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Abstract: To develop intensity-duration-frequency (IDF) curves, it is necessary to calculate annual
maximum rainfall intensities for different durations. Traditionally, these intensities have been
calculated from the analysis of traces recorded by rain gauges on pluviograph strip charts (PSCs).
For many years, these charts have been recorded and analyzed by the personnel who operate and
maintain the pluviograph gauges, thus the reliability of the observational analysis depends exclusively
on the professional experience of the person performing the analysis. Traditionally, the analyzed
PSCs are physically stored in data repository centers. After storing rainfall data on aging paper
for many years, the risk of losing rainfall records is very high. Therefore, the conversion of PSC
records to digital format is crucial to preserve and improve the historical instrumental data base
of these records. We conducted the first “Data Rescue Initiative” (DRI) for central Chile using a
pluviograph strip charts reader (PSCR), a tool that uses a scanner-type device combined with digital
image processing techniques to estimate maximum rainfall intensities for different durations for
each paper band (>80,000 paper bands). On the paper bands, common irregularities associated with
excess ink, annotations, or blemishes can affect the scanning process; this system was designed with a
semi-automatic module that allows users to edit the detected trace to improve the recognition of the
data from each PSC. The PSCR’s semi-automatic characteristics were designed to read many PSCs in a
short period of time. The tool also allows for the calculation of rainfall intensities in durations ranging
between 15 min to 1 h. This capability improves the value of the data for water infrastructure design,
since intense storms of shorter duration often have greater impacts than longer but less intense storms.
In this study, the validation of the PSCR against records obtained from observational analysis showed
no significant differences between maximum rainfall intensities for durations of 1 h, 6 h, and 24 h.

Keywords: data rescue initiative; pluviograph strip charts; rainfall intensity; rainfall trace reading;
IDF curves

1. Introduction

1.1. Pluviograph Strip Charts (PSC) and Observational Rainfall Intensity Reading

Pluviograph rain gauges are devices that continuously measure rainfall intensity. The recorded
data have high temporal resolution when compared to pluviometer rain gauges, which only measure
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daily rainfall accumulation. There are several different types of rain gauges, but the one commonly
used in Chile is the float-based pluviograph (see Figure 1a). This device collects rainfall in a bucket
containing a lightweight float; as the water level in the container rises, the elevation of the float drives
the movement of a pen over a band of paper as it slowly rotates around a cylinder. The dimensions
of the collector neck, float, and chamber can be adjusted to accommodate the size of the paper band
used to register the rainfall data [1]. Pluviograph gauges can record data for any specific period, but
typically the operators replace the bands of paper every week. In Chile, the most common paper used
for pluviograph strip charts (PSCs) are 425 mm × 90 mm, with varying color tones and types of paper
(Figure 1b).
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rainfall intensities.

Analysis of the PSC can determine the maximum rainfall intensity for different durations.
This measure, combined with a frequency analysis, can be used to estimate intensity-duration-frequency
(IDF) curves, which are considered a fundamental tool for designing hydrologic infrastructure,
particularly the dimensions of civil works [2,3]. The reading and the analysis of pluviograph data (see
Figure 1b) are traditionally conducted manually by an expert from an official public institution or
from a private entity that owns their own instruments. Given the temporal resolution and scale of
the typical paper bands (1 week), maximum rainfall intensities can only be determined for durations
equal to or longer than 1 h, because a trace length of 2 mm on a band corresponds to approximately
20–30 min of rain. This creates an enormous challenge for the observational analysis of a PSC trace and
can result in the introduction and the propagation of large estimation errors by those analyzing the
strips. In addition, the feasibility of observational analysis can be limited by the amount of time it
takes to process many years of information [4].

1.2. Rescuing Rainfall Data from PSC through Image Processing Techniques

The emergence of digital image processing methods during the last decade has facilitated the
implementation of climate data rescue initiatives around the world [5–8]. These initiatives replace
observational/manual PSC reading with (semi) automatic methods that apply algorithms to analyze
the image. These methods can significantly reduce estimation errors and processing times as well as
increase the potential resolution of the traced rainfall data to durations shorter than 1 h (i.e., as short as
15 min).

One of the first digital image processing algorithms for this process was developed in Italy [9];
a system that extracted rainfall records employed an interactive user interface module to correct
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inaccurately acquired records. Van Piggelen et al. [10] built on this approach to digitizing PSCs at
321 rain gauges located in the Netherlands. Their analyses showed that, for 30% of the digitized records,
semi-automatic processing through a user interface was necessary to correct erroneously acquired
traces. These errors were caused mostly by the presence of marks not created by the pluviograph gauge
itself but instead by those reading them. For example, rain gauge operators commonly add notes
about the current recording period; these handwritten annotations and manual markings introduce
inconsistencies and excess ink that challenge the accuracy of digital image processing algorithms.
To overcome this issue, Jaklič et al. [4] developed an algorithm for automatic readings and analysis of
the pluviograph traces accompanied by a manual adjustment module to improve those traces with
poor results. A statistical analysis of their work showed that about 75.9% of the digitized traces were
accurate, making the direct validation of rainfall intensities possible. Improvements to the algorithm
created by [4] were additionally provided by Sušin and Peer [11], who added an option for manually
adjusting results.

Having considered previous international work, we developed a semi-automatic pluviograph strip
charts reader (PSCR) to perform a rainfall data rescue initiative (DRI) for central Chile. A high-resolution
scanning device was first constructed to scan all available PSC, and digital image-processing algorithms
were merged to it to extract and analyze the rainfall trace. A manual adjustment module was also
included to correct distortions associated with excess ink, handwritten annotations, or other visual
matter that is not part of the original pluviograph trace. All rainfall records rescued from thousands of
PSC were stored in a web-based system for the development of IDF curves for central Chile [3,12–15].

2. Materials and Methods

The architecture of the digital PSCR includes hardware and software components. This architecture,
the digital image processing techniques, and the algorithms that were applied to estimate maximum
rainfall intensities are described in detail in the following sections. The PSCR’s manual editing module,
which can be used to correct the extracted digital trace, is also described.

2.1. Performing Digital Image Processing Techniques on Pluviograph Strip Charts

When reading a PSC manually, the scale marks on the paper—5 mm in a band corresponds to
90–120 min of rain—made it difficult to discern within short durations. The application of digital image
processing techniques made it possible to obtain intensities associated with sub-hourly durations
between 15 min, 30 min, 45 min, and up to 1 h, 2 h, 4 h, 6 h, 8 h, 12 h, and 24 h, respectively. However, the
thickness of the pluviograph trace did not allow for the measurement of maximum rainfall intensities
in intervals of less than 5 min. In fact, the validation of durations of less than 5 min revealed large
estimation errors. Despite this, the PCSR’s ability to estimate intensity in durations of less than 1 h is a
significant improvement in PCS processing central Chile.

2.2. Computing and Network Setup Characteristics

For this PSCR, the minimum computer requirements necessary for image acquisition, digitization,
and manipulation of the PSC were 2.2 gigahertz (Ghz) Intel Core i5 processors, 8 Gigabyte (Gb) RAM,
and an Intel HD Graphics 4600 graphics processor. The software for interacting with the traces provided
by the server was developed with a well-defined and user-friendly interface. The user interface is
web-based and was developed using JavaScript and HTML so that the digital image processing could
be easily performed on the server without affecting the performance of the local machine. Connecting
the computers to the main server provided a storage capacity of 1 terabyte (TB). This was sufficient for
storing all the digitized PSCs from the 47 pluviograph gauges analyzed for central Chile, each of which
had at least 15 years of historical records totaling more than 80,000 PSCs (see Pizarro et al. [12]). With
this system (Figure 2), the server can perform PSC processing at the same time that the user interacts
with the image (a process that requires less than a fraction of a second),and the resultant trace on a
local computer without the need to interact with the server in any way. In this way, high volumes
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of PSC images can be processed without connection interruptions, contributing to the operational
productivity of the system.
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Module 1, data collection, was performed for over a year in all available repository centers of the
Chilean Meteorological Directorate (DMC in Spanish), the National Directorate of Water Resources of
Chile (DGA in Spanish), and the National Company of Electricity (former ENDESA), among others.
More than 80,000 PSCs were collected and locally stored to undergo digital image processing.

Module 2, image processing, consisted of four sub-modules: (1) image scanning to convert
the analog precipitation signal into a digital signal by scanning a PSC; (2) pre-processing to correct
distortions (annotations or marks) present in the acquired image; (3) segmentation to differentiate the
target trace from other patterns present in the image; and (4) skeletonization or curve detection, which
was the final step used to delineate the target trace by assigning binary values (in pixels) in order to
exclude the background of the analyzed image.

Module 3, image post-processing (IPP), was added as an editing tool to improve the performance
(if needed) of the detected trace (Figure 3).

With this system, digital traces of 52 weekly PSCs (i.e., 1 year for one pluviograph gauge) can
be extracted in about 2 h. The database of digitized traces is evaluated with algorithms to estimate
the maximum rainfall intensities associated with different durations (Figure 3). The entire process
for DRI involves the collection of PSC, image acquisition or scanning, image processing for digital
trace acquisition, manual editing for uncaught errors or distortions, and evaluation for final estimation
maximum rainfall intensity. Each one of these stages is obligatory to complete the whole process of
DRI. The system for image processing and post-processing resembles those provided by [11,16].

2.4. Sampling Intervals and Estimation of Annual Maximum Rainfall Intensity

In this discussion of rainfall measured by the PSCR process, the rainfall amount is frequently
referred to as the rainfall “depth” because the traces on the strip chart are formed by increasing
depth of rain the pluviograph bucket. For each processed PSC, the PSCR can generate a report that
contains rainfall depths in 15 min periods (∆tPSCR = 15 min) for a sampling interval (time step) of
5 min (∆tS = 5 min) (Figure 4). The PCSR’s 5 min sampling interval allows 12 data points for each hour
of rainfall event to be generated (i.e., a total of 288 data points per day). Using all the 15 min rainfall
data points extracted from the PSC of a single rain gauge, the maximum rainfall intensity (MRI) can be
determined for any desired duration.Water 2020, 12, x FOR PEER REVIEW 6 of 16 
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rainfall intensities. The rainfall depths (heights) estimated by the PSCR are calculated using an
accumulation interval of 15 min (∆tPSCR). The selected sampling interval (time step) for the calculation
of maximum rainfall intensities is 5 min (∆tS).
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The maximum rainfall intensity for every year, rain gauge, and for durations larger than 15 min
(i.e., 30 min, 45 min, 1 h, 2 h, 4 h, 6 h, 8 h, 12 h, or 24 h) was estimated by constructing a temporal
aggregation defined in Equation (1) as:

MRId = max
i=d/15,...,n


j=i∑

j=i− d
15+1

h j

 (1)

where,

• MRId is the annual maximum rainfall intensity (for any rain gauge);
• hj is the 15 min rainfall depth (mm) at time j;
• i is the time step of the d-minute rainfall. The sum in Equation (1) is the d-minute rainfall depth at

time i, aggregated with 15-min records;
• d is the selected rainfall duration (minutes) used for temporal aggregation (accumulation) i.e., 15,

30, 60, 90, 120 min, etc.;
• n is the total number of 15 min rainfall depth data points per year produced by the PSCR.

The expression
[

d
15 + 1

]
is the index position required to determine the temporal aggregation

(accumulation) for the selected duration. For example, to calculate the maximum rainfall intensity for
a storm with a duration of 60 min (d = 60), the position of the current 15 min rainfall depth adds three
more data points to create an accumulated rainfall depth for 1 h.

2.5. Evaluation and Validation of Rainfall Intensities Estimated from PSCR

To evaluate the performance of the PSCR, a random sampling of pluviograph gauges was
conducted, and their historical records were assembled using both the observational reading (traditional
method) and the results obtained from the PSCR method. The random sample was limited to only
those rain gauges with at least 30 years of rainfall intensity records. The analysis was performed for the
durations of 1, 6, and 24 h. The evaluation included three statistical metrics: (1) the mean absolute error
(MAE), the relative mean absolute error (RMAE) [4,11,17] and the Mann–Whitney U test [18]. The MAE
can be used to estimate the averaged differences (in millimeters) between the traditional method and
the PSCR [11]. The RMAE represents the relative error with values ranging between zero and one,
where zero means a perfect fit between observational and PSCR readings. In the Mann–Whitney U test,
if both the observational reading and the PSCR reading have the same median, then each observational
rainfall reading has an equal probability of being greater or smaller than each PSCR rainfall reading.
It is also possible that two or more PSCR readings can be equal to the observed rainfall intensity value;
therefore, U can be calculated by allocating half of the tie to the observed rainfall intensity records and
the other half to the values estimated using the PSCR. This allocation can be performed by using the
normal approximation with an adjustment to the standard deviation (see Table 1). The hypothesis for
the test is defined as follows: in the null hypothesis (Ho), the medians of the traditional or manual
method (TM) are equal to the median of the digital method (DM); in the alternative hypothesis (Ha),
the medians of the traditional method (TM) are different from the median of the digital method (DM).
Because the selected rain gauges had an excess of 25 years of records, the Z statistic for Mann–Whitney
was calculated for the condition N > 25 as described in Table 1, where Z ~ N (0,1), where Z is said
to follow a standard normal distribution. The test used a 95% confidence level (Zα = 1.96), with the
comparison criteria established such that, if Z ≤ Zα was accepted, then the (Ho) was accepted, or if Z >

Zα was rejected, then the (Ho) was rejected. The application of all these tests allowed us to evaluate
the performance of the PSCR through different years and locations (rain gauges).
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Table 1. Goodness of fit test parameters.

Goodness of Fit Test Reference Equation Parameters

Mann-Whitney U test N < 25 Z = (N1×N2)+
(

N1+N2+1
2

)
−

∑
R1 Ho the distributions R1 and R2 are identical

H1 the distributions R1 and R2 are not identical
N1 sample size of R1
N2 sample size of R2
R1 sum of ranks of R1
R2 sum of ranks of R2

n number of pairs data to compare
f (i) value obtained by traditional method (TM)
f̂ (i) Rainfall depth estimated by digital PSCR

Mann-Whitney U test N > 25 Z =

∑
R1−

∑
R2−

[
(N1−N2)×

( N1+N2+1
2

)]√
N1×N2×

( N1+N2+1
3

)
Mean Absolute Error

(MAE)
MAE = 1

n

n∑
i=1

∣∣∣ f (i) − f̂ (i)
∣∣∣

Relative Mean Absolute Error
(RMAE)

RMAE = n∗MAE
n∑

i=1

∣∣∣∣∣∣ f (i)− 1
n

n∑
i=1

f (i)

∣∣∣∣∣∣

3. Results and Discussion

The DRI described here allowed us to create the first database of rainfall amounts and maximum
rainfall intensities for central Chile (see [12] for reference). The collection and the pre-selection of
PSC are intensive activities that can take a significant amount of time and resources within a DRI.
However, the conversion of paper-based records to digital records is the most challenging stage of the
process (for the final success of a DRI), requiring the development of very specific algorithms for the
detection of rainfall traces. For this reason, the focus here is a description of the main features in the
PSCR architecture and how accurate maximum rainfall intensities can be obtained from the digital
traces; also discussed are the results of an analysis of the validity of the PSCR records using three
statistical methods.

3.1. Image Acquisition

Digital image processing requires a capture device that acquires a specific spectral band, which
then generates an electrical signal that is processed by a digitizer. This converts the analogue signal
into a digital signal that is then displayed on a computer [19]. Our approach employed a scanner-type
device that was used to digitize the PSCs (analogue signals) and convert them into digital images and
then send the digital image to a computer for processing. This study used an Epson Workforce Pro
GT-S50 scanner with automatic feeder and the ability to scan both sides of the paper, with a capacity of
50 pages per minute (Figure 5). This type of scanner was selected because it did not generate optical
distortions and because of its ability to read documents of different dimensions, such as those of the
pluviograph strips (425 mm × 90 mm). These features facilitated a rapid scanning process, optimal
image quality, and file sizes up to 2 Mb for storage purposes. This scanning device also permits
scanning at 300 dpi (dots per inch) to general images of approximately 5019 × 1181 pixels that can
be stored in 24 bit color in JPEG format. According to Van Piggelen [10], this image configuration
improves trace identification in the segmentation process and reduces the storage space needed for the
processed information. For the analysis and the manipulation of the acquired images, a web-based
JavaScript graphical user interface was designed (Figure 5b), allowing one or more remote users to
execute the image-processing algorithms simultaneously, as described in Section 2.1. The low cost
and the simplicity of the PCSR configuration could be a potential solution to implement data rescue
initiatives for other countries that have this same problem.
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Figure 5. The equipment for digitization of pluviograph bands includes (a) a digitizer Epson Workforce
Pro GT-S50 and (b) a graphical interface to process acquired images to digitizer.

3.2. Image Pre-Processing

The objective of pre-processing is to enhance the clarity of the data found in the image by removing
unintentional distortions [19,20]. According to Krig [21], image pre-processing is analogous to the
mathematical normalization of a data set, a common step in many feature description methods.
There are at least four main families of description methods; among them, one of the most important is
the polygon shape descriptors. These can range from image improvements to structural morphology
and segmentation techniques. The range of possible pre-processing methods is quite large, and the
choice of methods to be used is highly dependent on the data.

In the specific case of the pluviograph band raster, the pre-processing stage that we developed
included the user’s participation to define control points on the upper and the lower corners of the
digital image that resulted from the pluviograph band. Four control points were established with
the purpose of indicating the specific area to which the segmentation algorithm would be applied.
Demarcating the useful area is necessary, since most conventional pluviograph gauges record the
precipitation intensity on paper strips that vary in terms of printed scales, paper strip dimensions,
paper color and texture, and other factors. The scales printed on the paper strip use margins that start
at the intersection marked 06:00 h on day 1 and end between 12:00 h and 14:00 h on day 8, although
the configuration of the paper strips can vary according to the manufacturer. Most conventional
rain gauges in Chile have a weekly clock drum that must be activated each time a paper strip is
installed, verifying that the siphon system operates correctly and always starts at the 0.0 mm scale of
the paper [22]. Considering the possible distortions on PSC, the manual execution procedure using the
graphical user interface consists of marking upper and lower starting points (see numbers 1 and 2 of
Figure 6) on the reference mark indicating 06:00 h on the paper strip on day 1 and a set of upper and
lower ending points (see numbers 3 and 4 of Figure 6) on the reference mark indicating 08:00 h on day
8. With this approach, homogeneity in the target region was achieved for all digital images, thus the
segmentation algorithm could be applied to the target region while excluding areas of the image that
were of no interest.
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3.3. Image Segmentation

Segmentation is a pre-processing method within the so-called “polygon shape descriptors” family
of methods. These methods use structure or texture in the image, rather than a threshold, as the basis for
dividing an image into connected polygons, i.e., non-overlapping and significant homogeneous regions
corresponding to objects, surfaces, or natural parts of an object [21,23]. For this study, a segmentation
technique was developed to distinguish the pluviograph trace in the digital image using a thresholding
method [24,25], in which the algorithm is based on similarities (Figure 7). This technique is very
efficient for segmenting images with light-colored objects on a dark background (or dark objects on a
light background) [25].
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One of the problems with the segmentation process is the erroneous classification of band trace
pixels. This type of incorrect pixel assignment is frequent, because PSCs generally contain marks that
are not generated as part of the measurement process—commonly referred to as “irregularities” in the
band. These irregularities include the color of the paper, notes written in ink on the paper, markers
with variable widths, and excess ink on the nib that draws the pluviograph trace (Figure 8). This
problem is addressed in the next step of the process, skeletonization.
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3.4. Image Skeletonization and Rainfall Trace Detection

After the image are segmented into regions as described, the pixels are stored for further processing.
A complementary task is the delineation process, since a region can be represented by its boundaries,
with information including characteristics such as length, line orientation, and number of concavities at
the boundary [19]. In this study, the skeletonization method was developed as described by others [4].
The result of this procedure is a binary image that assigns values of 1 to the pixels that are part of the
identified segment and values of 0 to the rest of the identified pixels that correspond to the background
of the image. As illustrated in Figure 5, the user can select control points, and these are used by the
system as the basis for segmenting and skeletonizing the pluviograph trace. The result is a blue trace,
which in ideal conditions follows the path of the pluviograph trace.

At this point, visual analysis is essential to identify errors in the detected patterns that are caused
by visual artifacts, such as those shown in Figure 8. In this study, more than 70% of the paper strips
had handwritten annotations, excess ink, or other irregularities on the paper. The manual adjustment
module permits the elimination of inconsistencies and refines the trace. In the graphical interface
environment, the user always has the option to perform manual correction or editing. Once the user
has completed the manual editing, the system detects the target trace (Figure 9); the digitization can
then be exported to a file with the maximum rainfall intensities for the chosen durations.
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3.5. Digital PSCR Report and Maximum Rainfall Intensities

The PSCR generates a report consisting of a package of compressed files containing a JPEG image
of the digitized trace and a plain text file (ASCII) with the values of the intensities for durations as
low 15 min with displacements of 5 min (Figure 10). The report allows for verification of the control
points established for digital processing, the precipitation intervals, and the accumulated precipitation
values. Maximum rainfall intensities can be estimated from the report using the algorithm presented
in Equation (1).
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3.6. Evaluating the Performance of DRI through PSCR

The rain gauges in central Chile with the longest records were selected to compare and validate
the maximum rainfall intensities estimated using the observational reading method (Figure 1) against
those obtained using the digital PSCR method. For all analyzed durations, the statistical tests revealed
that MAE did not exceed 2 mm of difference, which is the acceptable error threshold established for
rainfall intensity by earlier research [15]. For example, for durations of 1 h, the maximum differences
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were about 1.5 mm (observed at Embalse Coihueco rain gauge). Similar maximum differences were
observed for durations of 1 h and 6 h. For higher durations (i.e., 24 h), the differences between the
methods were minimal. Similar validation results were reported by Sušin et al. [11], who found that the
errors for high durations (i.e., 24 h) were lower than those errors observed for low durations (i.e., 1 h).
It is important to stipulate that the calculated errors can be relative, since the observational reading
can be associated with large estimation errors; in particular, low durations are vulnerable to reader
error, given that 2 mm of trace on the PSC corresponds to a rain event ranging between 20–30 min.
The results of the RMAE agreed with those observed for MAE, because, in general, words are values
close to zero, meaning that both manual and digital methods have a similar fit (see Table 2).

From the Mann–Whitney U test, all the null hypotheses (Ho) were accepted, because there were
no significant differences between the medians of the observation/manual reading method and the
medians of the digital PSCR method at the 95% confidence level (Table 2). These results were based
on the maximum rainfall intensity records for 1 h, 6 h, and 24 h durations, respectively (Figure 11).
The mechanism for digitally reading pluviograph strips using digital image processing is therefore
validated as a tool for obtaining maximum rainfall intensities. This digital method significantly
reduces the time needed to analyze rainfall records; it also improves the quality and the reliability of
the information used to generate IDF curves, providing accumulation intervals of as little as 15 min
(an interval not generally possible with the traditional pluviograph band method).

Table 2. Error measures calculated for the rain gauges in central Chile with the longest rainfall intensity
records. The error represents the difference between manual readings and digital PSCR readings. DGA:
General Directorate of Water Resources.

Station Period of
Records

Number
of Years Source Lat (S) Long (W) Resolution MAE (mm) RMAE Mann-Whitney U

Melipilla
1 h 1.068 0.435 Accepted Ho

1975–2009 35 DGA 33◦ 40’ S 71◦ 11’ W 6 h 0.494 0.372 Accepted Ho
24 h 0.147 0.160 Accepted Ho

Cerro
Calán

1 h 0.728 0.416 Accepted Ho
1975–2009 35 DGA 33◦ 23’ S 70◦ 32’ W 6 h 0.428 0.263 Accepted Ho

24 h 0.133 0.128 Accepted Ho

Embalse
Ancoa

1 h 1.021 0.404 Accepted Ho
1971–2009 39 DGA 35◦ 54’ S 71◦ 17’ W 6 h 0.741 0.373 Accepted Ho

24 h 0.218 0.190 Accepted Ho

Potrero
Grande

1 h 1.400 0.402 Accepted Ho
1971–2009 39 DGA 35◦ 12’ S 71◦ 07’ W 6 h 1.450 0.526 Accepted Ho

24 h 0.218 0.170 Accepted Ho

Cerro El
Padre

1 h 0.840 0.218 Accepted Ho
1970–2009 40 DGA 37◦ 46’ S 71◦ 53’ W 6 h 0.195 0.109 Accepted Ho

24 h 0.150 0.124 Accepted Ho

Embalse
Coihueco

1 h 1.597 0.324 Accepted Ho
1971–2009 39 DGA 36◦ 35’ S 71◦ 47’ W 6 h 0.374 0.159 Accepted Ho

24 h 0.211 0.134 Accepted Ho
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4. Conclusions

The development of the PSCR has contributed significantly to the success of a rainfall intensity
data rescue initiative for central Chile. With this PSCR, a database was compiled of maximum rainfall
intensities derived from 47 pluviograph gauges in central Chile. The tool developed in this study
produced rainfall intensity estimates that correlated, at the 95% confidence level, with records obtained
from the observational or manual analysis. This type of device offers three main advantages and
benefits: a simple and low-cost configuration that can be implemented in other countries, a considerable
reduction in processing time for PSC, and an improved resolution of maximum rainfall intensities
compared with the conventional method, since it was possible to obtain values at sub-hourly durations
between 15 min and 1 h.

All the records generated by this data rescue initiative were stored in a Web-based System
(WEBSEIDF) developed for the automatic construction of IDF curves [12]. This tool therefore has
contributed to the compilation of historical rainfall storms that can be used to improve water
infrastructure design. This first DRI implemented in central Chile provides a high scientific value for
the generation of reanalysis climate products [26] and for supporting the global need of meteorological
services for rescuing long-term historical records [8]. This is also the first system in Chile capable of
producing IDF curves for durations of less than 1 h—an important advance, because extreme rainfall
events of short duration have often proved to be more severe and destructive than less intense but
longer events. Automating the rainfall data analysis process also makes it easier to collect and manage
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large volumes of records that have been stored in a physical paper format. In short, this system
facilitates collection, storage, transference, and analysis of rainfall intensity records to improve the
management and the governance of [27] water related data.
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