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Abstract Innovation is the coveted fruit of all consultancies. Unfortunately, innovation most often
exists within the world of academia, where theoretical concepts appear to supply simple solutions to
complex problems. Meteorological data have increasingly complemented data from ground-based
sources to the extent of real-time information. R statistical computing language, provide powerful data
access, compilation, analysis, and graphing tools. In addition, the time required to perform typical
hydrological analyses is significantly reduced by several orders of magnitude when compared to
traditional methods. R can bridge the gap between academia and consultancies—marrying innovation
with simplicity, affordability, and practical application—and help improve our understanding of the
global environment.
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Introduction

Innovation is the coveted fruit of all consultancies. Yet, it appears restricted to academia,
where theoretical concepts are applied to complex problems and appear to provide simple
solutions. In reality, these solutions are rarely simple, practical, or affordable. Herein lies
the great paradox of innovation.

Information Paradigm — from Spreadsheets to Satellite Information

Over the past 20 years, the complexity of data collection and analysis tools has evolved with
the exponential increase of available data.

Most experienced mining consultants graduated when consultancy work was just beginning
to become technique-driven and discipline-specific. The fields of water management and
hydrology have since seen a significant shift in methodology. For example, hydrology in
the 1980s was based mostly on monthly or daily data collected from local meteorological
stations; most of the information was compiled as isohyets maps of simplified yearly or
monthly tables.

In the 1980’s, applying satellite technology in a meteorological context was introduced, but
information was scarce and not yet public. During this time, the bulk of hydrologic analyses
relied on simple spreadsheet software such as Lotus 1-2-3 and early versions of Microsoft
Excel. The growth of the internet in the 1990s, carried the benefits of access to increasing
amounts of information. Today, meteorological information from satellite databases can
be used to complement data from ground-based sources such that real-time hydrological
information is accessible.

The publication of the First Assessment Report by the Intergovernmental Panel on Cli-
mate Change (IPCC) in 1990 spurred increased modelling of climate data (IPCC 1990). The
amount of information has since increased exponentially. Available data sources include

Wolkersdorfer C, Sartz L, Sillanpaa M, Hakkinen A (Editors) 269



Lappeenranta, Finland Mine Water and Circular Economy IMWA 2017

satellite, ground stations, and projections resulting from climate modelling. Examples of
some of these worldwide data sources are listed in Appendix A.

The Problem

Sources such as those listed in Appendix A produce large volumes of data. For these data
to be effective in understanding regional and local hydrology, they must be processed effi-
ciently. However, the consultancy environment presents two main challenges to efficient
data capture and analysis:

1) Drain on time: Too much time is spent in data capture and repetitive data
processing, instead of on data analysis and problem-solving. The budget
is consumed by simple repetitive tasks instead of scientific analysis and
potential innovation.

2) Dataprocessinglimitations: The sheer size of spreadsheets become dif
ficult to process, creating computer processing delays and software crash
es. This is also an unnecessary drain on budget and resources.

About R—a Possible Solution for Hydrology

Most end users of climate data are not engineers nor work in a mining-related field, but
rather work in academia, where time pressures differ from those in the consultancy envi-
ronment. Script-based programming tools allow consultants to reduce data processing time
to a matter of seconds, thus enable hydrological analyses to extend beyond the scope of
conventional consultancy work.

The R statistical language is an example of script-based programming. R is a free, open-
source software environment that was released in 1993. It has since become the standard
problem-solving tool for a growing body of researchers in industry, government, and aca-
demia who work with large quantities of data. Statistical methods and other functionalities
can be modified and combined by the final users, therefore R is always pertinent and up-to-
date. R has built-in access to public information from government institutions, including
the United States Geological Survey (USGS 2016), NOAA (NOAA 2016), and Google tools
(Gesmann, Castillo and Cheng 2017) and APIs (Google 2017).

R is based on a simple lean environment, and its capacities can be extended through thou-
sands of libraries obtained from CRAN (Comprehensive R Archive Network, one of the most
valuable package repositories) (CRAN 2017), as well as from other sites. CRAN’s libraries
are public and free, and most of them directly reference public papers and specific library
manuals. More than 10,300 libraries are available as of April 2017 (CRAN 2017).

Some particular libraries relevant to hydrological analyses are:
« HydroTSM: Provides compilation of tools for hydrological data and time se-
ries analyses (Zambrano-Bigiarini 2016).
« EcoHydRology: Provides sets of hydrology-related tools for engineers and
scientists, from snowmelt models to baseflow analyses (Fuka et al. 2014).

270 Wolkersdorfer C, Sartz L, Sillanpaa M, Hakkinen A (Editors)



Lappeenranta, Finland Mine Water and Circular Economy IMWA 2017

« Evapotranspiration: Provides methodology to calculate evapotranspiration
from Penman-Monteith, Penman, FAO, Morton (Guo and Westra 2016).

» ncdfg: Enables reading of netCDF files, the typical format used for climate
change or world climate data; this tool can read files containing several giga-
bytes of information in a few seconds (Pierce 2015).

« nsRFA: Provides a collection of statistical tools for predictive (non-supervised)
applications of regional analysis methods in hydrology, including L-moments
applications (Viglione et al. 2016).

« caret: Provides the compilation of several functions (more than 40 packages)
to create predictive models. These tools include: artificial neural networking,
machine learning, parallel processing, bootstrapping, and resampling (Kuhn
2016).

+ Parallel: Allows the division of tasks along all the CPU cores available. Simply
applying three lines of code can divide a task between multicores (i.e. divide the
workload into 8 or 20 cores simultaneously) (R Core Team 2017).

Personal Contribution — Hydro Library

Using this rich programming environment, I created several short scripts that grew in com-
plexity over time to now form a local library. The compilation of these scripts and these sav-
ing time increased my productivity and allows me to invest in more complex hydrological
problems and obtain more challenging sources. This positive feedback loop started with the
curiosity to use new sources and methodologies beyond spreadsheets to improve quality,
productivity, and consistency.

Currently, I am already using more than 40 different other public libraries that are the
building blocks upon which I base my work necessities. These facilitate data access, compi-
lation, and analysis. These custom-made scripts can be reused and therefore can be applied
to different projects, improving hydrologic studies in any region of the world.

Most of the actual hydrological sources presented in Appendix A are impossible to manage
and to use with typical spreadsheet tools, because most of these sources work with climate
files such as netCDF files (Unidata 2017). netCDF files are the standard for climate infor-
mation, and are typically used as an output from satellite information, reanalysis or climate
change outputs. One netCDF file can contain hourly precipitation information for the entire
planet from 1979 to now, and can be as big as 15GB, which is beyond what any spreadsheet
can process or even read.

In addition, the time required to perform typical hydrological analyses is greatly reduced.
Figure 1 below compares the time frame of data processing for standard spreadsheets and
R, at both linear and logarithmic scale. In all cases, the time reduction is higher than 95%,
which demonstrates that this is a standard time reduction for R-scripts.
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Figure 1: Comparison in processing time between Spreadsheet and R.

The time required for three types of analyses using spreadsheets is compared with time
required using R language:

« Climate change analysis time frame: The evaluation of climate change data,
anywhere on the planet, used to take one week. It now takes only two minutes of
processing time with the new methodology. The analysis captures and processes
current information (35 GB of information for IPCC Assessment Report AR5),
reads historical information from reanalyses (10 GB) and then resolves in one
engineer design parameter (Mufoz, Shapka-Felps, and Rykaart 2017).

+ Snowmelt analysis time frame: Traditional snowmelt models, based on
a simplified temperature index, take around of five hours to generate. The
EcoHydRology Library (Fuka et al. 2016) presents an energy snowmelt model
(Walter et al. 2005) that is typically more representative than the temperature
index. It used worldwide meteorological information obtained directly from re-
analysis ERA-Interim (ECMWF 2017), and accessing worldwide topographical
information from the USGS (USGS 1996), such as slope and topographical as-
pect. A simple snowmelt model for any place on the planet can be presented in
less than 10 minutes.

» Frequency analysis time frame: Based on the public nsRFA library (Vigli-
one et al. 2016), the approach reduces the frequency analysis time from five
minutes to around one second or less. This methodology includes an L-moment
result, which is less sensitive to outliers (Hosking and Wallis 2005).

These few examples present a reduction in processing time that can be invested in broader
and deeper analyses (if required) of meteorological parameters, such as correlation matrix-
es, cluster analyzes, artificial neural network, and Bayesian statistics. Additionally, these
parameters are already implemented in dozens of libraries in R (CRAN 2017).

These types of analyses are outside of the scope of any spreadsheet-based analysis and
potentially gives the consultancy sector an improved capacity for worldwide meteorolog-
ical estimations. Overall, this change from spreadsheets to R which is completely free for
everybody, brings the consultancy environment more definitive results that up-to-date with
worldwide meteorological estimations.
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Academia has a proactive advantage, where effective research and study are encouraged and
can create innovation. In contrast, the consultancy environment supports the development
of practical and familiar tools that lead to simple results. We can learn from academia and
integrate new tools, information, and technology into our consultancy work. Breaking off
from the inertia of familiar protocols offers new opportunities that can give rise to a more
efficient use of information in a fraction of the time needed for traditional methods.

Conclusion

The amount of data available for hydrological analyses has increased dramatically, thanks
to the availability of vast public databases and powerful data management tools. It is time to
progress beyond limited traditional tools such as spreadsheets that have kept us in a tech-
nological comfort zone. Adopting current databases and tools can heal the gap between con-
sultancy and academia—marrying simplicity and innovation—thereby helping to improve
our understanding of the global environment.
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Appendix A — Climate Data Sources

Each of the following worldwide meteorological sources provide an understanding of climatic
parameters in a given area on the planet such as precipitation, temperature, wind speed, solar radiation,
relative humidity, dew point temperature, and evaporation. All of these sources are freely available for
everybody:
¢ National Climatic Data Center from NOAA (Source: land surface stations):
NOAA databases provide access to worldwide, ground-based meteorological information.
Two important databases are the Global Surface Summary of the Day (GSOD), with more
than 9,000 stations, and the Global Historical Climatology Network (GHCN), with in
excess of 75,000 stations located in more than 180 countries (NOAA 2017). Records span
up to data 150 years. The NOAA databases are excellent sources for historical and current
meteorological data.

¢ Satellite-based rainfall estimates (Source: satellite data): There are several
satellite sources of precipitation data which cover a variety of assumptions, spatial
resolutions, and coverage. Most of then cover latitudes between 60° to 50° degrees North
and 60° to 50° degrees South, with a variable temporal resolution from 0.04° to 0.25°
(~4 to 28 km). As an example of these sources or dataset are: CMORPH, PERSIANN,
PERSIANN-CDR, PERSIANN-CCS, TRMM, CHIRPSv2, MSWEPvi.1 and PGFv3.
(Zambrano- Bigiarini et al 2017).

¢ Reanalysis tools (Source: processed ground and satellite data): Reanalysis uses
a process called data assimilation to combine data from satellites, land surface stations,
and numerical models to simulate the earth’s climate. The time step for reanalysis can be
as short as eight hours and can be applied to data collected since 1979. Two good examples
of reanalysis tools are Modern-Era Retrospective Analysis for Research and Applications
(MERRA) (NASA 2017) and ERA-Interim from the European Centre for Medium-Range
Weather Forecasts (ECMWF 2017). MERRA and ERA-Interim encompass more than 100
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meteorological parameters, including total precipitation, rainfall, snowfall, wind speed,
air temperature, and relative humidity.

¢ Global climate change models (Source: climatic models): Global climate change
models and scenarios are presented as assessment reports by member meteorological
institutes of the Intergovernmental Panel on Climate Change (ECCC 2017). Each model
and scenario presents projections of meteorological parameters for the entire planet,
typically up to the year 2100. The combination of climate models and scenarios can
produce hundreds of projections for any given location on earth. This variation among
projections can be incorporated into long-term climate predictions for a given area.
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