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Driven by:

• The increase in publicly-accessible data 
(river flow, gridded reanalysis products, remote sensing data, 
catchment attributes)

• The increase in computational power and uptake of 
programming languages to explore and derive process 
insights from large and complex datasets

• An active and supportive community of users 

The recent growth of R in hydrology



An open-source, multiplatform, versatile language 
with a wide range of uses:

• Data acquisition

• Data analysis, modelling and statistics

• Visualization

• Geospatial and GIS applications

• Generation of reports and presentations

• Interactive dashboards and web applications

• A useful teaching tool
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Why use R in hydrology?



• More than 14,000 packages released in 25 
years in many disciplines

• R combines cutting-edge technologies and 
tools and enables seamless integration of 
all the steps in a hydrological workflow

R as a driver of hydrology

The recent (2019) 
CRAN Task View for 
Hydrological Data 
and Modeling 
(Zipper et al.)



Using R in Hydrology
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• Ease of use (open source, interpreted 
language)

• Documentation and support 
(StackOverflow, Rseek.com)

• Packages for most hydrological tasks

• Scripts for incremental improvements 
and reuse/sharing

• Hosted instances of R (e.g. RStudio
Cloud) 

Democratizing data science

Rstudio cloud
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• CRAN: traceability by archiving past 
analyses and via ORCID numbers

• Standardized code format: CRAN, GitHub

• rOpenSci tools and code peer-review

• Publishing code via tutorials, vignettes

• All packages centralized on CRAN contain 
help pages

Reproducible research
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• A language designed for statistical computing

• R is “GNU S”, a modern implementation of the 
S language (Bell Labs)

• Base-R: built-in basic functions

• Advanced statistical packages

• Many techniques for hydrology including linear 
and nonlinear modelling, statistical tests, time 
series analysis, classification or clustering

Statistical tools

Source: Examples from the 
fasttr vignette
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• Many different languages are used in hydrology: 
interconnections can be very useful for taking 
advantage of each language’s strengths or pre-
existing scripts.

• FORTRAN and C: natively

• C++: Rcpp, Rcpp11, RcppArmadillo, RcppEigen

• Python: reticulate, rPython, rJython, XPython

• Javascript: V8

• Matlab: R.matlab

• Julia: JuliaCall, XRJulia

Connecting to other languages

• Connecting other languages to R is also possible: rpy2, pyRserve (Python), RCall (Julia)

Source: code from the airGR
package
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• An extensive user community provides ample support to newcomers

• Social media: Twitter #rstats, Facebook ‘Hydrology in R’ group

• StackOverflow discussion forum

• Mailing lists for R usage or development (www.r-project.org/mail.html)

• rOpenSci non-profit community reviews scientific R packages

• Short courses: Using R in Hydrology (with the Young Hydrologic Society); 
see https://github.com/hydrosoc for EGU shared resources

• R Consortium supports users, maintainers and developers (e.g. grant 
program funds projects)

• Conferences: useR!, Rstudio, satuRdays, eRum

• Coding Help Desks at scientific conferences

Community interaction
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Set up online 
repository so that 
versioned code can 
be uploaded 
repeatedly (version 
control)

The CRAN Hydrology Task View
(maintainers: S.Zipper, S.Albers, I.Prosdocimi)

Published in January 2019 https://cran.r-
project.org/web/views/Hydrology.html; lists over 100 hydrological packages 
in 3 categories:

• Data retrieval: hydrological data (surface or groundwater, both quantity 
and quality); meteorological data (e.g. precipitation, radiation, 
temperature)

• Data analysis: data tidying (e.g. gap-filling, data organization, quality 
control); hydrograph analysis (e.g. flow statistics, trends, biological 
indices); spatial data processing

• Modelling: process-based (scripts for preparing inputs/outputs and 
running process-based models); statistical modelling (hydrology-related 
statistical models)
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• One of the most useful computational advances 
in recent years: hydrological data acquisition 
via R packages. 

• Many provide vignettes (tutorials) showing how 
to plot, manipulate, or visualize the data in a few 
lines of code

• Meteorological and climatological data access is 
also facilitated

Source: Vitolo et al. 2016
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• R handles basic (csv, text with base-R) through to specific data formats:
• xls(x), fwf (tidyverse, readr)

• Netcdf (ncdf4, easyNCDF, stars, raster) 

• GRIB (raster, gribr) 

• Open Geospatial Consortium services (sos4R, ows4R, geometa)

• … and the tidyverse provides a range of packages for reading, cleaning and tidying 
different types of data (though not specifically hydrological)

tidyverse packages

(source www.dicook.org)
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• R is a GIS in its own right (e.g. Lovelace et al. 2019)
• Can handle multiple GIS formats: vectorial data and maps (sp, sf), geometrical operations 

(rgeos), GDAL (rgdal), GEOS (rgeos), raster data (raster), spatiotemporal arrays (stars)

• Linkages with other GISs: ArcGIS (RPyGeo), GRASS (spgrass6, rgrass7), or QGIS (RQGIS
or RSAGA)

• R facilitates easy integration of GIS within the hydrological workflow
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Many models are available in R! 

• Simple to complex models

• Lumped to distributed models

• Sometimes include a snow routine or optimization 
algorithms

Package Models
airGR GR models (GR4J, etc.)

airGRteaching GR models (GR4J, etc.)

dynatopmodel Dynamic topmodel

EcoHydRology SWAT

fuse Modular structure

hydromad Modular structure

RHMS SCS-CN

sacsmaR Sacramento

SWATmodel SWAT

topmodel Topmodel

TUWmodel HBV

WALRUS WALRUS

A focus on rainfall-runoff modelling



Overview of the available models



Using R in Hydrology, HESSD, doi: 10.5194/hess-2019-50 

• R was initially developed as a statistical computing language – and still is

• Estimating procedures in base-R stats package (correlation, regression…)

• Generalist packages, e.g. for parametric trend tests, change-points, non-
randomness (e.g. trend) 

• Modelling packages useful for hydrologists: mgcv, VGAM, gamlss, caret

• Extreme Value Analysis (e.g. extremes; see the dedicated Task View)

• Regional frequency analysis: (nsRFA, lmomRFA); low-flow statistics (lfstat)

• Model evaluation metrics: caret, ModelMetrics, hydroGOF
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• Hydrological data visualizations are straightforward and flexible in R

• Simple, customizable plots with base-R graphics package; vs. greater tuning to build 
almost any type of graphic with ggplot2

• Facets to split and plot data easily by categories (e.g. different months)

• Dynamic JavaScript-based libraries with zooming/panning or highlighting graphs or 
maps (dygraphs, plotly, leaflet, plotGoogleMaps, googleVIS…)

• Generate animated GIF files (gganimate, caTools)
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• Many useful packages for creating hydrological presentations and documents

• Dynamic interfaces and web-based apps with shiny (e.g. airGRteaching)

• Create websites and blogposts (rmarkdown, blogdown, pkgdown)

• Generate presentations, books, reports (knitr, markdown, rmarkdown, 
pagedown, bookdown)

Using markdown 
to generate 
reports

(source: University 
of Illinois/NCSA)
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• Software applications used to facilitate 
coding (code editor, compiler, debugger, 
plot viewer)

• Many IDEs for R: Eclipse/StatET, ESS, 
RKWardm Tinn-R, Vim/Neovim

• The RStudio IDE is the most popular 
(allows visualizations, dynamic 
graphs/apps, version control, Rmarkdown 
presentations…)

Integrated Development Environments (IDEs)

The Rstudio IDE. Source: rstudio-IDE-cheatsheet.pdf
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• R is able to handle very large data files (packages bigmemory, biganalytics, or data.table for 
fast aggregation, e.g. 100GB in RAM)

• Many of the spatial data handling packages are relevant in hydrology, eg. for large shapefiles (sf) 
Database connections can be established (RPostgreSQL, RSQLite) 

• Considerable performance boosts (time) achieved by parallelizing code (e.g. packages 
parallel, foreach, doParallel, snowfall, or h2o)

Big Data and Parallel Computing

Source: Jones 2017
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• Hydrological packages favor the uptake and development of 
hydrological methods 

• Users can contribute feedback and help enhance existing code 
by commenting on collaboration platforms (e.g. GitHub or GitLab) 
or emailing the package maintainers

https://github.com/ropensci/software-review

• It is crucial that we recognize the efforts that go into package 
development by citing packages and any accompanying journal 
papers

• Software peer review initiatives such as rOpenSci aim to help 
developers. Methods can be published in journals such as 
the Journal of Open Source Software

Packages as a driver of hydrological progress
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• R provides an interactive tool for teaching hydrology

• Many examples of hydrological analyses can be found 
online as tutorials (see https://owi.usgs.gov/blog)

• R packages have been developed specifically to 
teach hydrology: 

airGRteaching: a suite of GR rainfall-runoff 
models such as GR4J for use by students with
limited programming skills. 

Teaching hydrology

A shiny web application is included in airGRteaching
package. Students can choose a catchment dataset, a 
hydrological model and a snow model and then explore 
both the data and model results. 

<- Talk in Room 513C at 5 pm



Conclusions

Have we missed something? Any specific question? If you 
have any suggestions please email: 
louise.slater@ouce.ox.ac.uk or guillaume.thirel@irstea.fr
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• The open-source programming language R has 
acquired a central role in hydrological research 
and operational practice

• Both the flexible nature of the language and the 
diverse range of computational, visualization and 
modelling tools have facilitated the testing of 
hydrological theories and interactive teaching

• Within scientific research labs, we anticipate that 
committing code to a repository will become 
standard practice, as will the submission and 
review of code along with manuscript text

• We believe R will continue to facilitate further 
advances and will continue to play an increased 
role in hydrology


