls pec Medicinas tirisma indeksa reitingiem

P&c medicinas tirisma indeksa reitingiem Kanada ienéma pirmo vietu gan
2016., gan 2015. gada, jo ir partikusi, demokratiska un attistita nacija ar stabilu
valdibu, kas nepielauj korupciju - ta Kanada raksturota Medicinas tiirisma indeksa
valstu profila. Kanadas veselibas apriipes sist€ma ir valsts finanséta, bet tas darbibu
nodroSina galvenokart privati uznémumi. Kanada tiek raksturota ari ka valsts ar
augstu pakalpojumu kvalitati, Tpasi attieciba uz mediciniskajam iekartam un
kvalificEtu personalu [6]. Lielbritanija ir pasaules meroga ietekmigs finanSu un
kulttiras centrs, kuru veido Anglija, Skotija, Velsa un Ziemelirija. Valdiba nodroSina
visiem Lielbritanijas pilsoniem bezmaksas vai zemu izmaksu veselibas apriipi,
atstajot nelielu dalu privata sektora parraudziba. Ta paredzeta operacijam tiem
cilvekiem, kuri nevélas gaidit rindas lidz pakalpojuma sanemsSanai vai arT nav salu
pilsoni vai iedzivotaji [6]. MTI reitinga treSaja vieta ierindojas Izragla, kas tiek
raksturots ka tehnologiski un ekonomiski augsti attistits medicinas tirisma
galamerkis. Izragla ir gan privatas, gan valsts veselibas apriipes iestades, un tiek
uzskatits, ka Seit ir viena no visprogresivakajam veselibas apriipes sistemam pasaule
ar loti modernu tehnisko nodro$inajumu [6]. Turisma nozare, taja skaita veselibas
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tirisms ir viena no ekonomiskas attistibas prioritatém Singapura. Saja valsti ir
universala veselibas apriipes sist€éma, kura tiek parstavéts gan valsts, gan privatais
sektors. Pakalpojumu kvalitate ir loti augsta, tacu arT loti darga [6].Indijas medicinas
tirista profils ir Kanadas, ASV un Eiropas pacients, kas mekl€ arstésanas iesp€jas
par loti zemam cenam. Privatajam klinikam Indija ir lieliska reputacija, un Indijas
veselibas apriipes nozare pedéjos gados ir piedzivojusi milzigu izaugsmi. Spitgjot
aizspriedumiem attieciba uz veselibas apriipi jaunattistibas valstis, klinikas Indija ir
aprikotas ar musdienigam tehnologijam un augsti kvalificétu medicinas personalu
[6]. Sekojot pasaules tiirisma tendencém, veselibas turisma nozare ik gadu
paplasinas, piedavato pakalpojumu klasta ietverot ne tikai mediciniska rakstura un
uz skaistumu orient€tus pakalpojumus. Tiek nemts véra, ka ar1 profilaktiska apriipe
ir vienlidz svariga, tadejadi katrs turists ir potencialais pacients, 11dz ar to veselibas
tirisma tirgi ir iesaistits loti daudzveidigas organizacijas: slimnicas, Spa centri,
fitnesa un jogas studijas, viesnicas u.c. Pasaules labsajutas samita (Global Wellness
Summit) ir identificétas vairakas spilgtas tendences, kas nakotné ienems biutisko lomu
nozares attistiba:

1) No jauna tiek iepazita saunu kultiira
Gadsimtiem ilgi sauna ir bijusi dala no pasaules veselibas uzturésanas kulttiras, tacu
nereti §is process tiek raksturots ka vienmuls. Jaunakas tendences paredz saunu
veidolu ka socializacijas centru, un ka vietu, kur sauna ir ikdienisks dzivesveids.
Sadam saunam ir ipass, amfiteatrim lidzigs dizains, un § tendence sak plasi izplatities
visa pasaulg [7].

2) Klusuma jeb miera terapijas
Jauns uzsvars veselibas centros tiek likts uz klusuma jeb miera terapijam, kas
miisdienu trauksmainaja vid€ palidz cilvékiem atjaunot ieksgjo speku. Cilveki velas
atpuisties no trauksmainas ikdienas un sajust dabas klusumu un mieru, tapec sadas
vietas noteikti atrodas talu no urbanizacijas centriem. Miera terapijas tiek atzinigi
novertétas ar1 no mediciniska viedokla, pamatojoties uz pétijumiem, kas liecina par
digitala laikmeta trokSnu ietekmi uz cilvéka koncentréSanas spgam, miegu,
palielinot stresa hormonu daudzumu organisma, radot satraukumu un depresiju. Sadi
galameérki nakotng bis augsti pieprasiti un tiks ierindoti veselibas centru dargako
pakalpojumu klasta [7].

3) Maksla un radoSums labsajitas pakalpojumu centra
Peétfjumi liecina par to, ka rado$as nodarbes un “makslas terapijas” (mizika,
rakstiSana, ziméSana, dejosana, gleznieciba, keramika utt.) pozitivi ietekmeé gan
fizisko, gan garigo veselibu, ieveérojami samazinot depresiju un trauksmes stavokli.
Stress ir lielakais Skerslis cilvéka radosumam, 11dz ar to pasaules tendences rada, ka
viesnicas, kiirorti un veselibas centri IpaSu uzmanibu velta uz radoSumu un makslu
verstiem pakalpojumiem, ar noliku mazinat stresu [7].

4) Labsajuta parveido skaistuma industriju
Ir zinams, ka skaistuma un labsajtitas industrija iet roku roka un centieni biit skaistam
var kalpot ka viena no galvenajam motivacijam cilvéka garigai un fiziskai labsajiitai.
Tacu pasaules tendences rada, ka skaistums ir kas vairak par skaistu kermeni,
skaistums atspogulo cilvéka emocionalo stavokli. Tendences rada, ka pieprasiti ir
pakalpojumi, kas pal€lina cilvéka novecosanu, laujot saglabat dabigo skaistumu bez
kirurgiskas iejaukSanas[7].

5) Gariga veseliba
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So pakalpojumu pamata ir dazadas meditacijas prakses un elposanas retriti ar noliku
mazinat stresu un cilvéka iek$gjo “izdegSanu”, ka arT celu uz sevis ka personibas
apzinasanos. Meditacija tiek apvienota ar lidz Sim populariem veselibas centru
pakalpojumiem, pieméram, peldéSanu, veidojot pilnigi jaunu, unikalu pakalpojumu.
Ka ve&l viena meditacija metode tiek popularizeta gramatu lasiSana, kas musdienu
digitalaja laikmeta zaud@jusi popularitati. Pasaules Veselibas organizacija (World
Health Organiztion) nesen atzinusi, ka gariga veseliba ir viena no vinu tuvakas
desmitgades svarigakajam prioritatém [7].

6) Apnemsanas uzlabot véza slimnieku pasauli
Petfjumi liecina, ka no $ada meroga slimibas labsajiitas industrija lidz S$im ir
distancgjusies. Tas pamatojams ar nepietiekamo informaciju par dazadu procediiru
ietekmi uz pacienta veselibas stavokli. Lidztekus véza slimnieku mediciniskajai
apriipei arvien vairak tiek piedavati pakalpojumi, kas uzlabo pacientu apkartgjo vidi,
radot jaunu pakalpojumu nozari “psihosociala onkologija”. Personals tiek ipasi
sagatavots darbam ar onkologijas pacientiem ari esttiskaja medicina [7].

7) Nevienlidzibas mazinasana
Palielinoties ienakumu nevienlidzibai pasaul€ veselibas tiirisms nereti tiek vertets ka
pakalpojumu grupa turigajai sabiedribas dalai. Lai mazinatu So nevienlidzibu,
pasaules tendences rada dazadu ekonomiskas klases pakalpojumu grupu pieaugumu
veselibas tlirisma nozaré, pieméram, ekonomiskas klases viesnicas ar biologisko
partiku, pieejamakas cenas labsajiitas pakalpojumiem u.c. [7].

Spa un labsajttas pakalpojumu sniedzgji iezZimé vairakas jaunas tendences, kas
kluvusas aktualas stresa parvaldiSanas un emocionala lidzsvara atgtiSanas nolukos:

1) Terapijas, kas veicina atteikS8anos no smékésanas.

Ikdienas stresa apstaklos liela dala sabiedribas pievérSas smekesanai, tacu arvien
lielaku popularitati celojumu laika iegiist specialas terapijas, kas ar mediciniskam
konsultacijam un veseliga dzivesveida padomiem veicina atteik§anos no smekésanas
un veseligu ieradumu veidosanos [8].

2) Emocionala stavokla dziedinasana.

Arvien vairak cilvéku pasaulé meklé iespgjas, ka paaugstinat pasapzinu, parvaldit
stresu un uzlabot emocionalo stavokli. Pieaugot izpratnei par to ka, sakartots prats ir
cel§ uz veseligu dzivesveidu, pieaug pieprasijums pec terapijam, kas balstas uz
uzmanibas koncentréSanas makslas, jogas un meditacijas pamatiem [8].

3) Sabalanséta uztura un kermena atslodzes brivdienas, kuras ietilpst uztura
specialista konsultacijas, sabalansetas maltites visas €dienreizes un sporta nodarbibas
profesionalu treneru uzraudziba [8].

4) Fizioterapijas brivdienas.

Mazkustiga dzivesveida un stresa ietekme, kermena muskulattra kliist saspringta, un
pie noteiktas slodzes pastav muskulu sastiepSanas risks. Fizioterapijas brivdienas
paver iesp€ju atgiities no ievainojumiem un arst€t kermeni ar visdazadakajam
metodém, sakot no arstu konsultacijam lidz Gdens terapijam un stajas korigésanai [8].

5) Veseligas brivdienas visai gimenei.

Pieaugot digitalo spelu un iericu lietosanai skolas vecuma b&rnu vidi, atpiitas centru
piedavajumos paradas programmas, kas rosina bérnus izméginat jaunus briva laika
pavadiSanas veidus un piedalities sportiskas aktivitates kopa ar vecakiem [8].
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Vertgjot veselibas tiirisma nozares attistibu pasaules tendencu konteksta, iesp&jams
secinat, ka galvenas aktivitates labsajiitas tlrisma ir verstas uz cilvéka garigas un
emocionalas veselibas uzturé$anu un atjaunosanu, lai nakotng tiktu noverstas fiziskas
saslim§anas, kas rodas neveseliga dzivesveida, stresa un digitala laikmeta radito seku
rezultata. Savukart medicinas tiirisma tendences norada uz jaunu valstu ienaksanu
tirgl, piedavajot augstas kvalitates pakalpojumu par zemaku cenu, neka
tradicionalajos medicinas tirisma galamérkos. Sis tendences kalpo ka
uznémejdarbibas virzitajspeks, laujot paplasinat uznémejdarbibas jomas, piedavato
produktu un pakalpojumu klastu, ka arT mazinat sezonalitates faktora ietekmi uz
tirisma uznéméjdarbibu.

3. REZULTATI

Lai noveérteétu Latvijas veselibas tirisma pasreiz€jo situaciju, tika veikts
ekspertu interviju un fokusgrupas diskusijas laika uzdoto sl€gto jautajumu
saltdzinajums un analize.

Jautajuma “Kadi ir, Jasuprat, nozimigakie valsts atbalsta instrumenti
veselibas tlrisma attistibai?” atbilzu salidzinajums atspogulots 3.1. attela. P&c
apkopotajiem datiem iesp&ams secinat, ka butiska nozime veselibas tiirisma
attistibai Latvija ir §1 tlirisma veida ka prioritates identific€Sana. Saskana ar Latvijas
tirisma attistibas pamatnostadném 2014.-2020. gadam, identificEto prioritaro
tirisma veidu attistiSanai paredz&ta finans€juma piesaiste gan no ES struktiirfondu
lidzekliem, gan lidzeklu pieskirSana no valsts budZeta [9]. Nozimiga ir arT atvieglota
vizu sanemsanas kartiba potencialajiem medicinas tiiristiem. Tas izskaidrojams ar
Latvijas veselibas tlirisma klastera identificétajiem stratégiski nozimigajiem eksporta
tirgiem — Somiju, Norvégiju, Zviedriju, Igauniju, Lietuvu, Krieviju, Baltkrieviju un
Ukrainu, no kuriem p&dgjo tris valstu iedzivotajiem nepiecieSama viza celoSanai uz
Latviju [10].

Nozimigakie valsts atbalsta instrumenti veselibas
turisma

= Ekspertu atbilzu skaits ® Fokusgrupas dalibnieku atbilzu skaits

Veselibas turisms Latvija identificets ka.. 6 7
Atvieglota vizu sanemsanas kartiba.. 2 7
Veselibas inspekcijas kontrole par. . s >
MK noteikumu “Kiirorta statusa. . . ) 3

3.1. att. Nozimigakie valsts atbalsta instrumenti veselibas tiirisma
Avots: autores veidots attéls pec ekspertu interviju un fokusgrupas diskusijas
datiem

Ekspertu skatfjuma nozimiga ir Veselibas inspekcijas kontrole par iestadém,
kas sniedz medicinas tiirisma pakalpojumus, kas ir viens no instrumentiem pozitiva
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viedok]a veidoSana par medicinas pakalpojumiem Latvija. Datu apkopojums liecina,
ka uzn€mejdarbibas konteksta biitiska nozime nav Ministru kabineta noteikumiem
“Kirorta statusa pieSkirSanas un anuléSanas kartiba”, kas skaidrojams ar to, ka
noteikumi paredz kartibu, kada pasvaldibam vai to administrativajam teritorijam tiek
pieskirts vai anuléts kurorta statuss [11], t.i., uzneémejdarbibas attistiba veselibas
tiirisma tiesa veida nav atkariga no ST statusa pieskirSanas vai anuléSanas.
Jautajuma “Vai, Jasuprat, ir identificgjami trukumi valsts atbalsta funkcijas
veselibas tlirisma nozares attistibai Latvija?” atbilzu apkopojums atspogulots 3.2.
attela.

Valsts atbalsta funkciju trikuma identificeSana

u Ekspertu atbilzu skaits u Fokusgrupas dalibnieku atbilzu skaits

Trukumi nav 2
identificgjami 3
Trokumi ir 8
identificgjami — 7
3.2. att. Valsts atbalsta funkciju triikuma identific€$ana

Avots: autores veidots attels p&c ekspertu interviju un fokusgrupas diskusijas
datiem

P&c apkopotajiem datiem iesp&jams secinat, ka ir identificgjami trukumi valsts
atbalsta instrumentos veselibas tlirisma attistiSanai. Noliedzo$as atbildes iesp&jams
izskaidrot ar to, ka veselibas tlrisma attistiSanai jau ir veikts nozimigs ieguldijums
likumdoSanas sakartosana, savukart atsevisku finanSu instrumentu novirzisana tiesi
§1 turisma veida pilnveidoSanai var radit konkurences kroplosanas draudus kopgja
tirisma uznémejdarbibas vide. Savukart pakalpojumu sniedzgju noliedzosas atbildes
iespgjams izskaidrot ar specifisku pakalpojumu sniegSanu, kuriem ir zems vietgjas
konkurences Itmenis un pieprasijums no arvalstu apmeklgtajiem/pacientiem spgj
nodros$inat maksimalu resursu kapacitates izmantoSanu.

Jautajuma “Kadi ir, Jusuprat, konkurétspgjigakie Latvijas veselibas turisma
pakalpojumi?” atbilzu kopsavilkums atspogulots 3.3. attgla.
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Latvijas veselibas tirisma konkurétspéejigakie
pakalpojumi

= Ekspertu atbilzu skaits ® Fokusgrupas dalibnieku atbilzu skaits

SPA un Wellness piedavajumi

Dabas dziedniecisko resursu izmantoSana

Mediciniska rehabilitacija

Diagnostika

Kardiologija | ‘ ‘ ‘

3.3. att. Latvijas veselibas tiirisma konkurétspgjigakie pakalpojumi
Avots: autores veidots attels p&c ekspertu interviju un fokusgrupas diskusijas
datiem

Atbilzu apkopojums liecina, ka viskonkur&tspgjigakie veselibas turisma
pakalpojumi Latvija ir stomatologija, plastiska kirurgija (taja skaita kosmétiska un
rekonstruktiva kirurgija), dabas dziedniecisko resursu izmantoSana, SPA un
Wellness pakalpojumi. Saskana ar 3. tabulu “Veselibas inspekcijas datu baze
registréto medicinas iestazu pakalpojumu veidi”, stomatologijas pakalpojumus
nodrosina 18 iestades, savukart plastiskas kirurgijas pakalpojumi tiek nodro$inati 11
iestades. Tapat, saskana ar 5. tabulu “Latvijas veselibas tiirisma klastera identificgto
stratégiski nozimigo eksporta tirgu cenu salidzinajums”, iesp&ams secinat, ka
stomatologijas un plastiskas kirurgijas pakalpojumu pieprasijums pamatojams ari ar
zemaku cenu, salidzinajuma ar citam valstim.

Jautajuma “Kuri faktori, Jusuprat, pozitivi ietekmeé Latvijas ka veselibas
tirisma galamérka izveli?” atbilzu kopsavilkums atspogulots 3.4. attela.

No atbilzu apkopojuma iesp&jams secinat, ka tris vissvarigakie faktori, kas
pozitivi ietekmé Latvijas ka veselibas tirisma galamérka izveli ir plass
avioparvadajumu tikls, kas nodroSina pacientu/apmekl&taju &rtu noklGsanu
galameérki, dabas daudzveidiba un neparslogota vide, ar ko saprotama briva piekluve
dazadiem dabas resursiem, kas atrodas arpus tiiristu noslogotiem objektiem, ka ar1
geografiskais stavoklis Baltijas juras krasta un Baltijas valstu vidi. Zemakas
pakalpojumu cenas ka faktora retaka identific€Sana saistita ar arpuscenas
konkurenci, kad 1émuma pienemsana mazaka nozime ir cenas [imenim, bet augstaka
nozime ir pakalpojuma Tpasibas, kvalitate, tehniskais nodroginajums. Sie faktori lauj
piesaistit jaunus pircg€jus jeb pakalpojuma sanémé&jus un celt pakalpojuma
konkuretspgju [12].
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Galamérka izvéeli pozitivi ietekméjoSie faktori

= Ekspertu atbilzu skaits = Fokusgrupas dalibnieku atbilzu skaits

Plass avioparvadajumu tikls

Dabas daudzveidiba un neparslogota vide
Geografiskais stavoklis

Zemaka pakalpojumu cena

Plasa naktsmitnu izvéle
Kulttirvesturiskais mantojums

3.4.att.
Avots: autores veidots attéls péc ekspertu interviju un fokusgrupas diskusijas
datiem

Jautajuma “Kada ir, Jusuprat, Latvijas dabas dziedniecisko resursu nozime
veselibas tiirisma attistiba?” atbilzu apkopojums atspogulots 3.5. attgla.

Dabas dziedniecisko resursu nozime

= Ekspertu atbilzu skaits = Fokusgrupas dalibnieku atbilzu skaits

Dabas dziednieciskajiem resursiem ir otrskiriga 7
nozime, tie tiek izmantoti ka papildu... 7
Dabas dziednieciskie resursi tiek plasi 3
izmantoti veselibas tirisma pakalpojumos,.. 3
Dabas dziednieciskajiem resursiem nav batiska | Q
nozime veselibas tiirisma attistiba Latvija 0
Att.3.5
Avots: autores veidots attéls péc ekspertu interviju un fokusgrupas diskusijas
datiem

No atbilzu apkopojuma iesp&jams secinat, ka, neskatoties uz veésturiskajam
tradicijam dabas dziedniecisko resursu izmantosana, musdienas tiem, galvenokart,
ir otr$kiriga nozime un tie tiek izmantoti ka papildu pakalpojums mediciniska
rakstura pakalpojumiem, ipasi mediciniskaja rehabilitacija.

Jautajuma “Vai, JUsuprat, tehnologisko resursu nodros$inajums un
infrastruktira ir pieme@rota veselibas tlirisma attistibai Latvija?” atbilzu
apkopojums atspogulots 3.6. attéla.
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Tehnologisko resursu nodroSinajums un infrastruktiira

= Ekspertu atbilzu skaits u Fokusgrupas dalibnieku atbilzu skaits

Tehnologisko resursu in infrastruktiiras | 10
nodros§inajums ir pieme&rots 9

Tehnologisko resursu in infrastruktiras | Q
nodrosinajums nav piemeérots 1

3.6. att. Tehnologisko resursu nodrosinajums un infrastrukttira
Avots: autores veidots attéls pec ekspertu interviju un fokusgrupas diskusijas
datiem

Datu apkopojums liecina, ka tehnologisko resursu nodro§inajums un
infrastrukttra ir piem@rota veselibas tiirisma attistibai Latvija.

Lai giitu padzilinatu prieksstatu par veselibas ttirisma pakalpojumiem
stratégiski svarigajos eksporta tirgos, tika veikts Latvijas veselibas tarisma klastera
biedru sniegto pakalpojumu apkopojums Somijas, Norvégijas, Zviedrijas,
Igaunijas, Lietuvas, Krievijas, Baltkrievijas un Ukrainas pacientiem. 3.1. tabula
atspogulots medicinas iestazu skaits un to sniegto pakalpojumu veidi stratégiski
svarigajos veselibas tiirisma eksporta tirgos 2017. gada.

3.1. tabula
Latvijas veselibas tiirisma klastera biedru 2017. gada sniegto medicinas
pakalpojumu datu apkopojums un analize

Pakalpojums/arstniecibas iestazu skaits | Somija Norvégija Zviedrija

Kosmetiska, plastiska un rekonstruktiva
arstéSana

Rehabilitacija

Diagnostika

Traumatologija un ortopédija

Kirurgija

Zobarstnieciba

Ginekologija

Oftalmologija

N ININ W IN AN N

Svara zaudéSana (bariatrija)

Dermatologija un estétika

Flebologija

Augliba un reproduktiva veseliba

GRS GE E  RE
PRk, (NN R W (N ww (N

el L

Onkologija

Psihiatra, psihoterapeita, psihologa
konsultacijas

[N
[N
N

Vispargjas veselibas parbaudes
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3.1. tabulas turpindjums

Pakalpojums/arstniecibas iestazu skaits | Igaunija Lietuva Krievija

Kosmeétiska, plastiska un rekonstruktiva
arstéSana

5

[EN
N

Rehabilitacija

[N
w

Diagnostika

Traumatologija un ortopédija

Kirurgija

Zobarstnieciba

Ginekologija

a1 (W W w

Oftalmologija

Vakcinacijas

Svara zaud€Sana (bariatrija)

= (PO (WO oW

Dermatologija un estétika

N

Flebologija

|
[EN

Augliba un reproduktiva veseliba

[y
|

Proktologija

N PN O W W |~k O |01 NN O

Onkologija 2 3

Psihiatra, psihoterapeita, psihologa
konsultacijas 2

w

Vispargjas veselibas parbaudes — 1 2

3.1. tabulas turpindjums

Pakalpojums/arstniecibas iestazu skaits Baltkrievija Ukraina

Kosmetiska, plastiska un rekonstruktiva
arstéSana

Rehabilitacija

Diagnostika

Traumatologija un ortopédija

Kirurgija

Zobarstnieciba

Ginekologija

Oftalmologija

P W Www i w|IN oW N

Vakcinacijas

Dermatologija un estétika

NN [P W N[0 (w00 |~ (N

Flebologija

Proktologija

N [ [
|

Onkologija

Psihiatra, psihoterapeita, psihologa
konsultacijas 1 -
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Vispargjas veselibas parbaudes 2 1

Avots: autores veidota tabula pgc Veselibas tiirisma klastera biedru sniegtajiem
datiem

No apkopotajiem datiem iesp&ams secinat, kuri pakalpojumi ir
vispieprasitakie strat€giski svarigajos eksporta tirgos. Somijas pacientu vidd
vispieprasitakie bijusi diagnostikas, ginekologijas un oftalmologijas pakalpojumi.
Norvégijas pacientiem diagnostikas pakalpojumi sniegti 4 medicinas iestadgs,
savukart kirurgijas pakalpojumi sniegti 3 medicinas iestadés. Mazak pieprasiti
atskiriba no Somijas bijusi ginekologijas un oftalmologijas pakalpojumi. Zviedrijas
pacientiem 3 medicinas iestades sniegti rehabilitacijas, diagnostikas un kirurgijas
pakalpojumi. Igaunijas pacientu vidi augsti pieprasiti bijusi oftalmologijas un
rehabilitacijas pakalpojumi, kas attiecigi sniegti 5 un 4 medicinas iestades. Tapat
pieprasiti bijusi kosmétiskas, plastiskas un rekonstruktivas arsté$anas, diagnostikas
un zobarstniecibas pakalpojumi. Lietuvas pacientu vidia vispieprasitakie bijusi
diagnostikas, rehabilitacijas un oftalmologijas pakalpojumi, no kuriem diagnostikas
pakalpojumi sniegti 6 medicinas iestades, savukart rehabilitacija un oftalmologija —
5 medicinas iestad@s. Krievijas pacientu vidi pieprasits bijis plass medicinas
pakalpojumu klasts. Vispieprasitakie bijusi diagnostikas un rehabilitacijas
pakalpojumi, kas sniegti attiecigi 13 un 12 medicinas iestades. 7 medicinas iestades
sniegti kirurgijas un zobarstniecibas pakalpojumi, 6 iestadés — traumatologijas,
ortopédijas un oftalmologijas pakalpojumi, savukart 5 iestadés — flebologijas,
ginekologijas, kosmétiskas, plastiskdas un rekonstruktivas arstéSanas pakalpojumi.
Baltkrievijas pacientiem 5 medicinas iestadés sniegti diagnostikas pakalpojumi.
Tapat pieprasiti bijusi rehabilitacijas, kirurgijas, zobarstniecibas, ginekologijas un
oftalmologijas pakalpojumi. Ukrainas pacientu vida augsti pieprasiti bijusi
diagnostikas pakalpojumi, kas sniegti 8 medicinas iestadés. Kirurgijas pakalpojumi
Ukrainas pacientiem sniegti 5 medicinas iestadés, savukart rehabilitacijas un
zobarstniecibas pakalpojumi — 4 medicinas iestades.

No astoniem stratégiski svarigiem eksporta tirgiem, kurus Latvijas veselibas
tirisma attistibai identificjis Latvijas veselibas turisma klasteris, 2017. gada
vislielakais pieprasijums bijis no Krievijas. levérojami mazaks pieprasijums péc
veselibas tiirisma pakalpojumiem bijis no kaiminvalsttim — Lietuvas, Igaunijas, ka
arT no Baltkrievijas un Ukrainas, savukart Ziemelvalstu pieprasijums p&c medicinas
pakalpojumiem Latvija bijis vél mazaks.

4. SECINAJUMI

1. Veselibas tirismam Latvija identific€jamas divas apak$nozares — labsajttas
tirisms un medicinas tirisms;

2. Vadosa Latvijas veselibas tiirisma pakalpojumu apaksnozare ir medicinas
tirisms. Labsajitas tirismam un dabas dziednieciskajiem resursiem
veselibas tlirisma attistiba Sobrid ir otrskiriga nozime;

3. Latvijas veselibas tlrisma nozares pirmsakumi datgjami ar 18.gs. un ir
balstiti uz dabas dziedniecisko resursu izmantoSanu arstnieciba un
rehabilitacija;

4. Veselibas turisma pakalpojumu eksports balstits uz potencialo pacientu
ierobezojumiem veselibas apriipes pakalpojumu sanemsana mitnes valstt —
pakalpojuma kvalitate, gaidiSanas laiks, izmaksas;
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10.

11.

[1]

(2]

3]

[4]

5]

[6]

[7]

(8]

Veselibas tlrisma pakalpojumu eksportu veicina misdienu sazinas
tehnologiju izmantosana komunikacija un informacijas pieejamiba
interneta;

Veselibas turisma pakalpojumu atpazistamibas veicinasanai bitiska loma ir
klasteru veidoSanai;

Latvijas kopgja tiirisma nozaré veselibas tiirisms ta musdienu izpratng ir
jauna darbibas joma, par kuras attistibu iesp&jams spriest aptuveni 10 gadu
konteksta;

Veselibas tlrisma attistiSanai veikts nozimigs ieguldijums likumdoSanas
pilnveidosana;

Veselibas tirisma pakalpojumu sniedzgjiem nav vienotu kvalitates kriteriju
vai pakalpojuma sniegSanas standartu;

Latvijai ir nepiecieSamie ekonomiskie un tehnologiskie resursi veselibas
tirisma attistibai, tacu to kavé atsevisku politisko un socialo faktoru
negativa ietekme;

Latvijas veselibas ttrisma konkurétsp&jigie pakalpojumi nav paklauti
sezonalitates faktoram.
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LATVIJAS LIELO PILSETU SILTUMAPGADES
UZNEMUMU ATTISTIBAS STRATEGIJU ANALIZE

[.Graudina

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Pétfjuma témas aktualitati nosaka Sobrid notiekos$as parmainas ekonomika,
tehnologiju attistiba un vides joma, kuru ietekm& Latvijas Lielo pilsétu
siltumapgades uzpnémumiem jablt gataviem mainit savas strat€gijas,
nodrosinot ilgtspgjigu un energoefektivu darbibu. Nozares uzpe€mumus
ietekm€ gan klimata izmainas, kuru ietekmé ziemas kliist siltakas, bet apkures
sezona garaka, gan politiskie regul&jumi vides joma, gan tehnologiju attistiba,
gan iesp&jama resursu izsikSana.

P&tfjuma izklastu veido teorétiska dala, faktu dala un analitiska dala. Darba
teorctiskaja dala apskatitas stratégiju izstrades teor€tiskas pamatnostadnes,
siltumenergijas nozares PESTEL analize, kas sevi ieklauj politisko faktoru
analizi, pasaules ekonomikas attistibas tendenc¢u apskatu, vides faktoru analizi,
siltumenergijas nozari regul&joso dokumentu ietekmi uz siltumapgadi Latvija,
socialas, juridiskas un tehnologiskas tendences. Faktu dala veikts p&tamo
uzn€mumu apraksts un analiz€ti Latvijas Lielo pilsétu siltumapgades
uzn€mumu pedgjo tris gadu parskati, veikta finansu datu analize un klasteru
analize, apvienojot klasteros lidzigakos uznémumus pec kopigam pazimeém.
Analitiskaja dala veiktas, apkopotas un analizétas padzilinatas struktur&tas
intervijas ar uznémumu vaditajiem, noskaidrojot uznémumu attistibas
stratégijas, virzienus un gatavibu uznémuma darbibas nodro§inasanai
mainigajos ar¢jas vides apstaklos.

1. IEVADS

Biznesa vide miisdienas ir nepartraukta attistibas procesa un uzn€mumiem
konkurétsp€jas saglabasanai nepiecieSama planveida riciba. Attistibas stratégiju
izstrade palidz nodro$inat ilglaicigu un stabilu uznémumu darbibu un attistibu.
Latvija raksturiga gara apkures sezona un siltuma nodrosinasana majoklt uzskatama
par vienu no iedzivotaju pamatvajadzibam. Maksajumi par siltumenergiju veido
lielako dalu no komunalajiem maksajumiem, tap&€c nozares uzn€mumu darbiba
ietekmé visus centraliz&tas siltumapgades pakalpojumu sanéméjus. Siltumenergijas
bizness ir specifisks un vésturiski atradies paSvaldibu parzina. Uznémumiem ir
monopolstavoklis konkréta teritorija un to darbiba, apgrozijums un ari pelna ir
atkariga no vairakiem faktoriem, taja skaita no laika apstakliem, kas nepaklaujas
uzneémumu kontrolei. Ta ka centralizetas siltumapgades uzn€mumi ir piesaistiti
konkrétai lokacijai un klientu lokam, tie neizjiit konkurenci tas klasiskaja izpratne,
tacu paredzams, ka vides un ekonomisko parmainu rezultata saasinasies konkurence
par resursu pieejamibu un cenu.

Pé&tijuma objekts ir Latvijas Lielo pilsétu siltumapgades uznémumi, pétijuma
priekS$mets - attistibas stratégijas.
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Pétfjuma merkis ir noskaidrot, salidzinat un analizét Latvijas Lielo pilsétu
siltumapgades uznémumu attistibas strat€gijas un uznémumu gatavibu ekonomisko
un klimata parmainu ietekmei uz razoSanas un pelnas raditajiem.

Pétfjuma veikSanai izmantotas metodes: literatiiras izp€te, PESTEL analize,
gadijuma izpéte, uzn@mumu finansu datu un koeficientu analize, klasteru analize,
strukturétas intervijas, secinajumu un priekslikumu izteiksana.

2. SILTUMAPGADES NOZARES ANALIZE

2.1. Politiskie un juridiskie faktori

Klimata politiku pasaulé regul€ vairaki dokumenti. Pirmo — ANO Vispargjo
konvenciju par klimata parmainam (UNFCCC) apstiprinaja 1992. gada. Lai noteiktu
konkrétus mérkus, kas jasasniedz un pasakumus, kas jaisteno to sasniegSanai, tika
pienemts Kioto protokols. Sakot ar 2020.gadu, Parizes noligums aizstas Kioto
protokolu. Ar Parizes noligumu ir noteikti skaidri ilgtermina mérki [1]:

1. Noturét globalas sasilSanas Itmeni zem 2°C robezam, salidzinot ar pirms
industrialo [Tmeni, un censties ierobezot temperatiiras pieaugumu 1,5°C robezas,
jo tas biitiski samazinas klimata parmainu izraisttos riskus un ietekmes;

2. Uzlabot pielagosanos klimata parmainu negativajam ietekmém un sekmét
noturigumu pret klimata parmainam;

3. Sekméet investiciju novirzi saskana ar oglekla mazietilpigu un pret klimata
parmainam noturigu attistibu.

Parizes noligums nemainis Latvijas uzdevumus klimata politikas sakara. Ta
ka Latvija ir Eiropas Savienibas dalibvalsts, tad tai joprojam saistosa ir ES vides
politika, kas Iidz 2050.gadam ir apnémusies samazinat kopgjas dalibvalstu SEG
emisijas vismaz par 80-95%, salidzinot ar 1990.gadu. Emisiju samazinaSanai
janotiek pakapeniski, un ir noteikti vairaki kontrolpunkti — pirmais ir 2020.gads, kad
emisijas jasamazina par 20%, savukart [idz 2030.gadam emisijas jasamazina vismaz
par 40%. [1]

Siltumapgades uznémumu darbibas vides analize ieklaujams ar1 jautajums par
SEG kvotam. Klimata parmainu joma ir pienemti daudzi Eiropas Savienibas tiesibu
akti, kuru saistibas ir japilda ar1 Latvijai. Viens no tiem ir 2003.gada direktiva
2003/87/EK, ar kuru nosaka siltumnicefekta gazu emisijas kvotu tirdzniecibas
sistémas izveidi. Direktiva izveidota, lai palidzétu ES dalibvalstim pildit savas
starptautiskas emisiju samazinajuma saistibas ekonomiski visizdevigakaja veida, ka
arT nodrosinatu ES kop&jo saistibu izpildi. Eiropas Savienibas emisijas kvotu
tirdzniecibas sist€éma darbibu ES un Latvija uzsaka 2005.gada 1.janvari. Sist€éma
iedalita vairakos periodos. Sakotn&ji Eiropas Savienibas Emisijas kvotu
tirdzniecibas sistémas dalibnieki ir rapnieciskas iekartas energoietilpigajas
tautsaimniecibas nozargs, tai skaita elektroenergijas un siltumenergijas razoSanas
iekartas. Ja operatora ikgadgjas emisijas ir zemakas neka viniem pieskirtais
ikgad&jais emisijas kvotu apjoms, tad, izmantojot emisijas registru, var pardot
emisijas kvotu parpalikumu tirgi vai ar1 tas uzkrat nakamajiem gadiem. Tomer, ja
operatori paredz, ka vinu emisijas parsniegs ikgadgji pieskiramo emisijas kvotu
apjomu, tad vini var veikt pasakumus savu ikgad€jo emisiju samazinaSanai,
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pieméram, investgjot efektivakas tehnologijas vai darbibas, vai vini var nopirkt
papildu emisijas kvotas tirga.

Politiska stabilitate ir nozimigs faktors uznémejdarbibas vides uzlaboSana.
Geopolitiska situacija nosaka Latvijas atkaribu no Krievijas fosila kurinama piegade.
Abpusgja sankciju ievieSana rada piegades k&des partrikSanas draudus dalai Latvijas
siltumapgades uzn€mumu, kuri ka pamata kurinamo izmanto dabasgazi vai ogles.

2.2. Ekonomiskie faktori

Globalais ekonomikas progress neattaisno uz sevi liktas ceribas. 4. riipnieciskas
revollicijas strauja tehnologiska attistiba, kas noveda pie starptautiskas sadarbibas
un tirdzniecibas struktiiras un politiskajam parmainam, izraisija nenoteiktibu un
socialo un ekonomisko spriedzi. Starp nozimigam saistitam problémam ir pieaugosa
nevienlidziba un regulativa nenoteiktiba, klimata parmainas, piesarnojums un
resursu izsikSana. Pasaules ekonomikas attistibas tendences ietekmes vides
ilgtspjibas ekonomika, nodoklu politika, ceturtas industrialas revoliicijas
ekonomika, ieklaujosa izaugsme, razigums un konkuretsp&ja, ka ar1 globalizacija.
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1.att. Pasaules ekonomikas izaugsme 2017. gada un 2018., 2019. gada prognozes
Avots: Latvijas banka, 2017

1. att€ls uzskatami atspogulo pasaules ekonomikas attistibas tendences,
noradot uz speku pardali un jaunu lideru izvirziSanos. Lai gan ASV joprojam saglaba
pasaules lielakas ekonomikas statusu, Kina tai strauji tuvojas. Azijas regionam jau
2017. gada bijusi un arT turpmak tiek prognozeti strauji izaugsmes tempi. Eiropa
izaugsme ir relativi zema, saglabajoties saméra augstam bezdarba [imenim. Pasaules
ekonomika atrodas nepartraukta attistibas cikla. Strauji sartik tradicionalo fosilo
kurinamo ieguve un piegade. Tas ir iemesls, kapéc pedgjo desmit gadu laika
uzmaniba tiek vérsta uz atjaunojamiem energoresursiem un to izmantojumu
energétika. Energétikas nozares celmlauzi veic aktivu alternativu energoietilpigo
resursu izpéti, lai veicinatu parmainas nozar€ un piedavatu ilgtspgjigus risinajumus.
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Emigracija un imigracija nodroSina valstis, sabiedribas un migrantus ar
iespgjam. Taja pasa laika ta ir radijusi problémas, kas saistitas ar integraciju, socialo
koh&ziju, darbasp&ku un robezu parvaldibu. ANO I€sa, ka 2017. gada pasaulg ir 258
miljoni starptautisko migrantu, kas ir 3,4% no pasaules iedzivotajiem, Iek$gja
migracija ir vel izplatitaka, jo tiek I&sts, ka vairak neka 740 miljoni cilveéku ir
mainijusi dzivesvietu valsts ietvaros. Ka Pasaules ekonomikas foruma sacijis Indijas
premjerministrs Narendra Modi ,,tr1s vissvarigakas civilizacijas problémas ir klimata
parmainas, terorisms un reakcija pret globalizaciju”. [2]

Globalizacija ir kapitala, cilveku, resursu, ideju, kultiiru pltisma pari robezam.
No globalizacijas lielakie ieguveji ir Kinas vidgjais iedzivotajs un pasi bagatakie
pasaules iedzivotaji, tacu attistito valstu vidusslana un pasaules nabadzigo
iedzivotaju ienakumi ir stagn&jusi un vini drizak pieredzgjusi globalizacijas negativo
ietekmi. Sadi apstakli ir labvéliga augsne nacionalisma un protekcionisma idejam,
kas wvar izraisit politiskus parsteigumus. Tehnologijam progresgjot, picaugs
sarazotais apjoms, tacu darbavietu skaits samazinas. Sagaidams darbaspéka
atalgojuma pieaugums razosanas nozarés uz produktivitates pieauguma rékina.

Digitalizacija un viedas tehnologijas arvien vairak ietekmé visu raZoSanas
industriju, taja skaita siltumenergijas razo$anu. Viedo materialu, tehnologiju un
inZeniersistéemu ekosistéma ir noteiktu procesu un dalibnieku kopums, kura
mijiedarbibas rezultata tiek raditi viedi materiali — materiali, kas maina savas
pasibas ar¢jo stimulu iespaida, un viedas tehnologijas un inZeniersistémas — vadamu
procesu kopums, kas argjo fizikali kimisko vai socialo vai ekonomisko vai
psihologiski emocionalo izmainu ietekmé& adaptivi mainas. [3]

Latvijas IKP izaugsme 2017. gada bijusi loti spéciga un lielaka, neka
prognozets. Lai gan Latvijas Banka prognoze specigu izaugsmes tempu ar1 turpmak,
tik strauj§ IKP gada kapums, visticamak, vairs neturpinasies. Privatais paterin$
arvien bis spécigs bezdarba sarukuma un realo ienakumu kapuma ietekmé. ES fondu
lidzeklu iepliide tautsaimnieciba, kas 2018. gada turpinasies un pastiprinasies, lauj
paredzet, ka biivnieciba tuvakajos gados nodro$inas nozimigu pozitivu devumu
izaugsmé. Turpmaka speciga iek$€ja un argja tirgus pieprasijuma, augstas razosanas
jaudu noslodzes un zemu procentu likmju ietekm& gaidams, ka ari privatas
investicijas turpinas balstit ekonomisko izaugsmi. Prognozeta mérena kredit€sanas
atveselosanas. Inflacijas dinamika 2017. gada atbilst gaiditajai, tadgjadi 2017. gada
inflacijas prognoze joprojam ir 2.9%. Gaidams, ka ar1 2018. gada inflacija
saglabasies 2.9% limeni. Paredzams, ka pakalpojumu cenas 2018. gada vidgji
palielinasies vairak neka par 3%, atspogulojot spécigu iekSzemes pieprasijumu un
darbaspeka izmaksu kapumu, kas, bezdarba cikliskajai komponentei saglabajoties
negativai, joprojam biis noturigs. Turklat, ja naftas cenu ITmenis nostiprinasies virs
60 ASV dolariem par barelu, inflacija var nedaudz parsniegt prognozgto.

Latvijas IKP izaugsme 2017. gada bijusi loti spéciga un lielaka, neka
prognozets. Lai gan Latvijas Banka prognozgé specigu izaugsmes tempu ari turpmak,
tik strauj§ IKP gada kapums, visticamak, vairs neturpinasies. Privatais paterin$
arvien biis specigs bezdarba sarukuma un realo ienakumu kapuma ietekmé. ES fondu
lidzeklu iepliide tautsaimnieciba, kas 2018. gada turpinasies un pastiprinasies, lauj
paredzet, ka biivnieciba tuvakajos gados nodroSinas nozimigu pozitivu devumu
izaugsmé. Turpmaka spéciga iek$€ja un argja tirgus pieprasijuma, augstas razo$anas
jaudu noslodzes un zemu procentu likmju ietekmé gaidams, ka arl privatas
investicijas turpinas balstit ekonomisko izaugsmi. Prognozeta mérena kreditesanas
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atveselosanas. Inflacijas dinamika 2017. gada atbilst gaiditajai, tadgjadi 2017. gada
inflacijas prognoze joprojam ir 2.9%. Gaidams, ka ar1 2018. gada inflacija
saglabasies 2.9% Iimeni. Paredzams, ka pakalpojumu cenas 2018. gada vidgji
palielinasies vairak neka par 3%, atspogulojot spécigu iek$zemes pieprasijumu un
darbaspeka izmaksu kapumu, kas, bezdarba cikliskajai komponentei saglabajoties
negativai, joprojam bus noturigs. Turklat, ja naftas cenu [imenis nostiprinasies virs
60 ASV dolariem par barelu, inflacija var nedaudz parsniegt prognozeto.

Viens no jauniem izaicinajumiem pasaules ekonomika ir pareja no linearas
uz aplveida ekonomiku. Cirkulara jeb aplveida ekonomika ietver daudzus zinatnes,
tehnologiju un sabiedribas ilgtsp&jas problému aspektus un veicina debates starp
ieinteresetam pusém. Cirkularas ekonomikas koncepcijas pamata ir ideja par
nepiecieSamibu pariet no linearas ekonomikas uz resursus saudzgjosu
saimnieckosanas modeli, veicinat resursu ilgtsp&jigu izmantoSanu. Boldings
(Boulding) sava pétijuma (1966), saskatot lidzibu ar pilota kabini, analiz&ja pareju
no "kovboja" ekonomikas (bezgaligas robezas, resursi un spgja parvietoties, lai
pamestu problémas) uz "kosmosa kuga "ekonomiku ", kur ierobezoti resursi
jaizmanto atkartoti un parstrade ir sisteémas ilgtsp&jigas dzivotspgjas
prieksnoteikums. Cirkularo ekonomiku veicinosi pasakumi tiek Tstenoti ar1 Eiropas
Savieniba, politiska ITmeni ierobezojot apglabajamo atkritumu daudzumu un
teritorijas. Lielaka uzmaniba tiek pieversta materialu otrreizgjai parstradei. [4]

2.3.Socialas un kulturas tendences

No diviem miljoniem Latvijas iedzivotaju 67,8% 2014.gada sakuma dzivoja pilsétas.
Vislielaka apdzivoto vietu koncentracija vérojama Rigas aglomeracija. Galvenokart
iekSzemes ilgtermina migracijas rezultata iedzivotaju skaita samazinasanas dazadas
Latvijas teritorijas ir notikusi visai atSkiriga tempa, bet Pierigas pagastos un pilsétas
pat bija vérojams pieaugums. Visticamak, turpmakajas desmitgades labi apmaksato
darba vietu un apgriitinatas pakalpojumu pieejamibas deél nomalajiem lauku
apvidiem un mazpilsétam jarékinas ar turpmaku iedzivotaju skaita samazinasanos
un aizplasanu.

Latvijas iedzivotaju skaita (tiikst) samazinasanas 1990.-
2000 2010.g. un prognozes lidz 2100.gadam, bez imigracijas
2500 -
2000
1500 -
1000
0 - =k
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2. att. Latvijas iedzivotaju demografijas prognozes
Avots: Latvijas Vestnesa portals, 2017
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Latvijas iedzivotaju skaita prognozes ilgtermina nav iepriecinosas, skatit 2.

att€lu — ja situacija nemainisies, 2100. gada valsti biis vien pusmiljons iedzivotaju.
Sabiedriba noveco, bérnu dzimst maz, uznéméji saskaras ar darbaspeka tritkumu.
Starptautiskas Migracijas organizacijas Rigas biroja vaditajs [Imars MeZs stasta, ka
problémas Latvija var€tu rasties gan iedzivotaju vecuma struktiiras, gan skaitliska
sastava del. "llgtsp&jibas zina biis loti griiti ar cilv€kresursiem. Nakotnes ekonomika
probléma bus lielais senioru Tpatsvars un salidzino$i nelielais darbaspgjigo
iedzivotaju skaits," skaidroja demografs. "Ja tagad, p&c loti aptuvenam aplés€m, ir
divi stradajoSie uz vienu pensionaru, tad ar laiku S§1 proporcija bus 1:1”. Pec
demografa prognozem, katru gadu no darba tirgus aizies par aptuveni 10 000 cilveku
vairak, neka taja iesaistisies. Vislielakais darbaspéka trikums 2011.-2030. gada
griezuma Latvija gaidams 2022.— 2023. gada. [5]
Latvijas siltumapgades tirgu raksturo ar pasivi un neefektivi patérétaji. Lai gan noris
ievérojams darbs, informé&jot sabiedribu par dzivojamo &ku renovacijas un
siltinasanas iesp&jam un ir pieejams Eiropas savienibas struktirfondu finansgjums,
salidzino8i maz iedzivotaju to izmanto. Lai sasniegtu Latvijas ilgtsp&jigas attistibas
stratégija noteiktos energoefektivitates mérkus, jasadarbojas siltumenergijas
razotajiem un patérétajiem. Latvijas teritorija 7 gadu laika pabeigti vien 740 eku
renovacijas projekti.

2.4. Tehnologiska ietekme

Eiropas Komisijas iniciativa "Vieda pilséta" radas 21. gadsimta sakuma. Tas
merkis ir paatrinat novatoriskus risinajumus sabiedriski nozZimigam problémam, it
seviski energétika un transporta nozaré. Bitiska $a kompleksa sastavdala ir
centralizeta siltumapgades sistéma. Latvija 70% no visa pateréta siltuma piegada
centraliz&ti, valstij ierindojoties treSaja vieta Eiropa péc centralizetas siltumapgades
parklajuma Itmena. Tehniskas attistibas zina priekSgala ir izravusies Zviedrija un
Danija, kas lielu uzmanibu velta zinatniskiem p&tfjumiem un inovaciju ievieSanai
centralizétd siltumapgade. Sobrid Latvija atrodas parejas posma no tresas
siltumapgades paaudzes uz ceturto (3.att.). [6]
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Principiala shema siltumapgades attistibai
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3. att. Siltumapgades attistibas shema
Avots: LSUA prezentacija, 2017

Pirmas paaudzes siltuma sistémas ka energijas avotu galvenokart izmantoja
malku, akmenogles, nedaudz kiidru. Otras paaudzes iekartds Siem avotiem
piebiedrojas gaze un naftas produkti. Nu jau aptuveni 40 gadu tresas paaudzes
iekartas Siem avotiem veértigu papildindjumu sniedz ari saules energija, biomasa, no
tehnologijam atgtais siltums. "Paslaik Eiropas Savieniba, arT Latvija, centraliz&ta
siltumapgade ir parejas sakuma no tre$as uz ceturto paaudzi,”" skaidro Fizikalas
energétikas institlita pétniece, zinatnu doktore Maija Rubina. "Tas svarigaka iezime
ir energijas avotu daudzveidiba". Ceturtas paaudzes centralizétas siltumapgades
sistéma paradas jauni elementi — sezonas siltuma akumulacija, geotermala energija,
centralizéta aukstumapgade, Gdenraza hibridsistémas, siltumstkni, pasa uzmaniba
tiek pieversta zema energijas patérina €kam. Bitiskas parmainas skars siltuma tiklus:
tie klas atverti. Tas nozime, ka no individualas siltuma razoSanas iekartas lieko
siltuma daudzumu par samaksu vargs ievadit kop&ja centralizéta tikla. Ja pateretajam
ta truks, pec vajadzibas vin$ to var@s atgt no jau minéta tikla. "Tiklos tiks
pazeminata siltumnesgja temperatiira lidz 70/30°C. Sobrid ta ir 135/70°C," turpina
M. Rubina. "Tadgjadi par diviem trim procentiem iesp&jams samazinat siltuma
zudumus, kas laus paaugstinat centralizétas siltumapgades konkurétsp&ju ar
individualo apkuri." Tapat tiks nodroSinata energijas parpalikumu savakSana un
akumulacija. Latvija iesp&jams izmantot pazemes akumulacijas baseinus, kas varétu
lidzinaties In¢ukalna gazes kratuvei. Jaunaja attistibas faz€ ipaSu uzmanibu planots
pievérst atjaunojamo energoresursu palielinaSanai, ka arl jaunu energijas avotu
izmanto$anai (idenradis, geotermala energija). Pazemes siltuma akumulacija klast
Ipasi aktuala lidz ar ceturtas paaudzes centralizétas siltumapgades sisteémas attistibu.
Sobrid biitiski tiek modernizétas kogeneracijas tehnologijas. Sada tipa iekartas
patéré par 40% mazak kurinama, neka elektroenergiju un siltumenergiju razojot
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divas atseviskas iekartas. Siltumu iesp&jams iegiit arT no razosanas tehnologiskajiem
procesiem, nosiices gaisa. [6]

2.5.Vides faktori

Klimata parmainas un to izraisitas sekas jau vairakus gadus atrodas pasaules

notikumu epicentra, jautajums tiek apspriests augstakaja Itmeni Pasaules
ekonomikas forumos, to negativas ietekmes mazinasana ir izaicinajums vadosajiem
klimata pétniekiem un politikas lideriem un veidotajiem.
Klimats ir kompleksa sist€éma, kas sevi ietver gan gaisa, gan okeanu temperatiiras
paaugstinasanos, lidz ar to samazinas ledus sega un okeanos palielinas iidens
limenis. Globalais klimats Sobrid mainas straujak neka jebkura laika ped&jos 10 000
gados.

Klimata parmainas ir viens no lielakajiem draudiem ekonomikai,
ekologiskajai un socialajai videi. Sasil$anas galvenais c€lonis ir siltumnicefekta gazu
koncentracija atmosfera, kas radusies cilvéku ricibas radito emisiju rezultata. PEdgjo
150 gadu laika vidgja temperatiira ir piecaugusi gandriz par 0,8 °C pasaulé un par
apméram 1 °C Eiropa. ST klimata parmainas ietekme jau ir novérojama un ir
paredzams, ka ta kliis vel vairak izteikta. (4.att.).[7]

Global Land and Ocean Temperature Anomalies, January-December

Anomaly (°C)
(4.) Alewiouy

' ' ' ' | ' 1 1 ' 1 | | '
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

4. att. Globalo zemes un okeanu temperatiiru novirzes
Avots: National Oceanic and Atmospheric Administration (NOAA) datubaze,
2017

Nokrisnu daudzums samazinas Eiropas dienvidos un palielinas ziemelos. Tas
ietekm& dabas ekosistemas, cilveku veselibu un tidens resursus. Visnelabvéligakas
sekas radisies €kam un tadam ekonomikas nozarém, ka meZkopibai,
lauksaimniecibai un tirismam. Siltumnicefekta gazu emisijas rodas gan dabigu
procesu, gan cilveku darbibu rezultata. Cilveku raditu siltumnicefekta gazu avotu
skaita ir [7] :
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v" fosilo kurinamo (oglu, naftas un gazes) dedzinaSana, gener&jot elektroenergiju,
transporta nozarg, ripnieciba un majsaimniecibas;

v" lauksaimnieciba un zemes izmantoSanas parmainas, pieméram, atmezo$ana;
v' atkritumu apglabasana poligonos;
v’ ripniecisku fluoru saturo§o gazu izmanto$ana.

Klimatam ir butiska ietekme uz ekonomikas attistibu. Klimata parmainu
ekonomisti piekrit, ka klimata parmainas jau ietekme miisu ekonomiku un turpinas
to ietekmet ilgtermina. P&tijumi apstiprina saikni starp ekonomisko izaugsmi un
temperatliras paaugstinasanos. Ekonomiska produktivitate sasniedz maksimumu vidgja
temperattira 13°C ar strauju produktivitates kritumu augstaka vidgja temperatiira.
Burke (Burke) sava pétijuma secina, ka lidz gadsimta beigam globalais IKP uz vienu
iedzivotaju var€tu but par 23% zemaks attieciba uz lieliem siltumnicefekta gazu
emisiju scenarijiem salidzinajuma ar scenarijiem, kuros nav klimata parmainu. Tas
ir specigs iemesls, lai ierobeZotu cilvéku raditas emisijas. Zemak redzamaja 5. attela
ir atspogulota klimata parmainu ekonomiska ietekme uz pasaules valstim, nosakot
IKP izmainas uz 1 iedzivotaju.

Change in GDP per capita
by 2100 compared to a world
without climate change

-100% 0%  200%

5. att. Valstu klimata parmainu ekonomiskas ietekmes prognozes
Avots: Burke, 2015

Sie rezultati ir pirmie pieradijumi tam, ka ekonomiska aktivitate visos
regionos ir saistita ar globalo klimatu un ir izveidots jauns empirisks pamats
ekonomisko zaud&jumu modeléSanai, reaggjot uz klimata parmainam. Ja nakotnes
pielagosana atdarina pagatnes pielagosanos, sagaidams, ka nesamazinata sasilSana
ietekm@s globalo ekonomiku, Iidz 2100. gadam samazinot vid&jos globalos
ienakumus par aptuveni 23% un paplaSinot globalo ienakumu nevienlidzibu
salidzinajuma ar scenarijiem bez klimata parmainam. 8]

Ar1 Latvija ir novérojamas klimata parmainas. Laika perioda no 2015. lidz
2016. gadam LVGMC veica apjomigako vesturisko klimatisko datu analizi,
analizgjot datus parskata perioda no 1961. [idz 2010. gadam. Datu analize paradijusi,
ka Latvija, tapat ka citviet Eiropa, pédéjo gadu laika verojama temperatiiras
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paaugstinasanas, kas visizteiktaka ir tieSi ziemas perioda - ziemas kltist mitrakas un
siltakas.

Siltumapgades ietekme uz uzn€mumu konkurétsp&ju un iedzivotaju dzives
kvalitati nav parvértéjama. Klimata parmainu ietekmé mainas siltuma pieprasijuma
tendence €ku siltuma apgadei. Mazinas aukstuma maksimumi, bet pagarinas
pieprasijuma sezona. Pieaug pieprasijums péc telpu dzes€Sanas, kas ir
klimata parmainu sekas un modernas arhitektiiras patnibas. Visa ta rezultata
arT Latvija notiek izmainas likumdosanas un normativaja vidé. Patérétaju iespgjas
ietekm@t tradicionalo siltuma apgades sisttmu ekonomiku liek mainit apgades
uznémumu biznesa modelus. Visai nopietna ietekme bis ES likumdoSanas iniciativu
elektribas tirgus, efektivitates, atjaunojamas energijas un dabas gazes joma parnesei
uz Latvijas normativo vidi. [9]

2.6. Latvijas siltumenergijas nozares iesp&jas un draudi

Veicot uznéméjdarbibas argjas vides analizi, tiek noteikti iesp&jamie draudi -
argjie faktori, kas kavé uzn€mumu noteikto mérku sasniegSanu, un iespgjas - argjie
faktori, kas palidz uzn€mumiem sasniegt noteiktos mérkus. 1. tabula apkopoti
PESTEL analizé konstatétie Latvijas siltumenergijas nozaré darbojo$os uznémumu
iesp&jas un draudi.

1.tabula
Siltumenergijas nozari ietekméjoSie faktori

Nosaukums Faktori
SEG emisiju samazinaSana un AER ipatsvara palielinaSana Drauds
Nodoklu administréSanas sloga pieaugums Drauds
Politiskie un Kvotu pieskirsana un tirdznieciba Iesp€ja
juridiskie faktori Reinvestétas pelnpas atbrivoSana no ienakuma nodokla Iespgja
Geopolitiska situacija Drauds
Eiropas struktirfondu pieejamiba Iespeja
Globalizacija un urbanizacija lespéja
Ekonomiskie Resursu (gan fosilo, gan biomasas) cenu kapums Drauds
faktori Aizdevumu likmes un kreditresursu pieejamiba Iespéja
Cirkularas ekonomikas attistiba lespgja
Iedzvotaju skaita samazinaSanas Latvija Drauds
Socialie un Cilvekkapitala aizplaSana Drauds
kultaras faktori Lokalu siltumpunktu izbtive jaunajos dzivojamo maju projektos |Drauds
Eku renovacijas stimuleSana Drauds
Atverti siltumfikli Drauds
Digitalizacijas, viedo tehnologiju attistiba lespéja
Tehnologiskie Jaunu energijas avotu izmantoSana Iespéja
faktori Zema patérina ekas Drauds
Centralizéta aukstumapgade lespgja
Sekundaras energijas izmanto§ana lespgja
Klimata parmainas Drauds
Vides faktori Resursu izsik$ana __ Drau_t?s
Apkures sezonas pagarinasanas Iespgja
Vides prasibu pieaugums Drauds

Avots: Darba autores veidota tabula
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2.7.FinanSu koeficientu analize

2. tabula
Vidgjie finanSu koeficienti tris gadu perioda no 2014. Iidz 2016. gadam
PSIA e SIA SIA SIA AS PAS
FinanSu raditaji "Ventspils Assiltul;:ff s "Liepajas |"Jarmalas |"Jekabpils |"'Rézeknes |"'Daugavpils
Nrpk siltums"* energija’ | siltums™ | siltums" [siltumtikli"'| siltumtikli''
1 |Rentabilitate
1.1 |ROI (ilgtermina ieguldjumu atdeve) 2.04 1.50 7.27 1.42 -2.13 8.30 5.90
1.2 ROA (aktivu rentabilitate) 1.85 1.34 6.77 1.01 -1.72 7.38 3.63
13. ROE (pasu kapitila atdeve) 6.11 1.89 21.17 1.94 -4.40 16.67 5.64
1.4. Apgrozijuma rentabilitate 7.19 2.87 21.27 8.48 9.18 11.47 5.17
2 |Likviditate
2.1 Tekosa likviditate 0.65 0.82 0.61 2.45 0.88 0.58 1.57
2.2. Atra likviditate 0.58 0.73 0.57 2.34 0.84 0.53 1.52
3 |EBITDA, tiikstosos eiro 3729 16 024 6736 629 322 1821 2274
4 |Kapitala struktiira
4.1. Pasu kapitala idzdaliba 0.30 0.71 0.32 0.56 0.40 0.40 0.61
4.2. Parads pret pasu kapitalu 231 0.40 2.06 0.90 1.52 1.64 0.65
5 |Kopéjo aktivu apgrozijums 0.25 0.99 0.38 0.79 0.53 0.92 0.99

Avots: Darba autores veidota tabula

2.8.Klasteru analize

Nosaukums klasteru analizei c€lies no anglu varda cluster —
sakopojums, grupa. Klasteru analizes galvenais mérkis ir sagrup& novérojumus,
balstoties uz to pasibam, lai beigu objektu klasteri butu Joti homogeni klastera
ietvaros, bet starp klasteriem heterogéni. Klasteru analizi var uzskatit ka aprakstosu
un neteorétisku daudzdimensiju analizes metodi. [10]

Lai standartizétu noteiktas pazimes, tiek izmantoti aritmétiski vidgjie raditaji
un standartnovirze. Standartnovirze raksturo datu izkliedi ap aritmé&tisko vidgjo.
P&tfjuma izmantoti visu Latvijas Lielo pilsétu siltumapgades uzn@mumu tehniskie
raditaji - realizéta siltumenergija, elektroenergija, tarifs, zudumi, darbinieku skaits
un sarazota siltumenergija ar biomasu. Klasteru analize veikta p&c tuvaka kaimina
metodes. legiitais rezultats att€lots dendrogramma.
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Attalums
Pilséta 1 2 3 4 5

Jekabpils

0.66

Jarmala

Valmiera
1.52
Jelgava

Liepaja 154

Ventspils 1.81

Rézekne 2.77

Daugavpils 5.11

Riga
6.att. Latvijas Lielo pilsetu siltumapgades uzn€mumu klasteru analize
Avots: Darba autores veidota dendrogramma

Klasteru analize parada, ka vislidzigakie uzne@mumi siltumapgade, salidzinot
tehniskos raditajus, ir Jekabpill un Jarmala, pec tam Sim klasterim pievienojas
Valmiera. Klasteru Iidzibas mérs tika noteikts ka attalums starp objektiem — jo
mazaks attalums starp objektiem, jo tie Iidzigaki. Otru klasteri 1.11 attaluma veido
Jelgava un Liepdja. Pie 1.52 atzimes $ie abi klasteri izveido vienotu klasteru grupu,
kurai pie noteiktam attaluma atzim@m pievienojas Ventspils (1.54), Rézekne (1.81),
Daugavpils (2.77) un Riga (5.11), kas viennozimigi ir visatskirigakais uzneémums
péc tehniskajiem raditdgjiem. So sadalfjumu péc tuvaka kaimina metodes var
izmantot uznémumu vaditaji, parpemot pieredzi no lidzigakajiem uznémumiem.

3. SILTUMAPGADES UZNEMUMU DARBIBU IETEKMEJOSO
FAKTORU KOPSAVILKUMS
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3.tabula

Nosaukums

Faktori

Ventspils

Liepaja

Jelgava

Jurmala

Politiskie un
juridiskie
faktori

SEG emisiju samazinasana un AER

patsvara palielinasana (AER zem 60%)

Jekabpils
X

Rézekne

Daugavpils

Valmiera

KOPA

Summa

X

X

X

Papildus iengmumi no neizmantoto kvotu
tirdzniecibas

X

Geopolitiska situacija (eksporttas
dabasgazes izmantosana)

o

Eiropas struktiirfondu pieejamiba
(realizSti projekti)

Ekonomiskie
faktori

21

Globalizacija un urbanizicija

Biomasas cenu kapums

Cirkularas ekonomikas atfistiba
(otreizgjas parstrades izejvielas)

10

Socialie un
kultiiras
faktori

ledzivotdju skaita samazinaSanas Latvija

Klientu maksatsp&jas samazinasanas

Cilvekkapitala aizpliSana

Lokalu siltumpunktu izbtive jaunajos
dzivojamo maju projektos

Eku renovacija (virs 5% no kopgja

21

Atverti siltumtikli

Digitalizicijas, viedo tehnologiju attistiba

Augsta iekartu efektivitate

x

x

Jaunu energijas avotu izmantoSana

Vides faktori

Elektroenergijas raZoana un tirdznieciba
obligata iepirkuma ietvaros

Zema paterina ekas

Centralizta aukstumapgade

Sekundaras energijas izmantosana

Vides prasibu pi

X

X

NP (N o e fwks] P |N|w|lo| v (o] o

Avots: darba autores veid

4. SECINAJUMI

ota tabula

Siltumapgades uznémumu apgrozijumu ietekmé vairaki faktori:

v ara gaisa temperatiira (V);

v apkures sezonas garums (V);

v klientu skaits, to maksatspéja (S);

v dzivojamo eku renovacijas un siltinasanas pasakumi (S);

Siltumapgades uznémumu pelnas raditajus ietekmé vairaki faktori:
v vides prasibu picaugums (V);

v cilvéku kapitala aizplasana (S);

v politiskie uzstadijumi un meérki nozares uzn€mumiem (P);

v investicijas siltumapgades sistémas modernizésana (P);

v kurinama cenu svarstibas (E);

v iespéja pardot kogeneracijas stacijas sarazoto elektroenergiju par dubulto

tarifu (T);

v papildus ien€mumi no kvotu tirdzniecibas (P);
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4 iekartu efektivitate, jaudu atbilstiba pieprasijumam (T);
4 iesp&jas izmantot 1€tako kurinamo (T);

Ta ka Latvijas siltumapgades biznesa ir ienacis privatais un arvalstu kapitals
(Fortum grupa un SIA “Energijas risindjumi”) ar vérienigiem biznesa paplasinasanas
planiem, pasvaldibu kontrol€ esosajiem siltumapgades uzn€mumiem jaspgj saglabat
augsta konkurétspéja.

Nemot véra vides politikas nostadnes Ziemelvalstu regiona un no ta izrieto$o
ar biomasu darbinamo katlumaju skaita pieaugumu, saasinasies konkurence par
atjaunojamajiem energoresursiem regiona, ka ari cenu piecauguma dél iesp&jams
siltumenergijas tarifa pieaugums pilsétas, kuras ka kurinamo izmanto skeldu.

Peéc klasteru analizes lidzigakie uzn€mumi siltumapgade ir Jekabpili, Jurmala,
Jelgava, Liepaja un Valmiera.

Elektroenergijas lietotaji, maksajot obligata iepirkuma komponenti, subsidé
zemos siltumenergijas tarifus pilsétas, kur uzstaditas un siltuma raZoSanai tiek
izmantotas kogeneracijas stacijas un elektroenergija pardota obligata iepirkuma
ietvaros.

Siltuma paterin$ majsaimniecibu un pakalpojumu sektora samazinasies, riipniecibas
sektora varctu but sagaidams pieaugums riipnieciski attistitos regionos, nemot véra
jaunu uznémumu piesaisti un razoSanas eku buvniecibu.
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ARVALSTU TIESO INVESTICIJU IETEKME UZ LATVIJAS
TAUTSAIMNIECIBAS ATTISTIBU

D. Kopisciks

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Pétijuma Autors ir izvelgjies $o tému pamatojoties uz to, ka ATI piesaiste
veicina Latvijas, tapat ka jebkuras citas valsts, ekonomikas attistibu.

S1 pétijuma teéma ir aktuala, jo ATI veicina ekonomisko izaugsmi, nodrosinot
tehnologiju un zinaSanu parnesuma efektu, kas ir svarigs prieksnoteikums
viet€jo uznémé&ju konkur8tsp&jas celSanai un eksporta veicinasanai
starptautiskajos tirgos.

Ir actimredzams, ka Latvijas valdiba pievers lielu uzmanibu arvalstu investoru
piesaistei. Sim nolikam ir vérts izpétit ATI ietekmi uz Latvijas
tautsaimniecibas attisttbu 2010.-2017.gados, ka arT noteikt investiciju vides un
nodoklu reformas stipras un vajas puses, un izstradat priekslikumus investiciju
vides uzlaboSanai.

Atslégas  vardi:  [Investicija, ieguldijums,  kapitals,  ekonomika,
tautsaimnieciba, tirgus

1. IEVADS

Pétijjuma meérkis: izpetit arvalstu tieSo investiciju piesaistes politiku Latvija un to
ietekmi uz Latvijas tautsaimniecibas attistibu.

Pétijjuma sagatavosanas laika ir izmantota §ada metodologija:
e  Primara pétiyjuma metode:

o Intervija ar Finan$u ministrijas TieSo nodoklu departamenta direktori
Astru Kalani.

o Sekundaras pétyjuma metodes:
o Makroekonomisko raditaju analize;
o LikumdoSanas un normativo aktu analize;

o Makroekonomisko parskatu analize.

2. LATVIJAS ARVALSTU TIESO INVESTICIJU PIESAISTES
POLITIKA

Latvijas ATI piesaistes politikas pamata nemti véra investoriem svarigakie
aspekti: valsts makroekonomisko raditaju nepartraukta uzlabosana, ka ari dazadi
pasakumi uznpemgjdarbibas vides attistibai, pieméram: birokratisko procediiru
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samazina$ana, stabilas un prognoz€jamas nodoklu politikas izveide, darbaspgka
kvalifikacijas celSana, infrastruktiras attistiba, valsts atbalsta programmas
uznémejdarbibas uzsakSanai un attistibai.

Saskana ar Latvijas ATI piesaistes politiku zemak minéto nozaru attistibai ir
1pasi svariga razoSanas un menedzmenta prasmju apgisana. Svarigi ar1 veidot jaunas
darbavietas, lai raditu iesp&ju izmantot jaunas tehnologijas un priek§nosacijumus
tehnologiju parnesei. Lai sasniegtu iepriek§ minétas prioritates, ir javeicina Latvijas
integréSanos starptautiskaja tirdznieciba un viet§jo uzn€mumu iesaistiSanos
razoSanas noietu k&dgs.

Svarigi pievérst uzmanibu ari tam, ka saskana ar Latvijas ATI piesaistes
politiku, valstij galvenokart jaorientgjas uz geografiski tuvajam kaiminvalstim, jo $o
valstu investoriem Latvija ir labi pazistama, un lidz ar to nav jaiegulda papildu
resursi informativiem un reklamas pasakumiem.

Taja pasa laika, ATI piesaistes politika galvenokart orient&jas uz ekonomiski
stabilam un attistitam valstim, kuras tautsaimniecibas nozaru attistibas potencials un
vajadzibas atbilst Latvijas perspektivas sadarbibas iespgjam - ASV, Francija, Vacija,
Lielbritanija, Japana, Kina, Krievija un Indija [1].

2.1. att. Prioritaras nozares ATI piesaistei Latvija
Avots: Zinojums par Latvijas tautsaimniecibas attistibu, 2016.gada jlnijs

Nemot véra to, ka Latvijas ATI piesaistes politikas pamata ir pievilcigas
investiciju vides radiSana, §STm noliikam 2014.gada 1.februari bija izveidota Latvijas
investiciju un attistibas agentira (turpmak teksta - LIAA), lai veicinatu viet§jo
uznémumu konkurg&tsp&ju un eksportspgju starptautiskajos tirgos.

Viens no LIAA galvenajiem mérkiem ir sekmé&t uznémeéjdarbibas attistibu Latvija,
veicinot ATI apjoma pieaugumu un palielinot Latvijas konkurétsp&ju paSmaju un
starptautiskajos tirgos [2].

Sakot ar 2010.gadu, LIAA ir uzsakusi stratégijas “POLARIS” istenoSanu, kas

paredz saskanotu ministriju, paSvaldibu, infrastruktiiras uzne@mumu un valsts iestazu
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ricibu stratégiski nozimigu gan viet€jo, gan ATI projektu realizé3ana, iesaistot Saja
procesa gan privato biznesa sektoru, gan petnieciskas un zinatniskas institticijas.

3. ARVALSTU TIESO INVESTICIJU NOZIME UN IETEKME UZ
LATVIJAS TAUTSAIMNIECIBU

3.1. Arvalstu tieSo investiciju ietekme uz iek§zemes kopproduktu

Veicot Latvijas bankas apkopoto datu analizi, autors konstatgja, ka ienakosai
ATI pliismai vérojama mérena izaugsmes dinamika 2010.-2017.gadu perioda, kaut
gan 2016.gada vérojams plasmas kritums salidzinot ar 2015 gadu (-0,6%),
sasniedzot 13,4 mljrd. eiro. 2017.gada kopgja ATI plisma Latvija sasniedza 14 370
milj. EUR, kas ir par 6.4% vairak neka gadu ieprieks. Tas liecina, ka pedgjos gados
ir krietni pieaugusi Latvijas investiciju vides pievilciba, jo arvien vairak investoru
saista savus nakotnes planus ar uznémégjdarbibas attistibu Latvija. Vislielaka ATI
plisma Latvija nak no ES valstim.

Ka redzams 3.1.attéla to, ka 2017.gada ATI ipatsvars no ES valstim sasniedza
11 230 milj. eiro, kas ir par 12,4% vairak, neka 2016.gada (9 840 milj. eiro). Ieprieks
mingtais liecina, ka Latvijas ATI piesaistes politika ir tieSam efektiva, jo pedgjos
gados ievérojami pieaug gan investoru skaits, gan ATI plisma no ES valstim.,
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11,230

9.163 10,172 9,840

6,804 7,393 8,065
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Eiropas Savieniba (Kopa) Arpus ES (Kopa)

3.1. att. ATI Latvija, 2010.-2017.gados, milj. eiro
Avots: Latvijas Banka, 2017

Nakamaja 3.2.attéla, 2010.-2017.gadu perioda gan ATI, gan IKP vérojams
meérens izaugsmes trends vai kustibas tendence, kas liecina par cieSo saistibu starp
Siem makroekonomiskajiem raditajiem. 2017.gada beigas ATI sasniedza 53,5% no
IKP.
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3.2. att. ATI ietekme uz IKP, 2010.-2017.gados, milj. eiro
Avots: Latvijas Banka, 2017

3.2. Arvalstu tieSo investiciju ietekme uz darbaspeku un pirktsp&ju

Ka redzams 3.3.attéla, ATI pliismas pieaugums veicina nodarbinatibas kapumu, un
pret&ji, ja ATI plisma krit - samazinas arT kopgjais nodarbinatibas Iimenis. Nevar
teikt, ka Siem faktoriem ir cieSs sakars, jo ir ar citi darba tirgus ietekm&josie faktori
- nodoklu slogs, likumdo$ana, demografija u.c., bet ATI pliismas svarstibas noteikta
méra tomer ietekme uz darbaspéka piedavajumu un pieprasijumu, kas art izprovoce
vai nu nodarbinatibas pieaugumu, vai kritumu.
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3.3. att. ATI ietekme uz nodarbinatibu, 2010.-2017.gados, milj. eiro/tiikst.
Avots: Latvijas Centrala statistikas parvalde, 2017

Ka redzams 3.4.attela, ATI veicina ne tikai darbaspéka piedavajumu un
pieprasijumu, bet ar1 ietekme darba algas lielumu. Ja investori partrauc investet kada
valsti, vai vismaz samazina investiciju pliismas Ipatsvaru, tas var negativi ictekmét
ari cilvekresursu cenu. Ir acimredzams, ka starp ATI un darba algas lielumu pastav
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ciess sakars. Abiem raditajiem 2010.-2017.gadu perioda vérojama mérena izaugsme,
un neskatoties uz to, ka 2016.gada gan ATI, gan ménesa vidéja darba samaksa
samazinajas, 2017.gada ir atsakusies izaugsme, kas norada uz darba samaksas
jutigumu pret ATI ieplidém Latvija.
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3.4. att. ATI ietekme uz vid&jo darba samaksas apméru, 2010.-2017.gados, milj.
eiro
Avots: Latvijas Centrala statistikas parvalde, 2017

Ka redzams nakamaja 3.5.attela, zems inflacijas ITmenis - veicina ATI
piesaisti. Sakot no 2012.gada inflacija Latvija svarstas 2,2% robezas, kas ir pozitivs
signals ekonomikas turpmakajai attistibai un ATI piesaistei.

Zems inflacijas Itmenis ir labve€ligs arT Latvijas iedzivotajiem, jo pie zemas
inflacijas pieaug iedzivotaju ienakumi, vinu pirktspgja un kreditsp&ja; citiem
vardiem, zema inflacija veicina iedzivotaju labklajibas kapumu - produkti un
pakalpojumi kliist arvien pieejamaki un/vai letaki.
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3.5. att. ATI ietekme uz inflaciju, 2010.-2017.gados
Avots: Latvijas Centrala statistikas parvalde, 2017

106



3.3.Uzném¢gjdarbibas un investiciju vides konkurétsp&ja

Latvijas uznemgjdarbibas un investiciju vides konkurtsp&ju var petit pec
dazadiem pasaules reitingiem. Viens no izplatitakiem reitingiem ir PB
uznémegjdarbibas vides indekss “Ease of Doing Business”, kur§ meéra
uznéméejdarbibu regul&josas administrativas procediiras un to piemeroSanu dazadas
pasaules valstis.

Saskana ar $o reitingu, Latvija 2017.gada ierindojas 19.vieta - 190 valstu
kopgja saraksta. Neskatoties uz to, ka 19.vieta ir diezgan labs rezultats, tomér Latvija
joprojam biitiski atpaliek ne tikai no vadoSajam Eiropas valstim, ka pieméram,
Danija (3.vieta), Lielbritanija (7.vieta), Norvégija (8.vieta), Zviedrija (10.vieta).

PB veiktaja pétijuma “Ease of Doing Business” ir atrodama $ada veida
informacija (sk. 3.6.att.). PEtijuma noradits, ka Latvijas galvenie izaicindgjumi ATI
piesaistei ir liels nodoklu slogs, neefektivs nodoklu regul€jums, leéns piekluves
process finans€juma sanemsanai, politiska nestabilitate, birokratija, un korupcija.
Verojams ar1 kvalitativa darbaspgka deficits, vaja darba &tika, nepietickama
inovaciju ievieSana, nepietickami attistita infrastruktiira un ari citas tirgus barjeras.

Nodoklu likmes

Birokratija

Nodoklu regul&jums

Piekluve finansgjumam

Politiska nestabilitate

Korupcija

Nepietiekami izglitots darbaspeks
Nepietickama inovaciju ievieSana
Vaja darba &tika

Nepietiekama infrastruktiiras attistiba
Valdibas nestabilitate
Ierobezojosi darba noteikumi
Inflacija

Slikta sabiedribas veseliba
Noziegumi un zadziba

Valutas regulésana

3.6. att. Problematiskie faktori uznémeéjdarbibas vides attistibai Latvija, 2017.gada
Avots: Pasaules Banka, 2017

4. INTERVIJA AR FINANSU MINISTRIJAS TIESO NODOKLU
DEPARTAMENTA DIREKTORI ASTRU KALANI

leprieksgjie analizes rezultati liecina, ka arvalstu investori arvien augstak
noverteé Latviju ka investicijam un uzp@mgjdarbibai pievilcigu valsti. Lidz §im
veiktas reformas ir pareizs virziens tautsaimniecibas konkur&tspgjas celSanai
ilgtermina.

Tomer paliek arT plass problému loks, un to atrisinaSanai nepiecieSams aktivs
dialogs starp sabiedribu un valdibu, lai arT turpmak veiktas reformas biitu orient&tas
uz tautsaimniecibas attistibu, sabiedribas labklajibu un arvalstu investoru interesém.
Sim noliikam ir veikta intervija ar FM Tie$o nodoklu departamenta direktori A.
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Kalani, kas ikdiena saistita un kompetenta izteikt savu viedokli par jautajumiem, kas
skar Latvijas nodok]u sistému un ir viens no ATI piesaistes instrumentiem.
Intervijas mérkis bija git labaku izpratni par ekonomisko vidi, nodoklu
sisttmu un arvalstu investoru noskanojumu Latvija, ka arT uzsvért ATI nozimi valsts
ekonomika. Intervijas pamatdati ir atspoguloti 4.1.tabula.
4.1. tabula

Intervijas pamatdati

Intervijas organizg$anas datums: 2018.gada janvaris

Intervijas organiz&Sanas Vvieta: FM &ka, Smilsu iela 1, Riga

Intervéjama persona: Astra Kalane

Interv€jamas personas amats: FM Tieso nodoklu departamenta
direktore

Intervijas ilgums: 47 miniites

Intervijas jautajumu skaits: 8 jautajumi

Avots: Autora veidota

Zemak ir apkopoti intervijas galvenie rezultati.

Intervijas laika tika apspriesta eso$a ekonomiska situacija Latvija un tas
ietekme uz ATI piesaisti. Ka norada A. Kalane, péc pasaules ekonomiskas krizes
(2007.-2010.g. globala finansu krize) Latvijas ekonomika ir atgriezusies pie
straujakas izaugsmes. Pieaugot ar€jam pieprasijumam p&c Latvijas precém, varétu
pieaugt nepiecieSamiba pec jaunam investicijam razoSanas kapacitates celSana.
Turklat Sobrid razoSanas jaudas vairakas nozar€s ir tuvu vesturiski augstakajiem
limeniem. Piem&ram, kokapstrade, tekstilizstradajumu un apgerbu razoSana,
farmacija un partikas razosanas nozares.

Nemot vera augstas noslodzes un stabilu argjo pieprasijumu, uznémeji varétu
domat par jaunu investiciju piesaisti, ja vel&tos attistities talak un palielinat sarazoto
apjomu.

Ka norada A. Kalane, Latvijas valdiba nav atteikusies no mérka, kas tika
defingts “Latvijas nacionalaja attistibas plana” - panakt “ekonomisko izravienu”, un
Sobrid izstradatie un ari pienemtie [émumi ir versti uz $a mérka istenoSanu.

Valdiba arT turpmak lielu uzmanibu pievérsis nodoklu politikas un nodoklu
administréSanas procediiru pilnveidoSanai, izglitibas sist€mas stiprinaSanai,
logistikas sistémas pilnveidosanai, atkritumu apsaimnieko$anai un energétikai,
ekonomisko noziegumu apkarosanai, ka arT uznémumu konkurétspéjas atbalstam.
Pamatojoties uz A. Kalanes teikto, lielaka ATI dala iepliist finan3u, tirdzniecibas,
nekustama Tpasuma, apstrades riipniecibas un lauksaimniecibas sektoros. Sajas
jomas Latvijai vesturiski ir izveidojusas prieksrocibas un zinasanas, ka ar1 izdeviga
geografiska atrasanas vieta un klimats ir bijis veicinoSs faktors.

Savukart lielakas uzkrato ATI izcelsmes valstis ir Zviedrija, Krievija, Kipra,
Niderlande un Igaunija. Zviedrijas investicijas lielakoties ieplust finansu sektora
(pirmkart banku sfera).
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Nav noslépums, ka dala no Krievijas naudas Latvija tiek ieguldita art caur
tadam valstim ka, pieméram, Niderlande un Kipra. Ar1 investicijas no Igaunijas liela
mera ir Skandinavijas valstu kapitals, kas tiek realizets caur Igaunija registrétiem
uznémumiem.

Tapat A. Kalane uzskata, ka jaunu investiciju piesaistei joprojam ir vajadziga
sakartota tiesiska vide un stabila nodoklu sistéma, ka arT perspektiva demografiska
situacija.

Biitu japiever§ ari lielaka uzmaniba tiesiskajam regul&jumam, ka ar1 valsts
parvaldes pakalpojumu uzskaites, sniegSanas un kvalitates kontroles pilnveidoSanai,
kas ir galvenais nosacijums, lai uzne€mgji velétos Latvija uzsakt un paplasinat
uznémejdarbibu. Tas ir pamatnosacijums ar1 investoru ieinteresétibai veikt
ieguldijumus Latvija, neSauboties par ta dro§ibu un aizsargatibu.

Ka teica A. Kalane, valsts valdiba dara visu iesp&jamo, lai uzlabotu nodoklu
regul§jumu, t.sk. ped&ja nodoklu reforma (apstiprinatie grozijumi nodoklu
reguléjuma) ir bitisks signals arvalstu investoriem, jo saprotama un paredzama
nodok]u sistéma ir viens no bitiskiem ATI piesaistes nosacijumiem. Tiek sagaidams,
ka $adi grozijumi ilgtermina vargtu stiprinat investiciju vidi Latvija.

Viens no biitiskiem nodoklu reformas sasniegumiem ir reinvestetas pelnas
neaplik§ana ar nodokli. ST prakse tika aizsakta 2000.gada Igaunija. Ir veikti daudzi
petjumi, kuros izvertéta konkrétas reformas ietekme uz Igaunijas ekonomikas talako
attistibu. Tajos doming secinajums, ka nodoklu reforma bijusi labvéliga ekonomikai,
veicinot ATI piesaisti un uzlabojot kop&jo ekonomikas izaugsmi.

Velkot paral€les ar Igaunijas ekonomiku un vadoties p&c esosas ekonomiskas
situacijas Latvija, ir daudz lidzibu, tapec, prognozgjams, ka ari Latvija UIN
nepiemérosana reinvestétajai pelnai bis labvéliga, sekméjot ATI picaugumu.

Tomér, visticamak, ka reformas rezultati bus verojami ilgaka laika perioda.
Nav noslépums, ka ne visus ATI uznémumus Latvija varétu apmierinat jauna
nodoklu reforma, jo ta savukart paredz UIN likmi 20% apmera no bruto summas par
sadaltto pelnu I1idzsingjo 15% vieta. Kada uzn€mumu dala var€tu veleties samazinat
uzkrato kapitalu, iznemot Iidz $im nesadalito pelnu, pirms jasak maksat 20% par
pelnas sadaliSanu, lai vélak nav jaskiras no pelnas piektas dalas.

Tadgjadi Istermina tas varétu veicinat uzkrato ATI samazindjumu. Tomér maz
ticams, ka §adu soli varétu spert lielie uznémumi, kas veido biitiskako uzkrato ATI
dalu, jo ilgtermina optimalak ir izmantot reinvestétas pelnas neaplikSanas ar nodokli
prieksrocibas.

A. Kalane uzskata, ka pieaugot pelnas reinvesteé$anai, uznémumam pieaugs
arT pasu kapitals, pakapeniski var mazinaties saistibas un ar to saistitie secigie
izdevumi. Tas kopuma mazina dazadus iesp&jamos finansu riskus. Tadgjadi
uzn€mumu bilance uzlabosies. Ja uznémums lemj attistities, tad, pieméram, nemot
kreditu, ir iesp&a to sanemt par izdevigakiem nosacijumiem, piemeéram, par
zemakam procentu likmém, ko nodrosina uzn€muma labie finansu raditaji. Turpmak
uznémuma veiksmiga attistiba p&c jauno investiciju iepliides, visticamak, kapinas
produktivitati, kas savukart veicina pelnas gisanu.

Rezultata pelna pie jauna reinvestétas pelpas nodoklu regul&juma var biit
lielaka, kas parsniedz “zaud&umus”, izmaksajot dividendes ar 20% nodokli,
iepriek$gjo 15% vieta. Tatad, ja Sis ieguvums parsniedz likmju atskiribas, arT pie
jauna reguléjuma dividenzu izmaksa var izradities izdevigaka.
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Rezumgjot intervijas rezultatus var secinat, ka Latvija UIN nepieméroSana
reinvestetajai pelnai nakotne var€tu mazinat uznémumu saistibu ipatsvaru, labveligi
ietekmgjot investiciju vidi, ATI piesaisti un ilgtermina izaugsmi.

5. ARVALSTU TIESO INVESTICIJU PIESAISTES IESPEJAS UN TO
IETEKME UZ LATVIJAS TAUTSAIMNIECIBU

Pamatojoties uz LIAA rezultatiem, Latvijas prioritaras tautsaimniecibas
nozares veido aptuveni 40% no kopgja apkalpoto investiciju pieprasijumu apjoma.
Saskana ar “Preu un pakalpojumu eksporta veicindSanas un ATI piesaistes
pamatnostadném”, investiciju prioritates tiek istenotas “procesu-orientéta” veida
$ados virzienos:

Investiciju projektu p&capkalposanas aktivitates ir saistitas ar jau esoSu
uznémumu paplasinasanas iesp&jam, kas vienlaikus var sekmét jaunu darbavietu
radiSanu. Savukart reaktiva investiciju projektu apkalpoSana ir aktivitates, kas
saistitas ar potencialo investiciju projektu apkalpoSanu.

Sadiem projektiem ir liela ietekme uz Latvijas tautsaimniecibas attistibu.
Visbeidzot, proaktivas darbibas investiciju piesaisté ir aktivitates, kas saistitas ar
strat€giski nozimigu investiciju projektu virziSanu un to generéSanu. ATI piesaistei
Latvija Sobrid pastav vairaki potenciali stimuli (LR MK tiesibu aktu projekti,
2013.gads):

e Nodoklu atvieglojumi specialajas ekonomiskajas zonas un brivostas, uzn€muma
ienakuma atlaide lieliem investiciju projektiem, atvieglojumi ieguldijumiem
petnieciba un attisttba, ka ari atvieglojums par jaunajam raZoSanas
tehnologiskajam iekartam;

e 2014.-2020.gada ES fondu planoSanas perioda aktivitates, kas specifiski
orient€tas uz investoru piesaisti, sniedzot atbalstu darbinieku apmacibam.

Vienlaikus notiek nepartraukts darbs pie uznémejdarbibas vides uzlabosanas,
lai tadejadi sekme@tu investiciju vides attistibu Latvija, ka arT notiek regulara
investiciju stimulu parskatiSana, ka arT alternativu izvertésana.

“Latvijas prec¢u un pakalpojumu eksporta veicinasanas un arvalstu investiciju
piesaistes pamatnostadn€s” izvirzita meérka sasniegSanai “Uzlabot Latvijas
tautsaimniecibas konkur€tsp&ju atvertos produktu un kapitala tirgos” tiek planoti
sadi ricibas virzieni:

Lricibas virziena: “Uzne€mumu konkur€tspgjas paaugstinasana” parskata
perioda ietver vairakas “ESF” un “ERAF” Iidzfinansétas aktivitates 2007.-
2013.gada planosanas perioda, kuru mérkis ir veicinat:

e Darbaspeka pieejamibu un tautsaimniecibas attistibas vajadzibam atbilstoSu
izglitibas piedavajumu;

e Uznémgjdarbibas infrastruktiiras pieejamibas uzlaboSanu;
e Inovacijas kapacitates paaugstinasanu;

e FinanSu pieejamibu.
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2.ricibas virziena: “Atbalsts argjo tirgu apglsanai” parskata perioda ietver
aktivitates, kas saistitas ar “ERAF” darbibu, tadejadi sekméjot Latvijas uzn€mumu
starptautisko konkur&tsp&ju un eksporta veicinasanu, ka arT citas aktivitates eksporta
veicinasanai pieskirto Iidzeklu ietvaros. Riciba ieklautas aktivitatites ietver gan
Latvijas argjo ekonomisko parstavniecibu tikla darbibas nodroSinasanu, gan tieSos
eksporta atbalsta pakalpojumu nodrosinasanu Latvijas komersantiem, ka arT citus
plana noraditos pasakumus uznpémumu.

3.ricibas virziena: “Turpmaka riciba ATI piesaiste” pamatnostadnu
starpposma novértéjuma parskata perioda ietvertas ar ATI piesaistes procesu un
marketinga aktivitatém saistiti pasakumi, kuru izpilde iesaistita gan LIAA,
uzn@mumus parstavosas organizacijas un asociacijas, ka art nozaru ministrijas un
pasvaldibas, lai tadejadi sekmetu ATI piesaisti un Latvijas ka pievilcigas investiciju
mérka valsts pozicion€Sana potencialajiem arvalstu investoriem. Sanemta iesaistito
ministriju un LIAA sniegta informacija liecina, ka kopuma plana noraditie rezultati
ir sasniegti.

Nobeiguma jasecina, ka investiciju projekti Eiropa tuvakaja nakotne
visticamak biis apjoma zina mazaki, vairak selektivaki un regionali koncentréti,
vienlaikus tie blis versti uz pieprasijuma apmierinaSanu péc jaunakajam
tehnologijam, pakalpojumiem, plasa patérina precém un infrastruktiras.

Sajos ierobezota finans&juma apstaklos, turpmak valstis un regioni, kas biis
apzindjusi un attistfjusi savas stipras puses ATI tirgil, ienems konkurétsp&jigu
poziciju cinoties par jaunam ATI. Turklat globalizacijas rezultata ari geografiski
attalinatas valstis ar augstu un vidgji attistitu ekonomiku uzskatamas par nopietnam
konkurentém investiciju projektu finans€juma iegiisanai.

Tadel Latvijai, lai veiksmigi konkurétu par ATI piesaisti, japilnveido
lidzsingjais investiciju piesaistes modelis un jaidentificg lidzekli, kuru pielietojums
visefektivak nodroSinatu arvalstu finansu kapitala iepliidi esoSajas un potenciali
perspektivas Latvijas tautsaimniecibas nozares.

6. SECINAJUMI

Latvijas ekonomikas izraviena galvenas prioritates ir eksporta veicinasana un
vietgjo uznémumu konkurétspgjas celSana starptautiskajos tirgos. ST mérka
istenoSanai ir nepiecieSams ne tikai valsts atbalsts uznémeéjdarbibai, bet arT arvalstu
tieSas investicijas, kas veicina ekonomisko izaugsmi caur tehnologiju un zinasanu
parnesi. Lai Latvija piedzivotu ekonomikas izravienu, tai jakltst par investicijam
pievilcigu mérka objektu. ATI piesaistes politika ilglaicigi nodrosinas tehnologiju
un zinasanu parnesuma efektu, kas nepiecieSams viet€jo uzn€meju konkurétspgjas
palielinasanai, eksporta veicinasanai, jaunu darbavietu radiSanai un dzives kvalitates
celSanai.

Lidz ar jauno nodoklu reformu, kas stajas speka 2018.gada 1.janvari, tiek
planots stiprinat investiciju vidi Latvija. Viens no bitiskiem nodoklu reformas
sasniegumiem ir reinvestétas pelnas neaplikSana ar nodokli. FM eksperti prognozg,
ka UIN nepieméroSana reinvestetajai pelpai var€tu piesaistit jaunus investorus
Latvija, tadgjadi stiprinot investiciju vides pievilcibu. leviesot nodoklu reformu, tiek
prognozets, ka pieaugot pelpas reinvesté$anai, uznémumam pieaugs arT pasu
kapitals, pakapeniski var mazinaties saistibas un ar tam saistitie izdevumi. Tas
kopuma mazina dazadus iesp&jamos finansu riskus, kas var€tu uzlabot uznémuma
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bilanci. Rezumgjot iepriek§ min&to, uznémuma pelna pie jauna reinvestétas pelnas
nodoklu regulgjuma var bit lielaka, kas parsniedz “zaud&umus”, izmaksajot
dividendes ar 20% nodokli, ieprieks€jo 15% vieta. Tas liecina, ka UIN
nepieméroSana reinvestétajai pelnai nakotné vartu mazinat uznémumu saistibu
Tpatsvaru, labveligi ietekmgjot investiciju vidi, ATI piesaisti un ilgtermina izaugsmi.

Tradicionali lielaka ATI plisma Latvija nak no ES valstim. 2017.gada ATI
Ipatsvars no ES valstim sasniedza 11 230 milj. eiro, kas ir par 12,4% vairak, neka
gadu ieprieks. Tas pamatojams ar to, ka Latvijas investiciju piesaistes politika ir
orientéta uz geografiski tuvajam kaiminvalstim, kuras Latvija ir labi atpazistama.
Gan Latvijas IKP, gan ATI plismai 2010.-2017.g. laika perioda vérojama mérena
augSupejosa tendence, kas liecina, ka Sie raditaji ir savstarpgji saistiti un ietekme cits
citu. Tadejadi var secinat, ka viens no IKP izaugsmes nosacijumiem ir pievilciga
uznéméjdarbibas vide ATI, bet investori investé tikai tajas valstis, kuras saredz
ekonomikas un wuznémeéjdarbibas attistibas potencialu. Vert€jot Latvijas
uznémejdarbibas un investiciju vides pievilcibu ar dazadu pasaules reitingu (“Ease
of Doing Business”, “Global Competitiveness Index”, “Index of Economic
Freedom”) palidzibu var secinat, ka 2017.gada Latvijai v€rojami bitiski uzlabojumi
tautsaimniecibas attistiba un investiciju vides uzlabosana, kas vert€jams pozitivi, jo
rada labveligus apstaklus ATI piesaistei.

Rezumgjot intervijas rezultatus ar FM TieSo nodoklu departamenta direktori
A. Kalani, var secinat, ka Latvija UIN nepiem@rosSana reinvest€tajai pelnai nakotné
varétu mazinat uznémumu saistibu Ipatsvaru, labveligi ietekmg&jot investiciju vidi,
ATI piesaisti un ekonomikas ilgtermina izaugsmi.
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KVALIFICETA DARBASPEKA PIESAISTE UN MOTIVACIJA
RAZOSANAS UZNEMUMOS LATVIJA

A. Lepiksone

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Darba t€ma ir aktuala, jo musdienas darbinieku ir loti griiti motivét.
Viss ir atkarigs no darbinieka paSa motivacijas. Uznémuma vaditajs var
tikai palidzet radit labakus apstaklus darba videi, pieméram, ar veselibai
drosu darba vidi, ar tiru darba vidi, ar ergonomiski organizetu vidi.
Darba tiek analizgti statistikas dati par darbaspeka kvalifikacijas
iedalfjumu un raksturojumu, aprakstita pétijjuma metodologija un
organizacija, dota kvalificeta darbaspeka analize.

Darba pétijums sniedz uzn€mumiem rekomendacijas par kvalificeta
darbaspeka nozimigumu, samazinot laiku jeb personala mainibu, kas to
ietekm@ un tada veida paaugstinat sarazoto produkcijas daudzumu, kas
savukart paaugstina darba razigumu.

1. IEVADS

Darba meérkis ir pamatojoties uz padzilinatu teorétisko informaciju un
praktiska pétijuma analizi, izstradat rekomendacijas razoSanas uzpémumiem par
kvalificeta darbasp&ka piesaisti un personala mainibas mazinasanu.

Darba tika pielietota empiriska izzinas metode — salidzinasana. Datu
apstrades statistiska metode, lai analiz€tu statistiskos datus. Praktiska pé&tjjuma
analizei tika izmantota gan kvantitativa, gan kvalitativa izp&tes metode.

Darbs var tikt izmantots ieskata giiSanai par kvalificétu darbaspéku Latvija,
par tas optimiz€Sanu un aktualo situacijas analizi 10 Latvijas razZo$anas uznémumos.

2. DARBA SPEKA KVALIFIKACIJAS IEDALIJUMS UN
RAKSTUROJUMS

2.1. Darbaspéeka kvalifikacija

Darba devgjs uznémuma vélas specialistus ar zinaSanam un pieredzi, jo ar
nepieredzgjusiem darbiniekiem uzpE€mums risk€. Pirmkart pastav risks, ka
darbinieks zinasanu trukuma dg] nezinas ka padarit darbus un padarot darbu slikti,
var rasties zaud€jumi gan uznp€mumam, gan darbiniekam. Otrkart, pirms darbinieks
labi un pietiekami atri spes darit savu darbu patstavigi, tiks pateréts gan uzn€muma
laiks, gan resursi darbinicka apmacibai. Treskart, iespgjams, pasam jaunajam
darbiniekam, p&c darba pienakumu iepaziSanas un apgiSanas, zudis interese par
ienemamo amatu un uzp€mumu.

Latvijas Republika ir pieejama 8 limenu izglitibas sisteéma:
ISCED limenis 0 — pirmskolas izglitiba
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Latvija pirmskolas izglitibu piedava vispargjas izglitibas iestades. So programmu
apguist berni no 1,5 lidz 7 gadu vecumam. Ja vecaki velas, beérnam var pagarinat vai
saisinat programmas apguvi par 1 gadu. Vecuma no 5 1idz 7 gadiem bérnam obligati
ir jauzsak pirmsskolas izglitibas apguve.

ISCED limenis 1 un 2 — pamatskolas izglitiba

Pamatskolas izglitibas programmu b&rns apgiist no 7 lidz 16 gadu vecumam. To
parasti uzsak, kad b&rnam paliek pilni 7 gadi. Pamatizglitiba Latvija ar1 ir obligata.
Pamatskolu pabeidzot skoléni karto valsts centralizétos eksamenus — matematika,
Latvijas vesturg, latvieSu valoda un svesSvaloda. Tikai ar sekmigiem eksamenu
rezultatiem skoléns var turpinat macibas nakama Iimena macibu iestades.

ISCED limenis 3 — videja izglitiba

Latvija ir pieejamas 2 veidu vidgjas izglitibas programmas: vispargjas vidgjas un
profesionalas videjas izglitibas programmas. Vispargjas vidgjas izglitibas
programma ir pieejama dazados virzienos: visparizglitojosais virziens; humanitarais
un socialais virziens; matematikas, dabas zinibu un tehnikas virziens; profesionalais
virziens. Skolu beidzot ir jakarto valsts centralizetie eksameni — latvieSu valoda,
matematika, sveSvaloda un viena izveles priekSmeta. Profesionalas izglitibas
iestades piedava visos ekonomiskas darbibas virzienos un ir 4 profesionalas
kvalifikacijas limeni.

ISCED limenis 4 — pécvideja izglittba

Ta ir programma, ko var apgtt pec tehnikuma beigSanas vai vispargjas vidgjas
izglitibas iegti§anas. Programma ilgst no 1 1idz 3 gadiem. ST programma palidz apgit
profesionalas zinaganas un prasmes. ST programma neskaitas ka augstaka izglitiba,
bet pieskaitama pie vidgjas izglitibas.

ISCED limenis 5, 6, 7 — augstaka izglittba

Augstako izglitibu var iegiit koledza vai augstskola. Koledza iegist 1.ITmena
profesionalo augstako izglitibu. Augstskola iegtst 1. un 2. limena profesionalo
augstako izglitibu. Augstskola ir 2 veidu programmas — akadémiskas un
profesionalas studijas. Lai iegiitu bakalaura gradu, jamacas 3 Iidz 5 gadus. Pec §1s
izglitibas iegliSanas, iesp&jams turpinat studijas magistrantiira, kuras studiju ilgums
irno 1 Iidz 2 gadiem.

ISCED limenis 8 — pécdiploma studijas

P&c magistra grada pabeigsanas talak var studét doktorantiira. STs studijas ilgst 3 lidz
4 gadus.[1]

2.2.NUTS klasifikacijas pa nozarém

Teritorialo vienibu skaits Latvija ir sadalits pec Eiropas Savienibas kriterijiem.
Tas ir izdarits, lai iedzivotaju skaits biitu salidzinams ar citam FEiropas valstim.
Statistiski teritorialo vienibu klasifikacija jeb NUTS (Nomenclature of Territorial
Units for Stastistics) Latvija ir noteikti 6 statistiskie regioni:

1. Rigas statistiskais regions;

Pierigas statistiskais regions;
Vidzemes statistiskais regions;
Kurzemes statistiskais regions;
Zemgales statistiskais regions;
Latgales statistiskais regions [2].
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Visvairak nodarbinato Latvija ir Rigas regiona - 310800, tam seko Pierigas
regions. Kurzemes, Zemgales un Latgales regionos gandriz vienads nodarbinato
skaits, savukart Vidzemes regiona ir 85300 stradajoso [3]. Tabula 2.2.1. redzami
dati par nodarbinatajiem iedzivotajiem un to saimnieciskas darbibas veida.

2.2.1. tabula

Nodarbinatie pec saimniecisko darbibu veidu grupas (NACE 2.red.) Latvijas

regionos
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§ |2 |Z25|las |& (g | Z58|x£58C%|&8 @ |&
2015 | 896,1 | 71,1 | 139,9 | 72 | 159,2 | 111,3 | 1022 501 | 83 | 558 | 41,7
Latvija | 2016 | 893,3 | 68,7 | 1492 | 66 | 154,7 | 107,2 | 102 622 | 82 | 536 | 474
2017 | 8948 | 61,4 | 1454 | 63 | 161 | 107,9 | 1069 63 |82 553 |48
2015 | 3127 | 1,9 | 404 |21 | 621 |512 55,9 179 |26 | 194 | 16,6
Rigas 2016 | 3105 402 |21 |635 |462 53,3 21 | 26 | 17,7 | 204
regions
2017 | 3108 376 |19 | 644 | 489 57,5 192 |26 | 165 | 20,8
2015 | 1755 | 13,4 | 295 |16 | 325 | 197 195 121 15 |92 |92
Pierigas 0151765 | 124 | 31,9 | 15 | 316 | 179 20,6 123 |15 | 10,3 | 9,2
regions
2017 | 177397 1316 |14 | 358 | 19 21 123 |14 | 106 |93
2015 | 852 | 143 | 141 |86 | 123 |66 43 62 |91 |6 3,6
Vidzemes o016 gag (142 [ 169 |58 | 112 | 7.7 56 51 |97 |53 |35
regions
2017 | 853 | 141 | 182 |48 | 129 |64 58 55 |96 |5 3
2015 | 1069 | 126 | 203 |96 | 17.2 | 129 7 63 |11 |58 |44
Kurzemes 5167 1087 | 143 | 224 | 10 | 169 | 114 | 7.8 67 |87 |54 |52
reglons
2017 | 107,9 | 135 | 21,8 |96 | 16,6 | 111 8 73 |94 |54 |51
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2015 | 107,3 | 14,7 | 187 |9 19 101 |77 78 [10 |69 |34
Zemgales o016 1035 (13 | 194 |89 | 172 |98 72 86 |95 |57 |44
reglons

2017 | 1042 | 114 | 182 |97 | 174 | 105 |67 8 10 |71 |47

2015 | 1084 | 142 | 169 |78 | 162 | 108 |78 88 |13 |84 |45
Latgales 0161003 | 139 | 187 |52 | 143 | 143 |76 86 |13 |93 |47
reglons

2017 | 109.3 | 124 | 18 52 |14 | 12 8 107 |13 | 108 |5

Avots: csb.gov.lv

SprieZzot péc pieprasijuma Nodarbinatibas valsts agenttira, Latvija Sobrid
visvairak nepiecieSami tadi razoSanas darbinieki, ka, piem&ram, atsl€dznieks,
elektromehanisko iekartu mehanikis, virpotajs, metinatajs un noliktavas darbinieks.
P&c tam seko biivnieciba, kura nepieciesami namdari un biivstradnieki. Tirdznieciba
nepiecieSami dazadu jomu pardosanas specialisti. Tad seko pakalpojumu darbibas
joma, kura ir nepiecie$ams, pieméram, klientu apkalpoSanas vaditajs. [4]

P&c tabula 2.2.2. attelotajiem NACE Rev.2 datiem var secinat, ka Latvija no
visam 38 Eiropas valstim p&c apgrozijuma razo$anas nozare ierindojas 28.vieta.

2.2.2. tabula

Apgrozijums péc NACE Rev.2 (miljoni EUR) raZzosanas nozare 2015.gada

2015 RaZo$ana milj. EUR

EU (28 valstis kopa) 7320000
1 | Vacija 2051998
2 | Ialija 884825
3 | Francija 862822
4 | Apvienota Karaliste 703603,2
5 | Spanija 467052,8
6 | Niderlande 328390

Polija 289863,8
8 | Sveice 286135,1
9 | Belgija 232804,5
28 | Latvija 7515,8

Avots: ec.europa.eu/eurostat/data/database
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3. PETIJUMA METODOLOGIJA UN ORGANIZACIJA

Lai kvalitativi uzrakstitu darba p&tniecisko dalu, darba autore veiks ekspertu
intervijas raZzoSanas uznémumos visos Latvijas statistikas regionos. Ir loti svarigi, lai
Sie dati péc to iegiiSanas biitu ticami. NepiecieSamo datu ieguvei darba autore
sastadija dal&ji struktur€tu interviju un aptauju.

P&tijuma tiks izmantota stratificéta jeb tipologiska izlases metode. No visiem
10’994 apstrades rupniecibas uzn@mumiem Latvija tiks proporcionali izveleti
uznémumi, katra statistiskaja regiona. Katra statistiskaja regiona tiks aptaujati
proporcionals skaits uzn@mumu darbinieku un to vaditaji, ar kuriem tiks veiktas
ekspertu intervijas. P&c §is proporcijas katra statistiskaja regiona tiks veikta
vienkarSa gadijuma izlase. Lai jebkuram razoSanas uznémuma darbinickam biitu
iesp€ja iekliit izlas€ un atbildét uz jautajumiem. [5]

Respondentu skaits tiks veidots proporcionals. Lai iegiitie rezultati un viedoklis
par uznémumu bitu ticams, no, pieméram, 400 uznémuma stradajosajiem, darba
autorei jaaptauja 20 darbinieku. Katra uzne@muma tiks aptaujati 5 % no visiem
stradajosajiem.

4, KVALIFICETA DARBASPEKA ANALIZE

4.1. Darbinieku aptauju un ekspertu interviju datu analize un interpretacija

Kopa anketa darbiniekiem tika uzdoti 10 jautajumi. levada dala tika uzdoti
visparigi jautdgjumi par respondentu dzimumu, vecumu, izglitibu un dzivesvietu.
RazoSanas uzp€mumu vaditajiem tika uzdoti 12 jautajumi. levada dala tika
noskaidrots vaditaja dzimums, vecums, izglitiba un dzivesvieta.

Visos uznémumos gan respondenti, gan vaditaji atzina, ka jutams kvalificetu
inZenieru un dazadu razosanas darbinieku trilkums. Protams, tika piemingti arT citu
kvalificétu darbinieku trikums, bet Sie divi bija visvairak piemingtie visos
uzn€mumos. Uznémuma ,,B” vaditajam ir vidgja profesionala izglitiba. lespgjams,
tapec vins no uz interviju atnakuSajiem kandidatiem neprasa augstako izglitibu.
Anketa gan uzn@muma ,,B” vaditajs, darbinieki ir atbild&jusi, ka izglitiba nav viens
no faktoriem, p&c kuriem, izv€las personalu.

P&c tam analizgjot citus uzn@mumu aptaujas, atklajas, ka uznémums ,,B” nav
vienigais uzneémums, kur$ nenem véra darbinieku izglitibu. Citos uzn€mumos $adu
atbildi sniedza to darbinieki. Tas ir tadel, ka no potencialo darba devé&ju puses nav
§adu prasibu un jauniesos tas nerada v€lmi turpinat macibas pec vidusskolas vai pat
pamatskolas pabeigsanas. Sis problémas risina$ana vajadzétu iesaistities arT Latvijas
izglitibas un zinatnes ministrijai un panakt to, ka vispargja vidgja izglitiba vai
profesionala vidgja izglitiba, vai arodizglitiba butu obligata. Ar §adam izmainam art
uzn€méeji biitu spiesti vairak izvertet darba némejus un atlasit tos, kuri ieguvusi
augstaku kvalifikaciju.

Uzpémuma ,,F” salidzinot ar pargjiem, vaditajs ir pats vecakais — 58 gadi,
jaunakajam vaditajam ir 36 un vin§ vada ,,C” uznémumu. Toties uzn€muma ,,D”
vaditajs ir vienigais, kur§ nav Latvijas pilsonis. Vieniga vaditaja sieviete vada
uznémumu ,,I”.
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Katra uznémuma ir kads, kur§ uzskata, ka netiek motivets. Kada uznémuma
$adu darbinieku ir vairak, kada mazak, bet tadu ir katra. Tapat darba autore nonaca
pie secinajuma, ka tikai dazos uznémumos riipgjas par to, lai darbiniekiem ik pa
laikam gan atjaunotu jau eso$as zinaSanas, gan papildinatu tas ar jaunam.

4.2. letekmejoso faktoru analize

Darba autore ekspertu intervijas uzp@mumu vaditdjiem uzdeva 2 papildus
jautajumus. Pirmais atvertais jautajums bija par to kads ir aptuvenais stundu
daudzums, kas nepiecieSamas, lai apmacitu tikko pienemtu darbinieku. Uz So
jautdjumu tabula 4.2.1. var redzet cik stundu katrd uzn€muma ir nepiecieSams, lai
pilnvertigi apmacttu jauno darbinieku.

4.2.1. tabula
Patéretas stundas jauna darbinieka apmacibai
Uznémums A B C D E F G H | J
Pateretas stundas
jauna darbinieka | 160 | 120 240 240 | 80 240 | 480 | 160 | 320 |480
apmacibai

Avots: darba autores apkopots un veidots
Darba autore izmantoja $adu darba raziguma formulu:

Sarazotas produkcijas daudzums

Darba razigums = _
g Izmantoto resursu daudzums (stundu skaits)

Avots: Sinicins, M. (2009). Ekonomika. (Ipp. 144-145). Riga: RaKa.

Uznemuma ,,B” darba raZiguma aprekina piemers

1. Pienemsim, ka ideala produkcijas razoSanas laika nav nevienas
aizkerSanas un ir visi nepiecieSamie materiali produkcijas sarazoSanai. Darbinieki ir
apmaciti un apgadati ar visiem nepiecieSamajiem instrumentiem, lai darbu paveiktu.
Ka arT darbiniekiem ir vélme un motivacija sasniegt uzn€muma ménesa sarazoto
produktu daudzuma meérki. Laiks tiek merits 1 dienas perioda un arl sarazota
produkcija ir uznémuma v€lamais mérkis dienas laika.
24 darbinieki sarazo 48 produktus ménesi. P&c aprékina 48 / 20 = 2,4 produkti diena.
24 darbinieki * 8 stundas = 192 stundas
2,4 produkti / 192 stundam = 0,0125 produkti stunda

2. Ja darbu sak jauns darbinieks un tas ir jaapmaca, visbiezak vecais
darbinieks v€l ménesi strada un apmaca jauno darbinieku, tad:
25 darbinieki sarazo 48 produktus ménesi. Pec aprékina tie pasi 2,4 produkti diena.
Pat@rétais laiks ménest, ko velta jauna darbinieka apmacibai uznémuma ,,B” ir 120
stundas, tas izdala ar 160 stundam (mé&nesa stundu daudzums) un diena tas ir 0,75
stundas, kuras japievieno ka virsstundas, kas tiek veiktas, lai pabeigtu v€lamo
produktu daudzumu diena.
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25 darbinieki * 8,75 stundas = 200 stundas

2,4 ma$inas / 200 stundam = 0,010971 produkti stunda

P&c $1 pieméra principa un ar darba raziguma formulas palidzibu tika aprékinats
darba raZigums ari citiem uzp€mumiem gan darbiniekiem, kuri ilgstosi strada
uzn€muma, gan ar darbiniekiem, kuriem ir jaapmaca jaunais darbinieks.
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Darba raZiguma aprékini raZo§anas uznémumiem

4.2.2. tabula

Uzpeémums A B C D E F G H I J
1. Pateretas

stundas —jauna | oo | 150 | 240 240 |80 | 240 | 480 | 160 | 320 | 480
darbinieka

apmacibai

2. Darbinieku | o7 | of | 49 170 |40 |8 17 |43 |25 |10
skaits

8. Produktu oo 1oy |3 805 | 1050 |78 | 145 |1052 | 630 | 960
skaits diena

4, Darba

razigums 143 10013 | 0008 |059 |328 | 122|107 |306 |315 |12
ilgstoSiem

darbiniekiem

5. Virsstundas | 075 (15 |15 |05 |15 |3 |1 2 |3
diena

6. Darba

raZigums ar |38 0011 | 0,006 |05 [301 |103 073|266 |242 |7,93

jaunu darbinieku

Avots: darba autores apkopots un veidots

Tabulas 4.2.2. skaidrojumi:

1.

Pateretas stundas katra uzn€muma, kas nepieciesams, lai apmacitu jaunu
darbinieku.

Darbinieku skaits, kas nepieciesams, lai darbotos viena konkréta produktu
Imnija.
Produktu skaits diena — ir aprékinats no ménesa uznémuma noteikta mérka,

kas jasasniedz.

Darba razigums ar pieredzgjusiem darbiniekiem. Tie ir darbinieki, kuri jau
kadu laiku strada un kuri zina savus darbus. Tie ir apmaciti un atbilstosi
kvalificéti.

Virsstundas diena — tas ir aprékinatas nemot v&ra to, cik konkr&tam
uzn€mumam ir nepiecieSamas stundas, lai jaunu darbinieku pilnvertigi
apmacitu.
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6. Darba raZigums ar jaunu darbinieku — tiek pielikts v€l viens darbinieks, kurs§
jaapmaca, bet visiem razoSanas linijas darbiniekiem ir jaturpina sasniegt
uzn€mumu merki.

Tabula 4.2.2. var redzet, ka uznémuma ,,G” tiek patérétas visvairak stundas
jaunu darbinieku apmacibai, toties vismazak stundas tiek paterétas uznémuma ,,E.”
Vidgji uz visiem uznémumiem tiek paterétas 252 stundas jaunu darbinieku
apmacibai. Un tapat art virsstundas, kuras jastrada katru dienu ir atkarigas no laika
cik ilgi tick apmacits jaunais darbinieks. Vid€ji uzn@mumiem ir jaapmaksa vismaz
1,575 stunda virsstundas, gadijuma, ja ir nepiecieSams apmacit jaunos darbiniekus.

Visaugstakais darba razigums ir uzn€mumam ,,J” ar 12 produktiem stunda,
viszemakais uzn€mumam ,,C” ar 0,008 produktiem stunda. Bet Sie skaitli katram
uzn€mumam nav salidzinami, jo katrs uznémums razo savus produktus.

P&c §1 jautajuma var secinat, ka jaunu darbinieku apmaciba uzn€émuma samazina
darba razigumu. Tatad uznémumiem ir jastrada pie ta, lai mazinatu personala
mainibu un nebiitu jaapmaca jaunie darbinieki, kuri palielina resursu daudzumu, kas
nepiecieSams, lai sarazotu nepiecieS$amo ménesa produktu daudzumu.

Otrs papildus jautdgjums ekspertu intervijas bija par to, lai noskaidrotu
ietekm@josakos faktorus personala mainibai uznémumos. Uzn&émumu vaditajiem 8
faktori bija jasarindo seciba no 8 — ka loti ietekmgjoss lidz 1 — ka personala mainibu
neietekmgjoss faktors. Apkopojot atbildes, izveidojas rezultats.

P&c uzn@mumu vaditaju domam personala mainibu visvairak ietekméjosakais
faktors ir darba samaksa. So faktoru, ka pasu ietekmgjosako, atZimgjusi visi
uznémumu vaditaji ka to var redzet tabula 4.2.3. Ar nakamo faktoru domas sak
dalities. Ka nakamo, svarigako vaditaji atzimé&jusi darba sp&ka migraciju. Treso vietu
dala 2 faktori — nematerialie ,,Jabumi” un darba vide. Ceturtais faktors ir darba
kolégi, piektais — darba piedavajumi regiona, sestais — uzlabojumi darbaspéka
kvalifikacija un septitais — piemaksu modeli.
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Faktoru ietekme uz personala maintbu uznémumos

4.2.3. tabula

: Umemumi | o g | ¢ |p |[E |F |G [H |1 |3 |MAXZ80 ) qeema
Faktori punkti
Darba samaksa 8 |8 [8 |8 [8 |8 |8 |8 |8 |8 |80 1
Darbaspeka migracija 4 |7 |6 |6 |7 |6 |7 |6 |5 |5 |59 2
Nematerialie "labumi” 6 |4 |1 |5 |6 |4 |5 |7 |4 |4 |46 3
Darba vide 3 |5 |7 |4 |1 |7 |1 |5 |6 |7 |46 3
Darba kolégi 5 |6 |3 |3 |3 |2 (4 |1 |7 |6 |40 4
Darba — piedavajumi | 5 15 14 17 |5 (3 |2 |4 |3 |2 |34 5
regiona
UZla.bOJl;ln.l.l_ darbaspeka 3 15 |2 lals5 |6 |3 |2 32 5
kvalifikacija
Piemaksu modeli 7 ]1 12 71 |2 |1 |3 |2 3 |23 7

Avots: darba autores apkopots un veidots

Analizgjot vaditaju sniegtas atbildes par faktoriem, kas ietekmé personala
mainibu, darba autore secinaja, ka visi min&tie un vél daudzi citi faktori noteikti
ietekm@ personala mainibu. Darbinieku mainiba samazina razosanas atrumu un Iidz
ar to samazinas ar1 sarazotas produkcijas daudzums, kas savukart samazina darba
razigumu. Jo uzn€mums vairak stradas pie ta, lai darbinieki justos labi, tiktu
uzklausiti, riipésies par to, lai regulari tiktu izmaksatas algas, uzlabos uznémuma
konkuretspgju un stradas pie citiem faktoriem, ko darba autore mingja uznémumu
vaditaju intervija, jo mazaka biis personala mainiba. Darba razigums ir loti svarigs
lielums razoSanas uzpémumiem. Katram uznémuma butu jacensas uzlabot savu
darba razigumu.

P&c darba raziguma aprékinasanas gan ar ilgstosi stradajosiem darbiniekiem,
gan ar jauniem darbiniekiem, darba autore secina, ka razoSanas uznémumi nav viegli
salidzinami. Tie ir loti atSkirigi sava starpa, jo produkta razoSanai vienam
uznémumam biis nepiecieSami tikai dazi darbinieki, citiem ta ir gandriz visu
darbinieku iesaiste. Darba razigums arf tiek ietekméts, ja uzn€mumiem nav atbilstosi
darbariki vai jaunakas tehnologijas, kas samazinatu laiku un uzlabotu darba
raZigumu uzpémumam.

5. SECINAJUMI

P&c ekspertu intervijas uzdota jautdjuma par personala pienemsanu, uzn€mumu
vaditaji atzimgja, ka ir svariga gan izglitiba, gan ieprieks€ja darba pieredze, gan
attieksme intervijas laika.

RazoS$anas uzne@mumos Latvija ir jitams tadu darbinieku, ka inzenieru un
kvalificétu razoSanas darbinieku trukums.

Darba deveji raZzoSanas uzn€mumos norada, ka darba alga ir personala mainibas
visietekmg&josakais faktors.

Darbinieki nejtitas noverteti un pietickami motiveti stradat uznémuma laba ar
pilnu atdevi.
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Lielaka dala aptaujato uznp€mumu nenem Vve€ra intervéjamo personu
izglitibas limeni. To apstiprinaja liclaka dala aptaujato darbinieku.

No 10 aptaujatajiem razoSanas uznp@mumiem tikai viena vaditaja bija
sieviete.

Vidgjais razosanas darbinieku vecums ir 35 gadi, kas ir salidzinosi neliels.

Lai stradatu uzn@muma, darbiniekam ir jabiit paSmotivétam. Darba devgjs
var tikai palidzeét, nodroSinot labu darba vidi un palidzet attistities, palielinot
atbildibu. Uzticot svarigakus uzdevumus un celot darbinieku kvalifikaciju.

Jaunu darbinieku apmaciba uznémuma samazina darba razigumu. Tatad
uzn€mumiem ir jastrada pie ta, lai mazinatu personala mainibu un nebiitu jaapmaca
jaunie darbinieki, kuri palielina resursu daudzumu, kas nepiecieSams, lai sarazotu
nepiecie$amo ménesa produktu daudzumu.
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METODOLOGIJAS IZSTRADE LATVIJAS UZNEMUMU
FINANSIALA STAVOKLA NOVERTESANAI

A. Pulkstene, S. Hilkevics

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Uznémuma finansiala stavokla noveértéSana ir sarezgits analitisks darbs, un
pirmais kritiskais veiksmes faktors ir vesturisko datu pieejamiba par
uznémuma uznéméjdarbibas raditajiem. Uznémuma novertéSanas merkis ir
tieSi atkarigs no potenciala adresata, kas v€las git zinas par uznémuma
komercialo vertibu. Potencialie adresati ir vadiba, IpaSnieki / investori,
kreditori, sabiedriba (piegadataji, pircgji, valdiba u.c.) un darbinieki. Turklat,
lai uzne@mums tiktu veiksmigi novertets, ir nepiecieSams lietot dazadas pieejas.
Darba mérkis ir izskatit metodologijas, kas var€tu tikt izmantotas Latvijas
uzp€mumu finansiala stavokla novert€Sanai, iegiitos datus salidzinat ar
Latvijas kapitasabiedribam un sniegt veértéjumu par uzraditajiem rezultatiem.
Lai analiz€tu Latvijas uznémumu datus ir nepiecieSams apskatit vairakas
literatlira  aprakstitdas uzn@mumu finansiala stavokla novértéSanas
metodologijas. Pédéjo meéneSu laika tika izskatitas vairakas literatiira
aprakstitas uznémuma finansiala stavokla veértésanas metodologijas. Par vienu
no labakam tika atzita Audit-it metodologija. Saskana ar Audit-it metodologiju
uzn€mumam ir nepiecieSams novertet divas parametru grupas, kas péc tam tiks
ieklautas galigaja finanSu raditaja «Final Rating Score» novertgjuma.

Atslégas vardi: finansu analize, uzneméjdarbibas raditaji, uznémuma
efektivitate.

1. IEVADS

Petfjums ir saistits ar svarigu Latvijas tautsaimniecibas attistibas
problému — Latvijas uzn€mumu finansiali ekonomiskas darbibas analizi. Ir svarigi
veikt precizu uzn€muma ekonomisko darbibas analizi, jo pasreizgja finansu vide,
kur arvien pieaug uzn@mumu velme audz@t tirgus varu, pirms pienem lémumu par
uznémumu apvienosanos, ir nepiecieSams noskaidrot, cik vertigs varétu bt
potencialais sadarbibas partneris [1].

Noveértgjot uzn€muma ,,finansialo veselibas stavokli” (sk. Robert C. Higgins,
Finan8u vadibas analize, pirma dala ,,Uznpémuma finansialas veselibas novertéSana”)
izkristalizgjas, ka tas ir sarezgits analitisks darbs, un pirmais kritiskais veiksmes
faktors ir nepiecieSamo vesturisko datu pieejamiba par uznémuma uznémejdarbibas
raditajiem.

Darba mérkis ir izskatit metodologijas, kas vargtu tikt izmantotas Latvijas
uzneémumu finansiala stavokla noverteSanai, ieglitos datus salidzinat ar Latvijas
kapitasabiedribam un sniegt vert€§jumu par uzraditajiem rezultatiem. Lai analiz&tu
Latvijas uzn€mumu datus ir nepiecieSams apskatit vairakas literatiira aprakstitas
uznémumu finansiala stavokla novértésanas metodologijas.

124



Darba izvirzita hipotéze ir $ada: uznémuma finansiali ekonomisko raditaju
analize dod iesp&ju izstradat rekomendacijas uznémuma finansiali ekonomiskas
darbibas uzlabosanai.

Darbs sastav no 3 dalam, kur pirmaja un otraja dala tiek apskatita uzn€muma
novertésanas teorétiska puse, izmantotie raditaji, iesaistitie informacijas lietotaji, ka
arT ir izskatitas jau eso$as metodologijas. TreSaja dala tiek parbaudits izvEl&tais
metodologijas algoritms Latvijas akciju sabiedribu rezultatu novertésanai, ka art tiek
salidzinati akciju sabiedribu un valsts kapitalsabiedribu finanSu rezultati.

Petijuma izmantotas metodes: teorctiskas: literatiiras par uznémuma
novertésanas metodologijam un finanSu raditajiem izp&te un analize; empiriskas:
dokumentu izpéte, esoso metodologiju pieméru izpéte; datu apstrades metodes:
aprakstosa statistikas analize (tabulas, diagrammas).

2. METODOLOGIJAS

Dalibniekiem, kas iesaistiti korporativaja finanSu joma, izpratne par
uzn@muma vertéSanas mehanismiem ir neatnemama prasiba. Tas notiek ne tikai
tapec, ka novertésanai ir svariga nozime uznémuma iegades un apvienosanas
procesa, bet ar1 tapec, ka uznémuma un ta strukttrvienibu vertesanas process
palidz identificét ekonomiskas iespgjas, ka ar1 draudus, kas var bitiski ietekmet
uzn@muma darbibu. [2]

Uzne@muma novertesanas pieejas tiek klasificetas sesas grupas [2]. Katra no
tam tiek skatita konkréta griezuma, kad nepiecieSams veikt uznémuma
novertésanu, tacu galvenokart, veicot uzn€muma novertésanu, tiek nemti véra tadi
faktori [3] ka:

e uznémuma finansialo raditaju salidzinasana ar analogisku uznémumu
raditajiem vai tas pasas nozares vid€jiem raditajiem;

e pasa uzpémuma raditdju salidzinaSana ar iepriek$€jo periodu
raditajiem, izvertgjot tendences;

e idealu vai normativu raditaju salidzinaSana ar uzn€muma raditajiem;
dazadu integralo koeficientu aprékinaSana.

Lai uznémums tiktu veiksmigi novertgts, ir nepiecieSams lietot dazadas

analizes metodes, ko detalizétak var apskatit uzne@muma novertésanas analizes
metozu tabula (skatit 2.1. tab.).
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2.1. tabula

Uznémuma novértéSanas analizes metoZu tabula

Horizontala analize | e  Atskaites periodu salidzinaSana ar plana perioda datiem

gada perioda datiem

Vertikala analize

Aktivu struktiiras analize
Kapitala struktiiras analize
Pelnas (zaud&jumu) aprékinaSanas struktiiras analize

SalidzinoS$a analize

SalidzinaSana ar vidgjiem nozares raditajiem
SalidzinaSana ar konkurentu finan$u raditajiem
Atskaites un plana (normativo) raditaju salidzinasana

Finansu raditaju
analize

Finansu stabilitates analize
Maksatsp€jas analize
Aktivu aprites analize
Rentabilitates analize

Integrala analize

Integralas analizes Dupona sist€ma
o Integrala finansu analize, orient&ta uz konkr&tu objektu

Avots: Rurane, M. (2007) Uzpémuma finanses. lzdevnieciba apgads
»Jumava”: Riga.

Lursoft novérteSanas metodologija

Uznpe€mums SIA “’Lursoft [T’ sadarbiba ar AS “’Capitalia’ ir izstradajis
uznémuma finansiala stavokla noverteésanas riku, kas tiek izmantots, lai noteiktu
uznémuma, biznesa vértibu. Lursoft novértéSanas metodologija pamata balstas un
vertg§jama uznémuma panakumiem - tiek nemta vera vert€§jama uznémuma
rentabilitate, izaugsme un paradsaistibas. Lursoft novérté$anas metodologijas
pamata tiek izmantota salidzinamo uzn€mumu metode. [4] Ta ir veért€Sanas tehnika,
kur tiek noskaidrota uzn€muma vertiba, nemot véra noteiktus raditajus starp vienas
nozares un Iidziga vecuma uzp@mumiem [5]. Lursoft novertgjums balstas uz
kompanijas iesniegtajiem vesturiskajiem finansu datiem, ta vertibas aprékins tiek
balstits uz vésturisko uznémuma apgrozijumu, izaugsmi un rentabilitati [6].

Papildus tam Lursoft novértésanas metodologija ietver uznémuma izversto
analizi, lai vienlaikus tiktu apkopoti uznémuma finan$u un registracijas dati, ka ar1
pec izstradatiem parametriem tiek noteikts uzp@muma reitings, kur iesp&ams
aplikot uzn€muma attistibu ilgaka laika posma [7]. Lai informacija butu vieglak
uztverama, ta tiek atspogulota grafiska veida [8].

Metodikas salidzinoSie raditaji ir izveidoti, nemot ve€ra uznémuma
registracijas un gada parskata datus, ka ari tiek nemti véra Lursoft izveidotie finansu
analizes dati [7]. Izmantojot konkr&tos raditajus, ir iesp&jams noteikt vertejama
uznémuma attistibas tendences, ka ar ir iesp&jams datus salidzinat ar citiem nozaré
esosiem uzn€mumiem, jo salidzinoSie raditaji atspogulo informaciju par uzngmumu
konkrétaja finansSu gada, kur pargjie Latvijas uznémumi atspoguloti péc ta pasa
principa.
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Vertesana tiek nemti vera tadi raditaji ka [9]:
e Uznémuma vecums: tie tiek sarindoti péc uznémuma registracijas datuma.
Raditajs tiek izmantots novertésana, jo var noradit uz uzn€muma stabilitati;

e Pasu kapitals: uznp@muma pozicija tiek noteikta, sakartojot uzn€mumus pé&c
bilance noraditas pasu kapitala kopsummas dilstosa seciba;

e lgtermina ieguldijumi: uzn@muma pozicija tiek noteikta, sarindojot
uznemumus p&c bilance noraditas ilgtermina ieguldijumu kopsummas dilstosa
seciba;

e Aktivu bilance: uznémuma pozicija tiek noteikta, sarindojot uzn€mumus péc
bilance noraditas aktivu kopsummas dilstosa seciba;

e Pamatlidzekli: uznp€muma pozicija tiek noteikta, sarindojot uznémumus péc
bilance noraditas pamatlidzeklu kopsummas dilstosa seciba;

e Likviditate: sniedz informaciju par uznémuma spé&ju tikt gala ar istermina
saisttbam un finansu riskiem, ja tadi pastav;

e Rentabilitate: atspogulo informaciju par to, cik liela ietekme ir apgrozamajiem
lidzekliem, ilgtermina ieguldijumiem un kreditoru administréSanai uz
uznémumu darbibu. Ar So raditaju izverteé uznémuma vadibas l@émumu
efektivitati;

e Registrétais pamatkapitals: uznémuma pozicija tiek noteikta, sarindojot
uznémumus péc Uznémuma registra registréta pamatkapitala.

Lursoft uzn@muma vértéSanas metodika ietver arT uznémuma izversto analizi,
kur tiek analizeti un veérteti 7 kriteriji, kas parada uzn€muma vietu nozar€ pec katra
no krit€rijiem: darbibas apjoma, ienesiguma, likviditates, kapitala un kapitala
atdeves, rentabilitates, efektivitates un aktivitates. Analize tiek atspogulota katra
raditaja mediana, kas norada uz vertéjama uznémuma ienemto vietu attieciba pret
pargjiem nozares uzn€mumiem. No ta izriet, ka medianas garums attieciba pret
augstako vai zemako vietu veértéSanas skala norada uz uznémuma atrasana vietu
attieciba pret vidgjo Latvijas uzn@mumu nozareé. Piemeéram, jo garaka ir zala dala, jo
uznemums tiek vertets augstak, bet ja garaka ir oranza dala, tad uzn@mums atrodas
zemaka pozicija attieciba pret vid€jo uzn€mumu nozar€. [6] Attiecigi uznémuma
izverstas analizes rezultata tiek noteikts uzn€muma kopgjais reitings. Lursoft
uzn€muma vertésanas metodika paredz uzn€mumus sakartot pec katra no raditajiem.
Uzpémumu kartoSana attiecigi tiek atspogulota dilsto$a seciba, kur augstak
novertétais uznémums ienem augstaku poziciju nekd uznémums ar zemakiem
raditaju rezultatiem, kas attiecigi nozimé, ka tiek ienemta zemaka pozicija. Tadgjadi
péc uznémumu sarindoSanas tiem tiek pieskirti reitinga punkti — 1. pozicija iegust
100 punktus, kamér vidgjais uznémums, kas var biit gan nozaré, gan Latvijas
meéroga, sanem 50 reitinga punktus, bet tie uznemumi, kas atrodas zem un virs vidgja
sanem punktus proporcionali iegiitajai pozicijai, kas nozime, ka zemak novertetais
uzneémums ieglst 0 punktus. [6]
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Audit-ir.ru  ir

Audit-it novértésanas metodologija

interneta vietne, kuru izveidojis

auditoru uzp€mums

audita jautajumiem, ka arT ta ietver uzn€muma novertéSanas iespgjas. Ta ka
nepiecieSamiba péc uznémuma novértésanas radija arvien lielaku pieprasijumu, tad
2005. gada tika izveidots unikals produkts — “’Jiisu finansu analitikis’’, kur§ kops
izveides dienas tiek nepartraukti uzlabots. [10] P&c uzn€muma piedavata ilustrativa
piemera jebkurs interesents var veikt uzn€muma novertéSanu [11].
metodologiju var iedalit 4 posmos.

Pirmaja posma tiek atspoguloti 8 raditaji, kas tiek sadaliti divas grupas:
finanSu stavokla analizes grupa, kur ietilpst parada attiecibu raditajs (Debt ratio),
ilgtermina aktivi — neto vértiba (Non-current assets to net worth), pasreizgjais
raditajs (Current ratio), atras attiecibas koeficients (Quick ratio ) un naudas attiecibas
koeficients (Cash ratio), tau uznémuma darbibas efektivitates analizes grupa ietver
kapitala atdeves raditaju (ROE), aktivu atdeves raditadju (ROA) un apgrozijuma
pieauguma raditaju (Sales growth). Raditaji tiek aprékinati ta, ka aprakstits 2.2.

tabula, kas izveidota no Audit-it.ru pieejama metodologijas apraksta.

Kopuma

2.2. tabula

Uznémuma finansiala stavokla un efektivitates radrtaji

Raditajs Aprekins Ieteicama vertiba
Parada Saistibas tiek dalitas ar aktivu kopsummu, kas <0,6
koeficients parada uznémuma finansialo stavokli (Optimals:

0,3-0,5)
llgtermina aktivi | Tiek dalitas ilgtermina saistibas ar neto aktiviem. <1,25
— neto vertiba
Pasreizgjais Istermina aktivi tiek daliti ar Tstermina saistibam, 2<
raditajs kas parada uznémuma sp&ju segt istermina saistibas
Atras attiecibas Likvidie aktivi tiek daliti ar istermina saistibam, kas 1<
koeficients parada uznémuma spé&ju dz€st Tstermina saistibas
Naudas attiecibas | Absoliiti likvidie aktivi tiek daliti ar 1stermina 0,2<
koeficients saistibam, kas parada sp&ju apmaksat istermina

saistibas

Pasu kapitala Tiek daliti neto ienakumi ar pasu kapitalu, kas 12% <
atdeve parada uznémuma rentabilitati
Aktivu atdeve Tiek daliti neto ienakumi ar aktivu kopsummu 6% <
Apgrozijuma
pieaugums

Autores izveidota tabula.

Avots: Audit-it.ru. (2011). Goldstar's Financial Condition Analysis for the Period

from 01.01.2008 to 31.12.2010.
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Otraja posma katram no raditajiem tiek pieskirts vert€jums, kas atrodas
diapozona no -2 lidz 2. Veértgjums tiek noteikts pagatnes vertibam, tagadnes un
nakotnes vertibam. Pieskirtie vertejumi tiek interpreteti [11]:

* -2 raditajs ir loti slikts;

* -1 raditajs ir slikts;

* 0 raditajs atbilst normativam;
+ 1 raditajs ir labs;

2 raditajs ir loti labs.

Kad ir noteikti vertejumi, tad tiek aprekinatas vidgjas vertibas, kur pieskirti

attiecigi koeficienti — pagatnei 0,25, tagadnei 0,6, nakotnei 0,15.
TreSaja novertéSanas posma katram no raditajiem tiek pieskirts svara koeficients
attiecigi péc svariguma pakapes. Katra no raditaju grupam kopsumma attieciba uz
koeficientiem veido 1. P&c svara koeficientu pieskirSanas ir svarigi aprekinat raditaju
vidgjo vertibu, nemot véra ieprieks noteiktos koeficientus [11].

Ceturtaja vert€Sanas posma tiek noteikts uznémuma reitings, izmantojot
koeficientu pieskirSanu iegiitajiem rezultatiem: uzn€muma finansu stavokla analizes
raditaju vidgja vertejuma TIpatsvaru reizina ar 0,6, bet uznémuma darbibas
efektivitates analizes raditaju vidgja vertgjuma TIpatsvaru summu reizina ar
koeficientu 0,4. Uzpémuma finansiala stavokla raditajam tiek pieskirts gala
novertejums, kas attélots zemak (skatit 2.3. tab.). [12]

2.3. tabula

Uzneémumu finansiala stavokla vertejums péc reitinga metodes

Rezultats Simbols Finansiala Vertéjuma nozime
stavokla
No | Lidz (vertéjums) raksturojums
(ieskaitot)
2 1,6 AAA Izcils Reitings "AAA" - "AA" norada uz izcilu (loti labu) finansialo
stavokli organizacija, tas sp&ju izpildit savas saistibas Istermina un
16 |12 AA Loti labs ilgtermina. Sadas organizacijas ietilpst uzticamu aiznéméju

kategorija ar augstu kreditsp€jas pakapi.

1,2 |08 A Labs Reitings "A" - "BBB" norada uz labu (pozitivu) finansialo stavokli
organizacija, tas speju izpildit saistibas Tstermina. Organizacijas,
kuram ir S$is vertgjums, ietilpst aiznémeju kategorija, kuriem

08 |04 BBB Pozitivs kreditresursu iegliSanas varbitiba ir augsta (laba kreditspgja).

04 |0 BB Normals Reitings "BB" - "B" atspogulo organizacijas normalu (apmierinosu)
finansialo stavokli, kurda lielaka dala raditaju atbilst standarta
vertibam. Organizacijas, kuram ir Sis reitings, var uzskatit par
darfjumu partneriem, attieciba uz kuriem ir nepiecieS8ama piesardziga
pieeja riska parvaldibai. Organizacija var pieprasit sapemt

0 -0,4 B Apmierinoss kreditresursus, tacu [émums liela mera ir atkarigs no papildu faktoru
analizes (neitrala kreditsp&ja).
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CCC

Neapmierinoss

CcC

Nelabveligs

Reitings "CCC" - "CC" norada uz neapmierinosu (sliktu)
organizacijas finansialo stavokli, kura parasti finanSu raditaji
neietilpst normativa. Sada uzn@muma vértéjuma iemesli var bat
objektivi (mobilizeti resursi liela méroga projektu TstenoSanai,
lieliem darfjumiem, vispar&jai lejupslidei vai krizes situacijai kadas
valsts vai nozares ekonomika utt.). Sadas organizacijas var
pieteikties kreditresursu iegtiSanai tikai ar ticamam garantijam par
lidzeklu atgiisanu, kas nav atkarigi no finanSu stavokla un
organizacijas darbibas rezultatiem nakotné (slikta kreditsp&ja).

Slikts

Reitings "C" - "D" attiecigi ir loti slikts vai kritisks organizacijas
stavoklis. Lielaka dala finansu raditaju ir daudz sliktaki neka
regulativie raditaji. Ar reitingu "D" pastav liela varbitiba, ka

-1,6

D Kritisks nepildisanas varbitiba).

Avots: Audit-it.ru. (2018). 06 asmope u memoouxax

Morningstar novérte§anas metodologija

Morningstar uznémuma novertésanas sistéma tika izveidota 1985. gada, tacu
2002. ta kluva jégpilna, jo tika pilnveidota: tika izveidotas kategorijas, kuras tiek
verteti un salidzinati nozaru uzn€mumi, ka arT tika pilnveidoti esoSie un izveidoti
jauni raditaji, kas galvenokart mera pelnas raditajus un no tiem izrietosos riskus [ 13].
Papildus tam tika izveidotas mazaku grupu kategorijas, lai varétu atskirt, kuri raditaji
konkrétajai mérkauditorijai (piemeram, investoram) ir svarigaki. Nelielas kategoriju
grupas lauj potencialajam investoram atlasit vienas nozares lidzigas uznémumus, kas
izmanto lidzigas darbibas stratégijas, lauj vieglak noveértét potencialo uznémumu
lidzeklus, pamatojoties, pieméram, uz uznémuma koriggto riska atdevi.

Pamata Morningstar metodologija ir balstita uz paredzamo lietderibas teoriju,
kura tiek pienemts, ka investors ir jutigaks pret sliktu finansu rezultatu neka pret
negaiditi augstas pelnas ieguvi. Teorija paredz, ka investors labpratak atsakas no
dalgji paredzamas pelnas, ja, veicot investicijas, tiek nodrosSinata lielaka atdeve ar
nelielu risku. [14]

Papildus tam Morningstar novértéSanas metodologija ietver informacijas
saglabaSanu no vairs nepastavoSiem fondiem, tacu jamin, ka informacijas
aptveramiba ir ierobeZota, jo dati ir pieejami no 2002. gada. ST iemesla d&l nav
jegpilni Sos datus, kas ir vecaki par 2002. Gadu, izmantot datu analizei, kas savukart
nozimé, ka Morningstar novértésanas metodologijai nav praktiska pielietojuma, ja
ir nepiecieSams datu salidzinasana un uznémuma noverté€Sana izmantot informaciju
par periodiem pirms 2002. gada. [15]

Morningstar veértéSanas metodologija kopuma balstas uz vairakiem
mainigajiem lielumiem, kas, papildus apvienojot finanSu raditajus, uzn€muma
veiktspgju (atdevi) un riskus, sniedz uzn€muma finansu stavokla gala novertgjumu.
Potenciala uzn@muma pieejamajai vesturei ir jabut ilgakai par 3 gadiem, citadi
uznémums  netiek  vertéts  starp  pargjiem  nozares  uzpémumiem.
[16] Morningstar novertésana ir lietderiga, lai veiktu uzn@mumu noveértésanu un
atlasi, un, lai veicot papildus pétfjumus, varétu atlasit uznémumus, kuros ir verts
ieguldtt [17].

Izskatot metodologijas, kas balstitas uz uznémuma pelnu, izaugsmi un aktivu
atlidzibu un analizg&jot uzn€muma aktivu un pasivu struktiiru, galvenos uznémuma
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finansialas ilgtspgjas raditajus, var secinat, ka par pasreiz labako uzn€muma
noveérté$anas metodologiju var atzit Audit —it metodologiju. Ta novertgjot
uzn€muma finansu rezultatus var aprékinat finansu stavokla galigo reitingu. Ta ka
kritiskais veiksmes faktors ir datu pieejamiba, tad labak atzita metodologija Audit-it
— tiks talak izmantota, lai veiktu Latvijas akciju sabiedribu darbibas analizi.
Pasreizgjos apstaklos, kur nav briva piekluve Latvijas uzn@mumu finansu datiem, lai
gitu informaciju par uznpemumu darbibu, tiks salidzinats akciju sabiedribu un
Latvijas kapitalsabiedribu sniegums. Saskana ar Audit-it metodologiju uznémumam
ir nepiecieSams novertet divas parametru grupas, kas pec tam tiks ieklautas galigaja
finansu raditaja «Final Rating Score» noveértgjuma. Pirma parametru grupa ir
«finansu stavoklis» (financial position), kas ir atkarigs to tadiem raditajiem, ka Debt
Ratio, Current Ratio, Quick Ratio, Cash Ratio, NCA/Net worth. Otra parametru
grupa ir «finan$u veiktspgja» (financial performance) kas ir atkarigs no ROE, ROA,
Sales Growth.
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3. REZULTATI

Audit —it metodologijas algoritma izmantoSana Latvijas akciju

sabiedribu darbibas analizei

Sakotngjie dati par Latviju tika iegtiti no Nasdaq fondu birzas, kur ir ieklauti
20 Latvijas akciju sabiedribam sanemto raditaju paraugi, kas tiks izmantoti talakai
analizei. Metodologija, kas tiks izmantota Latvijas akciju sabiedribu finansu
stavok]a noverteSanai, ir revizijas uznémuma “Avdeev & Co” piedavata, ka maksas
pakalpojums. legitie rezultati apskatami 3.1. tabula. tabula

3.1. tabula
Latvijas akciju sabiedribu darbibas novértéjums
Uznémums Gala Finansu Finansu
novertejums | stavoklis veiktspeja
Brivais Vilnis 0.05 -1.05 1.7
Ditton pievadkézu riipnica -0.59 -1.95 1.45
Grindeks 1.352 11 1.73
Grobina -1.1625 -1.7375 -0.3
Hansa Matrix -0.228 -1.58 1.8
Kurzemes atslega 1.1525 0.7875 1.7
Latvijas Balzams 1.003 0.605 1.6
Latvijas Gaze 1.306 1.13 1.57
Latvijas Juras medicinas 1.368 1.1 1.77
centrs
Olainfarm 1.02 0.5 1.8
PATA Saldus -0.24 -1.6 1.8
Rigas autoelektroaparatu -0.597 -0.415 -0.87
riipnica
Rigas elektromasinbiives 0.274 -0.81 1.9
riipnica
Rigas juvelierizstradajumu 1.387 1.205 1.66
riipnica
Rigas kugu buvétava 0.0125 -0.7725 1.19
SAF Tehnika 1.498 1.31 1.78
Siguldas ciltslietu un 1.48 1.4 1.6
maksligas apsékloSanas stacija
Valmieras stikla skiedra -0.4095 -1.7625 1.62
VEF 0.3645 -0.5125 1.68
VEF Radiotehnika RRR 0.0795 -0.5075 0.96
Vidgji | 0.523290909 | -0.058272727 | 1.395636364
Standarta novirze | 0.688708182 | 1.052992855 | 0.602312715
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Vertejot Latvijas akciju sabiedribu vid€jo sniegumu, tas tiek novertéts
pozitivi, sanemot ’BBB’’ novertgjumu, kas nozimé, ka Latviju akciju sabiedribu
sniegums norada uz labu (pozitivu) akciju sabiedribu finansialo stavokli, to spgju
izpildit savas saistibas Istermina. Organizacijas, kuram ir §ads vertejums, ietilpst to
kreditne€méju kategorija, kuriem kreditresursu iegiiSanas varbiitiba ir augsta (laba
kreditsp&ja). No Audit-It metodologijas izriet, ka par labak novértéto uznémumu
starp Latvijas akciju sabiedribam var izdalit SAF Tehniku, kur iegiitais vert&jums ir
1.498, ka ar1 jamin Siguldas ciltslietu un maksligas apseklosanas stacija, kas iegtst
lidzigu novertgjumu — 1.48. Abi ieprieks min&tie uzn€mumi iegtst vertgjumu ’AA”’
jeb uzn€mumi tiek vertéti loti labi, kas norada uz labu finansialo stavokli
organizacija, to sp&ju izpildit savas saistibas Tstermina un ilgtermina. Sadas
organizacijas ietilpst uzticamu aiznéméju kategorija ar augstu kreditspgjas pakapi.
Pasreiz sliktaka situacija starp Latvijas akciju sabiedribam ir AS ’Grobina’’, kas
iegiist vertg§jumu “’CC’’ jeb uznémums tiek vertéts ka nelabveéligs. AS “’Grobina’’
vertejums norada uz neapmierinoSu (sliktu) organizacijas finansialo stavokli, kura
parasti finan$u raditaji neietilpst normativa. Sada uznémuma vértéjuma iemesli var
but objektivi (mobilizéti resursi liela meéroga projektu istenosanai, lieliem
darfjumiem, vispargjai lejupslidei vai krizes situacijai kadas valsts vai nozares
ekonomika utt.). Sadas organizacijas var pieteikties kreditresursu iegiiSanai tikai ar
ticamam garantijam par lidzeklu atgtiSanu, kas nav atkarigi no finansu stavokla un
organizacijas darbibas rezultatiem nakotn€ (slikta kreditsp€ja). Taja paSa laika
neviena no Latvijas akciju sabiedribam nesanem ne augstako noveértgjumu, ne pasu
zemako.

Valsts kapitalsabiedribu finanSu raditaju salidzinasana ar Latvijas akciju
sabiedribu raditajiem

Ta ka pasSreiz Latvija nav izstradata vienota uznpemumu datu baze, kur
bezmaksas vargtu iegiit informaciju par mazo un vid€jo uzp€mumu finansu
raditajiem, tad lai uzskatami izpé&titu pieejamos datus — Latvijas akciju sabiedribu
(AS) un Latvijas kapitalsabiedribu (PKC), tika veikta savstarpgja finansu raditaju
salidzinasana un verté€Sana, nemot veéra esosos raditajus atseviski. Lai tiktu attainota
maksimali preciza informacija, tad pie uznémumu novertésanas tika skatitas vidgjas
vertibas, jo Latvijas akciju sabiedribu kategorija ietilpt 20 uzn@mumi, kamér eksiste
70 Latvijas kapitalsabiedribas.

Vertgjot uzn€mumu darbibu, nemot vera to apgrozijumu, kas parada
pardosanas apjomus gada griezuma, 3.1. att€la var redzet, ka laika posma no 2013.
gada Iidz 2017. gadam (ieskaitot) Latvijas akciju sabiedribas strada ar lielaku
apgrozijumu, ka arT akciju sabiedribu ikgadgjais apgrozijums atspogulo vienmerigu
un stabilu situaciju. Taja pasa laika kapitalsabiedribam verojamas biitiskas
atSkiribas, ja salidzina 2013. gadu ar 2014. gadu, tad apgrozijums ir palielingjies
gandriz uz pusi jeb 20,79 milj. euro. Apgrozijuma palielinasanos ir ietekmgjusi tadi
uzneémumi ka SIA “’Hiponia’’, kur apgrozijums pieaudzis par 34,13%, AS
“’Latvenergo’’, kur apgrozijums pieaudzis par 19,90%, VSIA ¢’ Latvijas Vides,
geologijas un meteorologijas centrs’’, kur apgrozijums palielinajies par 32,37%, STA
*> Standartizacijas, akreditacijas un metrologijas centrs’’, kur apgrozijums pieaudzis
par 29,83%.
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3.1.attéls

Uzp@mumu apgrozijums
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Akciju sabiedribu apgrozijums Kapitalsabiedribu apgrozijums

Pie uznémumu noverté$anas ir svarigi skatit rentabilitates raditajus, kas ir
vieni no svarigakajiem, lai saprastu, vai uzn€mums sniegs pelnu, ka ar7 lai noteiktu
potencialas pelnas apméru. Lidzigi ka pie uzn@mumu apgrozijuma, ta ari pie neto
pelnas vértésanas tika skatitas akciju sabiedribu un kapitalsabiedribu vid&jas veértibas
gada griezuma. P&tot 3.2. attela esoSo raditaju, var redzet, ka akciju sabiedribu pelnai
no 2014. gada Iidz 2016. gadam ir tendence pieaugt, tacu pieauguma temps ir 1€ns,
bet kapitalsabiedribam pelnas pieauguma temps ir straujs, jo 1pasi, ja salidzina 2016.
gadu ar 2017. gadu. Lielakais pelpas pieaugums 2017. gada verojams tados
uzn€mumos ka AS ¢’ AirBaltic Corporation’’ , kur pelna palielinajusies par 97,45%,
AS ©* Attistibas finanSu institticija Altum’’ , kur pelna pieaugusi par 68,75%, VAS
** Elektroniskie sakari’’, kur pelna pieaugusi par 85,24%, AS ** Latvenergo’’, kur
pieaugums bijis 59,45% un VAS > Latvijas dzelzcel$’’, kur pelna pieaugusi
par 96,62%. Kaut art valsts kapitalsabiedribu galvenais mérkis ir sniegt p&c iespejas
lielaku ekonomisko un socialo labumu sabiedribai, esosie pelnas raditaji liecina par
labaku uznémuma finansu stavokli neka Latvijas akciju sabiedribam — 2017. gada,
rékinot vidgjo rezultatu gan kapitalsabiedribam, gan akciju sabiedribam, pelna ir par
52,09 % lielaka tiesi kapitalsabiedribam.

3.2.attels
Pelna (zaud&jumi)
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Kaut arT akciju sabiedribam vidgji pelna 2017. gada ir bijusi zemaka neka
kapitalsabiedribam, ir svarigi vertét ar1 citus rentabilitates raditajus. Aktivu atdeve
ir viens no butiskiem kritérijiem, lai analiz€tu uznemuma darbibas efektivitati, jo tas
atspogulo, cik ienesigi ir uzn€muma aktivi pelnas veidosana. Kopuma aktivu atdeve
labak rezultgjas akciju sabiedribam, kaut ar1 2015. gada ir v€rojams straujs kritums,
ko var€tu saistit ar 2015. gada esoSajam ekonomiskajam problémam - rietumvalstu
un Krievijas savstarp&jo sankciju raditais satraukums rezultgjas Krievijas ieviestaja
embargo daudzam ES prec€m. Attela 3.3. dati liecina, ka 2017. gada akciju
sabiedribu un kapitalsabiedribu aktivu atdeves starpiba ir bijusi 9,58%.
Kapitalsabiedribam S$is raditajs vidgji jau no 2013. gada ir vertejams ka zems, kas
liecina par sliktu sp&u uznémuma aktivus iesaistit pelnas veidosana.

3.3.attéls
Aktivu atdeve (ROA) 782
10.00 :
= 500, 382 g 092 095
5 o00 *T1 75 T 476
@ 5 OO2013 2014 2015 2016 2017
< -10.94
©)
S -10.00
-15.00
Gads
AS aktivu atdeve (ROA) PKC aktivu atdeve (ROA)

Tikpat svarigi, ka vertet uznémuma aktivu atdevi, ir novertet pasu kapitala
atdevi, jo no ipasnieku viedokla, §is ir butiskakais rentabilitates raditajs; tas rada, cik
daudz pelnas ieglts no katras uzn@muma iegulditas naudas vienibas. 3.4. atte€la
redzams, ka akciju sabiedribam ROE ir krietni augstaks 2017. gada neka valsts
kapitalsabiedribam — starpiba ir 27,86%. Lidzigi ka ar aktivu atdeves raditaju , ari
pasu kapitala atdeves raditajs akciju sabiedribam 2015. gada ir bijis kritiski zems.
Ta ka ir redzamas krasas izmainas akciju sabiedribam, tad ir butiski izvertet
iespgjamas investicijas $ajos uzn€mumos, jo ir sarezgiti prognozet turpmako
rezultatu. Taja pat laika valsts kapitalsabiedribam paSu kapitala atdeves raditajs ir
stabils un vertgjams ka pozitivs, kas ir butisks faktors, lai sanemtu talakas dotacijas,
ziedojumus, kas gala rezultata rada pelnu.

3.4.attels
Pasu kapitala atdeve (ROE)
40.00 3312
= 11.66
5 20.00 4, . 5.26
-é 6.12 89 3.18 246
E 0.00
= 2013 014 2015 2016 2017
8 -20.00 +16.60 %(38 -36.20
~ -40.00
Gads
AS pasu kapitala atdeve (ROE) PKC pasu kapitala atdeve (ROE)
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Kajau 2. nodala tika minéts, tad likviditates raditajs ir batisks pie uznémuma
novertésanas, jo tas atspogulo to, cik liela méra uznémuma apgrozamie Iidzekli ir
likvidi, lai segtu Tstermina saistibas. Ka 3.5. att€la redzams gan akciju sabiedribas,
gan valsts kapitalsabiedribas izpilda ieteicamo nosacijumu, ka ieteicama attieciba ir
2:1. Akciju sabiedribam $is koeficients ir augstaks, kas nozimé, ka esosie Iidzekli
lidz galam netiek racionali izmantoti. Maksimali tuvinot raditaju idealajai attiecibai
ir iesp&jams aiznemties vairak Iidzeklus, lai palielinatu attistibas iesp&jas, piemeéram,
palielinat tirgus dalu.

3.5.attels
Kopgjais likviditates koeficients
g ° 646 5.52 1k
56 448 ' 4.23 4.y8
Q
S 4 286 2.33 241 2.42
ey
8
g0
s 2013 2014 2015 2016 2017
i Gads
S
AS kopgjais likviditates koeficients PKC kopgjais likviditates koeficients

Vertgjot Latvijas akciju sabiedribu darbibu analizi péc Audit-It
metodologijas, var secinat, ka tas darbojas labi un ir vieta turpmakai attistibai.
legttie rezultati apstiprinajas ar1 pie atsevisku raditaju analizes — gan rentabilitates
raditaji, gan likviditates raditajs liecina par stabilu un veseligu uzn@muma vidi. Ja
salidzina Latvijas akciju sabiedribas ar Latvijas kapitalsabiedribam, tad vertgjums ir
nekonkréts. Akciju sabiedribu darbiba ir griitak prognoz€jama, jo ir gan strauji
kapumi, gan kritumi, kur taja pat laika kapitalsabiedribu veikums ir stabils ar
tendenci uz izaugsmi. Ja uzp€mumu verté no pelnas viedokla, tad viennozimigi
labakus rezultatus uzrada kapitalsabiedribas, tacu pie uzn€muma novertéSanas nav
pareizi balstities tikai uz pagatnes rezultatiem — ir javerte raditaji, kas butiski var
izmainit nakotnes situaciju un $aja gadijuma akciju sabiedribam situacija ir labaka.
Akciju sabiedribas labak spgj izmantot uzn@muma esosos aktivus, ka arT likviditates
koeficients (Current ratio) ir augstaks, kas nozimg, ka pastav brivi lidzekli, lai raditu
lielaku pelnu uzpemuma attistibas rezultata. Ar to ari varétu bit skaidrojama
kapitalsabiedribu pelna, jo kopgjais likviditates koeficients liecina par racionalaku
lidzeklu izmantosanu. Ja skatas tagadnes griezuma, tad veiksmigak strada
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kapitalsabiedribas, tacu, ja skatas nakotnes griezuma, tad labaku rezultatu varétu
prognozet tiesi akciju sabiedribam.

10.

11.

12.

4. SECINAJUMI

P&tfjuma rezultati runa par labu izvirzitajai hipot€zei, jo novertgjot uznémuma
raditajus ir iespgams noteikt uzn€muma attistibas, izaugsmes iespgjas,
pieméram, vertgjot Latvijas akciju sabiedribu vidgjo likviditates koeficientu,
var redzet, ka pastav brivi lidzekli, lai radttu lielaku pelnu uzn€muma attistibas
rezultata.

Uzpe@muma novert€sanas merkis ir tieSi atkarigs no potenciala adresata, kas
velas gut zinas par uznémuma komercialo vertibu.

Uznémuma novertéSanas informacijas lietotaji ir vadiba, Tpasnieki/ investori,
kreditori, sabiedriba (piegadataji, pircgji, valdiba u.c.) un darbinieki.
Uzne@muma finansiala stavokla noveérteSanai var izmantot vairakas pieejas, kas
atSkiras ar izmantojamo raditaju sarakstu.

Kritiskais veiksmes faktors uznémuma noverté€sana ir nepiecieSamo datu par
uzn€muma finansu raditajiem pieejamiba.

P&d&jo meénesu laika tika izskatitas vairakas literatiira aprakstitas uznémuma
finansiala stavokla vértésanas metodologijas. Par vienu no labakam tika atzita
Audit-it metodologija, jo ta ir Iidziga Lursoft metodologijai.

Saskana ar Audit-it metodologiju uznémumam ir nepiecie$ams novertét divas
parametru grupas, kas pec tam tiks ieklautas galigaja finansu raditaja «Final
Rating Score» novertgjuma.

Pirma parametru grupa ir «finansu stavoklis» (financial position), kas ir atkarigs
to tadiem raditajiem, ka Debt Ratio, Current Ratio, Quick Ratio, Cash Ratio,
NCA/Net worth.

Otra parametru grupa ir «finansu veiktspgja» (financial performance) kas ir
atkarigs no ROE, ROA, Sales Growth.

Latviju akciju sabiedribu sniegums norada uz labu (pozitivu) akciju sabiedribu
finansialo stavokli, to sp&ju izpildit savas saistibas Tstermina.

Analizejot Latvijas akciju sabiedribas un Latvijas kapitalsabiedribas
izkristaliz€jas, ka no tagadnes viedokla labak tiek vertgtas kapitalsabiedribas,
bet no nakotnes viedokla akciju sabiedribas.

Lai uznémuma noverté$ana bitu veiksmiga, ir nepiecieSams izskatit vairakus
raditajus, nevis balstities uz pelnas rezultatu.
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LATVIJAS UZNEMUMU FINANSIAL! EKONOMISKJ:&S
DARBIBAS NOVERTESANAS METOZU SALIDZINOSA
ANALIZE

V. Semakina, S. Hilkevics

Ventspils Augstskolas
Ekonomikas un parvaldibas fakultate,
Inzenieru iela 101, Ventspils, LV-3601, Latvija

Uznémumu darbibas analize izmanto loti daudz dazadu vertésanas metozu, bet
joprojam $o metozu klasifikacija ir svariga teorétiska probléma.

Ir nepiecieSams atzimet, ka veicot uznémuma finansiali ekonomiskas darbibas
analizi, ir janem veéra uznémgjdarbibas procesa dalibnieku intereses.
Dalibnieku intereses ir dazadas un §1 iemesla dél uzpémuma finansiali
ekonomiskas darbibas vért&jumi var atskirties.

Darba ietvaros tika veikta finansiali ekonomiskas darbibas novert€Sanas
metozu salidzino$a analize, rezultati tika izmantoti Latvijas uzpEémumu
finansiali ekonomiska stavokla noveértesanai.

Darba rezultati var€tu biit izmantoti Latvijas akciju sabiedribu finansiali
ekonomiska stavokla novértésanai.

Atslégas vardi: uznémuma darbibas analize, uznémuma darbibas raditaji,
investiciju teorija

1. IEVADS

Darba meérkis ir piedavat jaunu klasifikaciju uzn€mumu finansiali
ekonomiskas darbibas analizes metodém, izskatit dazadas pieejas uzn€muma
novértesanai, veikt uznémuma finansiali ekonomiskas darbibas novertéSanas metozu
salidzinoSo analizi un pielietot uzn@mumu analizes teorétiskas metodes Latvijas
uznémumu darbibas novertésanai.

Izmantotas metodes: uznémuma finansiali ekonomiskas darbibas analizes
metodes (ieneémumu-izdevumu analize, naudas pliismas analize, likviditates analize,
finanSu sviras analize, tirgus vertibas analize), modelesana MATLAB vide.

2. UZNEMUMA DARBIBAS ANALIZES METOZU DIVDIMENSIJU
KLASIFIKACIJA

Saja darba ir piedavata biznesa raditaju analizes metozu divdimensiju
klasifikacija. Pirma dimensija ir saistita ar analizes mérki — kas un kadam mérkim
veic biznesa raditaju analizi. Parasti biznesa procesa dalibnieki veic biznesa raditaju
analizi, lai novertétu, ka tiek apmierinatas vinu intereses noteikta biznesa, un, lai
izstradatu rekomendacijas biznesa procesu korekcijai, pamatojoties uz savam
interesem. Lai izprastu dazadu biznesa procesa dalibnieku izmantoto biznesa
raditaju analizes metozu atskiribas, ir janem véra realo un potencialo biznesa procesa
dalibnieku intereses.
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Izdala Cetrus realos biznesa procesa dalibniekus — ipaSniekus, darbiniekus,
menedzerus, valsti, un divus potencialos — kreditorus un investorus. Visiem biznesa
procesa dalibniekiem ir dazadas intereses.

Ipasnieku intereses ir saistitas ar uznémuma rentabilitati un tirgus vertibu,
finansu sviru. NoteicoSie raditaji $aja grupa ir ROE, RE, OF, NPV.

Darbinieku intereses ir saistitas ar darba apstakliem un algu, tadg] Saja grupa
noteicoSie ir ar darba samaksu un socialiem izdevumiem saistitie raditaji. Valsts
intereses biznesa procesa galvenokart ir saistitas ar likumdoSanas ievéroSanu, 1pasi
attieciba uz nodokliem un darba reglamentgjoso likumdosanu. Saja grupa noteicosie
ir ar nodokliem saistities raditaji.

Kreditoru intereses ir saistitas ar kreditu atdevi ar lielako procentu likmi un
minimalu risku — noteicosie raditaji ir kreditrisks, likviditate un parada koeficients.
Investora intereses ir saistitas ar uznémuma tirgus vertibu — noteicosie raditaji ir
NPV, EVA, NOPAT un WACC. Menedzeru intereses biznesa procesa ir saistitas ar
visu realo dalibnieku intereSu lidzsvaroSanu, ar mérki nodroSinat uzn€muma
pastavésanu ilgtermina. Saja grupa noteicosie raditaji ir EBITDA, EBIT, EBT, EAT,
RE, ROI, ROA, ROE, FA, CA, OF, LTL, CL, TA [1].

Otra dimensija ir saistita ar Cetriem biznesa raditdju analizes ITmeniem —
operaciju, finansu parvaldibas, akciju tirgus un funkcionalo. Operaciju Itment tiek
nemti vera tadi raditaji, ka ienémumi (EBITDA, EBIT, EBT, EAT, RE), atdeve
(ROIL, ROA, ROE), Iidzekli (FA, CA, OF, LTL, CL, TA) [1]. Operaciju IimenT ir
divi noteicosie raditaji — pardoSanas norma un apgrozijums pret aktivu kopsummu.
PardoSanas norma raksturo to, kas ir palicis, kad kopgjas darbibas izmaksas tiek
atskaititas no pardoSanas. Gan pardosanas pelpa, gan apgrozijums pret aktivu
kopsummu ir ROTA komponentes, kas tiek aprékinata ka EBIT dalita ar aktivu
kopsummu [2].

Finansu parvaldibas [tmeni tiek nemti véra tadi raditaji ka parads pret pasu
kapitalu, procenti, nodokli, ROE. Finan8u sviras pamata ir 1&tu, nevis dargu ieksgjo,
argjo finansu avotu izmantosana, lai palielinatu ROE, nemainot ROA. No vadibas
viedokla, vissvarigaka probléma $aja ItmenT ir nodro$inat pienacigu lidzsvaru starp
pelnu un risku, jo ar§jo avotu izmantoSana parasti palielina abus. Tas ir iemesls,
kapeéc parada / pasu kapitala koeficients ir loti svarigs riska parvaldiba. Akcionaru
pamudinajumam sasniegt augstu pelnu ir jabut lidzsvara ar risku [2]. Tapat ka parada
pret pasu kapitalu koeficients, procenti un nodokli ir ROE noteicoS$ie raditaji [2].
ROE nosaka atdeves raditaju, ko uzn@mums sniedz akcionariem [2].

Akciju tirgus Itmeni tiek nemti vera tadi raditaji ka NPV, EVA, NOPAT,
WACC. Akciju tirgus Iimenis ietver ari tirgus bilances raditaju (market to book
ratio), kas tiek aprékinats, dalot ROE ar ienémumu ienesigumu [2]. Ja kada
uzn€muma izaugsmes perspektivas ir labas un nakotné solis lielu atdevi, Sis
uzn€mums bils pievilcigs investoriem, kuri iegadajas sagaidamo nakotnes atdevi.
Tomer, taja pasa laika investori apmaina risku pret pelnu, un, ja pastav augsts risks,
vini mekle augstu pelpu. Investoriem ir svarigi vairaki faktori — vispargjas
ekonomiskas perspektivas, ripniecibas sektors, konkréts uznémums [2].

Funkcionalais [imenis ieklauj uzn€mumu struktiirvienibu raditajus. Neatkarigi
no biznesa procesu dalibnieku interesém, uznémumam biitu javeic tadas standarta
uznéméjdarbibas funkcijas ka organizatoriskas struktiiras izveide, finansu,
cilvekresursu un materialo resursu parvaldiba, uznéméjdarbibas pamatdarbibas
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organizacija, marketings un citas. Sim nolikam uznémuma tiek veidotas specialas

struktiirvienibas, un lai raksturotu to izpildi ir janem vera atbilstosi raditaji [1].
Darba piedavata biznesa raditaju analizes metozu divdimensiju klasifikacija

ir atspogulota 1.tabula.

1.tabula
Biznesa raditaju analizes metoZu klasifikacija
Operaciju FinanSu Tirgus Funkcionalais
[Tmenis parvaldibas noveértéSanas | Itmenis
. Iimenis
limenis
Ipasnieki EBITDA, EBIT | D/E, ROA, | NPV, EVA, | Struktiras
EBT, EAT, TA, | ROE SVA, raditaji
FA, CA, OF, NOPAT,
LTL, CL, ROI, WACC
ROA, ROE
Darbinieki | Darba alga Darba alga Darba alga Struktaras
raditaji
Valsts Nodokli Nodokli Nodokli Strukttras
raditaji
Menedzeri | EBITDA, EBIT | D/E, ROA, | NPV, EVA, | Struktiras
EBT, EAT, TA, | ROE SVA, raditaji
FA, CA, OF, NOPAT,
LTL, CL, ROI, WACC
ROA, ROE
Kreditori EBITDA, EBIT | EBITDA, NPV, EVA, | Struktiiras
EBT, EAT, | EBIT, EBT, | SVA, raditaji
Kreditvésture EAT, NOPAT,
Kreditvesture | WACC
Investori EBITDA, EBIT | D/E, ROA, | NPV, EVA, | Struktiras
EBT, EAT, | ROE SVA, raditaji
OF,ROI, ROA, NOPAT,
ROE WACC

Avots: (Hilkevics & Semakina, 2019)

Turpmak tiks izskatitas dazas no uzn@muma finansiali ekonomiskas darbibas
novértéSanas metodém.

3. UZNEMUMA DARBIBAS NOVERTESANAS METOZU PARSKATS
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3.1. Audit-it metode

Audit-it metode ir maksas pakalpojums, kuru starptautiska Iimeni sniedz
uznémums “Avdejevs & Co”. ST metode aprékina uznémuma finansu stavokla
reitingu (The Final Rating of Financial Condition), kas sastav no divam raditaju
grupam — finansu stavoklis un finansu veiktspgja. Finansu stavokla grupa ieklauj:
parada koeficientu (debt ratio), neapgrozamos aktivus pret pasu kapitalu (non-
current assets to net worth), vispargjo apgrozamo lidzeklu koeficientu (current ratio),
starpseguma koeficientu (quick ratio), absoliitas likviditates koeficientu (cash ratio).
FinansSu veiktsp€ja ieklauj: pasu kapitala atdevi (ROE), aktivu atdevi (ROA) un
apgrozijuma pieaugumu (sales growth).

Raditaji tiek noverteti skala no -2 (kritiski) Iidz +2 (izcili), tada veida
salidzinot tos ar rekomendétam veértibam. Raditaju novertejums tiek veikts trim laika
periodiem — pagatnei, tagadnei un nakotnei. Pagatnes vértiba ir aprékinato raditaju
vidgjais aritmétiskais pirms atskaites perioda. Tagadne ir aprékinato raditaju vertibas
atskaites perioda. Nakotne ir aprékinato vertibu linearais trends 1 gadam no atskaites
perioda. 2. tabula ir attéloti raditaju verteéSanas kriteriji skala no -2 lidz 2.

2.tabula
Audit-it metodes vertesanas Kriteriji
Raditajs Kriteriji
Parada koeficients 727 <0.15<%17.£0.3 <907 <0.5<%-17<0.6 <“-2”

Neapgrozamie aktIVl “2” < 05 S “1” S 1 < “O” S 125 < “'1” S 2 < 4:_2”
pret pasu kapitalu

Vispargjais €27 <UD <2 K07 <21 €417 <5<
apgrozamo  lidzeklu

koeficients

Starpseguma “27 <0517 <1 <407 <11 <417 <1.5<42”
koeficients

Absolitas likviditates | “-27 < 0.05 <“-17<0.2 <407 <0.22 <17 <0.25<“2”
koeficients

Pasu kapitala atdeve “27<0<“17<0.06<707<0.12<“17 <02 <27

Aktivu atdeve “27<0<“17<0.03<707<0.06<417<0.1 <27
Apgrozijuma ".2"<-0.3 < “-17<-0.04 <“0” < 0.04< “+17 <03 <
pieaugums "+2"

Avots: (Audit-it, 2019)

Katram laika periodam (pagatnei, tagadnei un nakotnei) tiek pieskirts
“nozimiguma koeficients” — 25% pagatnei, 60% tagadnei un 15% nakotnei [3].

Papildinot, katram raditajam tiek pieskirts nozimiguma koeficients. Raditaju
nozimiguma koeficienti ir atspoguloti 3. tabula.
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3.tabula.

Audit-it raditaju nozimiguma koeficienti

Raditajs Nozimiguma koeficients

Parada koeficients 0.3

Neapgrozamie aktivi pret pasu kapitalu | 0.15

Vispargjo apgrozamo Iidzeklu | 0.2

koeficients

Starpseguma koeficients 0.2
Absolutas likviditates koeficients 0.15
Pasu kapitala atdeve 0.5
Aktivu atdeve 0.3
Apgrozijuma pieaugums 0.2

Avots:("Financial Condition Analysis", b.g.)
Uznemuma finans$u stavokla reitings tiek aprékinats péc formulas [4]:
Finansu stavokla raditajs*0.6 + Darbibas efektivitates raditajs*0.4.

3.2. Lursoft metode

Uzp@muma reitings tiek aprékinats, par pamatu nemot seSus galvenos finansu
darbibu raksturojosos raditajus, kurus izvelgjies Lursoft, konsultgjoties ar finansu
ekspertiem. Sie raditaji ir:

1. Maksatspgja- raksturo uzn€muma pasu kapitala Ipatsvaru kopg&jos aktivos.
St raditaja Tpatsvars reitinga noteik$ana sastada 30%.

2. Pelna pirms nodokliem - parada uzn€muma perioda pelnu vai zaudgjumus
pirms nodokla izdevumu atskaitiSanas. Ipatsvars reitinga noteik3ana - 20%.

3. Likviditate - raksturo uznémuma spé&ju kartot savas Tstermina saistibas. ST
raditaja Tpatsvars reitinga noteikSana sastada 20%.

4. Apgrozijuma pieaugums - p&dgjo tris gadu vid&jais apgrozijuma
pieaugums. Ja uzpémums ir jaunaks, tiek rékinati gada parskatu dati par ped&jiem
pieejamiem gadiem. Ipatsvars reitinga noteik$ana - 10%.

5. Kapitala atdeve - tira pelna dalita ar paSu kapitalu. Ipatsvars reitinga
noteiksana - 10%.

6. Saistibas - kreditoru aprite pedgja atskaites gada. Ipatsvars reitinga
noteiksana - 10%.

P&c katra no raditajiem uzn€mumi tiek saranzeti no lielaka lidz mazakajam.
Katram tiek pieskirti reitinga punkti no 0 Iidz 100. Uzne@mums, kas ranga atrodas

143



1.vieta, sanem 100 reitinga punktus, vid&jais péc ranga sanem 50 reitinga punktus
un pedgjais - 0 punktus. Pargjie uzn@mumi sanem punktus proporcionali, atkariba no
vietas ranga. Uzn€mumam reitings tiek veidots gan nozar€, gan starp visiem Latvija
registrétiem uznémumiem, kuri iesniegusi gada parskatu LR Uznémumu registra.

Uzpe@muma kopgjais reitings ir videjais aritmétiskais raditajs starp reitingu
nozare un reitingu starp visiem uzn€mumiem valsti [5].

3.3. Uznémuma veiksmiguma noveértésanas metode

Uznémuma veiksmiguma noveértéSanas metode ir autoru kolektiva izstradata
metodologija, kuras galvenie uznémuma veiksmiguma veértéSanas Kkriteriji ir
izaugsmes spé&ja, sp&ja giit pelnu un sp&ja sasniegt merkus. Lai novertetu uznémuma
veiksmigumu, metodg tiek piedavati Cetri raditaji — tris no tiem ir bazeti uz biznesa
raditajiem, ceturtais raditajs ir saistits ar laika faktoru.

Pirmais veiksmiguma noverteSanas raditdjs ir pardo$anas ien€mumu izaugsmes
raditajs (BSy), kas tiek aprékinats péc formulas (0.1).

TR — TR™1 (0.1)
TR-1

TR — pardosanas ien@mumi pasreizgja gada

TR — pardosanas ienémumi pagajusaja gada

Otrais veiksmiguma novértéSanas raditajs ir pardosanas apjomu atdeve (BS>), kas
tiek aprékinata péc formulas (0.2).

E — parskata perioda tira pelna

S — parskata perioda pardosanas ieneémumi

Tresais veiksmiguma novertéSanas raditajs ir aktivu atdeve (BSs), kas tiek aprékinata
péc formulas (0.3).

BS; = E (0.3)

E — parskata perioda tira pelna
A — parskata perioda aktivu kopsumma
Ceturtais metodé piedavatais veiksmiguma novértésanas raditajs (RY) ir saistits ar
laika faktoru. Ta minimala veértiba ir 0, bet maksimala 1. Raditajs tiek aprékinats ar
formulu (0.4).

Rt‘-_} —_N _tTfound (04)

Npax  t—1991

t — pasreizgjais gads

N — uzné€muma pastavesanas laiks gados

Nmax —uznémuma maksimali iesp&jamais pastavésanas laiks gados (tiek skaitits kop$
1991)

Ttound — uzn€muma dibinasanas (registracijas) gads

Kopgjais uznémuma veiksmiguma novertgjums tiek izteikts punktos un ir visu
raditaju summa [6].
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4. NOVERTESANAS METOZU SALIDZINOSA ANALIZE

Darba ietvaros tika salidzinatas trTs uzp@muma finansiali ekonomiskas
darbibas novértésanas metodes - Audit-it, Lursoft un Uznémuma veiksmiguma
novertesanas (UVN) metode. Aprakstito metozu salidzinosa analize tika veikta
MATLAB vidé — tika aprékinati analiz€to metozu rezultgjosSie raditdji un to
korelacijas koeficienti ar akcijas cenas pieaugumu.

Aprekini tika veikti 20 Latvijas Akciju Sabiedribam, izmantojot datus no
birzas Nasdaq Baltic par 2013.-2017. gadiem un Lursoft datu bazes. Ar darba veikto
novertéSanas metozu salidzinoSo analizi ir iesp&jams iepazities 4. tabula.

4.tabula.
Latvijas uznémumu finansiali ekonomiskas darbibas noverteSanas metoZu
salidzino$a analize

.. Lo Final Financial Financial sales NI to NI to Akljas | Akcijas | Akcijas Akcijas
Akciju Sabiedriba score osition erformance rowth sales TA Lursoft | cena cena cenas cenas
P P g 2016 2017 izmainas pieaugums
Brivais Vilnis 0.05 -1.05 1.70 -0.12 -0.05 -0.05 1.90 0.94 0.80 -0.14 -0.15
Ditton pievadkézu
riipnica -0.59 -1.95 1.45 -0.05 -0.33 -0.30 3.10 0.08 0.19 0.11 1.34
Grindeks 1.35 1.10 1.73 -0.01 0.02 0.02 3.70 4.39 6.80 2.41 0.55
Grobina -1.16 -1.74 -0.30 0.08 -0.24 -0.02 2.20 2.50 6.00 3.50 1.40
Hansa Matrix -0.23 -1.58 1.80 0.15 -0.04 -0.03 3.20 7.95 8.14 0.19 0.02
Kurzemes atslega 115 0.79 1.70 -0.02 -0.02 -0.02 3.50 1.15 1.53 0.38 0.33
Latvijas Balzams 1.00 0.61 1.60 0.03 0.10 0.06 4.00 7.52 8.20 0.68 0.09
Latvijas Gaze 131 1.13 1.57 0.02 0.08 0.05 3.60 8.78 10.00 1.22 0.14
Latvijas Jiras medicinas
centrs 1.37 1.10 1.77 0.07 0.07 0.04 3.90 2.50 8.00 5.50 2.20
Olainfarm 1.02 0.50 1.80 0.14 0.12 0.10 3.20 8.51 8.05 -0.46 -0.05
PATA Saldus -0.24 -1.60 1.80 0.09 0.01 0.02 3.40 17.00 18.50 1.50 0.09
Rigas autoelektroaparatu
riipnica -0.60 -0.42 -0.87 -0.31 -7.05 -0.05 1.20 0.23 0.19 -0.04 -0.17
Rigas elektromasinbiives
riipnica 0.27 -0.81 1.90 0.07 0.01 0.01 3.30 1.26 2.87 1.61 1.28
Rigas
juvelierizstradajumu
ripnica 1.39 121 1.66 0.02 -0.12 -0.05 3.00 0.12 0.09 -0.03 -0.23
Rigas kugu buivétava 0.01 -0.77 1.19 -0.31 -0.03 -0.01 2.00 0.36 0.26 -0.09 -0.26
SAF Tehnika 1.50 1.31 1.78 0.04 0.06 0.06 2.90 3.51 6.45 2.94 0.84
Siguldas ciltslietu un
maksligas apséklosanas
stacija 1.48 1.40 1.60 0.02 0.10 0.07 3.40 3.00 3.60 0.60 0.20
Valmieras stikla kiedra -0.41 -1.76 1.62 0.12 0.06 0.05 2.90 3.11 3.70 0.59 0.19
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VEF 0.36 0.51 1.68 0.04 0.09 0.02 3.30 0.43 1.50 1.07 2.49
VEF Radiotehnika RRR 0.08 0.51 0.96 0.13 0.10 0.09 3.50 0.11 0.18 0.07 0.63
Korelacija ar akciju
cenas pieaugumu. -0.04 -0.07 0.05 0.28 0.20 -0.11 0.30

Avots: (Hilkevics & Semakina, 2019)

legutie salidzinosas analizes rezultati liecina par zemu korelaciju starp
analizéto metozu rezult€joSiem raditajiem un akcijas cenas pieaugumu. Visaugstaka
korelacija ar akcijas cenas pieaugumu ir Lursoft reitingam (0.30) un Uznémuma
veiksmiguma raditajam BS: (0.28). Viszemaka korelacija ar akcijas cenas
pieaugumu ir Audit-it reitingam (-0.04).

Zemu korelaciju starp metozu rezult€joso raditaju un akcijas cenas pieaugumu
var paskaidrot ar to, ka analiz&tas metodes ir parsvara verstas uz operaciju [imeni,
bet tas nenem vera finansu parvaldibas Iimeni, kas ir saistits ar finanSu sviras efektu
[1].

Vislabak finansu sviras efektu raksturo 1. attéls. Saja attgla ir atspogulota
sakariba starp paradu un pasu kapitala atdevi — ja uznémuma pasSu kapitals netiek
finanséts ar paradu, tad pasu kapitala atdeve ir 15%. Ja 90% no pasu kapitala tiek
finans@ts ar paradu, tad pasu kapitala atdeve ir 60% [2].

Degrees of leverage and impact on ROE

{5000s) Return to equity

Option |Equity! Debt | | Interost EET (before tax)
1 100t o 0 15 15.00%
2 | 80 ! 20 2 13 16.25%
3 | s0 40 4 11 18.33%
4 | 50 i s 5 10 20.00%
5 40 | B0 3 9 22 50%
6 | 20 | 80 8 7 35.00%
7 10 on g 6 60.00%

Fig. 10.6 Effects of different levels of leverage
1.att. “Finansu sviras efekts”
Avots: (Walsh, 2003, Ipp. 135)
Tas nozimé, ka uznémums, kura darbiba ir veiksmiga operaciju Iiment (jo

EBT ir viens no noteicosajiem operaciju lIimena raditajiem), var giit nelielu pasa
kapitala atdevi un, 11dz ar to var nerast interesi investoram.
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Ja uzn€mums var piesaistit finansu Iidzeklus ar procentu likmi, kas ir
ieverojami mazaka par pelnu, tad ROE var bt ievérojami augstaks neka ROA, kas
ir loti pievilcigs investoriem un veicina akciju cenu pieaugumu, tacu $ada ietekme
nav saskatima operaciju limeni. ST iemesla d&] var secinat, ka nepastav tiedas
sakaribas starp operaciju, finansu parvaldibas un tirgus raditaju analizes [imeniem.
Tapec, operaciju limena biznesa raditaju analizes metodes nevar efektivi izmantot
investiciju lemumu pienemsana — ta vieta jaizmanto citas metodes [1].

Piemérotas metodes izv€le ir loti svariga akciju atlase — ta lauj izve€l&ties
“labu” uzn€muma akciju grupu, kas liela méra sakrit ar to finansialo darbibu un
panakumiem tirgl un noraidit “nedrosus” uzn€mumus, tas ir tadus, kuru panakumi
tirgii ir neuzticami [7].

Uzpémumu finansiali ekonomiskas noveértéSanas metozu salidzinosai analizei
ir divas svarigas lomas. Pirma loma ir saistita ar tadu metozu salidzinasanu, kas
atrodas darba piedavatas klasifikacijas dazadas ratinas. Tipiskais $adas
salidzinaSanas jautajums ir — vai, pieméram, ir iespgjams izmantot menedZmenta
efektivitates kriterijus investoru lémumu pienemsanai. Atbilde ir negativa [1].

Otra salidzinaSanas loma ir saistita ar tadu metozu izskatiSanu, kas atrodas
viena ratina. Seit noteikti var uzradit “labakas” un “sliktakas” metodes. Atrast
investicijas metodi, kas ir labaka par citam metodém, ir investiciju teorijas
svarigakais jautajums.

5. SECINAJUMI

Izvirzitais darba mérkis ir sasniegts — darba ietvaros tika piedavata jauna
klasifikacija finansiali ekonomiskas darbibas analizes metodem, izskatitas un
pielietotas tris uzn@muma finansiali ekonomiskas darbibas novertéSanas pieejas —
Audit-it, Lursoft un Uzpémuma veiksmiguma novertésanas metode.

Novértésanas metozu salidzino$as analizes rezultati liecina par zemu
korelaciju starp metozu rezult€joSiem raditajiem un akcijas cenas pieaugumu.
legttie rezultati ir skaidrojami ar to, ka darba analiz&tas metodes ir verstas uz
operaciju analizes Itmeni, bet nenem veéra finansu parvaldibas Itmeni.

Finansiali ekonomiskas darbibas novertesanas metozu salidzinosas analizes rezultati
liecina par to, ka nepastav tieSas sakaribas starp operacijas, finansu parvaldibas un
tirgus analizes [imeniem.

Salidzinosas analizes rezultati liecina par to, ka operaciju limena biznesa
raditaju metodes nav piem@rotas investiciju 1€mumu pienemsanai — ta vieta ir
nepiecieSams izmantot citas metodes.
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