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ABSTRACT. This technical document presents a reproducible geospatial workflow for ingesting, 
rendering, and temporally configuring multidimensional marine oceanographic data using QGIS 
LTR 3.44. Using the Mediterranean Sea physics numerical analysis and forecast product from the 
Copernicus Marine Environment Monitoring Service (CMEMS; product MEDSEA_ANALYSIS-
FORECAST_PHY_006_013), which assimilates satellite and in-situ observations, this guide illus-
trates practical operational procedures within an open-source desktop environment. The demon-
strated workflow covers NetCDF data loading, surface layer subsetting, range-calibrated singleband 
pseudocolor symbology, and dynamic temporal control configuration for time-series display across 
the Mediterranean Basin using an illustrative one-month dataset (August 2026). This step-by-step 
framework addresses software entry barriers, providing marine researchers and spatial analysts with 
an open-source protocol for processing multidimensional oceanographic model outputs.

Key words: QGIS, Copernicus Marine Service (CMEMS), NetCDF, sea surface temperature (SST), 
Mediterranean Sea, marine monitoring.

Flujo de trabajo reproducible en QGIS para visualizar los datos de temperatura marina del 
Mediterráneo de Copernicus

RESUMEN. Este documento técnico presenta un flujo de trabajo geoespacial reproducible para la 
inclusión, visualización y configuración temporal de datos oceanográficos marinos multidimensionales 
mediante QGIS LTR 3.44. Utilizando el producto del análisis y pronóstico numérico físico del Mar 
Mediterráneo, proveniente del Servicio de Vigilancia del Medio Marino de Copernicus (CMEMS; 
producto MEDSEA_ANALYSISFORECAST_PHY_006_013), el cual asimila observaciones sate-
litales e in situ, esta guía ilustra los procedimientos operativos prácticos en un entorno de escritorio 
de código abierto. El flujo de trabajo expuesto abarca la carga de datos en formato NetCDF, la ex-
tracción de subconjuntos de la capa superficial, la aplicación de simbología de pseudocolor de banda 
única con rangos calibrados y la configuración de control temporal dinámico para la visualización 
de series temporales en toda la cuenca mediterránea, empleando un conjunto de datos ilustrativo 
correspondiente a un mes (agosto de 2026). Este marco de trabajo paso a paso aborda las barreras de 
acceso al software, proporcionando a investigadores marinos y analistas espaciales un protocolo de 
código abierto para el procesamiento de resultados de modelos oceanográficos multidimensionales.

Palabras clave: QGIS, Servicio Marino de Copernicus (CMEMS), NetCDF, temperatura de la 
superficie del mar (SST), Mar Mediterráneo, vigilancia marina.
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INTRODUCTION

In recent decades, the assessment and monitoring 
of marine ecosystems have become critically impor-
tant in the face of escalating anthropogenic pressures, 
climate change, the introduction of alien species, the 
overexploitation of biological resources, and environ-
mental pollution (Tiralongo 2019; Von Schuckmann 
et al. 2019). Understanding the complex dynamics of 
oceans and seas requires high-resolution, reliable, and 
timely data to identify environmental stressors and 
evaluate ecosystem responses over time (Semeraro et 
al. 2020). To address these challenges, the European 
Union has championed flagship initiatives such as 
the Copernicus program. Within this framework, the 
Copernicus Marine Environment Monitoring Service 
(CMEMS) provides scientifically validated informa-
tion on the physical and biogeochemical states of glob-
al oceans and seas (Le Traon et al. 2019). Rather than 
relying exclusively on direct satellite observations, 
CMEMS integrates diverse oceanographic sources 
through advanced numerical modeling. Specifically, 
operational physical products such as the Mediterra-
nean Sea Analysis and Forecast system (MEDSEA_
ANALYSISFORECAST_PHY_006_013) combine 
hydrodynamics with data assimilation techniques, 
merging satellite-derived Sea Surface Temperature 
(SST) and sea level anomalies with in situ profiles 
to generate continuous model analyzes and short-
term forecasts (Von Schuckmann et al. 2016). These 
multidimensional marine products are distributed in 
scientific open standards such as Network Common 
Data Form (NetCDF), which store multidimension-
al arrays of geospatial and oceanographic variables 
(Okladnikov et al. 2016). Effectively processing and 
visualizing these multidimensional datasets requires 
accessible geospatial software. Over recent dec-
ades, Geographic Information Systems (GIS) have 
evolved into essential platforms for environmental 
data handling (Duarte and Teodoro 2021). Among 
open-source solutions, QGIS provides a robust desk-
top environment supporting dynamic raster and mesh 

rendering, cross-platform stability, and multidimen-
sional file drivers. Although general software docu-
mentation and basic platform tutorials exist, applied 
marine literature often lacks end-to-end, reproduc-
ible workflows demonstrating how to bridge raw 
CMEMS NetCDF outputs directly with native QGIS 
dynamic temporal controls. To address this technical 
entry barrier, the objective of this technical document 
is to provide a step-by-step operational protocol for 
opening, subsetting, styling, and animating Coperni-
cus Marine model outputs in QGIS. By presenting 
an integrated workflow applied to Sea Surface Tem-
perature across the Mediterranean Basin, this guide 
provides a standardized, code free technical contri-
bution for researchers and environmental managers 
processing multidimensional oceanographic data.

MATERIALS AND METHODS

Software architecture and working environment 

To achieve the objectives of this study, the pro-
cessing and visualization pipeline relies exclusively 
on open-source tools to ensure full reproducibility. 
The reference GIS environment adopted is QGIS 
(LTR 3.34/3.44), operating on 64-bit architecture 
and natively integrated with the Geospatial Data 
Abstraction Library (GDAL/OGR) for multidi-
mensional NetCDF driver handling. The inputs, 
configurations, and outputs of the processing en-
vironment are defined as follows: 

-	 Input Data Oceanographic NetCDF (.nc) files 
retrieved from Copernicus Marine. 

-	 Software Settings: Coordinate Reference Sys-
tem set to WGS 84 (EPSG:4326), raster render-
ing configured to Singleband Pseudocolor, and 
temporal filtering managed via the native QGIS 
Temporal Controller. 

-	 Outputs: calibrated single-frame surface temper-
ature maps (exported at 300 DPI in PNG format) 
and dynamic temporal sequence animations. 
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Data sources: Copernicus Marine Service (CM-
EMS)

The input dataset was retrieved from the Co-
pernicus Marine Environment Monitoring Service 
(CMEMS) online platform (https://marine.coper 
nicus.eu/access-data/). The selected oceanograph-
ic product corresponds to the Mediterranean Sea 
Physics Analysis and Forecast system (MEDSEA_
ANALYSISFORECAST_PHY_006_013, DOI:  
https://doi.org/10.48670/mds-00359). Data retriev-
al was performed via the Copernicus Marine Data 
Store subsetting protocol with the following explic-
it query parameters: 

-	 Spatial bounding box: bounded within latitude 
30.0° N to 46.0° N and longitude 6.0° W to 
36.0° E, covering the entire Mediterranean Ba-
sin. 

-	 Extracted variable and depth: Sea Surface Tem-
perature (SST), represented by potential tem-
perature (thetao), extracted exclusively at the 
surface depth level.

-	 Temporal interval and aggregation: monthly av-
eraged product corresponding to the full calen-
dar month of August 2026 (temporal window: 
August 1, 2026, 00:00:00 UTC to August 31, 
2026, 23:59:59 UTC). 

-	 File metadata and technical specifications: the 
downloaded file (cmems_mod_med_phy-tem_an 
fc_4.2km_P1M-m.nc, download date: Septem-
ber 1, 2026) has an overall file size of approxi-
mately 18.4 MB.

This operational model features a regular com-
putational grid with an actual native spatial reso-
lution of 1/24° (∼ 0.042° × 0.042°, or ∼ 4.2 km), 
enabling an accurate representation of thermal gra-
dients across the Mediterranean Basin.

General methodological procedure 

The operational protocol is structured into three 
consecutive phases: 

1.	Data acquisition and subsetting: targeted selec-
tion via the Copernicus Marine online catalog 
subsetting protocol, defining the geographic 
bounding box of the Mediterranean Basin and 
restricting temporal extraction to August 2026 
to optimize NetCDF file size and computational 
processing. 

2.	GIS import and multidimensional structuring: 
importing the NetCDF raster layer into QGIS 
LTR using the GDAL multidimensional driver, 
verifying spatial metadata, selecting the thetao 
variable at surface level, and assigning the global 
geographic coordinate reference system (WGS 
84 / EPSG:4326) (Figure 1).

3.	Symbology calibration and dynamic visualiza-
tion: applying a continuous Singleband Pseu-
docolor ramp calibrated to the minimum and 
maximum surface temperature values (16.77 °C 
to 32.64  °C), configuring the QGIS Temporal 
Controller for time-frame rendering, and gener-
ating high-resolution cartographic layouts.

RESULTS

Loading CMEMS oceanographic layers in QG-
IS

The QGIS LTR operating interface (Figure 1) 
illustrates the initial phase of the data loading 
procedure, focusing on opening the oceanograph-
ic dataset in NetCDF format extracted from the 
Copernicus Marine portal. As highlighted by the 
software’s menu tree, access to spatial datasets is 
achieved through native raster layer management 
by selecting the file path of the georeferenced data.

Preliminary visualization of Sea Surface Tem-
perature (SST) in the Mediterranean Sea

The QGIS interface (Figure 2) shows the out-
come of loading the monthly-mean oceanographic 
dataset corresponding to the Mediterranean Sea 

https://marine.copernicus.eu/access-data/
https://marine.copernicus.eu/access-data/
https://doi.org/10.48670/mds-00359
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Figure 1. Data loading procedure in QGIS LTR (v3.44 on Windows OS). The annotated click path highlights the native raster 
ingestion sequence: Layer (1) > Add Layer (2) > Add Raster Layer (3).

Figure 2. Initial visualization of Sea Surface Temperature (SST) across the Mediterranean Basin within QGIS.
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Physics Analysis and Forecast product (cmems_
mod_med_phy-tem_anfc_4.2km_P1M-m.nc). The 
map displays the surface potential temperature var-
iable (thetao) filtered for the surface depth level 
(approximately 1 m). The application of the default 
color ramp highlights the spatial distribution of 
monthly surface temperatures across the Medi-
terranean Basin and adjacent Atlantic areas, with 
values ranging from a minimum of 16.77 °C to a 
maximum of 32.64 °C.

Advanced configuration of symbology and raster 
rendering in QGIS 

The layer properties interface (Figure 3) pro-
vides the parameters for raster rendering of Co-
pernicus Marine multidimensional oceanographic 
data. Within the Symbology panel (accessible via 
layer Properties), the following visual rendering 
parameters are set:

-	 Singleband pseudocolor rendering: converts 

raw numerical data into a continuous chromatic 
representation. The user selects the target raster 
band corresponding to the sea surface tempera-
ture variable (thetao) at a surface depth level of 
approximately 1 m. 

-	 Min./max. value calibration: sets the lower and 
upper limits of the raster data histogram. For this 
dataset, limits are configured from 16.77 °C to 
32.64 °C to map the full range of surface temper-
atures observed across the Mediterranean Basin.  

-	 Color ramp management: applies a continuous 
or interpolated color gradient across the calibrat-
ed temperature range to display spatial thermal 
variations. .

-	 Layer rendering section: controls layer blending 
modes (set to Normal) and display adjustments 
(brightness, contrast, and saturation) without 
modifying underlying dataset values. 

-	 Resampling options: sets resampling parame-
ters (such as Nearest Neighbour) to control pix-
el rendering during map zooming and panning 
operations across the study area. 

Figure 3. Symbology and raster rendering settings within the QGIS layer properties.
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Selection of rendering modes in the symbology 
panel 

Figure 3 illustrates the drop-down menu asso-
ciated with the Render type option in QGIS. This 
setting determines the visualization mode for 
the Copernicus Marine NetCDF dataset (thetao). 
Available options include: 

-	 Singleband gray: renders raster data using a 
monochromatic grayscale palette. 

-	 Singleband pseudocolor: maps continuous nu-
merical values onto an interpolated color palette 
to represent thermal spatial gradients.

-	 Multiband color: used for multi-channel rasters 
(e.g. multispectral imagery). 

-	 Palettes/unique values and single color: applied 
to categorical datasets or uniform layer dis-
plays. 

-	 Hillshade and contours: used for generating re-
lief shading or extracting isothermal isolines.

Configuration of the dynamic temporal control 
module in QGIS

The layer properties interface displays the Tem-
poral configuration tab in QGIS LTR 3.44 (Figure 
4). This module manages the native time compo-
nent embedded in Copernicus Marine multidimen-
sional datasets. By enabling Dynamic Temporal 
Control, the user defines the temporal range for 
spatial rendering. For monthly-mean datasets 
(P1M-m), the module is configured to recognize 
the explicit start and end timestamps stored in the 
NetCDF metadata. Enabling dynamic temporal 
control restricts layer visibility strictly to the de-
fined validity window (e.g. August 1, 2026, to Au-
gust 31, 2026). When multiple sequential NetCDF 
files or higher-frequency outputs (e.g. daily P1D) 
are loaded into the workspace, the global Temporal 
Controller panel uses these temporal boundaries to 
automate time-series transitions across consecutive 
observation periods.

Figure 4. Configuration interface for temporal properties of a Copernicus Marine NetCDF layer in QGIS.
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DISCUSSION

This technical document presents a streamlined, 
code-free QGIS workflow for ingesting, render-
ing, and temporally configuring Copernicus Ma-
rine Environment Monitoring Service (CMEMS) 
Mediterranean datasets within the open-source 
QGIS desktop environment (Rosas-Chavoya et 
al. 2022). While Copernicus Marine offers offi-
cial documentation and dedicated tools such as the 
NetCDF2QGIS plugin for NetCDF handling, the 
procedure detailed here focuses on native QGIS 
LTR functionality-specifically leveraging GDAL/
OGR multidimensional drivers, custom single-
band pseudocolor symbology calibration, and the 
integrated Dynamic Temporal Controller without 
requiring external plugin dependencies. 

Accessibility and software adoption

Utilizing open standard formats (such as 
NetCDF) alongside open-source platforms like 
QGIS may reduce software licensing barriers for 
local environmental authorities, small research in-
stitutions, and spatial analysts with limited opera-
tional budgets (Flenniken et al. 2020). By utilizing 
native graphical user interface (GUI) components, 
this framework enables direct multidimensional 
raster handling and time-series visualization with-
out requiring custom scripting. 

Methodological efficacy and practical applica-
tion in the Mediterranean 

The application to the Sea Surface Temperature 
(SST) field in the Mediterranean Basin illustrates 
the step-by-step implementation of the visualiza-
tion pipeline. Thanks to their rigorous scientific 
validation and regular spatial coverage, CMEMS 
numerical model outputs which assimilate in-situ 
and satellite observations (MEDSEA_ANALYSIS-
FORECAST_PHY_006_013) provide consistent 

physical fields for studying climatic variations 
and thermal dynamics (Pisano et al. 2020). The 
practical implementation of the described work-
flow demonstrates that users can extract targeted 
spatial subsets and rapidly generate calibrated the-
matic maps and surface thermal gradients without 
the need for advanced scripting, although integra-
tion with Python tools offers further automation 
potential. The analysis of oceanographic datasets 
through GIS technology highlights the remarkable 
potential of spatial tools in environmental contexts 
(Petrosillo et al. 2023).

Implications for environmental monitoring and 
future perspectives 

The integration of multidimensional layers with 
the QGIS Temporal Controller offers a structured 
protocol for handling time-aware raster metadata 
(Flenniken et al. 2020). While the present demon-
stration is limited to a monthly-mean surface temper-
ature dataset, this technical setup can be potentially 
extended in future work to multi-temporal series 
or higher-frequency oceanographic model outputs. 
Looking ahead, open-source desktop GIS platforms 
combined with advanced geoprocessing tools pro-
vide a practical technical foundation for routine en-
vironmental mapping and spatial data management.
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