
Combining R with Google Earth Engine to create new datasets for the
CAMELS-CZ database

Ondrej Ledvinka1,2

1Czech Hydrometeorological Institue, Hydrology Division, Hydrology Database and Water Budget
Department, Na Sabatce 2050/17, 143 06 Prague 4, Czechia; ondrej.ledvinka@chmi.cz

2Charles University, Faculty of Science, Department of Physical Geography and Geoecology, Albertov 6,
128 00 Prague 2, Czechia; ledvinka@natur.cuni.cz

Introduction
Inspired by the global interest in creating CAMELS (Catchment Attributes and MEteorology for
Large-sample Studies) datasets [1], Czech hydrologists also started collecting various geospatial
data and data associated with time series in hydrology and climatology to create their database
called CAMELS-CZ, which may be routinely used when studying runoff generation and re-
sponse in a changing climate on the territory of Czechia and its vicinity given by the selected
catchments [2, 3]. Different catchment attributes may serve as good predictors in spatial hy-
drology looking for clusters of similarly behaving regions from a hydrometeorological point
of view. In particular, current machine learning models may be developed based on such a
database, providing better insights into rainfall-runoff processes that are usually non-stationary
and non-linear. Besides the time series of hydrological and climatological variables that are
being opened in Czechia (e.g. [4]), spatial datasets play a very important role. However, the
source spatial datasets can be hard to process on a local machine even for a small country such
as Czechia (with a territory of about 79,000 km2). The reason is a finer spatial resolution
brought by modern technologies, which applies mainly to raster data. Therefore, it is advisable
to make use of cloud-based approaches to process such large spatial data. Czech universities
have good access to Google Earth Engine (GEE; [5]), but Czech hydrologists so far have not
employed it much, and it is time to overcome this gap.

Data
Selected images (or image collections) investigated through GEE so far are depicted in Fig. 1.

Fig. 1. Images on GEE processed so far to get percentages of land cover classes, or mean NDVI

Fig. 2. 738 catchments with water-gauging station in Czechia and non-zero area

Methods
Since many hydrologists and geographers in Czechia are familiar with the high-level program-
ming language R, the potential of the rgee [6, 7, 8] and tidyrgee [9] R packages was inves-
tigated. Today, the vector spatial data representing catchment divides allow us to study up to
738 catchments closed by a water-gauging station, ranging from 0.07 to 51,408.68 km2 (see
Fig. 2). Some of the smaller catchments are nested in the larger ones, so there is a need to take
the values of some raster cells more than once when aggregating the data for the catchments,
which GEE permits without considering more difficult strategies. While learning to effectively
apply the combination of the rgee package and GEE, taking into account the best practices rec-
ommending avoiding the mixture of the cloud and client functions (part of the documentation
to rgee), several scripts have been developed and refined to lower the computation time. So
far, mainly the reducers together with so-called mapping functions, where exactly one needs to
be careful so as not to mix the cloud and client functions, have been employed. The snipped
of R script through which the percentages of land cover classes were calculated can be found in
Fig. 3.

Results
Currently, datasets (i.e. class areas and their percentage) derived from the image collections or
images of Copernicus CORINE Land Cover (1986–2018; 100 m horizontal resolution), Coper-
nicus Global Land Cover (2015–2019; 100 m horizontal resolution) and ESA World Cover
(2020–2021; 10 m horizontal resolution) are ready to be used for all 738 catchments. More-
over, a time series of the Normalized Difference Vegetation Index (NDVI) derived from the
MOD13A1.061 product as catchment means can be processed further. The resulting geodata
files and many tables are now shared privately (between all the processors) by using a Czech
Hydrometeorological Institute’s cloud service.

Fig. 3. Snippet from R script responsible for land cover class percentages calculation

Conclusions and further work
Many other products published on GEE can be considered soon as good information sources as
well. For instance, ERA5-Land or various GRACE products may be used at least for studying
trends and other aspects of catchment time series when it comes to climate change investigation,
including groundwater responses (for the work done so far for springs, see [10, 11]). Some
geographers use the product from the European Space Agency called GlobCover representing
the year 2009 (with horizontal resolution 300 m), which was somewhat forgotten when the
vegetation cover classes were studied. Therefore, results based on this product may be added
to the others. Since hydrometeorological time series play a very important role when collecting
the datasets not only for CAMELS-CZ, they will be processed in the very near future. Imagery
published on GEE may be helpful when masking time series of grids created by means of spatial
interpolation of in-situ data, such as snow water equivalent. Because the MODIS mission, likely
employed the most for this kind of tasks, has been offering images since 2000, other suitable
missions must be found for the purposes of masking the gridded information from the time
period preceding that year. With high probability, some of the Landsat time series will be
processed. Last but not least, Czech hydrologists want to make their results public, and write a
scientific paper on such an occasion.
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tav, 2023, pp. 99–105 [visited on 2025-01-06]. ISBN 978-80-7653-063-8. Available from: https:
//www.chmi.cz/files/portal/docs/reditel/SIS/doi/Perun/2023/978-80-7653-063-
8.14.pdf.

3. JENICEK, M.; TYL, R.; NEDELCEV, O.; LEDVINKA, O.; ŠERCL, P.; BERNSTEINOVÁ, J.;
LANGHAMMER, J. CAMELS-CZ: A Catchment Attribute Database for Hydrological and Cli-
matological Studies Using a Large Sample of Catchments. Geophysical Research Abstracts. 2024,
vol. 26, Article no. EGU24–3872. ISSN 1607-7962. Available from DOI: 10.5194/egusphere-
egu24-3872.

4. TYL, R.; ŠERCL, P. New Watersheds for First to Fourth Order Catchment Areas. Water Manage-
ment Technical and Economical Information Journal. 2024, vol. 66, no. 4, pp. 38–43. ISSN 0322-
891. Available also from: https://www.vtei.cz/wp-content/uploads/2024/08/6669-VTEI-
4-EN-New-watersheds-2.pdf.

5. GORELICK, N.; HANCHER, M.; DIXON, M.; ILYUSHCHENKO, S.; THAU, D.; MOORE, R.
Google Earth Engine: Planetary-scale Geospatial Analysis for Everyone. Remote Sensing of Envi-
ronment. 2017, vol. 202, pp. 18–27. ISSN 00344257. Available from DOI: 10.1016/j.rse.2017.
06.031.

6. AYBAR, C. Rgee: R Bindings for Calling the ’Earth Engine’ API. 2023. R package version 1.1.7.
Available also from: https://CRAN.R-project.org/package=rgee.

7. AYBAR, C.; WU, Q.; BAUTISTA, L.; YALI, R.; BARJA, A. Rgee: An R Package for Interacting
with Google Earth Engine. Journal of Open Source Software. 2020, vol. 5, no. 51, p. 2272. ISSN

2475-9066. Available from DOI: 10.21105/joss.02272.
8. AYBAR, C.; MONTERO, D.; BARJA, A.; HERRERA, F.; GONZALES, A.; ESPINOZA, W. Com-

bining R and Earth Engine. In: CARDILLE, J. A.; CROWLEY, M. A.; SAAH, D.; CLINTON,
N. E. (eds.). Cloud-Based Remote Sensing with Google Earth Engine. Cham: Springer International
Publishing, 2024, pp. 629–651. ISBN 978-3-031-26587-7 978-3-031-26588-4. Available from DOI:
10.1007/978-3-031-26588-4_31.

9. ARNO, Z.; ERICKSON, J. Tidyrgee: ’tidyverse’ Methods for ’Earth Engine’. 2022. R package
version 0.1.0. Available also from: https://CRAN.R-project.org/package=tidyrgee.

10. LAMACOVA, A.; LEDVINKA, O.; BOHDALKOVA, L.; OULEHLE, F.; KREISINGER, J.; VL-
NAS, R. Response of Spring Yield Dynamics to Climate Change across Altitude Gradient and
Varied Hydrogeological Conditions. Science of The Total Environment. 2024, vol. 921, p. 171082.
ISSN 0048-9697. Available from DOI: 10.1016/j.scitotenv.2024.171082.
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