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Why do we apply Geographical Information Systems – GIS?

Simulation and visualization 
of real world – mapping

Geospatial analysis 
and modelling



GIS components

User

Hardware

Software

Data

Data processing 
algorithms, methods 

and tools
GIS

Raster data
.jpg .tiff .ecw .hgt .netCDF

Vector data 
in geodatabases

.shp .gpkg .geojson .gdb

API-services
WMS WFS



GIS software

ArcGIS

ArcGIS Pro

QGIS

https://qgis.org/download/

https://www.esri.com/en-us/home

Desktop GIS applications

ArcGIS

ArcGIS Online

https://www.arcgis.com/index.html

Web-GIS applications

ArcGIS

ArcGIS Earth

https://www.esri.com/en-
us/arcgis/products/arcgis-earth/overview

OpenStreetMap

https://www.openstreetmap.org

https://www.google.com/earth/about/

Google Earth Pro 

https://qgis.org/download/
https://www.esri.com/en-us/home
https://www.arcgis.com/index.html
https://www.esri.com/en-us/arcgis/products/arcgis-earth/overview
https://www.openstreetmap.org/
https://www.google.com/earth/about/


Climate data in GIS

What is special about climate data?

• continuous in space and time 

• global to local scales

• diversity of climate indicators

• majority of indicators are derived 
from other indicators

Data massiveness is a challenge

• historical, future, calculated change

• hourly / daily / monthly / annual timescales

• sources – observations, reanalysis, modelling

• up to 10 basic climate indicators and numerous 
ones derived from

• 120+ climatic models

• up to 5 GHG emission future scenarios

• uncertainty and incompleteness issues

Climate data = Big data



Climate data in GIS

Multidimensional rasters NetCDF
(Network Common Data Form) – for 
massive climate data storage

In GIS, climate data are stored 
as raster data (.geotiff, ….)

Spatial resolution varies from 
2.5 degrees (coarse) to 0.5 degree (fine)

2.5°

2.5°

0.5°

0.5°

https://www.nature.com/articles/sdata2018177/figures/1

https://desktop.arcgis.com/en/arcmap/latest/manage-data/netcdf/fundamentals-of-netcdf-data-storage.htm



Climate data in GIS

Single NetCDF file can store 
several variables (i.e. min, mean 
and max temperature) in 
dimensions of time (i.e. daily for 
30 years) and space (X, Y)

Each time band of each variable 
can be extracted as a separate 
raster layer.

All layers in NetCDF rasters can 
undergo calculations in Raster 
calculator to generate new 
rasters (i.e. to calculate the 
difference between mean 
temperature of past and future)



How to handle climate geodata?

Ready-to-use web-applications
• Maps and dashboards in a web-browser providing climate data generation and visualization
• Easy tools to customize general options – area or point location, selection for timeframes, indicators, scenarios
• No need of GIS skills 

Geodata download portals
• Flexible system of climate indicators and other options/criteria selection
• A portal may have certain limitations regarding your requirements
• Needs for GIS software and basic skills in geodata visualisation

Development of your own rasters
• Full freedom in developing climate indicators, areas and time frames
• Reasonable for local and regional scales
• Needs for deep knowledge and advanced skills in GIS



GIS application in climate science

Global circulation modeling (GCM)

Institution Model Name Country

NASA GISS GISS-E2 USA

NOAA GFDL
GFDL-CM4, 
GFDL-ESM4

USA

NCAR (CESM) CESM USA

UK Met Office 
Hadley Centre

HadGEM3, 
UKESM1

UK

ECMWF EC-Earth Europe

IPSL IPSL-CM6A-LR France

MPI-M MPI-ESM1.2 Germany

CMCC CMCC-CM2 Italy

BCC BCC-CSM2-MR China

MRI-JMA MRI-ESM2.0 Japan

Leading GCM developers

• Simulate climate processes globally at 
different levels in the atmosphere and oceans

• Long-term modelling of past, present and 
future climate

• Spatial resolution 1.0 – 2.5 degrees



GIS application in climate science

Regional circulation modeling (RCM)

Institution Model Name Country

ICTP RegCM Italy

UK Met Office PRECIS UK

SMHI RCA4 Sweden

CLM-Community COSMO-CLM Germany

NCAR WRF USA

EURO-CORDEX 
Consortium

RCA4, CLMcom, 
ALADIN, WRF, 
HIRHAM, and 
more

EU 
countries

Leading RCM developers

• Downscaled from GCM considering local 
topography, land use, vegetation and other 

• Represent local effects and impacts of climate

• Spatial resolution 0.1 – 0.5 degrees and finer

https://www.nccs.admin.ch/nccs/en/home/climate-change-and-impacts/swiss-
climate-change-scenarios/understanding-climate-change-scenarios.html

https://www.nccs.admin.ch/nccs/en/home/climate-change-and-impacts/swiss-climate-change-scenarios/understanding-climate-change-scenarios.html


How does spatial resolution matter?

Global Climate Models (GCMs)

Resolution range: 100–250 km (low-resolution)

Maximum of daily maximum temperature (°C) - CMIP6 - Change - rel. to 1850-1900 - SSP5-8.5 - (2041-2060) - Annual

Data source: https://atlas.climate.copernicus.eu/atlas  

Spatial resolution – 1.0 x 1.0 degrees (76 km x 110 km in WGS 84 / Pseudo-Mercator projection)



Resolution range: 10–50 km 
(medium-resolution)

CORDEX (Coordinated 
Regional Climate 

Downscaling Experiment)

0.1 x 0.1 degrees
9 x 14 km

(in WGS 84 / Pseudo-
Mercator projection)

How does spatial resolution matter?

Days with maximum temperature above 35 ºC (days) - CORDEX-EUR-11 - Change - rel. to 1981-
2010 - RCP4.5 - (2041-2060) - Annual

Regional Climate Models (RCMs)

Data source: https://atlas.climate.copernicus.eu/atlas  



How does spatial resolution matter?

Days with maximum temperature above 35 ºC (days) - CORDEX-EUR-11 - Change 
- rel. to 1981-2010 - RCP4.5 - (2041-2060) - Annual

Zakarpatska oblast

Ivano-Frankivska oblast

Data source: https://atlas.climate.copernicus.eu/atlas  

Data source: Climate change adaptation strategy for Ivano-Frankivsk region, 
2024 (in Ukrainian)

Resolution of 0.1 x 0.1 degrees (9 x 14 km) is suitable 
for national and regional (oblast) scales.

RCMs with such resolution are particularly effective 
in oblasts with rugged terrain like the Carpathian 
mountainous area.



How does spatial resolution matter?

For the local community level, the resolution of 0.1 x 0.1 
degrees (9 x 14 km) may be reasonable if the community 
area is relatively large.

For relatively small areas further downscaling is needed –
up to 30 seconds (1 km2).

0.25 х 0.25 
degrees

0.1 x 0.1 
degrees



Ready-to-use GIS web-applications: IPCC WGI Interactive Atlas



Ready-to-use GIS web-applications: KNMI Climate Change Atlas

https://climexp.knmi.nl/plot_atlas_form.py?id=someone@somewhere

https://climexp.knmi.nl/plot_atlas_form.py?id=someone@somewhere


Ready-to-use GIS web-applications: coastal risk screening tool



Portals for downloading raster climate data: Copernicus Interactive Climate Atlas

https://cds.climate.copernicus.eu/

• Allows to obtain calculated changes between 
past, present and future climate data

• Convenient system of parameters selection
• NetCDF and GeoTIFF formats are available

https://cds.climate.copernicus.eu/


Portals for downloading raster climate data: Climate Data Store

https://cds.climate.copernicus.eu/

• Vast list of climate variables and time frames
• Flexible system of parameters selection
• NetCDF format is available

https://cds.climate.copernicus.eu/


Portals for downloading raster climate data: WorldClim

• Maximum user-friendly and easy to use
• High spatial resolution data
• Data are available in .geotiff format which is 

easier to handle in GIS



Portals for downloading raw observation data: UkrHydroMet Insitute



Portals for downloading raw observation data: NOAA



API services for retrieving climate data online: OpenWeatherMap



Practical usefulness of GIS application in climate services

• Understanding of spatial distribution and variability of climate indicators in a 
particular location

• Effective visualisation of climate change evidence, effects and consequences

• Identification of risk and vulnerability to climate change through geospatial 
analysis (overlay and proximity analysis, elevation and hydrologic modelling, etc)

• Selection and substantiation of relevant adaptation and mitigation measures



Sehgal V. et al. Vulnerability of Agriculture to Climate Change: 
District Level Assessment in the Indo-Gangetic Plains, IARI. 2013

GIS application in climate risk and vulnerability analysis



Climate Change Adaptation in Kazakhstan, 
Climate Adaptation and Mitigation Program 
for the Aral Sea Basin (CAMP4ASB), 2021

GIS application in climate risk and vulnerability analysis

Total exposure Geographic sensitivity Socio economic sensitivity

Vulnerability



GIS application in assessment of climate change in river basin

Climate Change in Siv. 
Donets River basin: 
UNICEF project, 2021


