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We document the release of webXTREME, a new online tool for the evaluation of indices of climatic
extremes (extreme temperatures and aridity) having impact on agricultural production. The tool is glob-
ally available and can be operated with either observed weather data or time series representing future
climatic conditions. It is thus suitable for risk evaluation under climate change. webXTREME was imple-
mented using Shiny, an open-source programming framework for creating web applications on the basis
of the R Statistical Language.
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informa-
1. Introduction

Extreme weather events such as frost, drought or excessive heat
occurring during critical stages of plant development can cause
extensive and sometimes irreversible damages to agricultural pro-
duction. In Europe, for instance, several major droughts occurred in
recent decades, including the catastrophic drought associated with
the 2003 summer heat wave in the central parts of the continent
and the drought that affected the Iberian Peninsula in 2004/2005,
which caused a reduction in cereal production of more than 50%
(García-Herrera et al., 2007).

Gauging the occurrence of extreme events and assessing their
impact under climate change deliver the basis for risk manage-
ment, decision-making, adaptation planning, and policy support
(IPCC, 2012). The dissemination of agrometeorological information
by National Meteorological and Hydrological Services (NMHSs),
including various types of agrometeorological forecasts (Calanca,
2014), has been an important undertaking in this regard
(Sivakumar, 2006). Support to the farming community is nowadays
also provided via dedicated webpages, such as agrometeo.1 A list of
online weather and climate information for agrometeorologists and
software components for use in agricultural meteorology has been
compiled by the International Society for Agricultural Meteorology.2

The use of agroclimatic indices (Rivington et al., 2013) is a sim-
ple way to discriminate between favourable and adverse condi-
tions taking into account specific plant requirements. Examples
of their application to assess current and future conditions for agri-
cultural production can be found in Bootsma et al. (2005) and Qian
et al. (2010, 2012, 2013).

The potential of conceptually simple agroclimatic indices to
address different types of agricultural systems should not down-
play the necessity of dedicated software for their evaluation.
Examples of software solutions released in recent years include
the Microsoft .NET-based package ClimIndices (Confalonieri et al.,
2010), AgriCLIM (Trnka et al., 2011) and its extension for Nordic
countries, N-AgriCLIM (Rötter et al., 2013). Concerning drought,
many tools exist, including for example various R-Packages for
computing the Standardized Precipitation Index (SPI) and deriva-
tives,3 tools provided by the GreenLeaf Project,4 or tools such as
DrinC, the Drought Indices Calculator developed at the National
Technical University of Athens (Tigkas et al., 2013). Other software
components, such as Vuln-Indices (Lardy et al., 2015), target indices
oftware-
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needed for assessing the vulnerability of agricultural production sys-
tems to climate change.

Concerning extreme events, software for the evaluation of core
indices as defined by the CCl/CLIVAR/JCOMM Expert Team on Cli-
mate Change Detection and Indices (Karl et al., 1999) can be
obtained through the webpage of ClimDex.5 However, the latter is
oriented towards fulfilling climatological standards, and its applica-
tion to agrometeorological decision problems requires modifications
of the original code. Other tools with a similar background and scope
are the R-Packages SCI6 (which, along with ClimDex, has recently
been incorporated into ClimPact27), the Hydrologic and Climatic
Analysis Toolkit (HydroClimATe),8 or GIS applications such as
OpenClimateGIS.9

To the best of the authors’ knowledge, only few of the software
components developed for the assessment of agrometeorological
conditions are available as a web tool. This is the case with the
ClimateTranslator10 and AgroClimate.11 The latter is a web-resource
providing interactive tools and climate information for farmers in
Southeast USA (Fraisse et al., 2006). Although the geographic focus
of the platform is currently being enlarged, the main limitation
comes from the fact that the software runs on preselected weather
data. Consequently, AgroClimate cannot be employed for other
regions of the world.

This note documents the release of webXTREME,12 a web-based
tool for quick assessment of the occurrence of extreme events with
impact on agriculture. The tool aims at global access (i.e. access from
any device that has an internet connection) and global availability of
extensions and updates (no installation required). Weather data are
supplied by the user. While this can appear at first sight less practi-
cal than a direct link to existing regional or national databases, as is
the case with AgroClimate, this choice has the advantage of being
more flexible. For instance, the tool can be operated with daily
weather series obtained from downscaling global or regional climate
scenarios and thus used for assessing the likelihood of critical condi-
tions in agricultural production under a range of future climates.

2. Implementation and deployment

webXTREME was implemented using Shiny13 (Beeley, 2013;
Chang et al., 2016), an open-source web application framework
developed by the RStudio Team to create interactive web applica-
tions based on the R Statistical Language (R Core Team, 2016). Shiny
is designed to enable a quick and easy deployment of interactive
R-based applications. It uses a ‘reactive programming’ approach in
which output objects are automatically rendered whenever an input
value is modified, without the need to reload the browser.

The bidirectional communication between the web browser
and the R environment relies on the R package ‘httpuv’ (RStudio
and Inc., 2015), which provides socket and protocol support for
handling HTTP and WebSocket requests within R. Basic Shiny func-
tionalities can be enhanced by integrating advanced features from
other packages. This is the case with ‘htmlwidgets,’ a framework
for embedding JavaScript visualizations into R. Code written in
HTML, CSS or JavaScript can also be linked to the Shiny app.
5 http://etccdi.pacificclimate.org/software.shtml; accessed January 18, 2017.
6 http://europeandroughtcentre.com/software/standardized-climate-indices-sci/;

accessed January 18, 2017.
7 https://github.com/ARCCSS-extremes/climpact2; accessed January 18, 2017.
8 https://water.usgs.gov/ogw/hydroclimate/; accessed January 18, 2017.
9 https://earthsystemcog.org/projects/openclimategis/; accessed January 18, 2017.

10 https://www.earthsystemcog.org/projects/downscaling-2013/climatetranslator;
accessed January 18, 2017.
11 http://www.agroclimate.org/; accessed January 18, 2017.
12 http://www.modextreme.org/webxtreme; accessed January 18, 2017.
13 Shiny is available either through the RStudio webpage (http://shiny.rstudio.com/;
accessed January 18, 2017) or the R-CRAN packages repository (https://cran.r-project.
org/web/packages/shiny/index.html; accessed January 18, 2017).
Typically, a Shiny app is made of two distinct components,14 (1)
a user-interface (UI) script (‘ui.R’) that specifies the layout and
appearance of the web app, and (2) a server script (‘server.R’) that
defines how to combine inputs into outputs along with all the oper-
ations to be performed. In webXTREME, these operations are (i) data
loading and parsing, (ii) computation of indices, and (iii) drawing of
plots and preparation of downloadable output files. For convenience,
a third file, ‘global.R’, can be added in case variables need to be
shared across ‘ui.R’ and ‘server.R’. The directory ‘www’ contains
external files that are required by the web application such as a logo.
If needed, other files to be sourced must be placed in the directory
‘attachments’.

In practice, webXTREME comes with an intuitive layout that lets
scientists and practitioners configure the solving algorithms (spec-
ification of plant specific thresholds and critical time windows) for
targeting specific problems. Three agroclimatic indices for cold and
heat shocks as well as extreme aridity are implemented in the cur-
rent release. They are:

� cold shocks: number of days in [DOYstart, DOYend] with daily
minimum temperature (AIRTMIN) falling short of a user-
defined threshold (AIRTMINcrit)

� heat shocks: number of days in [DOYstart, DOYend] with daily
maximum temperature (AIRTMAX) exceeding a user-defined
threshold

� extreme aridity: number of days in [DOYstart, DOYend] with
ARID > ARIDcrit, where ARID denotes the aridity index proposed
by Woli et al. (2012).

Here, [DOYstart, DOYend] is used to specify the time of the year
(start and end in day-of-the-year or DOY) over which the indices
are evaluated.
3. Source code

In webXTREME, the two basic components of the Shiny app are
joined into a single R-code (Fig. 1). On top (lines 1–5) are the
library imports necessary to extend the functionality of Shiny
(e.g. handling of interactive helpers, JavaScript based tables/plots)
or to change the default theme. This is followed (lines 9–11) by
the external functions needed for the evaluation of ARID (Woli
et al., 2012).

The server instructions (‘server.R’) are covered by lines 15–44.
Two types of operations are shown in Fig. 1. First, ‘reactive’ expres-
sions that are triggered when at least one input has changed or
when an action button is pressed (‘eventReactive’). For instance, ‘
computeIndicators’ (line 24) is triggered when pressing ‘button.in
dicator’ on the interface; it has 4 inputs (input$UNDERLYING,
input$THRESHOLD, input$DATE_START, input$DATE_END) and
one call to a reactive expression (‘computeSM’). Second, rendering
operations (‘renderUI’, ‘renderDataTable’, and ‘renderDygraph’)
produce and assign outputs (denoted ‘output$’ in the code, e.g. line
29).

In webXTREME, three types of outputs are produced: (1) UI out-
puts (lines 28–34) that modify the UI depending on inputs (e.g., the
suggested critical values depend on the selected underlying input),
(2) tabular outputs (lines 36–39), and (3) graphical outputs (lines
41–42).

The definition of the UI is covered by lines 48–79. The interface
contains one side bar with major inputs (‘fileInput’, ‘numericInput’,
‘selectInput’), buttons (‘actionButton’), along with dynamic input
elements (‘uiOutput’), and a main panel with three tabs for differ-
ent outputs (‘dataTableOutput’, ‘dygraphOutput’).
14 See http://shiny.rstudio.com/articles/basics.html (accessed January 18, 2017).
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Fig. 1. Excerpts from the source code (most relevant subsets) with inputs/outputs for core (reactive) expressions.

T. Klein et al. / Computers and Electronics in Agriculture 136 (2017) 111–116 113



114 T. Klein et al. / Computers and Electronics in Agriculture 136 (2017) 111–116
4. Data, parameters and formats

webXTREME comes with minimal data requirements. Users need
to provide time series of daily minimum (AIRTMIN) and maximum
(AIRTMAX) air temperature and precipitation amounts (RAIN). If
available, estimates of the reference evapotranspiration (ET0) can
also be added. Otherwise, ET0 is calculated internally following
Hargreaves and Samani (1985) (as documented in Allen et al.,
1998). In this case, the latitude of the location must be specified
along with the inputs required for the evaluation of the soil mois-
ture budget (as part of the computation of ARID), namely extrac-
tion depth and one of four soil texture classes (silty clay, silty
loam, sandy loam and sand).
Fig. 3. Analysis of the occurrence of extreme aridity (number of days with ARID � 0.85 d

Fig. 2. Analysis of the occurrence of extreme heat (number of days with AIRTMAX > 34
2015.
Weather data need to be formatted as a CSV file (plain
ASCII, comma separated), with date specified as YYYY-MM-DD,
DD/MM/YYYY or MM/DD/YYYY and column names ‘DATE’, ‘RAIN’,
‘AIRTMAX’, ‘AIRTMIN’ and ‘ET0’ (this latter being optional). The
same format has been adopted for the tabular outputs.

5. Example application

To illustrate the use of webXTREME, results of an analysis of
extreme conditions in winter wheat (Triticum aestivum L.) cultiva-
tion (number of days with AIRTMAX � 34 �C and the number of
days with ARID � 0.85) for Western Switzerland are shown in
Figs. 2 and 3. Daily weather data for Genève Observatoire
uring April-July) at Genève Observatoire (6�090E, 46�120N, 405 m a.s.l.), 1951–2015.

�C during April-July) at Genève Observatoire (6�090E, 46�120N, 405 m a.s.l.), 1951–



Fig. 4. Exceedance probability of critical conditions (top: extreme heat; bottom:
extreme aridity) at Genève Observatoire (6�090E, 46�120N, 405 m a.s.l.) under
present-day (black line) and a range of future climatic conditions representative for
mid 21st century (reddish area) and their mean (red dashed line). (For interpre-
tation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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(6�0900E, 46�1200N, 405 m a.s.l.) were obtained from the ECA&D
database15 (Klein Tank et al., 2002) for the period 1951–2015. In line
with other studies (Donat and Alexander, 2012), the results of the
analysis performed with webXTREME indicate increasing incidence
of extreme high temperatures, with exceptional conditions occurring
in 2003 and again in 2015 (Fig. 2). Concerning extreme aridity, no
clear tendency appears in the output (Fig. 3). The results neverthe-
less suggest a risk of facing an exceptionally dry season (more than
10 days with ARID > 0.85) in one out of five years.

For the same site, possible changes in the occurrence of critical
conditions under future climates are illustrated in Fig. 4. To pre-
pare the figure,webXTREMEwas fed with synthetic time series rep-
resenting a selection of ENSEMBLES-RT2B scenarios valid for the
2050s (van der Linden and Mitchell, 2009) and available from
ENSEMBLES-ELPIS database (Calanca and Semenov, 2013). Given
the scenarios, daily data was created with the LARS-WG weather
generator (Semenov and Barrow, 1997). Results such as those
shown in Fig. 4 could be taken as a starting point for a more
detailed assessment of climate change impacts.

6. Discussion and conclusions

This application note describes the release of webXTREME, a
new online tool for calculating indices of agroclimatic extremes.
webXTREME was developed for quick assessments of agroclimatic
risks associated with extreme temperatures and aridity. It
is intended neither as a replacement for existing, more
comprehensive software solutions, nor as a competitor against
15 http://eca.knmi.nl/dailydata/; accessed January 18, 2017.
operational decision support systems such as AgroClimate. To the
best of our knowledge, the tool covers a specific niche in that it
is completely web based, thus providing access to the evaluation
routines also in situations where computer infrastructure is lim-
ited, while being open for user-supplied data and climate change
scenarios. It can hence be applied to any location in the world for
diagnostic studies, risk evaluation, and assessments of climate
change impacts.

The choice of R as a background programming language was
motivated by its increasing popularity for statistical data analysis
and the growing availability of packages that could potentially be
integrated into the tool. This same line of thoughts led to the adop-
tion of Shiny for developing the web application. We believe that a
programming environment that facilitates the deployment of web
applications for data analysis is important to promote collabora-
tion within the scientific community and between scientists and
stakeholders.

Software availability

Name of Software: webXTREME.
Developer: Tommy Klein.
Contact Address: Agroscope, Reckenholzstrasse 191, 8046 Zur-

ich, Switzerland.
E-mail: tommy.klein@alumni.ulg.ac.be.
Availability: http://modextreme.org/webxtreme.
Deployment: https://github.com/tommy-klein/webXTREME/

tree/master/main.
Costs: free for non-profit use.
Programming languages: R, Shiny.
License: webXTREME is released under the terms of the GNU

Public License (http://www.gnu.org/licenses/, accessed January
18, 2017).

Acknowledgements

The research leading to the development of webXTREME has
received funding from the European Community’s Seven Frame-
work Programme-FP7 (KBBE.2013.1.4-09) under Grant Agreement
No. 613817.2013-2016 (MODEXTREME - Modelling vegetation
response to EXTREMe Events, http://modextreme.org, accessed
January 18, 2017).

References

Allen, R.G., Pereira, L.S., Raes, D., Smith, M., 1998. Crop Evapotranspiration.
Guidelines for Computing Crop Water Requirements. FAO Irrigation and
Drainage Paper 56. Food and Agriculture Organization (FAO) of the United
Nations, Rome, 300pp.

Beeley, C., 2013. Web Application Development with R Using Shiny. Packt
Publishing, Birmingham, p. 110.

Bootsma, A., Gameda, S., McKenney, D.W., 2005. Impacts of potential climate
change on selected agroclimatic indices in Atlantic Canada. Can. J. Soil Sci. 85,
329–343.

Calanca, P., 2014. Weather forecasting applications in agriculture. In: Van Alfen,
Neal (Ed.), Encyclopedia of Agriculture and Food Systems, vol. 5. Elsevier, San
Diego, pp. 437–449.

Calanca, P., Semenov, M.A., 2013. Local-scale climate scenarios for impact studies
and risk assessments: integration of early 21st century ENSEMBLES projections
into the ELPIS database. Theor. Appl. Climatol. 113, 445–455.

Chang, W., Cheng, J., Allaire, J.J., Xie, Y., McPherson, J., 2016. Shiny - Web Application
Framework for R. R Package Version. URL http://CRAN.R-project.org/package=
shiny.

Confalonieri, R., Bellocchi, G., Donatelli, M., 2010. A software component to compute
agro-meteorological indicators. Environ. Modell. Softw. 25, 1485–1486.

Donat, M.G., Alexander, L.V., 2012. The shifting probability distribution of global
daytime and night-time temperatures. Geophys. Res. Lett. 39, L14707. http://dx.
doi.org/10.1029/2012GL052459.

Fraisse, C.W., Breuer, N.E., Zierden, D., Bellow, J.G., Paz, J., Cabrera, V.E., Garcia y
Garcia, A., Ingram, K.T., Hatch, U., Hoogenboom, G., Jones, J.W., O’Brien, J.J., 2006.
AgClimate: a climate forecast information system for agricultural risk
management in the southeastern USA. Comput. Electron. Agric. 53, 13–27.

http://modextreme.org/webxtreme
https://github.com/tommy-klein/webXTREME/tree/master/main
https://github.com/tommy-klein/webXTREME/tree/master/main
http://www.gnu.org/licenses/
http://modextreme.org
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0010
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0010
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0015
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0015
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0015
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0020
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0020
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0020
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0025
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0025
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0025
http://CRAN.R-project.org/package=shiny
http://CRAN.R-project.org/package=shiny
http://refhub.elsevier.com/S0168-1699(16)30488-4/h9000
http://refhub.elsevier.com/S0168-1699(16)30488-4/h9000
http://dx.doi.org/10.1029/2012GL052459
http://dx.doi.org/10.1029/2012GL052459
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0040
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0040
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0040
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0040
http://eca.knmi.nl/dailydata/


116 T. Klein et al. / Computers and Electronics in Agriculture 136 (2017) 111–116
García-Herrera, R., Hernández, E., Barriopedro, D., Paredes, D., Trigo, R.M., Trigo, I.F.,
Mendes, M.A., 2007. The outstanding 2004/05 drought in the Iberian Peninsula:
associated atmospheric circulation. J. Hydrometeorol. 8, 483–498.

Hargreaves, G.H., Samani, Z.A., 1985. Reference crop evapotranspiration from
temperature. Appl. Eng. Agric. 1, 96–99.

IPCC, 2012. Managing the risks of extreme events and disasters to advance climate
change adaptation. A special report of working groups I and II of the
intergovernmental panel on climate change. In: Field, C.B., Barros, V., Stocker,
T.F., Qin, D., Dokken, D.J., Ebi, K.L., Mastrandrea, M.D., Mach, K.J., Plattner, G.-K.,
Allen, S.K., Tignor, M., Midgley, P.M. (Eds.). Cambridge University Press,
Cambridge, UK, and New York, NY, USA, 582pp.

Karl, T.R., Nicholls, N., Ghazi, A., 1999. CLIVAR/GCOS/WMOworkshop on indices and
indicators for climate extremes: workshop summary. Clim. Chang. 42, 3–7.

Klein Tank, A.M.G., Wijngaard, J.B., Können, G.P., Böhm, R., Demarée, G., Gocheva, A.,
Mileta, M., Pashiardis, S., Hejkrlik, L., Kern-Hansen, C., Heino, R., Bessemoulin, P.,
Müller-Westermeier, G., Tzanakou, M., Szalai, S., Pálsdóttir, T., Fitzgerald, D.,
Rubin, S., Capaldo, M., Maugeri, M., Leitass, A., Bukantis, A., Aberfeld, R., van
Engelen, A.F.V., Forland, E., Mietus, M., Coelho, F., Mares, C., Razuvaev, V.,
Nieplova, E., Cegnar, T., Antonio López, J., Dahlström, B., Moberg, A., Kirchhofer,
W., Ceylan, A., Pachaliuk, O., Alexander, L.V., Petrovic, P., 2002. Daily dataset of
20th-century surface air temperature and precipitation series for the European
Climate Assessment. Int. J. Climatol. 22, 1441–1453.

Lardy, R., Bellocchi, G., Martin, R., 2015. Vuln-Indices: software to assess
vulnerability to climate change. Comput. Electron. Agric. 114, 53–57.

Qian, B., De Jong, R., Gameda, S., Huffman, T., Neilsen, D., Desjardins, R., Wang, H.,
McConkey, B., 2013. Impact of climate change scenarios on Canadian
agroclimatic indices. Can. J. Soil Sci. 93, 243–259.

Qian, B., Gameda, S., Zhang, X., De Jong, R., 2012. Changing growing season observed
in Canada. Clim. Chang. 112, 339–353.

Qian, B., Zhang, X., Chen, K., Feng, Y., O’Brien, T., 2010. Observed long-term trends
for agroclimatic conditions in Canada. J. Appl. Meteorol. Climatol. 49, 604–618.
R Core Team, 2016. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. URL <http://www.R-
project.org/>.

Rivington, M., Matthews, K.B., Buchan, K., Miller, D.G., Bellocchi, G., Russell, G., 2013.
Climate change impacts and adaptation scope for agriculture indicated by agro-
meteorological metrics. Agric. Syst. 114, 15–31.

Rötter, R.P., Höhn, J., Trnka, M., Fronzek, S., Carter, T.R., Kahiluoto, H., 2013.
Modelling shifts in agroclimate and crop cultivar response under climate
change. Ecol. Evol. 3, 4197–4214. http://dx.doi.org/10.1002/ece3.782.

RStudio and Inc, 2015. Httpuv: Http and WebSocket Server Library. R Package
Version 1.3.3 http://CRAN.R-project.org/package=httpuv.

Semenov, M.A., Barrow, E.M., 1997. Use of a stochastic weather generator in the
development of climate change scenarios. Clim. Chang. 22, 67–84.

Sivakumar, M.V.K., 2006. Dissemination and communication of agrometeorological
information—global perspectives. Meteorol. Appl. (Suppl), 21–30. http://dx.doi.
org/10.1017/S1350482706002520.

Tigkas, D., Vangelis, H., Tsakiris, G., 2013. The Drought Indices Calculator (DrinC). In:
Maia, R. et al. (Eds.), Proceedings of 8th International EWRA conference ‘‘Water
Resources Management in an Interdisciplinary and Changing Context”, Porto,
Portugal, 26–29 June 2013, pp. 1333–1342.

Trnka, M., Olesen, J.E., Kersebaum, K.C., Skjelvag, A.O., Eitzinger, J., Seguin, B.,
Peltonen-Sainio, P., Rötter, R., Iglesias, A., Orlandini, S., Dubrovsky, M., Hlavinka,
P., Balek, J., Eckerstein, H., Cloppet, E., Calanca, P., Gobin, A., Vucetic, V., Nejedlik,
P., Kumar, S., Lalic, A., Mestre, A., Rossi, F., Kozyra, J., Alexandrov, V.,
Semeradova, D., Zalud, Z., 2011. Agroclimatic conditions in Europe under
climate change. Glob. Change Biol. 17, 2298–2318.

van der Linden, P., Mitchell, J.F.B. (Eds.), 2009. ENSEMBLES: Climate Change and Its
Impacts: Summary of Research and Results from the ENSEMBLES Project. Met
Office Hadley Centre, FitzRoy Road, Exeter EX1 3PB, UK. 160pp.

Woli, P., Jones, J.W., Ingram, K.T., Fraisse, C.W., 2012. Agricultural Reference Index
for Drought (ARID). Agron. J. 104, 287–300.

http://refhub.elsevier.com/S0168-1699(16)30488-4/h0045
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0045
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0045
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0050
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0050
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0060
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0060
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0065
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0070
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0070
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0075
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0075
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0075
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0080
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0080
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0085
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0085
http://www.R-project.org/
http://www.R-project.org/
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0095
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0095
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0095
http://dx.doi.org/10.1002/ece3.782
http://CRAN.R-project.org/package=httpuv
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0110
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0110
http://dx.doi.org/10.1017/S1350482706002520
http://dx.doi.org/10.1017/S1350482706002520
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0125
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0130
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0130
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0130
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0135
http://refhub.elsevier.com/S0168-1699(16)30488-4/h0135

	webXTREME: R-based web tool for calculating agroclimatic indices of extreme events
	1 Introduction
	2 Implementation and deployment
	3 Source code
	4 Data, parameters and formats
	5 Example application
	6 Discussion and conclusions
	Software availability
	Acknowledgements
	References


