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An Introduction to myself
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ph.D. student at the University of Latvia

• Faculty of Geography and Earth 
Sciences
• Environmental science (Doctoral 

programme)

• Master's degree:
• In Biology from University of Latvia 

(2013)

• In Environmental science from 
University of Latvia (2020)
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Experience

• Secondary School Teacher
• Sep 2011 – Aug 2014

• Senior Desk Officer at State 
Forest Service (Republic of 
Latvia) 
• Apr 2014 – Present
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Compensation for Restrictions on Economic 
Activities in the forest lands (Natura 2000 and
microreserves)

7

I made this algorithm to solve this problem.
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Experience & Skills
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Studies in biology
2008.-2013.

State forest service
2014.-present.

Entomology,
Conservation bio.

Social-ecological
systems

environmental science
2018.-present.

ArcMap

SQL Phyton Machine learning
Deep machine learning

Court
Cases

fundamental rights

Administrative cases

environmental rightsLaw science
3 publications in journals
in the field of jurisprudence 

teacher
2010.-2014.

Computer science



Forest sector and computer 
science
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State Forest Service (Republic of Latvia) 
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Vacancies in State Forest service
• 2 x Database programmer

(Oracle SQL)

• 12 x GIS officers

• At this moment we have contract
with Authentica
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• Forest State service

• Nature Conservation Agency

• Rural Support Service

• And…. ?
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Company “Latvia’s State Forests” 
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Institute for Environmental Solutions
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Typical questions in the forest sector for
decision making

• How much of the Latvia surface 
today is covered:
• - by forest?

• - by conifer forest?

• - by clearcuts?

• - by pine?

• How much timber is in the:
• Latvia`s forest? 

• Latvia territory?

• How healthy is forest?

• Which factors affect forest health?
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https://cdn.pixabay.com/photo/2020/08/09/10/53/question-mark-
5475172_960_720.jpg



Biodiversity and succession
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Biodiversity??

SpeciesGenes Ecosystems
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Biodiversity??

Species

Genes

Ecosystems
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So, we can measure it ??

4 species

4 species

Community Nr1 > Nr2



If Latvia will disappear from world
map? Biodiversity will grow/fall / 
or do not change?
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Novikov, D.A. Cybernetics, From Past to Future. Springer, 115pp
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Novikov, D.A. Cybernetics, From Past to Future. Springer, 115pp
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General system theory

Skyttner, L. General System Theory, Problem, Perspective, Practice. World Scientific, 535pp.
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System dynamics

Skyttner, L. General System Theory, Problem, Perspective, Practice, World Scientific. 535pp.
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https://d3i71xaburhd42.cloudfront.net/153575ee147e332f7295252a10c5c9df79166c0e/5-Figure4-1.png

http://2.bp.blogspot.com/_eHW9SUkbuXQ/TBot6l9TEXI/AAAAAAAAAXc/l-
nezAzVfdw/s320/simple+population+model.gif



35 years after the world’s worst nuclear 
accident
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https://i.redd.it/zmd2beg0q1v21.jpg

http://monumentalism.net/wp-content/uploads/2018/07/UA-Chernobyl-Pripyat
-Town-Sign.jpg



32

A B C D

X Y Z

Seral stage Climax stageInitial stage Seral stage

disturbance

Succession

disturbance disturbance
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So, we can make cluster analysis
for grouping succession stages? 
Problem is data availability..
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http://www.gaizins.lv/files/image/P5220150.JPG



Methods
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How to make a good model or/and simulation?
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Model

In general, a model is an informative representation 
of an object, person or system. 

A model may help to explain a system and to study the effects of 
different components, and to make predictions about behavior.
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https://d7hftxdivxxvm.cloudfront.net/?resize_to=width&src=https%3A%2F%2Fartsy-media-
uploads.s3.amazonaws.com%2F5hHS2QIKHR72V3oqRqZU2g%252Ffarmhouse-picasso-
lead.jpg&width=1200&quality=80

Tesseract

https://upload.wikimedia.org/wikipedia/commons/t
humb/d/d7/8-cell.gif/220px-8-cell.gif

Pablo Picasso, Buste de femme au chapeau (Dora), 1939.
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Simulation

A simulation is the imitation of the operation of a real-
world process or system over time
Simulations require the use of models; 

the model represents the key characteristics or 
behaviors of the selected system or process, whereas the 
simulation represents the evolution of the model over 
time. 
Often, computers are used to execute the simulation.
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https://myrepublica.nagariknetwork.com/uploads/media/2018/June/Genetic-Literacy-Project.jpg

https://upload.wikimedia.org/wikipedia/commons/thumb/e/ee/Reality_check_ESA384313.jpg/250px-
Reality_check_ESA384313.jpg
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Forest landscape models
Analytical models Simulation models

Mathematical abstraction that can be extended to address 
various working conditions, thanks to some assumptions 
about the way a process is evolving. In some cases, an 
exact solution can be derived and a result can be obtained 
in various conditions. The beauty of the analytical model is 
that it provides a generic way to get performance results 
in various conditions through a mathematical formulation. 
The accuracy of the model is to be considered through the 
validity of the assumption to derive the mathematical 
formulation. Some uncertainties can be handled through a 
stochastic model to account for modelling and 
measurement model.

also make assumption of a model and some 
assumption about the behaviour of the process. It is 
used when an analytical formulation cannot be 
derived (for example when the size of the model is 
too large, or when no exact solution can be derived). 
Simulation models provide results for a specific use 
case and should be run many times to 
counterbalance the effect of numerical calculations. 
For a different functioning use case, the simulation 
should be run over again. A simulation model can be 
accepted when results are validated in  a number of 
working conditions under various input assumptions.
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Forest landscape models

Landscape ecology
Forest ecology
Computer science
Remote sensing
Ecological succession
Forest disturbances
Ecosystem ecology
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Landscape simulation models

He, S.H. 2008. Forest landscape models: Definitions, characterization, and classification. 
Forest Ecology and Management 254(3):484-498
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Markov chain model
[Conversion Matrix]

Land use 
types type1 type2 type3 type4 type5 total

type1 52571 62812 8 3537 17011 135939

type2 40123 235198 471 16325 23077 315194

type3 13 367 340239 71 1150 341840

type4 8340 48345 620 46017 48891 152213

type5 20747 81357 2003 20966 706630 831703

total 121794 428079 343341 86916 796759

[Conversion Probability]

type1 0.386725 0.46206 0.000059 0.026019 0.125137

type2 0.127296 0.746201 0.001494 0.051793 0.073215

type3 0.000038 0.001074 0.995317 0.000208 0.003364

type4 0.054792 0.317614 0.004073 0.30232 0.321201

type5 0.024945 0.09782 0.002408 0.025209 0.849618

[Predict amount]
year type1 type2 type3 type4 type5

2020 121794 428079 343341 86916 796759
2027 126244 481622 344653 71774 752596
2034 132850 514504 345870 68972 714693
2041 138491 537497 347029 69044 684827
2048 142859 554364 348146 69651 661870
2055 146155 566916 349230 70243 644344
2062 148624 576280 350288 70717 630980
2069 150463 583253 351325 71073 620776
2076 151826 588422 352344 71332 612964
2083 152831 592228 353349 71517 606964
2090 153565 595005 354341 71645 602332
2097 154094 597006 355322 71730 598737
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LANDIS II 

Enright, N.J. 2006. Spatial modelling of vegetation change in dynamic landscapes: 
A review of methods and applications, Progress in Physical Geography 30(1):47-72

Patmalnieks, G. 2020. Mežsaimnieciskās darbības ietekme 
uz melnā stārķa dzīvotnes ainavas izmaiņām nākotnes 
scenārijā, maģistra darbs
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Scheller, R. M., Mladenoff, D. J. 2004. A forest growth and biomass module for a landscape simulation model, LANDIS: Design, validation, and
application. Ecological Modelling. 180(1), 211–229. 
Scheller, R. M., Mladenoff, D. J. 2007. An ecological classification of forest landscape simulation models:  Tools and strategies for understanding
broad-scale forested ecosystems. Landscape Ecology.  22(4), 491–505. https://doi.org/10.1007/s10980-006-9048-4
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Parametrization
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Digitalisation of forest inventory data
Using the theory of probability



• Use scikit-learn

• R programming

• QGIS with dzetsaka plugin

• ArcGis Pro
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Random forest atgorithm (machine learning)

RFADigitised data
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RFADigitalisationVector machine



Deep learning – object detection

60https://www.mdpi.com/remotesensing/remotesensing-11-
00339/article_deploy/html/images/remotesensing-11-00339-g005.png

Chen, C.; Gong, W.; Chen, Y.; Li, W. Object Detection in Remote Sensing Images Based on a 
Scene-Contextual Feature Pyramid Network. Remote Sens. 2019, 11, 339. 
https://doi.org/10.3390/rs11030339



Photogrammetry
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Mikita, T.; Janata, P.; Surový, P. Forest Stand Inventory Based on 
Combined Aerial and Terrestrial Close-Range Photogrammetry. 
Forests 2016, 7, 165. https://doi.org/10.3390/f7080165



Data and data types
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Aerial maps (0,25 cm)
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LIDAR point clouds
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Satellites
• Sentinel-2 (10m)

• Landsat 8 (30m)

• Corona (1972) (2-5m)

• Google (1-2m)
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http://maps.unomaha.edu/Peterson/gis/notes/RS2_files/optical.gif



Sentinel-2 
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Scientific work
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Methods
• 6 x 6 km (r=3km)

• 32 microreserves + 40 random 
samples

• LANDIS – II simulation

• Scenario with typical forest 
management practice
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Random point landscapeMicroreserve landscape
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Impact of the legislative framework on the forest succession
in the Gauja national park 



Where is a problem??



Lange et al. 1978; Mauriņš, Zvirgzds 2006; Булыгин 1985, Creutzburg et al. 
2017; The LANDIS II Foundation 2016, 5 Hof et al. 2018; Newton et al. 2013; 
Fryer 2011; Montoya 2014; Mangalis 2004, Punt 2020

Lundmark J. 1988. Skogsmarkens ekologi ståndortsanpassat 
skogsbruk D. 2, Tillämpning.  360 p
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Random plots 20x20km

Random plots 10x10km

plot 52x52km

Site zones

Natura 2000

Latvia`s border



Scenarios of forest succesion

• Climax scenario (Nr.1.)– without any disturbance,

• Natural scenario (Nr.2) – effect of wind and fire,

• Legistative scenario (Nr.3) – effect of antropogenic factors
(legistative framework),

• Alternative scenario (Nr.4) – gap dynamics



Results

Territory of

national park
outside

1st un 4th scenarios
2nd scenario
3rd scenario

3rd un 4th scenarios
2nd scenario
1st scenario
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climax scenario

spruce

Years

1

10

400

Ziemelis, A. 2020. Meža apsaimniekošanas režīmu ietekme uz meža suckesijas
gaitu Gaujas nacionālā parka teritorijā laika posmā no 2020.-2520.gadam. Maģistra darbs

legistative scenario

spruce
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Years

1

10

200

Ziemelis, A. 2020. Meža apsaimniekošanas režīmu ietekme uz meža suckesijas
gaitu Gaujas nacionālā parka teritorijā laika posmā no 2020.-2520.gadam. Maģistra darbs

climax scenario

birch

legistative scenario

birch



Random sample plot 20x20km

Climax scenario Legistative scenario

Apse

Pine

Spruce

Birch

Black alder

Aspen

Lime

Oak

Goat willow

Maple

Ash

Elm



Dynamics of tree species diversity

climax

natural

legistative

alternative



OutsideGNP Random sample plots 10x10km

Legistative scenario

Old forests >70 years

Young forests <70 years

Disturbed area (clearcuts)
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Validation of the results of the LANDIS forest simulation model
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Forest inventory data (1961)
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Validation

Digitised 1961 inventory data

LANDIS-II Digitised 2021 inventory data

Simulation (60 years)

Vector Support Machine Random Forest Algorithm

Sentinel-2
false colour

Patmalnieks, G., Ziemelis, A. 2021. 
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Row Labels inv_1960.tif LANDIS.tif MVR_2021.tif RFA.tif vMachine.tif 

Aspen 193.34 134.95 166.4 226.2 185.75

Gray alder 189.64 74.03 147.15 259.26 272.53

Birch 246.21 333.18 290.62 221.87 239.47

Spruce 88.74 317.75 282.86 227.05 188.36

Black alder 23.31 21.82 71.36 66.92 108.02

Ash 41.47 31.75 40.65 4.37 7.02

Oak 16.68 17.37 9.34 2.43 0.09

Pine 46.86 36.58 24.56 16.4 24.3

>
>
<
<

>

Patmalnieks, G., Ziemelis, A. 2021. nepublicēti dati

Landscape diversity
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Deep learning algorithm for detection of dead trees in the protected areas



Problem
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Liu, L., Ouyang, W., Wang, X., Fieguth, P., Chen, J., Liu, X., & 
Pietikäinen, M. (2020). Deep learning for generic object 
detection: A surveyInternational Journal of Computer Vision, 
128(2), 261–318.
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Nguyen, Khang, et al. "Detecting objects from 
space: An evaluation of deep-learning modern 
approaches." Electronics 9.4 (2020): 583.
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You Only Look Once - YOLO
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Nr.4233

▪ National park

▪ Five nature reserves

▪ 2 natural monuments

▪ Several microreserves
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▪ 25x25cm

▪ Used 773 objects

▪ 15% for validation

▪ 85% for YOLOv3 model training

Used GeForce GTX 1060 6Gb
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Analysis of the model

Accuracy: {'Tree (dead)': 
0.45956426777287085}

Sample Results

Where is problem, why only 45%?
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Errors in model results
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Good job?
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Map Nr.4233-53-51 (National park)
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Map Nr.4233-43-23 (outside of national park)
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Future plans
• Need to group information into

categories (succesion stages) 
and use this data for computing
effect of disturbance to 
biodiversity.
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http://www.dabasdati.lv/site/img/pub/1/3/199/l1421840579.jpg

Why are we losing biodiversity..
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Thanks a lot
for your attention!


