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1. Abstract

Hydrognomon is an application for the analysis of hydrological
data and includes several applications for time series processing,
such as time step aggregation and regularization, interpolation,
regression analysis and infilling of missing values, consistency
tests, data filtering, graphical and tabular visualization of time
series, etc. Both its source code and the executable program are
freely available. The new version of Hydrognomon includes a
module for the construction of ombrian (intensity-duration-
frequency) curves. It is based on a mathematical framework that
expresses ombrian curves with unified relationships giving rain
intensity in terms of duration and return period, either for a
single gauging station or for a station group over a specified
area. In the latter case, it supports either single parameters set or
spatially varying parameters. The framework is completed with
raw rainfall data processing, data management and storage,
graphical user interface, and output data graphs and export

facilities.

2. Introduction
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Hydrognomon is provided under the terms of the GNU GPLv3 License
and is part of the openmeteo.org framework, where source code can be
obtained from www.hydrognomon.org.

Hydrognomon has been developed mainly to serve the research activities
of the ITIA research group, which is responsible for the design and
maintenance of the open source software.

Hydrognomon is also one of the software supporting the "Hydroscope" -
National Databank for Hydrological and Meteorological Information.

4. Data Set

The user can input data to
Hydrognomon, in order to create
annual maximum time series of
different time scales. Hydrognomon
gives the advantage to
simultaneously introduce and
process several data time series.

After the input of the data set, we
are ready to start the construction of
the ombrian curves from the
“Hydrology” menu and the option
“Ombros- IDF curves”.
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) Hydrognomon
File Edit View SEnEs-HE\p
ol e Extremes evaluation... % | RE- @0 | m-
Double mass curve...
P o | | e | v | o g
1993 " 73,00 77,00 125,00 125,00 125,00 125,00
T Hydrometry..

462,00 630,00 983,00 983,00 98400 100200
199 Curves and interpolations... 170,00 287,00 453,00 430,00 430,00 751,00
1997 Regression and infilling... 82,00 318,00 330,00 330,00 388,00 558,00
1338 Spatial inte S L 276,00 283,00 423,00 533,00 618,00 696,00
1999 280,00 327,00 359,00 450,00 520,00 725,00
2000 241,00 261,00 394,00 411,00 427,00 568,00
2001 117,00 209,00 315,00 359,00 404,00 406,00

Zygos - Basi
Pythia - Sta

2002 Db Do 238,00 314,00 244,00 297,00 448,00 484,00

2003 Time series climacogram... 132,00 233,00 405,00 413,00 508,00 810,00
2004 35,00 66,00 88,00 132,00 135,00 306,00 392,00 392,00 412,00 435,00
2005 164,00 234,00 273,00 423,00 590,00 725,00 729,00 729,00 729,00 802,00
2006 70,00 117,00 142,00 181,00 221,00 237,00 512,00 517,00 527,00 1007,00
2007 80,00 80,00 112,00 114,00 138,00 233,00 233,00 372,00 397,00 414,00
2010 17,00 23,00 35,00 48,00 52,00 61,00 82,00 118,00 152,00 219,00
2011 110,00 186,00 233,00 372,00 621,00 782,00 1033,00 1297,00 1951,00 2131,00
2012 20,00 30,00 40,00 50,00 51,00 74,00 126,00 166,00 176,00 232,00

3. Case study area

Andravida is a town and a former

municipality in Elis, West Greece. Since 2011
local government reform it is part of the
municipality Andravida -Kyllini, of which it is
a municipal unit. Its population is about 4,300
people. Andravida is located in the plains of
northwestern Elis, 7 km far from the Ionian Sea
coast. It is 3 km south of Lechaina, 6 km north
of Gastouni, 30 km northwest of Pyrgos and 55

km southwest of Patras.

The case study area is located in Andravida.
Arain gauge is used as an instrument to
measure precipitation at the specific area. The
data were extracted by the Hellenic
Meteorological Service and are composed from

17 years data records.

To this end, we extracted the maximum
precipitation height in different time scales,
specifically 5min, 10 min, 15 min, 30min, lhr,

2hr, 6hr, 12hr, 24hr and 48hr.
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5. Construction of ombrian curves

The user must first determine the time series | o s =
variable: height in mm (Height) or rainfall s P ety (k) st S T s
intensity in mm / h Intensity). The typeof | =
the variable must be determined before the o L EEE Eﬁggiﬂhai
definition of the time series. Then, the (R 7).s. v o, e ety b, raion 5 hars T
precipitation height time series turn to — Cai) Lamme]
intensity time series. Sraiim Etset
An additional feature that can be set is T”““ﬁz = =
temporal resolution (Time resolution). If itis | ™===er=som==t - 5500 : °$§tfd a
unknown, the button “Time resolution mu st o @ ;gi,:
unknown “ remains active. : e -5

Cose | [I0F Analysis..

By the use of the “Add” button, time series are transferred to the list of time series
to be used in the analysis (IDF Time series), while using the “Remove” button the
user deletes time series from the right list, for each of which it is possible to
determine the relations for 1, 6 (Use for Eta,

Theta) and to estimate the statistical distribution parameters (Use for

Distrib. fit) , apart from the duration and temporal resolution.

7. Single curve

{3 IDF Curves

6. Multiple Curves

(3] IDF Curves

File Edit Options Distribution
{Muliple curves | single curve | Data | Distribution plot

1.000

100

DF Curves - Distribution: GEV-Max (kappa specified, L-Moments)

i (mmin)

1
[l

d
100

Return periods
100000 years
10000 years
1000 years

V] 500 years
200 years
100 years

V|50 years
20 years

V] 10 years

V|5 years

2years

Dropbox 20.26 U
Up to date

In the first tab shown in the figure above, the user can form multiple graphs of
predefined return periods (2, 5, 10, 20, 50, 100, 200, 500, 1000, 10000 and 100000 years).
As it is shown, the ombrian curves do not intersect.

8. Data

i) IDF Curves

The third tab displays T

the general equation of el D
ombrian curves (IDF ssin) f"f”*,{\hl\lm 1]
curves equation), the (d+87

name Of the Stastical ditrbuton unctonF: gy g
distribution function, o
the parameters of e =
distribution function P
(Statistical distribution swietéesor: 1754

Skewness: 1,4 L-Moment 3: 772

parameters), the
parameters n and 6
(Eta, Theta) and the
statistical properties of
the consolidated
sample.

In the Second tab’ the user File Edit Options Distribution
. o o 3 Multiple curves | Single curvé | Data | Distribution plot
specifies a particular period b 5 (]
IDF Curves - Distribution: GEV-Max
reset (e.g. 5 years) and e e
ChOOSeS the button ( d+0’132)0v799 - Rainfalintensty — UpperSampe  — LowerSample  — - Upper Confidence — - anarcunﬂnencel
“Calculate”. 2= ms LN
. Confidence interval fora }*\h‘}\ T

The curve is plotted as well Gkt RSN,

. Lower sample fmit: 87,30 SRES \
aS the equat].on Upper sample fimit: 53,57 S \\\\

g . Lower confidence limit: 1,16 \ \\ 1
Correspondlng tO thls Upper confidence limit: 569,66 100 s I .
return period. Then the cotisren e

& 9% £ N = ™
user can construct oy BN
confidence intervals for the N
ombrian curve using !
Monte-Carlo method.
10‘01 01 1 10 160
dn)
— T:i;uf'ael\;ntensity Upper Sample ;::':E;:amula l;l;p;:vr:nﬁdenca ;wlv;:r:wnﬁdama

The table below the graph of ombrian curves contains the points of the curve and the
corresponding confidence intervals. It is possible to copy the table
in the clipboard and then paste to different software such as Microsoft Excel.

f istical distributi

10. Type of statistical distribution
o 4 ('F8Y 1DF Curves . - e e |
The type Of the StatlStlcal File Edit Options [Distribution |
Multiple curves [ Sinde|  Exponential

distribution applied to
analysis is determined
through the menu
Distribution. The default
option is the GEV-peak
with a fixed parameter
value k

and method of L-
moments “GEV-Max
(kappa

specified, L-Moments)”.
By selecting "Specify
GEV kappa (shape)", the
user can modity the
default value k = 0.15.

Exponential (L-Moments)
Gamma

LogPearsonll

Gumbel

Gumbel (L-Moments)
EV2-Max

EV2-Max (L-Moments)
’ © GEV-Max

] GEV-Max (L-Moments)
GEV-Max (kappa specified)
GEV-Max (kappa specified, L-Moments)

Pareto
Pareto (L-Moments)

Specify GEV kappa (shape) =
PSS e S ——

Logarithmic Y

At the specific example, it was not
necessary to use the “Specity GEV
kappa”, so the distribution that was
selected was GEV, which was the
same distribution that correspond to
the confident intervals that were
selected.

9. Distribution Plot

In the fourth tab,
the user controls
the adjustment of
the theoretical
statistical
distribution in the
sample. From the
list “Displayed
durations”

the selection of
duration will be
displayed in the
chart.
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11. Time resolution effect - Additional functions

Hydrognomon

The user may include in Morone - B
the analysis the effect of ““[—]<m) "
time definition. The U e ) S
selection is made via the | n\“\\ e
T e .\:\Dﬁ&, 20
Options — Consider time i | | i
resolution effect. . | | |

Additional functions are o "
controlled through the |

following menu options:

e File — Print ... : Printing
capabilities of graphs

¢ File — Single IDF curve
evaluation: assessment IDF
curves

specific return period with
the classical methodology
(minimum

blocks)

* Edit — Copy ... : Copying tables and
graphs to clipboard

initially (clipboard) and then in software,
e.g. Microsoft Excel type or

editors (Word processors).

* Options — Papers (distribution plot): the
distribution map for design

of distribution functions exactly the same
with the unit "Pythia".

12. Conclusions

The main conclusions of our study are:

* Hydrognomon is an open software which has automated the
construction of ombrian curves.

* Time series extracted from Andravida station, for 17 years time
period and for several time scales indicated that the same process
could be followed for several time stations in Greece in order to

construct a map of ombrian curves at a specific area.

* Hydrognomon offers the option of simulating several statistical
distributions and facilitates the user to choose the one that applys

best to the data set.

* The program through the options print/copy helps the user to export
the results of the analysis for further process to other softwares (e.g.

Microsoft Excel).

* The ombrian curves must not intersect because in this case we would
have for the same intensity (i-mm/hr) and for the same duration (d-

hr) different return periods, which is irrational.




