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N3TEI'JISHE, OBPABOTKA U BU3YAJIU3UPAHE HA PEAJIHU
MOPCKHU HABOPH OT JAHHMU: TPEBPBIIIAHE HA
OKEAHOI'PA®CKHU JAHHU B CMUCJIEHU HAYYHU UCTOPUHN

ooy. 0-p fumumvp Munues, bypeacku c6o600en ynusepcumem, mitko@bfu.bg

AGcTpakT: BBp3usaT pacTe)x Ha XpaHWIMIIATa 3a MOPCKM JaHHU C OTBOPEH JOCTHII
TpaHchopMupa OKeaHOTpaPCKUTE U3CIEABAHNS, 00OpA30BAHUETO K MOHUTOPHHTA HA OKOJTHATA
cpena. TpancopmupaHero Ha rojeMu o0EMHM OT CypOBHM CaTEIMTHM U OKEAHCKHU MOJENN
JAaHHU B MHTEPIPETUPYEMH HAyYHU 3HAHHs 00ade OCTaBa 3HAUYUTEIIHO MPEIU3BUKATEICTBO.
Ta3u cratus mnpexncTaBs NpakTUYeH pabOTeH Ipolec 3a u3TeriasHe, oOpaboTka U
BU3YQJIM3MPaHE HA PEATHU MOPCKH HaOOpHW OT JaHHH, MOJyYEHH OT TOJIEMH MEXTYyHAPOIHU
UHOPACTPYKTYPH 33 MOPCKM JaHHM, BKIounTenHO Mopckara cinyxb6a ,,KonepHuk™ Ha
EBponeiickara kocmuuecka areHuuss (ESA), NASA OceanColor 1 NOAA ERDDAP.
PaGoTHUAT mpolec AEMOHCTpUpa Kak IMPOrpaMHUPAHETO, IOANOMOTHATO OT HU3KYCTBEH
WHTEJICKT, B KOMOWHAIMS ¢ Hay4Hu OmOnmoreku Ha Python, Moxe nma yckopu mpexona OT
U3CJIEeI0BATENICKM BBIIPOCH HA €CTECTBEH €3UK KbM BB3IPOM3BOAMMHU aHAJUTUYHH PAaOOTHU
nporecu. [IpencraBenu ca pearHnu npumepy, 0a3upaH Ha HAOIIOICHHUS Ha TEMIIepaTypaTa Ha
MopckaTa noBbpxHOCT (SST) u xiopoduii-a, BKIIOUUTENHO Ka3zycu oT UepHo Mope, Byprackus
3anuB, pernoHa Ha bantuiicko Mope 61130 10 Pura u oOpa3oBaTesHu NpuMepH, CBbP3aHU C
€BPONENCKU YHHBEpPCUTETH. V3clieiBAHETO MIIIOCTPUpPAa KAaK BHUMATEIHO MPOEKTHPAHUTE
BU3yQJIM3allul TpaHCHOPMUPAT CIOKHU MOPCKH HAOOpHM OT JaHHW B CMHCJICHH HAy4YHU
UCTOPUHU, KOUTO MOJIIIOMArar pa30oupaHeTo 3a OKOJIHATA Cpella U B3EMaHEeTO Ha PEeILCHMS.

KuarouoBu nymu: Mopcku nannu, Oxeanorpadusi, Busyanuzanus Ha nanau, Mopcka cimy»k6a
Ha Komnepuuk, NASA OceanColor, NOAA ERDDAP, Python, Temneparypa Ha mopckaTa
MOBBPXHOCT, Xiopodui-a, HaydHo pa3zka3BaHe Ha HCTOPHUH.

DOWNLOADING, PROCESSING, AND VISUALIZING REAL MARINE
DATASETS: TURNING OCEANOGRAPHIC DATA INTO
MEANINGFUL SCIENTIFIC STORIES

Assoc. Prof. PhD Dimitar Minchev, Burgas Free University, mitko(@bfu.bg

Abstract: The rapid growth of open-access marine data repositories has transformed
oceanographic research, education, and environmental monitoring. However, transforming
large volumes of raw satellite and ocean model data into interpretable scientific knowledge
remains a significant challenge. This paper presents a practical workflow for downloading,
processing, and visualizing real marine datasets obtained from major international marine data
infrastructures, including the European Space Agency (ESA) Copernicus Marine Service,
NASA OceanColor, and NOAA ERDDAP. The workflow demonstrates how artificial
intelligence-assisted programming, combined with Python scientific libraries, can accelerate
the transition from natural-language research questions to reproducible analytical workflows.
Real examples based on Sea Surface Temperature (SST) and chlorophyll-a observations are
presented, including case studies from the Black Sea, Burgas Bay, the Baltic Sea region near
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Riga, and educational examples associated with European universities. The study illustrates
how carefully designed visualizations transform complex marine datasets into meaningful
scientific stories that support environmental understanding and decision-making.

Keywords: Marine Data, Oceanography, Data Visualization, Copernicus Marine Service,
NASA OceanColor, NOAA ERDDAP, Python, Sea Surface Temperature, Chlorophyll-a,
Scientific Storytelling.

1. Introduction

Modern oceanography increasingly relies on satellite observations, numerical models,
autonomous sensors, and international data infrastructures. Open-access repositories now
provide continuous access to physical, biogeochemical, and ecological variables describing
ocean conditions at global and regional scales. Examples include the ESA Copernicus Marine
Data Store [1,2], NASA OceanColor archives [2,3], and NOAA’s Environmental Research
Division Data Access Program (ERDDAP) [5]. These systems provide datasets describing sea
surface temperature, salinity, ocean currents, chlorophyll concentration, sea level, dissolved
oxygen, and many other parameters.

The challenge is no longer merely obtaining oceanographic data. Researchers must transform
raw observations into meaningful visual narratives that reveal environmental processes,
temporal trends, and spatial variability. The concept of scientific storytelling combines data
acquisition, analysis, visualization, and interpretation into a coherent workflow that enables
scientific insights and effective communication.

Recent developments in artificial intelligence (AI) provide new opportunities for accelerating
this workflow. Instead of manually writing extensive code, researchers can formulate natural-
language questions and use Al-generated Python [8] scripts as starting points for reproducible
marine data analysis. However, scientific validation remains essential, requiring verification of
dataset identifiers, spatial coordinates, temporal coverage, variables, and measurement units.

2. Marine Data Sources and Infrastructure
Three major marine-data ecosystems form the foundation of the presented workflow.

2.1 ESA Copernicus Marine Service

The Copernicus Marine Service [1,2] provides free and science-based information about the
physical ocean (Blue Ocean), sea ice (White Ocean), and marine biogeochemistry (Green
Ocean) at global and regional scales. It represents one of the most comprehensive operational
marine information systems currently available. Access requires a free account and supports
direct Python [8] integration through the copernicusmarine package.
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Fig. 1. National Aeronautics and Space Administration (NASA) Earth Observation Data

Available variables include: Water temperature (thetao), Salinity (so), Eastward current
velocity (uo), Northward current velocity (vo), Sea surface height (zos), Chlorophyll-a (chl)
and Dissolved oxygen (02)

2.2 NASA OceanColor

NASA OceanColor [3,4] products provide satellite observations of marine biological and
optical properties. Particularly valuable are chlorophyll-a products derived from MODIS Aqua
and other Earth-observing sensors. These datasets support investigations of phytoplankton
dynamics, primary productivity, and ecosystem health.
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Fig. 2. National Aeronautics and Space Administration (NASA) Earth Observation Data

2.3 NOAA ERDDAP

NOAA ERDDAP [5] offers standardized web-based access to numerous marine datasets
through reproducible URL queries. Unlike traditional download systems, ERDDAP allows
direct retrieval of small spatial and temporal subsets, making it particularly suitable for
educational applications and lightweight scientific workflows.
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Fig. 3. National Oceanic and Atmospheric Administration (NOAA) Environmental Research
Division’s Data Access Program (ERDDAP)

3. Methodology
The proposed workflow consists of five stages:

Define the scientific question

Select an appropriate dataset
Download data through Python
Visualize spatial and temporal patterns
Validate and interpret results

Nk W=
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The required software environment includes Visual Studio Code, Python [8], and scientific
libraries such as copernicusmarine [1,2], earthaccess [3,4], xarray [6], matplotlib [7], numpy
[9], pandas, and netCDF4. These tools support downloading, processing, and visualization of
NetCDF-based marine datasets.

Al can assist by generating initial Python [8] workflows from prompts specifying: Data source,
Geographic region, Variable, Time period and Visualization requirements.

However, resulting scripts must always be validated against official metadata before scientific
use.

4. Case Studies and Real-Time Examples

4.1 Black Sea Sea Surface Temperature Mapping

One example demonstrates downloading a June 2026 Sea Surface Temperature dataset for the
Black Sea using Copernicus Marine. The workflow downloads a regional subset, reads the
NetCDF product, and generates a thematic map illustrating spatial SST variability.

Black Sea Surface Temperature for June 2026
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Fig. 4 Black Sea Surface Temperature (SST)

The resulting visualization reveals warmer southern sectors and relatively cooler northern
areas, illustrating how spatial mapping immediately transforms numerical data into
interpretable environmental information.

4.2 Sea Surface Temperature Near Burgas

A second example focuses on local ocean conditions near Burgas during June 2026. Instead of
visualizing an entire basin, SST values are extracted from a regional grid cell and plotted as a
time series. This approach highlights daily variability and supports studies of seasonal warming
trends, marine heat events, and local coastal processes.
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Sea Surface Temperature near Burgas for June 2026
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Fig. 5 Sea Surface Temperature (SST) near Burgas

The time-series representation demonstrates how temporal aggregation can reveal
environmental dynamics that are difficult to identify in static maps.

4.3 Chlorophyll-a Around Burgas

Using NASA OceanColor MODIS Aqua Level-2 products, chlorophyll-a concentrations
around Burgas were visualized for June 2026. Chlorophyll-a serves as an indicator of
phytoplankton biomass and marine productivity.

Chlorophyll-a around Burgas
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Fig. 6 Chlorophyll-a Around Burgas

This example demonstrates how biogeochemical variables complement physical ocean
observations, enabling researchers to examine ecosystem responses alongside environmental
forcing.
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4.4. Daily Median Chlorophyll-a Trends

Spatial chlorophyll measurements can be aggregated into daily median values, producing
simple trend visualizations that support scientific interpretation. Median statistics reduce the
influence of outliers caused by clouds, sensor noise, or quality-control issues.

Daily Median Chlorophyll-a around Burgas
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Fig. 7. Daily Median Chlorophyll-a around Burgas

The resulting graph transforms thousands of satellite measurements into a concise
environmental narrative describing biological variability through time.

4.5 Multi-Regional Educational Examples
Additional educational examples demonstrate SST extraction for study regions associated with:

*  University of Petroleum-Gas, Romania
*  Bogdan Voda University, Romania

*  University of Trnava, Slovakia

*  College of Law, Riga, Latvia

These case studies apply identical workflows while emphasizing the importance of careful
geographic validation and bounding-box selection. Notably, inland locations require explicit
specification of representative marine study areas rather than relying solely on institution
names. The Riga example demonstrates application within the Baltic Sea and Gulf of Riga
environment, where marine conditions can be meaningfully analyzed.

- Copemicus Marine SST mean (2026-07-01 to 2026-07-15) Daily SST at nearest marine pixel to UPG, Romania
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Fig. 8. Satellite Sea Surface Temperature (SST) near University of Petroleum-Gas, Romania
(1-15 July 2026)
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5. From Raw Data to Scientific Stories

Scientific storytelling emerges when technical workflows are combined with meaningful
interpretation. The presented examples illustrate three complementary visualization
approaches:

1. Spatial maps reveal geographic patterns.
2. Time-series plots reveal temporal dynamics.
3. Multi-variable comparisons reveal environmental relationships.

For example, simultaneous analysis of SST and chlorophyll-a may help investigate links
between thermal conditions and biological productivity. Similarly, integration of currents,
salinity, oxygen, and sea-level observations enables broader ecosystem analyses.

Effective scientific stories require: Reproducible workflows, Transparent metadata, Proper
validation, Clear graphics and Domain expertise.

Al can accelerate implementation but cannot replace scientific judgment. Researchers remain
responsible for ensuring correct dataset selection, geographic applicability, and interpretation
of environmental processes.

6. Conclusion

The growing availability of marine datasets from Copernicus Marine [1.2], NASA OceanColor
[3,4], and NOAA ERDDAP [5] provides unprecedented opportunities for oceanographic
research and education. By combining Python-based workflows with Al-assisted code
generation, researchers can rapidly access, process, and visualize real marine observations.

The examples presented demonstrate that meaningful scientific stories emerge when spatial
maps, temporal analyses, and domain knowledge are combined into reproducible workflows.
Whether analyzing Black Sea temperatures, chlorophyll variability around Burgas, or Baltic
Sea conditions near Riga, the same methodological framework applies: define a question,
obtain data, visualize results, validate assumptions, and interpret findings scientifically.

As marine observation systems continue to expand, the ability to transform raw datasets into
clear, reproducible, and compelling scientific narratives will become an increasingly important
skill for both researchers and students.
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