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Globalny
problem

* Kazdy rok je priblizne 20 % celosvetovych
ulovkov ryb nelegalnych (11 az 26
miliénov ton ryb).

< % * Najviac postihnuté su africké pobrezné
R < W krajiny. Ro€ny pokles prijmov vedie k
B 0 5 \\ 24 potravinovej neistote, strate zdrojov

obzivy a poSkodeniu morskej biodiverzity.
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Predpoved’ rybolovnych oblasti s predstihom niekol’kych dni

Motivacia
* Prevencia nelegalneho rybolovu v rizikovych zénach

* Optimalizacia nakladov firiem a vyssia efektivita ulovku



Dataset?

* ... musime si vytvorit ©

* Vyuzitie verejnych historickych dat
(ulovky, oceanske vlastnosti, data o polohe
noérskych plavidiel)

* Zameranie na severnu Eurépu a vody v okoli
Norska




Data o ulovkoch

* Zdroj dat: Nérske
riaditel'stvo rybolovu

* Roky: 2023, 2024,
2025

e Suradnice GPS,
datum, hmotnost’
ulovku (kg)

* Agregacia dat podla
datumu a miesta
(v jeden den v rovnake;
GPS oblasti m6ze byt
viacero Ulovkov)

* Modré body v grafe ako
stale loviska pocas 3
rokov
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VMS data g?é Fiskeridirektoratet

* Udaje o nérskych rybarskych plavidlach s dizkou 15 metrov a viac
(povinnost v Nérsku hlasit svoju polohu)

Priestorova (podla GPS oblasti) a €asova (tyZzdenné hodnoty) agregacia:
« pocet hlasenych lodi, pocet unikatnych lodi
* rychlost’ plavenia:

* nad 10 uzlov (namorna mila/h) = tranzit plavidla
* menej ako 2 uzly = rybolov

Priemerna rychlost’ Pomer lodi s nizkou rychlost’'ou

slow speed_ratio =
lambda x: (x < 2.0).sum() / len(x)

0.0: Ziadne plavidlo nelovi v tomto tyZdni

Y. vSetky rychlosti za tyzden
pocet lodi za tyzden

avg_speed =

1.0: Vsetky zachytené plavidla pravdepodobne
lovia v tomto tyzdni



MOST POPULAR

Global Ocean Physics Analysis Global Ocean Biogeochemistry
and Forecast Analysis and Forecast

Models Models

Global, 0.083° x 0.083° x 50 levels Global, 0.25° x 0.25° x 50 levels

1 Nov 2020 to 4 Apr 2026, hourly, daily,... 1 Oct 2021 to 3 Apr 2026, daily, monthly
Temperature, salinity, sea surface height, Plankton, nutrients, oxygen, carbonate
velocity, mixed layer thickness, wave... system, optics

g C(opernicus

- —  Marine Service

Data o oceane

e Zdroj dat: Copernicus Marine Service —

satelitné monitorovanie Zeme

» SLANOST (sal) vody je indikator morskych

prudov a hustoty vody

* TEPLOTA (sst) vody indikuje vyskyt

konkrétnych druhov ryb

* CHLOROFYL (chl) vody je ukazovatel

fytoplanktému, potravy pre ryby



Spracovanie dat o oceane

* Tyzdenné priemery

* Chybajuce data najma pri
pobrezi, najviac netplnych dat
pri chlorofyle

e ,nearest* — vezmem
hodnotu suseda
* nefungujuca stratégia ked’

chyba naraz vela okolitych
hodndt

e ,Llinear* - hodnotu
vypocitam ako priemer
viacero susedov

* fungujuca stratégia - podla
ocean masky
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Chybajuce hodnoty (1 = chyba)



o v o Copernicus
Vzdialenost’ od pobrezia (= /i<

North Europe: Distance to coastline
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Bathymetria

* Udaj o tom ako hilboko sa
nachadza morské dno
pod hladinou

* Klacovy faktor pre vyskyt
ryb Zzijacich pri dne
* Suvislost s teplotou a

tlakom vody v réznych
vrstvach

»@® Copernicus

= Marine Service

North Europe: Bathymetry (Ocean Depth)
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. Copernicus
Topografia 22 e semice

North Europe: Mean Dynamic Topography (MDT)
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 Tvar a nerovnosti
povrchu morského dna 7o
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* Vplyv na smer prudenia
vody a vznik morskych virov

E
&4 . “ o r re 0.0 :
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Rekapitulacia dat

Oblasti o ktorych mame vsetky data

2023 Grid structure (Number of unique grids: 429)

denné ulovky ryb (kg)

75°N ] L] | | [ | EEE e B
n u

VMS data tyzdenné udaje o pohybe lodi

tyzdenné hodnoty slanosti,

ocean data
teploty a chlorofylu vody

S R ER S vzialenost od pobreZia (km)

bathymetria hibka mora (m)

topografia typ reliéfu morského dna (m)

Definované pomocou (grid_lon, grid_lat) a (grid_i, grid_j)



Vytvorenie datasetu (sliding windows)

BINE CATCH
GRID W;¥5I3'W SAL SST CHL VMS BATHY, NEXT
TOPO, WEEK

grid_i date week 1 boat_count w1-w4 izt xxX kg
_coast
grid_j month week_2 unique_boats w1-w4  bathymetry
grid_lon week_3 avg_speed wl-w4  topography
grid_lat week 4 slow_speed_ratio

w1-w4

week_5 (next week values)



grid_i grid_j grid_lon grid_lat window_start_day window_start_month catch_next_week day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 11

225 233 14.458344 68.791672 2023-01-01 1 79618 0 0 41 3462 897 29978 446 26881 3935 1287 1281
225 233 14.458344 68.791672 2023-01-02 1 25472 0 41 3462 897 29978 446 26881 3935 1287 1281 100
225 233 14.458344 68.791672 2023-01-03 24397 41 897 29978 446 26881 3935 1287 1281 100 2102
225 233 14.458344 68.791672 2023-01-04 19959 29978 446 26881 3935 1287 1281 100 2102 0
225 233 14.458344 68.791672 2023-01-05 17168 446 26881 3935 1287 1281 100 2102 0 64840
Lio 1 A\ oW Al |
WINDOW ’
GRID START CHL VMS BATHY, NEXT
TOPO, WEEK
o distance_to
grid_i date day_1 week 1 boat_count w1-w4 — xxX kg
_coast
grid_j month week_2 unique_boats w1-w4  bathymetry
grid_lon day_28 week_3 avg_speed wl-w4  topography
: slow_speed_ratio
grid_lat week 4 L
w1-w4
week_5 (next week values)
4 2 28 5 5 5 16 3 1

69 stipcov - atributov v datasete



grid i grid_j grid_lon grid_lat window_start_day window_start_month catch_next _week day 1 day 2 day 3 day 4 day 5 day 6

225 233 14.458344 68.791672 2023-01-01 1 79618 0 0] 41 3462 897 29978

225 233 14.458344 68.791672 2023-01-02 1 25472 41 3462 897 29978 446

day_12 day_13 day_14 day_15 day_l16 day 17 day 18 day_19 day_20 day_21 day_22 day 23 day 24 day_25 day_26 day_27 day_28

day 7 day_ 8 day 9 day 10 day_1l1
446 26881 3935 1287 1281

26881 3935 1287 1281 100

chl_week_1 sst_week 1 sal week_1

100 2102 0 64840 1241 413 42 93477 (0] 0 0] 0 0 37836 452 0 0 0.062157 5.847397 33.033215
2102 0 64840 1241 413 42 93477 (0] 0] 0] 0 37836 452 0 0 54146 0.062157 5.847397 33.033215
0] 1241 413 42 0 0 37836 452 0 0 54146 1075 0.062157 5.847397 33.033215
64840 413 42 0 37836 452 0 0 54146 1075 4438 0.062157 5.847397 33.033215
1241 42 37836 452 (0] 0 54146 1075 4438 2791 0.062157 5.847397 33.033215
. . C d __LO
grid_i date day_1 week 1 boat_count w1-w4 xxX kg
_coast
grid_j month week_2 unique_boats w1-w4  bathymetry
grid_lon day_28 week_3 avg_speed wl-w4  topography
: slow_speed_ratio
grid_lat week 4 L
w1-w4
week_5 (next week values)
4 2 28 5 5 5 16 3 1

69 stipcov - atributov v datasete



grid_i grid_j grid_lon grid_lat window_start_day window_start_month catch_next_week day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 11

225 233 14.458344 68.791672 2023-01-01 1 79618 0 0] 41 3462 897 29978 446 26881 3935 1287 1281

225 233 14.458344 68.791672 2023-01-02 1 25472 41 3462 897 29978 446 26881 3935 1287 1281 100

day_12 day_13 day_14 day_15 day_l16 day 17 day 18 day 19 day 20 day_21 day_22 day 23 day 24 day 25 day_26 day_27 day 28 chl_week_1 sst_week 1 sal_week_ 1
100 2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0 0.062157 5.847397 33.033215
2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0.062157 5.847397 33.033215

chl_week_2 sst week 2 sal_week_2 chl_week 3 sst_week_3 sal_week_3 chl_week_4 sst week_4 sal_week_4 chl_week 5 sst_week_5 sal_week_5 wvms_hoat_count_wl

0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 1152.0
0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0
0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0
0.057779 5.58537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0

0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0
grid_ day_ wee avg_speed w1-w4 opography

slow_speed_ratio

grid_lat week 4 wlowd
week_5 (next week values)
4 2 28 5 5 5 16 3 1

69 stipcov - atributov v datasete



grid_i grid_j grid_lon grid_lat window_start_day window_start_month catch_next_week day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 11
225 233 14.458344 68.791672 2023-01-01 1 79618 0 0 41 3462 897 29978 446 26881 3935 1287 1281

225 233 14.458344 68.791672 2023-01-02 1 25472 41 3462 897 29978 446 26881 3935 1287 1281 100

day_12 day_13 day_14 day_15 day_l16 day 17 day 18 day 19 day 20 day_21 day_22 day 23 day 24 day 25 day_26 day_27 day 28 chl_week_1 sst_week 1 sal_week_ 1
100 2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0 0.062157 5.847397 33.033215
2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0 54146 0.062157 5.847397 33.033215

chl_week_2 sst week 2 sal_week_2 chl_week 3 sst_week_3 sal_week_3 chl_week_4 sst week_4 sal_week_4 chl_week 5 sst_week_5 sal_week_5 wvms_hoat_count_wl
0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 1152.0
0.057779 5.535637 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0

unique_boats_wl vms_avg_speed_wl vms_slow_speed _wl vms_boat_count_w2 vms_unique_boats_w2 vms_avg_speed_w2 vms_slow_speed_w2 vms_boat_count_w3 vms_unique_boats_w3
1.0 0.006632 1.0 978.0 1.0 0.015951 1.0 892.0 4.0
1.0 0.015951 1.0 892.0 4.0 0.046121 1.0 967.0 3.0
1.0 0.015951 1.0 892.0 4.0 0.046121 1.0 967.0 3.0
1.0 0.015951 1.0 892.0 4.0 0.046121 1.0 967.0 3.0

1.0 0.015951 1.0 892.0 4.0 0.046121 1.0 967.0 3.0
week_5 (next week values)

28 5 5 5 16

69 stipcov - atributov v datasete




grid_i grid_j grid_lon grid_lat window_start_day window_start_month catch_next_week day 1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 11
225 233 14.458344 68.791672 2023-01-01 1 79618 0 0 41 3462 897 29978 446 26881 3935 1287 1281

225 233 14.458344 68.791672 2023-01-02 1 25472 41 3462 897 29978 446 26881 3935 1287 1281 100

day_12 day_13 day_14 day_15 day_l16 day 17 day 18 day_19 day_20 day_21 day_22 day 23 day 24 day 25 day_26 day_27 day 28 chl week_1 sst_week_1 sal_week_ 1
100 2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0 0.062157 5.847397 33.033215
2102 0 64840 1241 413 42 93477 0 0 0 0 0 37836 452 0 0.062157 5.847397 33.033215

chl_week_2 sst _week_2 sal_week_2 chl_week 3 sst_week_3 sal_week_3 chl_week_4 sst week_4 sal_week 4 chl_week 5 sst_week_5 sal_week 5 wvms_boat_count_wl
0.057779 5.53537 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 1152.0
0.057779 5.535637 33.143635 0.057307 6.085476 33.526974 0.079338 5.250828 33.244289 0.090782 5.935687 33.694298 978.0

unique_boats_wl vms_avg_speed_wl vms_slow_speed _wl vms_boat_count_w2 vms_unique_boats_w2 vms_avg_speed_w2 vms_slow_speed_w2 vms_boat_count_w3 vms_unique_boats_w3
1.0 0.006632 1.0 978.0 1.0 0.015951 1.0 892.0 4.0
1.0 0.015951 1.0 892.0 4.0 0.046121 1.0 967.0 3.0

vims_avg_speed w3 vms_slow_speed w3 vms_boat_count_w4 wvms_unique_boats w4 vms_avg_speed w4 vms_slow_speed_w4 bathymetry mdt distance_to_coast

0.046121 1.0 967.0 3.0 0.019473 1.0 130.666 -0.397951 1.0
0.019473 1.0 971.0 2.0 0.008651 1.0 130.666 -0.397951 1.0
0.019473 1.0 971.0 2.0 0.008651 1.0 130.666 -0.397951 1.0
0.019473 1.0 971.0 2.0 0.008651 1.0 130.666 -0.397951 1.0

0.019473 1.0 971.0 2.0 0.008651 1.0 130.666 -0.397951 1.0




Sliding windows dataset

e Shape 2023:
e Shape 2024:
e Shape 2025:;

* menej Ulovkov, data sa na CMS stranke dodato¢ne dopliaju

Rozbor pre rok 2023:
* 331 sliding windows z jednej GPS oblasti (posledny window zaéina 27.11.)
* 429 GPS oblasti, kde boli zaznamenané ulovky

331 x 429 = 141 999



Frequency

Distribucia pre catch_next_week:

catch _next week R ey s

2023: Catch next week histogram 2023: Catch: Zero vs Non-Zero
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* Pocitame ako sucet Ulovkoch nasledujucich 7 dni od posledného dia (28.) v sliding window



2023: Looking back last 7 days
Correct: 85.82% | Incorrect: 14.18%

o
Baseline .
c
«
- 3
model oo | | 8
S g
—
T a
e ,ludské zhodnotenie* 60000 1 3 g
Z = 0 0 -
* Pozriem si Glovky 7 dni 3 = = - &
. £ - ~
dozadu, ak tam bol aspon = *°°%° £ 3 3 v
. V4 . o —— —
jeden Glovok > 0, bude aj - 7 5 5 42090
teraz, inak nie G 40000 o o
‘s o. o
’ v ’ "R — Q ()
* UspesSnost priblizne 86% ¢ £ £
: ) € 30000 1 T e
* Chceme ju prekonat a z o o
najst zavislosti v datach, 9 Q
7 7 o . 20000 -
ktoré o ulovku najviac
rozhoduju 11138
10000 - B2
0 ! T
7days=0 7 days =0 7 days > 0 7 days >0

Catch=0 Catch >0 Catch=0 Catch>0




2023: Looking back last 28 days 2023: Looking back last 21 days

Correct: 77.85% | Incorrect: 22.15% Correct: 80.50% | Incorrect: 19.50%
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Klasifikacia (bude alebo nebude o tyzden Glovok?)

Binarna: Terciarna:
e 0: Ziaden uUlovok e 0: Ziaden Ulovok
* 1: dlovok > 0.0 kg * 1: mensi Ulovok az stredny

Distribdcia pre catch_next_week: °): stredn)" ulovok az vacsi
Trieda @ (Nulovy Glovok): 9091
Trieda 1 (Pozitivny Glovok): 51082

Hranica pre 'Jackpot' (Medidn nenulovych): 20922.50 kg
CNWB_012
0 90917

1 25541
2 25541




XG Bo O St m o d e I Confusion Matrix: Test Set

Confusion Matrix: Test Set =] 1733
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Binarna klasifikacia: Terciarna klasifikacia:
Zatial dosiahnuta accuracy 89% Zatial dosiahnuta accuracy 84%

train na 2023 + 2024 a test na 2025
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Atribat (Environmentalne a VMS faktory)

Top 20 AtribUtov: Permutation Importance (Test Set 2025)

sst_week_5

distance_to_coast

day 28

chl_week 5

day 27

grid_i

grid_j

window_start_month

sal_week 4

sst_week 1

day_22

sst week 3

day 26

vms_avg_speed w2

day 19 4

sal_week_5

chl_week_2 4

day 1 1

day 23 4

day 25 4

0.000

T
0.001

T T T T
0.002 0.003 0.004 0.005
Znizenie presnosti modelu po premiesani (Mean Decrease Accuracy)

T
0.006

3 atributy ktoré maju
pravdepodobne
najvacsi vplyv na
ulovok buduci tyzden:

teplotav
predpovedanom
tyzdni
vzdialenost’ od
pobrezia

ulovok v 28. dni



Nasledujuce kroky

* Vylepsit parametre
* Skusit iné modely a porovnat (RandomForest, Light GBM...)

* Spustit modely na datach bez:

e VMS dat

* oceanskych vlastnosti
* bathymetrie, topografie, vzdialenosti od pobrezia
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