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NEPIAHWH

Meplypadovtal ot Spacelg Slaxuong Kat SNUOCLOTNTAG TOU UTIOEPYOU OFE OXEON HE TV
OVATITUEN KoL TIPOKATAPKTLKA AelToupyla Tou mMAnpodoplkol cuotipatog OpenHi.net. OL
6paocelc mMepAOUPBAVOUV TNV EVNHEPWTLKA NUEPISA TOUu UTIOEPYOoU, TPELS SNUOCLEVCELS OE
S1ebvr) ouvESpla kKal dnpooicsuon og SLEBVEC EYKPLTO EMLOTNLLOVLKO TTEPLOSLKO.

ABSTRACT

This report includes the description of dissemination and publicity actions of the sub-project
regarding the development and preliminary operation of the OpenHi.net information system.
The actions include the public information seminar of the sub-project, three publications in
international conferences and a publication in an international peer reviewed scientific
journal.
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1 Ewaywyn

1.1  Avtikeipevo Tov 1e0)00G6 — loTopiko

To «Aiktuo Avowtic MAnpodopiag Y&poouotnuatwv»(Open Hydrosystem Information
Network, OpenHi.net) eival plo ohokAnpwpévn mAnpodoplakn umodoun yla tn cuAloyn,
Sloxeiplon kot eAelBepn Slaxuon tng udpoloyikng kat eptBallovtiking mAnpodopiag mou
adopad otouc smidpavelakols udaATIKoUC OpoUG TNG Xwpag. Kuplol otoxol tou elvat: (a) n
kataypadn kot afloAdynon Twv UPLOTAPEVWY UTIOSOUWV TNG Xwpog (UETpNTKA Siktua,
Baoelc Sebopévwy), otnv kateBuUveon avamtuéng evog eBvikol Siktuou mapakoAolONong
Twv udpo-mieptBarloviikwv TAnpodoplwyv yla to emipavelakd uvdpoouvotipata, (B) n
0pYyAVWON TWV OXETI{OUEVWY YEWYPOPLKWV Kot SLoxelploTikwy dedopévwy, (yv) n ulomoinon
tou mAnpodoplakol cuotApatog, (8) n avamtuén éEunvwy texvoloylwv XapnAol KOOTOUG
yla TN HETPNON Kal TNAEUETAS0ON TWV SE60UEVWV TIPAYHATIKOU XpOVou, Kal (g) n évtagn oto
OUOTNHA WPLHWV LETPNTIKWY UTtoSopwy Ttou Slaxetpilovtal ol cuvepyalopevol popeic.

Ytnv mopouca £€kBeon cuvoilovtal oL Spacelg dlaxuong Kot dnuoototntog tou Makétou
Epyaoiag 1, pe titAo “Teyvikn moapoakoAouBnon UMOEPYOU, OUVTOVIOUOG UE OXETI{OUEVA
uroépya kot 6Spdoelc dnuootdtntac . Itnv €kBeon meplypadovtol oL SpAcelg Kot
napatiBevrtol oL oxXeTIKEC SNUOCLEVOELC.

H opdda ekmovnong Tou mapovtog TeLXouG elvat:

Niko¢ Mapaong, Avarminpwtic Kadnyntig EMMN

e Anuntenc Koutooylavvng, Kabnyntrng EMM

o Avdpiag Evotpatiadng, Ap. MoAitikdc Mnxavikog, MSc, EAIN EMMN
e Avtwvng KoukouBivog, Toroypddog Mnxavikog EMI, DEA

Eruotnpovikog urmteBuvog Tou £pyou eivat o N. Mapdong, AvanAnpwtng Kadnyntrig EMIM.

1.2  AwapOBpmon Tov TEV)0VS

To telyog SlapBpwvetal, pall pe tnv mapovoa sloaywyn (KebdAawo 1), os téooepa
kedalata. ELdikotepa:
Y10 KedpdAawo 2 meplypddovtal avalutikd ol Spactnplotnteg Spacelg kat Slaxuong e

£udacn otnv XPovikn tou¢ aAAnAouxiol KoL Tn CUCYETLON TOUG UE TO OVTLKELMEVOU TOU
TIAPOVTOG UTIOEPYOU.

210 Kedpalawo 3 mapatiBevral oL MOPoUCLACELS KAl Ta TARPN KElWeEVA OAWV TwV SpAcEwWV
Slayuong kat Twv SnUooleloswv TTou avadEpovtal oto Kepahalo 2.

210 KedpdaAato 4 napatiBevral ol BLAloypadikég avadopég Tou TEUXOUG.



2 Apaocelg d1dyyvong Kot ONUOGLOTNTOS VITOEPYOV

2.1 Iopovoudoelg o€ GUVEIPLL

Me G10%0 TNV TAPAAANATN S1EYLOT TOV EPYACIOV KO TOV ATOTEAEGUATOV TOV VITOEPYOL KATH
mv e£EMEN Tov, TPAYUATOTOMONKAY CUVOMKE TPES dNUOGLELGEIC GE O1ebvT] emoTNUOVIKG
ouvedple og tpio cuvantd £€t1). Ot ONUOGIEDCELS TPAYUATOTOMONKOY OTo GUVEDIPLO TNG
European Geosciences Union (EGU 2019, EGU 2020 wxou EGU 2021) xor mfrov
TPOCUVOATOAIGUEVEG GTNV OlAYLOT TOV EPYOCIOV KOl TOV OTOTEAECUAT®V TOL £PYOV LE
éupaon kupiog oty d1ebv emotnuovikry kowotnta. Ilepoitépm Opwg, ta keipeva Tov
epyaciav avaptninkav pe ehevbepn-onuocia TpdcPacn Kot TNV MAEKTPOVIKY 1GTOGEMOM
™m¢ epevvnTikng ouddag ITIA (www.itia.ntua.gr) ovT®g GGTE Vo €ival dbécipa Kol 6To
€VPVTEPO KOO TOL £PYOV.

H emowa Tevikn Zovédevon g EGU (EGU General Assembly) ¢ European Geosciences
Union givor to peyoldTePO €VPOTAIKO YEYOVOS YeEMEMOTNHWOV. Evdektikd, oty terevtaio
EGU General Assembly, to 2021, cvupeteiyov nepiocdtepotl omd 18.000 emotipoveg amod
O0A0 Tov kOGpo. Ot cvvedpiec TG ovvAvTNoNG KOADTTOLV £va €upy QAo Bepdtov,
CUUTEPTAOUPOVOUEVAOV TNG EMOTAUNG TOV VOUTIKOV TOP®V 0AAE Kot TOAA®DY GAAOV KAAS®V
TOV YEOEMOTNUOV OTMG TNG NPOLGTEIOALOYING, TNG TAAVNTIKNG €EEpEdVNONG, TG ECMTEPIKNG
dopung g I'mc, ¢ atdceoIpag, TOV KMUOTOC KaBMS Kol TNG EVEPYELNC.

H mpotn dnpooievon, napovoidotnke tov Ampidio tov 2019 ot Biévvn g Avoetpiag, oto
ovvédplo EGU General Assemby 2019 ko eiye titho Strategic plan for establishing a
national-scale hydrometric network in Greece: challenges and perspectives [2]. H mapovciaon
npoypatomodnke oty evotra GI2.4/AS5.2/CL5.17/ESSI12.5/HS1.1.5: Sensor systems for
water and climate pe v Hope1 TPOPOPIKNG TAPOLGINCTG.

H devtepn dnuocicvon, mapovctdotnke SadIKTLOKA £§ 0m0sTAcE®MS Tov Mdio tov 2020, oto
ovvédplo EGU General Assemby 2020 xou eixe titho Open Hydrosystem Information
Network: Greece’s new research infrastructure for water [1]. H mapovcioon
Tpoypatomoldnke oty evotnto HS3.2: Innovative sensing techniques for water monitoring,
modelling, and management: Satellites, gauges and citizens pe ™V HopeN TPOPOPIKNG
TOPOVGINoTG.

Téhog, n tpitn dnpoocievon, mapovsldotnke dadikTvakd €& amootdcewg Tov Ampilio Tov
2021, oto ovvédpro EGU General Assemby 2021 xou eixe titho OpenHiGis: A national
geographic database for inland waters of Greece based on the INSPIRE Directive Hydrology
Theme [4]. H mapovciaon mpaypatomomdnke otnv evotnta HS5.2.3  Water resources
policy and management - systems solutions in an uncertain world, pe tnv popen TPOPOPIKNG
TOPOVGIOGTC.



2.2 Evnuepotiki nuepioa

[épav tov oaxadnpoikdv OMUoclEDcE®MY, Ol JOpPACEL; OMUOCIOTNTAG TOV  VTOEPYOL
TEPIAAUPOVOY KOl TOPOVGINOT GE AVOLYTH MUEPION TPOCAUVATOAIGUEVT] GTNV EVILEPMCT] TOV
EVPVTEPOV KOWOD TOV VTOEPYOVL, TOPOAANAL (QUOIKO HE TNV EMIGTNHOVIKY KOWOTNTO.
YUYKEKPUUEVA, TPOYUATOTOMONKE TOPOLGiNCT, €EEIOIKELUEVT] OTO LROEPYO, HE Titho «H
EMPOAVEINKT OLVIOTOGO TNG Lodoung: Aiktvo Avoytig TTAnpoeopiog Yopocvotnudtmv
(OpenHi.net)».

H nuepida mpaypatomomnke otig 04/03/2021 péow tnAecvuvavinomng, OeSOUEVOV TV
mEPLOTAGEDV  avapopikd pe tnv mavdnuio COVID-19. H mnpepida ocvpuminpoce v
EMTUYNUEV]  TPAOTN  ovvavinon tov  EAAnvikod  OlokAnpopévov  ZuoTHHOTOG
MopakorovOnong, Ipoéyvmong kor Texyvoroyiog tov Oolocodv kor Tov Emeavelokmv
Ydatwv -HIMIOFoTS 1 omoia a@opodce T GUUTANP®UOTIKT] CLVIGTOCN TNG LTOSOUNG
HIMIOFoTS o¢ oyéon pe to Boldooio GUGTANOTO TOPOTNPTONG Kol TPOYVOGOTG, KoBMG Kol
EYKOTOOTAGELG Y10, SOKIES OUAGGOLOV KOTACKEVDV.

YKomog TG MUEPIdaG, NTov 1 Topovciaon TV Tpoidviov Tov OpenHinet e oToYELUEVOLG
YPNOTES, 1 KATOYPOPN TPOTAGEDY PBEATIOONG TOV VPICTAUEVOV TPOIOVIOV-VINPECLOV ALY
Kot 1 ogpevvnorn mbovig avantuéng vémv  mpoidviwv-vampecwmv. Tnv  muepida
TapokolovOncay meEPLecoTEPOL 0md 80 GUUUETEXOVTEG OMO EMAYYEAUOTIKOVS KAGOOVG Kot
onuocovg  @opeic (Ymovpyeia, Ilepipépeieg, Dopeig Awyeipiong Yddtvov mdpwv,
Epgovnrika kou [Movemompuokd 0popata) mov oyetilovtor pe To EMEAVELNKO VOOTA TNG
XDOPOGC.

H npepida meprirapfove mévie mapovctdoels. AVoALTIKG, 01 TOPOVGLACELS NTAY 01 AKOAOVOEG:
(1) «ZVVOTTIKY] TAPOVGIOCT) EMPUVELOKNG CUVIGTOGOC», Nikog Mapdong (Efviké Metoopro
[MoAvteyveio),

(i) «Eykatdotacn kot Aerrovpyio SIKTOOV QLTOLATOV GTAOUOV TodTNTAS VOdT®VY, HAlog
Anpnrpiov (EAMAnvikd Kévipo Oalaooiov Epsuvav),

(iii)) «To vdpopeTpikd dikTvO: gyKaTAGTAOT, AgrTovpyia Ko vEnpecieg», Katepiva Maln
(E6viko Actepookoneio AOnvav),

(iv) «Epmepieg amd ™ Aertovpyio. SIKTUOL OYPOUETEMPOAOYIKOV oTafumv otnv ‘Hruepor,
Nworaog Marapog kot Iodvvng Topoyiavvng (Iavemotpio loavvivav) kot

(v) «IInpoeoprokd cvotmua - Ilopovcioon g mhateoppoc», Anuntpng Koloyepdc
(Epevvnmikd Tlavemotuokd Ivetitovto Xvotuatov Emkowvovidv & Ymoloyiotdv) kot
Nixog Mapdong (E6viké MetooPio Tloivteyveio).

Metd v 0AOKANP®GCT TOV TOPOVCIAGEDY aKOAOVONGE avolyt cu{NToN GYETIKY UE TNV
avafadion TV VTapYOVIOV VINPECIOV Kol Tr S1EPEVVTON OVATTVENG VEWOV LE TPOGTIOEUEVT
a&ia pe ovvtoviot Tov Aviovn Kovon tov EBvikod Actepocskoneiov AOnvmv.



2.3  Anpocigvon 6g EMOTNHROVIKO TEPLOOIKO

Q¢ TEAMKN KOl CULUTEPAGUOTIKY OpACT ONUOCIOTNTAG TOL EPYOV, TPOYUOTOTOMONKE
dnuocicvon 610 d1Ebvég éykprto emoTUOVIKO meEPLodikd Water pe titho OpenHi.net: A
Synergistically Built, National-Scale Infrastructure for Monitoring the Surface Waters of
Greece [3]. To emompovikd meplodkd Water eivar avorymng mpoOGPOoNg EMCTNUOVIKO
TEPLOdIKO Tov gkdoTKoV oikov MDPI (Multidisciplinary Digital Publishing Institute), pe £6pa
v EAPetia. To meplodikd mpaypatedeTan OEHOTO VOOTIKNG EMOTHUNG KOl TEYVOAOYIAS,
TEPIAAUPAVOLEVTS TNG S10YEIPIONG VIATIKOV TOPWV KOl TNG OKOAOYIOG KOl OVOPEPETAL GTNV
Baon oedopévav Scopus pe Impact Factor: 3.103 (2020) kou 5-Year Impact Factor: 3.229
(2020).



3 IIApn keipeva ONUOGIEDGEMV KO TAPOVGLAGELS
OpAGEMV ONUOGIOTNTOG

3.1 TIlopovoraoelg og o1E0vi] cuvEdpra

3.1.1 European Geosciences Union General Assembly 2019

Engpmo o < ELIA
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L KAINOTOMIA [ vt wovasa - sisierie |

European Geosciences Union General Assembly
Vienna, Austria, 7-12 April 2019
GI2.4/AS5.2 /CL5.17 /ESSI2.5/HS1.1.5: Sensor systems for water and climate

Strategic plan for establishing a national-scale hydrometric
network in Greece: challenges and perspectives

Andreas Efstratiadis™), Nikos Mamassis(!), Antonis Koukouvinos(), Aikaterini Mazi(%,
Elias Dimitriou®®), and Demetris Koutsoyiannis(")
(1) Department of Water Resources & Environmental Engineering, National Technical University of Athens

(2) Institute for Environmental Research & Sustainable Development , National Observatory of Athens
(3) Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine Research

| Presentation available online: www.itia.ntua.gr/1937/ |

Motivation: Status of hydrometric data in Greece

Overview of water monitoring infrastructure in Greece:
Significant portion of hydrometric stations that are operated by public
organizations are abandoned or not maintained efficiently;
Data monitoring and management technologies are generally outdated;
Many sections are not suitable for establishing reliable stage-discharge
relationships or such data are missing, thus making impossible to extract
flows on the basis of observed stage data ;

Access to raw observations is hard or impossible;

Encouraging exceptions:

Few yet well-monitored stations, operated by the Public Power
Corporation, in rivers associated with hydroelectric development;

Increasing number of automatic monitoring systems, mostly developed
within research initiatives, which are yet subject to the limited budget
and duration of the associated projects;

Recent establishment of a systematic monitoring program, focused to
water quality characteristics of surface water bodies (not to flows),
following the obligations imposed by the 2000/60/WFD.



Hydroscope: Early efforts for organizing
hydrological data in Greece (mid ‘90s)
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Recent research initiatives

Chalandr stroam basin

Deukalion: Flood
monitoring across
four pilot basins

‘Web-GIS for Athens
water supply system




ESFRI uHelleniC Integrated Mﬂl’ine Hellenic Integrated Marine and | MW’
: - Observing, Forecasting and offsh gor Research
Inland water Observing, Forecasting System (HIMIOFoTS) Sl il

and offshore Technology System”

Launched in January 2018 (three-year preparatory phase; e e T T
full RI duration seven years) EEs
Host Institute: Hellenic Centre of Marine Research ' e ey e e
Partners: 6 academic and 3 research institutes e fm""‘:::—:.j;-:
Included in the National Roadmap for Research %:ﬁﬁw 32,:’:'“:: ove
Infrastructures (2014) T T e ey
Comprises two district research infrastructures, for @Eﬁ.ﬁlh %xmt":;g&_.
marine and inland (surface) waters, respectively: T

m Hellenic Integrated Marine Observing and Forecasting
System (HIMOFS)

® Open Hydrosystem Information Network (OpenHi.net)
Web page: http://imbriw.hcmr.gr/en/himiofots/

Overall concept of HIMIOFoTS: Open research network,
providing free access to monitoring infrastructure and data

Open Hydrosystem Information Network (OpenHi.net)

Key research tasks:
Recording and evaluation of existing gauging infrastructure;

Elaboration of strategic plan for establishing a national monitoring network ‘ ; Q
i S 3 2 Lorng 2 —
for quantitative and qualitative characteristics of surface water bodies; op“'én i

Organization of associated spatial and operational data;
Configuration of a topologically consistent hydrographic network at the national scale;
Development of a web-platform for data processing and management;

Development of smart, low-cost hydrometric and telemetric technologies;

Installation of pilot stations (including third-party stations) and their integration to OpenHi.net;

OpenHi.net consortium:
o Department of Water Resources & Environmental Engineering, National Technical University of Athens
Institute for Environmental Research & Sustainable Development, National Observatory of Athens
Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine Research
Institute of Communication & Computer Systems, National Technical University of Athens
Department of Agricultural Technology, Technological Educational Institute of Epirus

oooao



Geodatabase of monitoring sites

Listing of all state and private organizations involved
with monitoring and management of water quantity
and quality (personal contacts and surveys);

Listing of hydrometric stations, including abandoned
monitoring sites and stations with sparse data;

Extraction of a short list comprising stations located
across the main hydrographic network of Greece (as
defined within 2000/60/WFD);

Organization of key station data in a web-GIS, also
establishing consistency with the topological model
of the national hydrographic network.

i maes  mess e mem mew Re Mew  teen  wes

Evaluation approach

Stations of high priority:
Stations in operation & under systematic supervision; |

Automatic telemetric stations;

Stations installed at hydraulically suitable sites;

Stations with long and reliable data;

Stations of historical interest;

Stations located in areas under hydrological and

environmental stresses (e.g., flood prone zones);
Evaluation criteria:

River section geometry and hydraulic properties;

Instruments (technology, age, maintenance);

Length and quality of observed data;

Frequency and reliability of flow measurements;

Accessibility and telecommunication facilities;

Risk exposure to natural disasters and vandalisms;

10



Examples of station evaluation

Sarakina bridge @ Peneios river

Two hydrometric stations, established in 1950 and 1966, by
different authorities, equipped with conventional instruments;

Inappropriate hydraulic conditions (meandering river, separated
flow, unstable section due to sediment deposits);

Historical stage data contains shifts and gaps, estimated flows at
daily basis are little reliable;

Controls the upper course of Peneios (1070 out of 9500 km?);

Recommendation: important station, to be upgraded and
transferred downstream, in a more appropriate site

Recently installed automatic telemetric station, measuring water
level and quality characteristics (temperature, dissolved oxygen,
electrical conductivity, pH, salinity) at 15-min intervals;

Good hydraulic conditions (lined, stable, relatively narrow section);
Easily accessible (adjacent to the national road network);
Controls significant portion of runoff produced by the river basin;

Recommendation: to be included in the national monitoring
network (station data are available via the OpenHi.net platform)

Strategic planning towards a national monitoring network

Identification of high-priority sites for
installing automatic monitoring stations;

Fd

iy
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Hierarchical multicriteria approach, aiming
to cover all major water bodies of Greece
(rivers, lakes, reservoirs), as well as smaller
rivers of specific interest (e.g, urban rivers);

The national hydrometric network will
include existing stations (to be upgraded, if
necessary) and new sites, to be equipped
with modern monitoring infrastructure;

Site-selection is indicative, since the exact
allocation of (new) stations will require
detailed technical studies and in situ visits
(this task is planned for a next phase of RI);

In its full extent, the national network will
comprise 250-300 operational stations, to
be integrated within OpenHi.net.

11



Hydro-telemetry networks of surface water:
Instrumentation, smart technologies, installation & operation

Main goals

Establishment of a new hydro-telemetric network in Peloponnese and in the Attica region (around
Athens), in the context of pilot studies.

Field campaign for systematic measurement of water level and velocity in streams using in combination a
variety of instruments: current meters for point measurements at the cross section where the water level is
measured, surface velocity radars and video simultaneously at the same location, in order to produce
discharge rating curves for the specific locations.

Development and application of low cost technologies with telemetry

New instrumentation: equipped with self-build and assembled hardware, with appropriate software,
combining a water level sensor with an optical recorder (camera), temperature sensor, telecom and data-
logging units, at about 1/3 the cost of equivalent commercial units.

Development of a combined water and hydro-mechanical or hydraulic calculation method for
assessing the discharge in a stream

Development of a new scientifically validated method for estimating the discharge in a stream /river through
water level measurement and measurement of surface velocity only. This method will allow estimating water

discharge without performing costly, time consuming and often impossible (due to relief and conditions in
the river bed: high flow, high level) classical measurements of the field velocity with the current meter.

From surface velocity to discharge

Since the deterministic velocity profile is unknown, we treat the velocity and the geometry as
random variables. Then, by assigning a probability distribution function to each one of them, we find
that the velocity distribution is close-to-Gaussian for a uniform sampling distribution of the geometry.
Therefore, the velocity profile over the depth is close to a square-logarithmic expression (rather than a
logarithmic one, as in the case of the model of von Karman). Applying the above within a stochastic-
deterministic framework one can estimate the river discharge (with a better than 10% accuracy) by
measuring only the surface velocity, for example, with a hand-held radar velocimeter.

—— — - —
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OpenHi.net platform (under construction)
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3.1.2  European Geosciences Union General Assembly 2020
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European Geosciences Union General Assembly, Online, 4-8 May 2020

HS3.2: Innovative sensing techniques for water monitoring, modelling, and management:
Satellites, gauges and citizens

Open Hydrosystem Information Network:
Greece’s new research infrastructure for water

Andreas Efstratiadis'?), Nikos Mamassis("), Antonis Koukouvinos(!), Demetris
Koutsoyiannis(!), Katerina Mazi®), Antonis Koussis(®), Spyridon Lykoudis®®, Elias
Dimitriou®®), Nikos Malamos(?), Antonis Christofides®), and Demetris Kalogeras!®)

(1) Department of Water Resources & Environmental Engineering, National Technical University of Athens; (2)
Institute for Environmental Research & Sustainable Development, National Observatory of Athens; (3) Institute of

Marine Biological Resources & Inland Waters, Hellenic Centre for Marine Research; (4) Department of Agriculture,
University of Patras; (5) Institute of Communication and Computer Systems, National Technical University of Athens

Broader infrastructure: “Hellenic Integrated Marine Inland water
Observing, Forecasting and offshore Technology System”

Large scale research infrastructure for national waters
Launched in January 2018 (preparatory phase)

Host Institute: Hellenic Centre of Marine Research
Partners: 6 academic and 3 research institutes

Included in the National Roadmap for Research
Infrastructures (2014)

Comprises two district research infrastructures, for
marine and inland (surface) waters, respectively:

s Hellenic Integrated Marine Observing and
Forecasting System (HIMOFS)

m Open Hydrosystem Information Network
(OpenHi.net)
Web page: https://www.himiofots.gr/en

‘ Overall concept: Open research network, providing free access to monitoring infrastructure and data
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Open Hydrosystem Information Network (OpenHi.net)

Key research tasks:
Recording and evaluation of existing gauging infrastructure over Greece;

Elaboration of strategic plan for establishing a national monitoring network O - ‘
f itati itati isti ies; o0 &
or quantitative and qualitative characteristics of surface water bodies; OpenHi

Configuration of a topologically consistent hydrographic network at the national scale;

Organization of associated spatial and operational data;

Development of a web-platform for data processing and management;
Development of smart, low-cost hydrometric and telemetric technologies;
Installation of pilot stations (including third-party stations) and their integration to OpenHi.net;

OpenHi.net consortium:

o Department of Water Resources & Environmental Engineering, National Technical University of Athens
Institute for Environmental Research & Sustainable Development, National Observatory of Athens
Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine Research
Institute of Communication & Computer Systems, National Technical University of Athens
Department of Agricultural Technology, University of loannina

oooao

From in-situ observations to data services
. TG T————

ce ©va R EmoDo =

River monitoring
(stage, quality)
!

| Data transmission | N

!

Storage to a central
database
¥
Automatic controls of
raw data
X

Kokkinos Mulos [Kokkivog MOAog]

Checked time series
available to users

!
Post-processing
(statistical analyses,
stage-discharge);
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Monitoring stations R i e

Today status: ~30 telemetric stations in oy ‘
operation, across nine river basins; = arbcard q q
All stations are equipped with automatic o 9
stage recorders; L5 Q
At 8 stations, additional data related with - oy ‘
water quality are also provided (pH, { N
water temperature, dissolved oxygen, _ e ”
salinity, electrical conductivity); ~ hpute
Typical time interval of data R % v iy
transmission: 10 or 15 min. G
Stations are developed and hosted by: ' 9 -,
m [nstitute for Environmental Research
& Sustainable Development, NOA;
m Institute of Marine Biological
Resources & Inland Waters, HCMR;

s Third-parties, uploading their data (the system offers free accessibility);

HYDRO-NET: Hydro-telemetric network for surface waters (NOA)

Self-designed station w. camera
cost: ~50% of commercial station

antenna

collular phone
maodem

photovoltaic panel

thermistor ————

rain gauge switch ———

| lavel
 — Installed network, today bt ’-7

comprising 19 stations over

& Commercial Wi stations Peloponnese and Attica;

[ commerciat wi + PP stations Both commercial and self-designed
river stage data monitoring, storage

o PPT stations

and transmission system;
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Technological advances in telemetry and hydrometry

Field campaigns: velocity measurements
with current meter & surface-velocity radar ™

sensor \

©ww s e w u .« HSelf-designed hydro-
+ Channel Bed & telemetric station

Network of water quality monitoring stations (HCMR)

Current meter sampling points

Assessment of W/Q monitoring
needs and existing infrastructure; |

Identification of monitoring gaps;

17



Calibration and quality control of W/Q monitoring stations

Regular field visits for
sensor cleaning and
calibration;

In-situ portable device
measurements and
quality control;

Further advances in data transmission: LoRa (Long Range) WAN

Evolutionary approach - keep existing components
Raspberry Pi B + Zeneo logger poc [ Pilot station LoRa-NTUA via ttn |

delta.csv
main.c

e = -
| e e o
\ abp-otaa.ino ': LoRa gateway

" mosquito_sh Rpix
til.py

§ « i
swﬂ\

TN
backend
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The OpenHi.net platform & = -

B a
o 50 Main page of
o Bl @ B —sonn B | Selected station |-
Stzson Deaamy e A= e o ey 4 L S S =
m

|
OpenHi web page:
https://openhi.net/en/

Backbone software: Enhydris

Enhydris is developed by NTUA in the last 10 years; AGPL' 3

Free software, available under the GNU AGPL v3 or later;
Multilingual, small and extensible;

The core functionality is just a database of stations and their time series; in OpenHi we
are developing three add-on applications (autoprocess, synoptic, openhigis);

Enhydris stores timeseries data in TimescaleDB, a modern PostgreSQL add-on that
enables fast querying and aggregation of time series data.

Other technologies that Enhydris is using are Python, Django, pandas, and PostGIS.

-, django |l pandas
P

4, Timescale

stGIS .
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Enhydris main functionalities: Time series visualization and
download options

Download data=
Opening 9732.cov x

D

You have chosen to oper )

{t il . AL
Related Station e !
wiich ix Microsaft Excel Comma Separated Viaslues File {131 KB)
Name from: hetpe/fsynemopenhinet
Variable What should Firetax do with this file?
Unit Of @ Open with  Excel (defautt)
Measurement (I Save File
Precision ] Do this gutamaticalty for files ke this from now on
Time Zone
(513 Cancel

Remarks
Start Date 2019/08/07 16:10
End Date 2020/04/14 02:40
Time step 10min

Enhydris add-ons: enhydris-autoprocess = roma suse cees

Rentis [PEvmc] - Stage [Erdsun)

100

“Jun Aug Dt Dac Fab ApT

Cut-off of infeasible values (assignment

of low/upper physical thresholds)

J

—

Flagging of suspicious values (check of

extremes, check of change rates)
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Automatic controls of river stage data

Corrected for time

; ]
. L] i - =S I - | J! i ) consistency (x,,)
1 ! i Raw data (x,) '
PIPITEIPETIILIEOEE
FEFEiEEE§iE 3§18 §§¢%§¢ S S E S B B E TR RN
If0 <x,<4then If-2 < Ax, <2 then
x=xelsex, =" X3 =Xy, elsexy, ="
v.-l:r ™ ' g | | I ‘
* i — H ‘M Ay =Xy = Ky 8 e bt i i i o s i i — ---:'-|I
el T : Differences of } Ii
Corrected for natural limits (x,,) s corrected data (Ax,,)
IEEERRRRERRRRERE L IEIEEEERERE RN R
§ 8 % B § § ¥ ¥ R ¥ R R ¥ ¥ % ¢ ¥ Tz g 2 2 2 B £ ¥ 8 z 2B B o2 ‘8 £ %
= 3 8 5 = § #8 8 ¥ € 38 8 8 ¥ 3 T 2 = % # = 5 3 8 8 3 # 4 8 3 ¢ 3 3 3
Advanced data controls: Statistical S 999% .
030 -} L
. < e ®
detection of extreme stage differences g o 8
£ o 99.5%
A, =x -x S os aAAA
(1) Calculation of 1= 5 e (2) Estimation of T awd ahd
stage differencesfor A, =x, —x, , thresholds (99.9% < e,
multiple time lags & 99.5% quantiles) e
........... 0,00
Ay =x-X_y " Time lag, 15
0 E— 1% 10—
) — o ——
! — . é“:":. } —
o — i N B = ° —
| N B R L T ) « —
=1 R I e S >
+ — 12 “"} "'-.‘.‘\ } -
o5 ._____,_.__.-2__,:”‘\,..-—“"“ ~.
————————— e bt —
,:_ oo ".“%_
- — -
+ — 037 (3) Recognition of extreme : E—
) — differences for multiple time lags —

W9 1A A0 B 80 0
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Processed data: stage-discharge, aggregations, interpolations

15 min stage checked 15 min discharge ) Mean hourly

for natural limitsand | ' data (computed discharge data
time consistency o from stage) o (aggregated)
|

(- =

Stage Checked [EA vt X vofun| . Biechargs [Mapowd . W 1 D i BT 18 R~
Stage-discharge Rating curve, : =
analysis form “h“l"”zj"'d [ Interpolation form

Dynamic map, T 7 e

showing current - so ) e I s =
observations for s [ Ve AR

each selected < ,-}

variable (almost R e AR e

in real-time); Bl
Highlighting of 5 “ Conditions at Anthili [AvBrjAn]
too low and too iy \ e, s e

hlgh Values, based | . Lastupdate 28 Agr 2000 2330 EET (+1200

on pre-defined ( =
thresholds; il A aciy
To be evolved into e

a notification wlba By

system.

hremin
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Enhydris add-on geodatabase: enhydris-openhigis

Kotauhoués Makawdoar & _>

- -
Formulation of national river network, following — Rt {.&% 7
the INSPIRE Directive (theme hydrography); Bt 2Ty R ') '
Stations assigned to the network; —d s ad || 4 "’#
L

Key basin info upstream of each station (area,

i’ quuﬁu l
mean slope, mean elevation, river length); i

”
f
Hydrological info (e.g., time of co ncentratmn], th a ","
7 TE — /T / o
' ., i =g bos Tonas - o STV p
- ‘b T ‘v >, o tn Epubipain’e 4 Mida Méxpn
I * "] F Auxdvn avvin Tou oo Rentis [Pévmg]  fea Erythreal s aNn Makii
' N g Mavbpa | . »
-/, - Aonpénl  Extoon 367 ki am
- Aspropy  Méon ek 10% | o
b - > MEno uptpespa 238 m o ar
- ::5:7/ Miym piwog Domoped. 20 4 km
Pagfva
5 Skaramangas Camp TT=T e Tnfbasac ! Aanhs
o : i
o Miyapa = Mia Nipapo ’
' Megara ’
o
_m\_.,"' o - o Agriba

Tahaplva . Wpaus
Salamina e Perama "‘

‘ N\
- Spata 3
s I'I(lp ] 5 n ’l "
- g ” Piraeq! » r
AIBVTTIO "_ ot ’ 5, - \ /

The Enydris platform supports a participatory
system for irrigation management (IRMA),
which is operational since 2013;

Artemida

It covers an area of 400 km?, including 6 land
reclamation organizations, that operate large
scale irrigation networks;

Unique open and free to use online DDS for
optimal irrigation scheduling in Greece;

It uses real-time agrometeorological data
from seven stations, which are available at: faterres
https://system.irrigation-management.eu; gmreeieb |

=

It provides irrigation advices, based on
historical data and weather forecasts
(http://arta.interregirZma.eu).

Evaluation of results using conventional
soil moisture sensors that are deployed
across several pilot fields.
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3.1.3 European Geosciences Union General Assembly 2021

OpenHiGis: A national geographic database for inland waters of Greece based on the INSPIRE Directive

Hydrology Theme

Ino Papageorgaki, Antonis Koukouvinos, and Nikos Mamassis

National Technical University of Athens, Department of Water Resources & Environmental Engineering, Athens, Greece

OpenHi.net
in the context of HIMIOFOTS

ino@central.ntua.gr

OpenHiGis:
The GIS component of OpenHi.net

Geographic Database

Geographic data are essential to
link river flow data to the

The OpenHiGis is the GIS component of the OpenHi.net with main goal to
Collect, query, analyze and offer data relevant to hydrologic-geographic
information.

HIMIOFoTS -Hellenic Integrated Marine Inland water Observing,
Forecasting and offshore Technology System- is a national
greek infrastructure for marine and inland waters

upstream basin’s hydrologic
characteristics,

(https:/fwww himiofots.gr|

OpenHi.net -Open Hydrosystem Information Network- is an
information infrastructure for the collection, management and
dissemination of hydrologic information related to inland
waters in Greece (https://openhi.net/).

OpenHi.net is mainly oriented to collect and manage river and
lake stage data.

Input data

* the European Digital Elevation Model (Copernicus, EU-DEM version
1.1), with spatial resolution of 25 m, is selected for extracting
hypsometric information an upslope contribution area threshold equal
to 10 km? (proposed by the EU 2000/60/EC Directive)

* hydregraphic network, lakes and reservoirs from the
implamentation of EU 2000/60/EC Diractive,

hydrographic k from the impl ion of EU 2007/60/EC

Directive

% and

= hydrograp ks from various
around 1:50000

i maps at scales

e coureey = EXTIA

NTAMONILTIROTHTA
e EMIXEWPHMATINOTHTA wemm 2014-2020
AT, AT [ = ]

Several models are designed and created to run the geographical processes and™
perform attribute calculations.

IH
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The geographic database design
and implementation are based on
the Data Specification on
Hydrography, Technical Guidelines
specified by the Directive
2007/2/EC (INSPIRE Directive).

OpenHiGis Data and Services

Watercourses: segment’s length, segment’s slope, geographical
name and stream order

Lakes and reservolrs: area, elevation and geographical name
Basins (river basins, drainage basins, basins upstream metering
stations): area, mean elevation, mean slope, basin order, main
watercourse length and slope, mean CN

Web Map Services (WMS) and Web Feature Services
(WFS), are provided to access, query and download the
geographic data (https://system.openhi.net/cgi-
bin/mapserv?map=/opt/enhydris-openhi/enhydris-
openhigis/mapserver/openhigis.map).

A geodata search capability is also provided, to find
watercourses and lakes through their name and zoom to
their boundary.







3.2  Evnuepotui) nuepioa (4/3/2021)

EZMNA

m 2014-2020

(

- Evpwnalxfi Evwon ENAVEK 012020
Eupwnaixd Tapeio ANTATING TIOTHTA "

Nepipepararhe Avantulng it

H seme@oavelokn] coviet®oo TS VT000uNG:
Aiktvo Avoytig IIinpogopiag Yopoovotnuarov (OpenHi.net)

LUVORTIKI| TUPOVGLacT] ETLPUVELUKIG CUVIGTOGUG
Nixoc Mauaonc (EOviké Metaofo Tolvteyveio)

Eyxataotacn kuat Asttovpyia S1kTO0V 0UTOpATOV 6TEOP@OV TOOTHTUS VOATOV
Hiiog Aquntpiov (Eiinviko Kévipo Ooiaaalmv Epeovav)

To vopopeTpikd dikTvo: gYKaTGoTaoT, LerTovpyia Ko v peoisg
Kazepiva Maln (Efviko Aatepookoreio Anvawv)

Eprsipisg and ™) Aerrovpyia s iktiov aypopetemporonik®dy etabpdv oty Hrepo
Nikoraog Madduog kot Imdvvie Tapoyigvvng (lavemotijuo loavvivav)

Iimpogopruxd cvetnpo-llopoveiacn ™ic mhatedppag

Amajrpne Kedoyepac (Epevvntiké Hlavemarquaxo Ivetitoito Lvetnudarmy Emikovevidy &
Yroloyiorav) kaa

Nikoc Maudonc (EGviké Metaofiio Tlodvteyveio)

Avoyti cvdtnon:
AvaBadon tov vtopyovtoy vanpecuby Kat diepedvron avantuéng vEnv Le tpooTifipevn adi
Zvvrovionijc: Avicivng Kovone (EOviké Aetepoaroreio AOnvav)
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Evpwnaiki 'Evwon EMAVEK 2012020 =2 EZMNA
Eupwnaixé Tapeio ERANIA R TIGTHTA =m204-2020
Nepipepaiahic Avanmtubng Aot [ i e i ]

e

T oand

https://www.himiofots.gr/ https://openhi.net/

g -ﬂ;-' EENTRO BANEITETRG) A A A r
po— } iqar';ll:g_‘?u;o / \' ALTEPOEKCITEID . OAII i { -+, } @m.wnw s
hemr J hespsns SRR B ot :

NOAYTEXNEID .\‘

o & ——_— i (49
D irreno. | @) Mormromsoano @ Airsiev e prk '
nosrresnen \ 1L seee A e -
e

Elnviko Ohokinpopévo Zoomua [Mopokoiovbnong, [Mpoyveong ke Teyvohoyiag
Ouiocoov ko Emgaveiekov Yoarov (HIMIOFoTS)
Hpepida napoveiasng Tov svetijpartog, 4 Maptiov 2021

Aixtvo Avoyytiic MAnpogopiag YSpoovarnudtwv (OpenHi.net)
xz'uvomtmi napovaiaon

HIMIOFOTS |

Vebierac impgrated Marine inland water Dbserving,
Farecasting and efizhare Technology System

Nikog Mapdong,
Zyoin Mottikodv Mnyavikov, EBviké Metoofio MMokvteyveio
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H onpacia Tov v0poroyIK®OV 0£d0puEVOY

Katyopisg napapétpoyv
Mopaperpor morétyreg | H pétpnon toug efvar kaiplo yio
EMPUVEIIKOY VEPOV | TNV Topakorodinen Kot
(Beppoxpocia, aywypomra, | Tpoctacic Tov nepiPdiiovrog
pH, dihvpévo ouydvo)
Mocotikéc mapapeTpor | Avektipnm minpogopio yio to

EMPUVELTKOV VEPOV
(otdlun motapmv-Auviv,
Tapoy TOTUU®Y, anobdipaTa

oyedloopd Ko duyeipion
vépaviikdy Epyov (epdypata,
VOPONAEKTPIKGL, CVTUTANLUVPIKG)

TOPIEVTI|POV)
ATpocpuipikic H pérpnon toug vrootnpiler pa
rupapeTpor GEPA Uno eQupurOYES (eKTiunon

(Bpoyontman, Oeppoxpasia,
vypucic, TEYLTNTA AVELOD,
naakn axtvoPolio)

e&hTnong, moepoymyn evEpyewng
and AITE, napukorotinon
KAipatog)

Edugikéic mapapstpor
(Beppokpooia, vypuoia,
£bdupoug)

H mapakorotbne toug
cuppdider otn Pektictonoinen

™G YEWPYIKNAG Tapaymyig

IMiioTika dikTva

1. Eiligvikd Kévipo Oaidaaioy
Epsvvev

Ivenitovro Oaldoeiwy Bioloyikav
Hopemwv & Egatepicaiv Yoarmv

2. Etviko Aatepoakoneio AOyvay
Ivetitoito Epsuvery TTepifidlioviog
& Biwone Avamrodng

3. Havemorijuie lwavvivoy
Thjua 'ewmoviag

IloTopikd drayeipiong TS VOPOLOYIKIG TANPOPOPLaS

Ipw ™ dekaetia 1990

Aerrovpyio ovpfatikedy otaluwy e toavieg

AEH | YITEXQAE
|E5mﬁw 7d 7d
Erabupypagpot 7d 7d
Ozppoppapo 7d 7d
Viporpiger | 7d | 74
Hiwoypagor 1d 7d
[Ecaninavrpbipo 7d
[Avenoypag 7d

L
KTwvoypagor
Lidld i ad
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IoTopikd draysiprong TS VOPOLOYIKNG TTAN POPOPIaG
Agkagtia 1990

Eykardaotacn tov mpotmy
QUTOUOTOV THACUETPIKGY aTalumy

Iotopiko dwayeipriong g
VOPOLOYIKIC TANPOPOPIaG

Yopohoywkd dedopéva tov 21° mdva

Eykatdotacn SIKTO0OV 00TOpATOV
otafpdv and dragpopovg popeig
(xataypagn ot mhaicia Tov £pyov)

Zrabpoi morotnTag Kol otabpng oz motdma
Eiinviko Kévrpo Ouiaoaiov Epsovav

Phgrowoiney ko opyavoan e
vEAPLOVTAS VIPOLOYIKIIS TApOPOpias

YAPOEKOITIO: Anmovgyix Efvocs Toinslas
e o g

[ Yogohoror skngovogis omy. Exidbs

= AN i S 010 0 Byt
-

Zrabpoi otabung,
mapoyis o8 ToTap,
Ivenitoito ‘Eyyauov

Beindosov (IEB)

=

i.’
I
IR
| @ Erabpoi movornTos,
l ‘v atafpnc oe hipves ko
if TapeoTipes, Eldgviko
T - Kivrpo Bloténmy
| LN -
! ) '-l“..ﬂ. > ‘2.‘ . Yypotrorev (EKBY)
{ b hut H :
| . y
e - —
Zrabpoi pirpnone
arabpng amd
duiapopoug popeis
KL o Teg
iy
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LKOTIPOTTE TS VAOSOUNS

Ymrodoun mov 0o GUYKEVIPMOOEL DITAPYOVTO LETPNTIKG & https://openhi.net/

dikToa, OoTE Vo TPOGPEPEL HEIOMICTEG TANPOPOPIES P
Y0 TV TOLOTNTE KOL TOGOHTNTU TOV EXUPAVELUKDY S O
VOGTOV TG YOPUS O SULPOPES KATNYOPIES YPNOTHV! = g

+ mepBailoviikods popeis 9% g ¢ &

* EPELVNTEC .

o UEAETNTEC LOPUVAIKOV £pYmV ‘ “2 q?

*+ guph KOO -

U O iotopikés perprioels sivat kafoproTikig onuaciog yio TNy KOTuoKeD] VOPUviiK®y
KU1 EVEPYELOKAV £pymv KBS Kal Yo TV TposTucic Tov nepifdiiovroc.

0 H napakorovbnon tov petofAntd@v oe wpaypatikd ypovo ivor kabopiotikn yio
N A&1Tovpyie GVETNRATOY TPoELDOTOiNGIS

O H evoopdtoon vaepyovtev S1KkTdmV 6TV DTodouT| £ival pie evkoipio yio my
opBoloyikdtepn dlayeipion Kot Sidyuon TG GNUEVTIKIG GUTIS TANPOQOPiag

O vrnpeoieg Kat To TPoldvTo mOV TPOTEEPEL TO cvoTHA eival eAevBepec. T 10
okond avtd eivar amapait N eEac@diion g frOoIPOTHTAC TOV TANPOPOPLUKOD
CUGTIHHOTOS KO TOV HETPNTIKMOV LITOSOUMV OV avamtiybnkay oto tiniolo. Tov £pyov.

Ipoocpepopsveg vanpeoieg

MapaxoiotBnon perafinrov-avaktnon dedopévov

HaparolovOney oe Tpaynatiko ypove tov AvaxTyen TpOTOYEVOV, ETECEPTUTUEVOV
TOGOTIKOV K01 TOWOTIKOV TUPUUETPOV VEPOD KO TAPAYOYOV YPOVOTEPHY
atovug otabpong pETpnong =
el Mtbovo Kakapam [T igupa Mepopou Xopod) - NEDON KALAMATA
L- -"‘-.f"—-"\« I .-’-:rl j._'.. ‘ .
Tore Larw
T Dt
Telsvtaio
svijuépoo - o
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Ipoo@epopeveg vanpecicg
AVAKTI|GN] YEQYPUPIKOY dESOPEVOV

Avdxtigan devtepoyevirv Yépoypagixé dixrvo pe Mapapetpor Lekavay amopporjc
PEOYPAPIKGY SESOUEVOLIY Tomoioyia Ko (éxtaon, Klio, xpévog
dvvardtyre avalijtnons OVYKEVTPOIGIIS)
Ta eninedo YeoypagKig ~ g
mhnpogpopiag akohovlodv L AA. TIHNEIOY 2 '
v odnyia Inspire i | Sy oz \
A Mign wybietoo A2sm
*  Emgovewkd Gdata Moo
+  Kipua voatopedpata ;:?:gnlc_:timumnw T :
g /\i}l\"ﬁg, Tﬁplﬁmﬁp&g Khian -u'nm\.! Lﬁumarjuul;u: 0% '\‘
. ASK&VEQ umppong Xpoyog ouysivTowong 48
*  Agkdveg amopporg avavn
otablpav pétpnong

*  Yopoypagiko diktvo
*  Koppor vapoypagikod dikthon

To svopa Tpocpépel VAT peoiag
Biaong (Web Map Services, WMS)
Kot avaktnons (Web Feature
Services, WFS) tov dedopévov,
avppove pe to Open Geospatial
Consortium (OGC)

Ilpoopepopsveg vanpeoisg

Eveopdaroon véov etafpoy 610 oty

Egapuoyés orayeipions eralucv

Egapuoyéc avtopatys diopOwans dedouévav

| oy gpevie suwEmo A(x,)
EEE R EE RN Pititiisnitteiny
AR EE R RN R SRR E R R R R
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Iil‘lillltl[ill SRS SRSE R RS RE RN

Egpapuoyic mapaywync devtepoyevay dedopuivav

(xpovikij oiokiljpwaiy, mapoyij amé aralun)
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Topmin pORETIKOTNTO PHE GALES VTOOONEC.
Ewdwkn Ipoappateio Yoarwv, Yrovpyeio Mepriparhovrog xar Evépysrag
Yépookomo, hitp://www.hydroscope.gr/

Aivel mpooPaon ae VOPOLOYIKE, HETEMPOLOYIK(, VOIPOYEMAOYIKA KL YEOYPUPUCH
dedopéva. AKoun Tpoceépet ekevbepa hoyiopikd enefepyacing dedopévoY

o

'OuBpreg kapmodeg g EAAGSag, hitps:/floods.ypeka.gr/

E&omaoeig opppiov kapmorov e 676 BEcElS TOV KUTUPTIGTIKAY 6TO TAUIGIO EQUPHOYIC
g Odnyiug 2007/60/EK.
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IMioTikd dikTLVA TS VAOOOUNS

* ELlvikod Kévrpov Oalasoioy
Epzuvav (EAKEOE)
* EOvikod Aatepookonciov Abnvav
(EAA)
* Mavemotnpiov loavvivov
* leppéperag Haeipov
* MetaAkeiohoyov EMIT

Helleni Im;madﬂlmh].ml water Dbserving,
Fur;uumu'ldnﬁm“ Technology System

https://www.himiofots.gr/ https://openhi.net/

%

Py I
= @i (- 0, oy }  f=me (§)

......

33



i( b) EAAHNIKO KENTPO ©QAAAZLION EPEYNQN

m Ivenitoito Guidomay Brodoywdy Topav & Eontepmcainy Yodrmy

o HIMIOFoTS

m

Avartuén kai cuvtripnon OAOKANPWHEVWY GUCTNHATWY
napakoAoUBnong MepLBAAAOVILKWY MAPAHETPWY

Zulhoyn Sedopévwv ko avantuén pabnuatikwv epyaAeiwv yia tov
£Acy)0 MOLOTNTAG KO TV Snpocionoinen twv dedopévwv

«EAANVIKG OAokAnpwpévo Zuotnua MNapakohouBnong, Npodyvwong kat Texvoloyiag twv
QaAacowv Kat Twv Enipaveiakwy Ydatwv (Hellenic Integrated Marine and Inland Water
Observing, Forecasting and Offshore Technology System, HIMIOFoTS)»

i‘ 3 EAAHNIKO KENTPO GAAAXEION EPEYNON
m Ivanitovto Goidoouny Blokoyikav [Topuy & Eowtepikdv Yaatwy

NapakolotBnon Y&drwv oty EAAGSa (molétnTa)

Aiktuo otaBuwv napakolouBnong — 06nyia MAaioio yia ta Udata (2012 — onpepa)

MAgovekTripara:
* Mukvo SIKTUO OTABUWY (490 ata motdia)
*  Kartaypddpovral moAAd otolyela

nmétntuq (buokoynuikd, ovoieg
npotepatdtnTag, Ouonaviba, pakpoaonoviul,
Sudropa, pakpoduta)

* MAnpodopia yLot TG PUTTAVTLKEC
TUEDELC — OXESLAOUO LETPWY

MelovekTrpara:

*  Enoyiakn kataypadr dedopévav

*  AwBeopdtnra dedopévwy petd and 1
KoL TIAEoV £T0G

*  XaunAn emyewpnoLakn Suvatotnta ylo
TNV QVTLLETWILON KaTaoTpodwv/
oTuUXNUATWY
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“ D) EAAHNIKO KENTPO OAAAXXION EPEYNON
h c m r . IvoTitouto Guidcatov i.i“l‘t.‘..‘.‘\l_\‘(tK‘L‘i}\'.l lapw\; & L‘IGLUTF:L‘IKi‘.IJ.\'.‘;'l..:‘.L:i.TLU\'

MapakolotBnon Yédatwv otnv EAAGéa (motdtnra)

Avutopartol otaBuoi napakoAovBnong nowdTnTac Ko moooTnTAg USATWY

" e

vigen /i @_ B it g O - NMAeovekthpara:
L AT el W i *] * oAU OUXVEG LLETPIOELS OE OXESOV
; W TPAyHATLKO XpOvo
i Q‘ ' * Anuoupylo XpOVOCELPWY
o w *  Y{nAn enyelpnotakn duvatdtnTa yia
Wi w o TNV QVTLLETWILON Kataotpodwy/
Q ; atuynpdrwy

- Melovektripara:
% e R el *  Apaud ywpika Siktuo
) +  Kataypddovrat Ayec petafAntéc
. TOLOTATAC (kupiwe duotkaxnikd)
= Oy emapkrg minpodopia ya Tig
PUTLOIVTLKEG TULETELS
* Kdotog ayopdg Kot cuvtipnong

Enopévwg 277

L.(,_) EAAHNIKO KENTPO GAAAZIION EPEYNON
hcm r ) Ivenitotto Bakdaouny Brodoyikov Mopwv & Ecwtepikov Yodtwmy )
EAKEGBE

Avdaykeg NapakolouBnong kot IXeSLacog Atktiou

1. Katdprtion kat afloAdynon unapxoviwyv Siktiwv nopakolouBnong nepBalloviikwy
TAPAUETPWY

FKatdprion epwinuatoloyiou kat Stavopur oe appddioug dopeig

2. AfoAbynon avoykwv avoafdadpong kat emékraocng Siktou mapakolouOnong
TepLBOANOVTIKWV TTAPOPETPWY

FEVIOTUoUOC MepLoXwy He HeyAAes MECELS Ko eAAT apakoAouBnon twy ubatwy
apa e MEYAAN QVAYKN TTOLOTLKAG IopakoAoUOnong
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EAAHNIKO KENTPO OAAALIION EPEYNON

Ivotiwovto Guhdcsowwy Biokoykdy [lopwv & Ecwtepucdy Yodtwv

MoAukpuznpiakr AvéAuon pe ItdBuion twv Mecewy

Avanrtuén Bepatikwy xaptwv yla kaBe eibog nieong kat anddoon cuvieheotr BaplTntag

{avd urtohekdvn)

Aypotiri Apaatnprotre (amé CLC 2012)

....... . PR

7t om [

EEA (and ENY)

Blounyavia (ané IM8) YBpoyewhoywki Aoy (ané Xaptn EAAGSac)

e
-

Texvied Epya (and EEMM, YMAAT xan PAE)

NMpoorareudpeves neproyés (and EON)

EAAHNIKO KENTPO QAAAZLION EPEYNON

Ivonitoito Ouidoauy Brokoyikay [Topov & Eowtepikdy Yodtmy

| Augnpévec Avaykeg MapaxohotBneng ket Yotéyevn Motdta Yadmwy

— S— Nowtnra: (¢ npog N-NO, (2012-2015)
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i‘ 3 EAAHNIKO KENTPO QAAAZLION EPEYNON
m

Ivenitoito Buidoouwwy Bioloyway [opav & Eootepuwdav Yoatov

Kataypadn Ydiotapevwv TnAEpeTpikwv ZTabpwv kot AiKtiwy

MAnpwg evepyol (kat' ehdxiotov otabun, DO, T, EC,
pH): EAKEQE, AEH, EATO AHMHTPA, ®A Néotou,
DA 'EBpou, AwaBaikavikd Kévipo MNeptpddioviog,
MNepubépeieg Kpnng & Aut. Makedoviag

Mepikrg ASiToupyiag (QVTIKOTAoTaOon ) CUVTNpnon
LEPOUE LOVO Twy aloBntrpwy Toug kay/n urdpyeL
urodopn yia tonoBEtnon opyavwy ): Néotog,
Pobomnn, Ztpupdvag, EAN. Xpuodg/Xahkibikn

Mn Aettoupyikol orjpepa (€xouv kataypael

| autdpata oto napehBév): Bopela EAAGSa (NEoTog,
.| Irpupovac, Aoudiac), Kevpikr kat Autikr; EAAGSa
(AxeAwocg otn Meooywpa, Alpvn Kapha kot Alpvn
Napfwtba), Nota EAAGSa (Eupwrac)

i( S EAAHNIKO KENTPO GAAAZIION EPEYNON
m Ivotitonto Ouidcamy Biokoyikav Mopov & Ecotepikav Yadtmy
EAKEBE

To tnAepetpiko diktuo tou IOABINEY onpepa

“River Site Name Started from
s
‘ - Spercheios Alamana 3/7/2014
Spercheios Anthili 4/7/2014
; Spercheios Loutra Ypatis 27/11/2019
e, Acheloos Mesochora 29/7/2016
‘ Pinios Giannouli 25/8/2019
© .\ Pinios Nomi 26/8/2019
& Pinios Tempi 25/8/2019
{“' Alfeios Aspra Spitia 1/8/2019
r Alfeios Epitalio 1/8/2019
k\ Pamisos Agios Floros 25/9/2020
Evrotas Vrontamas 217772020
Evrotas Leimonas 21/7/2020
“Kifissos Kifissos MD B/7/2020
Kifissos Kifissos EKV 15/7/2020
“Pikrodafni PFikrodafni 1710/2019
Asopos Chalkoutsi 3/7/2020
Lithaios Trikala 2171172019
Ag. Germanos Ag. Germanas 13/7/2020
(Prespes)
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‘( Y EAAHNIKO KENTPO QAAAZIION EPEYNQN
h C m r - i\.'ﬁr:!nﬂl-'rtn\"-:s;.t_).:r.lﬁﬁl:u{' i‘I.ll!.j\.n‘(:m-"l.\' hh("\i\l']\' ::&‘; Il.e.-t'uuu:p:h'tir.\' Yooy

Eykatdotaon otabpol

‘( ) EAAHNIKO KENTPO GAAAZIION EPEYNON
- Ivonitonto Ouidoowwy Brodoyikav [Topuv & Eowtepikov Y‘it'lh'l\'d
¥ |

Eykateotnpévog ZTabuog

38



i( b} EAAHNNIKO KENTPO QAAAXZIION EPEYNON
m

Ivatitonto Guidomwy Buokoyudy [Mépwy & Ecotepiiy Yodtwy

ENKE®BE

In situ Aqua Troll 400

Parameter Accuraccy Range Resolution
Water level Typical +0.1% FS @ 15° C; #0.3% FS|76m +0.01% FS or better
max. from 0 to 50° C
Electrical Typical +0.5% + 1 pS/cm; +1% max. 5 to 100,000 pS/cm 0.1 pS/cm
Conductivity
Dissolved +0.1 mg/l. from 0 to 20 mg/l; +2% of | 0-60 mg/T. 0.01 mg/L.
Oxygen reading from 20-60 mg/L
pHl +0.1 pH unit from 0 to 12 pH units 0 to 14 pH units 0.01 pH unit
Temperature #0.1°C -5to50° C (23 to 122° F) | 0.01° C or better
|
i( b EAAHNIKO KENTPO GAAAZIZION EPEYNON
m r Ivonitotto Ouiaoowy Biokoyikav [Topwv & Ecatepikiv Yodtwy
EANKEGBE
Anpootonoinon anoteAsopdrwy

https://system.openhi.net

*  Karaypadn kdBe wpa kal autdpatn anootoAf otnv untodour tov Himiofots
METPOUUEVES TMOPAUETPOL KL ONUOACLO TOUG:

ItdOun: NANUUUPEG-=NpaCiES

T: katBopilet TIC XNUUKES OVTIOPACELS OTO VEPO

pH: anmodekto eUpog yLa MOCLUO VEPO, avayr] USPOPLWY OpyaVIoHWY

EC: kataAnAdtnta vepou yia dpdeuon

DO: emBlwon opyaviopwy, pwroclvBeon, SlabBeaipotnta Bpentikwv

VVVYY

Bompa Inina - Water Level ul dads =

> 8=
W
Related Station Auritpa. Erving
ELE
Name Wintor Lavel
e
mu J N[\W Variabile Slage
10030 1 &
Ty S AR R ! Unit Of Measurement et
o Precision 2
1 D 18 Fa g 0 Jus "} Aug 78 130 Dac'20 Fabs 31
Thrve Zone EET (UTC+1200;
sun oy
200 2 Remarks
-“: ‘: e N
0t 19 Doc ™19 Fob'20 e 20 Jutt 3 Aug 2 k20 Dec 20 Fab 31 Start Date 2010801 1430
End Date 20210225 0200
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i( ) EAAHNIKO KENTPO QAAAXXEION EPEYNGN

lvenitotto Gaeldoousy Biodoyway [opwy & Eowtepuay Ydatwy

EAKERE

‘EAeyxog nowtnrag kot Snpooonoinong twv nepatioviikwv Sedopsvwv

* ‘EAeyxog aAnBodaveiag i afloniotiag (plausibility tests)
Ebappoletal autopata oe kABe apatipnon He KpLtipLo
"erutuyio/amotuyia" ("pass/fail") Baoel mpokaBoplopévou emTpeENOpeVOU
gUpoug Kat petaBAntotntag Twy dedopéviwv

*  Emofpaven TLwv
Xpnotluomnolouvrtal cUYKeKPLUEVEG onpaieg (flags) yla k@Be TOmo miBavou
AdBouc

* TpadLkr anewkovion
TeAhwn) anodoaon Slatrpnong/anopdkpuvenc TLLWY Baoel epmelpiog Kal
QVEEAPTNTWY ECWTEPLKWY EAEYXWV

L( b EAAHNIKO KENTPO QAAAXZIION EPEYNON
h cmyr Ivotitonto Oukdoaiov Biokoyikav [Topwy & Ecwtepikiy Yadtoy

DUOKOXNIKESG TTOPAPETPOL auTOpaTNG Kataypadric ota eEAANVIKE MOTAMIO KaL ETUTPENGpEVA GpLa |

Mapdpuetpog Movaba Min Max Min Max
Métpnang

Oeppokpaaia (°C) -10 50 0 30
Aywylpotnra (uS/cm) 0 80000 30 5000

) 0 14 5 10

(%) 0 180 20 100

(mg/1) 0 20 4 1
TDS (mg/1) 0 4000 15 2500

~ Ahatbmqa (ppt) 0 60 0 37
Oolepotnra (NTU) 0 10000 0 100
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EAAHNIKO KENTPO GAAAXZION EPEYNON

c r Ivonitonto Gaidoauny Biohoyuaby [opwv & Ecwtepwday Ydatmy
EAKEBE
MéBoboL eAéyyou nowdtnrag Twv Sedopévwy Tou IOABIMEY
Kevr pétpnon Null test EMAeimovta SeSopéva  KEVEG eyypadés ot
MoAAamAéc kevéc Gap test (missing data) rj XPOVOTELPG
HETPROELG Meydho diaotnua
eMEUTOVTWY
SebopEvwY
Range test Axpaleq Tpég ehaoTikd OpLat
Axpaiec Tipécg Extreme value test Akpaie Tipég 2.5% WIKPOTEPWY
THHWY Kat 2.5%
HEYaAUTEPWY TLHGV
NG XPOVOOELPAG
Axpaieg Siadopéc Extreme difference test Axpaieg Siadopeg 2.5% LUKPOTEpWV
TUHGV TIHWY amOAUTWY
Sladopwv kat 2.5%
peEYOAUTEPWV TLLLV
anohutwy Sadopwv
EMHEVOUOES TULES Stuck value test Madopéc Siadoxikwy  Mndevikr) petaforn
{euydv TimY tehevtaiwy 48 (1} 96)
KaTaypoabwy

EAAHNIKO KENTPO QAAAZLION EPEYNON

Ivanitovto Goidoouny Blokoyikav [Topuy & Eowtepikdv Yaatwy

EANKE®E
Tpadikn anewkovion - pH
Meooywpa - pH
—pH  —Ertogedpou;  —Exoog 95% npwy  ——Exidd 95% Bundopuv

—Epptvauoes tpds
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i‘ 3 EAAHNIKO KENTPO @AAALXION EPEYNON
<m

Ivetitoito Gahacowsy Biokoykoy [lopwy & Eowtepway Yéatov
E A E B E

Zuvtipnon Twv oTaBudY Tou Siktiou ~EAEYX0s kaArg AeToUpYias ue ERITOniES HETPAGE

36 Oeppokpaocio Nepol

7.3 7,
12 168 173 173 1633 165 164

16

14

12 1145 53 112 uz 11 u

10

8

[

4

2

c — 4+ + i "l +

27/8/2019 24/10/2019 0/12/2019 29/01/2020
® Enudma pétpnon pe dopntd dpyave ® Itabude npw tny BuBuovounan m IraBudc perd v faBuovounan

ftaBuég mpwv v EtabBudg petd tv

PaBuovopnan PaBpovopnon
-2.98% -2.98%
24/10/2019 -1.04% 0.43%
20/12/2019 3.93% 2.18%

179% 1.79%

“ b EAAHNIKO KENTPO QAAAXEZION EPEYNON
h camyr Ivotitotto Gaidoauwy Blokoyikay Mopoy & Ecwtepucav Yoatmy
EAKEBE
‘ Zuvtiipnon twv otaBpdv tou Siktiou —EAsyxog kalig Aeitoupyiag ue muﬂmsc'ugpﬁ'ug_u;.

Deviation (%) Deviation (%)
o (a) S (b)
150.00% 150.00%
W00.00% | 000t
z . z 3 "
3 s000% i . i S0.00% . : y
000% - - - - _;_, anm ey . E ......... $ ....... i .
-50.00% ¥ = -S000% $ .
H00.00% - 0000% - . + [
EC Do pH T Austuma Spring Summer
Pasmmater Seavon
g " Histogram of Deviations (%] ) d) g
1 4"*?0- & T g meo
=2 1 £ K}

™
L.
EENRER

e B B 58

s

}T:::i!
,

hea

—
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i‘ 5] EAAHNIKO KENTPO OAAAZELION EPEYNON
h m Ivotiolto Ouiasowy Biokoywiw [opov & Ecwtepay Yodatwy

Ynnpeoieg nou pmopolv va avantuyBouv

https: em.openhi.net
R Aypn TAnppupikoy yeyovotog:
TpikaAa: 12/01/2021, 17:35
oYci-§
——_— Tépmn: 14/01/2021, 10:49
P W ‘Tafibl’ 40 wpwv nepinou
Der 78 15 D T ALY Feb T 1B F® N __ o R
s ) 1 \ ® mun 366
- A h T T —
\\Jf \f\_,,-—\./‘
Avvardtnra £ykaipnc nposidomnoinong? cellb R
- ) A i Ly
|
i‘ } EAAHNIKO KENTPO QAAAZXION EPEYNON
m

Ivotitoito Gokioowy Brokoyikav [Topov & Ecotepikdy Yidtwmy

‘;unp:aist; mnou ;mopo_tm va avmuxeoi:v - Endpeva Blium'a

Pikrodafni Attica
Dissolved Oxygen

2020-1 202002 202003 2020-04 2020-05 2020-08 2020-07 2020-08 2020-00 2020-10 2020-1 2020-92
— L Tee——
1 50 m

068nyog ocuvtpnong kot Asrtoupyiag Siktuov napakoAolBnong motapwy

Enéktaon touv Siktiou pe véoug otaBpoug
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i( 3 EAAHNIKO KENTPO QAAAXZEION EPEYNQN

E A

S T TR

(1S wr J

Ivenitodto Baidoouay Buokoyikav [opov & Ecwtepikdy Yadrmy
KEBE

IupnepaopaTa

To KOOTOC KTioNG KaL ouvtnpnong SIKTUwv aUTOHATWY oTaBpWwy £XEL HEWWOEL
ONUAVTLKA € oXEon Ke To mapeA8ov al\d napapevel unAd

OL autépatoL otaBpoi og cUVOUACHO |LE EMOXLOKEG HETPHOELG BpemTikwy,
HETAAAWY Kot BLOAOYIKWY TIOPARETPWY HITOPoLY va Swaouv oAoKAnpwHEVN
ELKOVA TNG MOLOTNTAG TWV USATWY

H napakoAonOnon os npaypatikd Ypovo eVIOTi{eL Eykoipa tnyv Evapén tou
dawopévou punaveng evnLepwvovtag Toug evoLadepopevoug yLa
nepotépw ARYn pétpwy

H BuwoipotnTa evog SLKTUOU QUTOMOTWY OTAB LWV eE0pTATAL amd ThV
eTXElpnotakr duvatotnta tou popéa Slaxelploth — Evtaln o eupUTEPA

enXelpnoLaka diktuo/unodopég

YIApXeL AVAYKN YL TEPOUTEPW QVANTUEN SLKTUWV QUTOPOTWY OTABUWY -
KOTAVONOoN SLEPYOOLWIV OTA TTOTAULA KOL TipoaTadia Snudoiag uyeiag

Eupwnaikf ‘Evwon ENAVEK 20162020 = ELMA

- " ENEX ERPHT AN G AMMA
Eupwnaixo Tapeio ANTAFONIETIOTIA = 204-2020
Nepipepniaric Avantulbng KAING TOMIA

]

=Y

e nd s Ty Sysem OpenHi

- penHi
https://www.himiofots.gr/ https://openhi.net/

y —
hcmr

&Y taniko £ reso N — l
ﬁﬂ vl : ; ALTEPOIKOTIENO . @:\I['_-‘\I(I)\'

" BOAYTEXNEID % £ ASHNIN
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EAANNIEH AHMORPATIA g,
@ EBNIKD ATTEPOTROMEID ABHNON f \ ~

VNOYPIEID MAIAEIAZ, EFEVMAT Y : @1
KAl OPHIKEYMATON . y
Towrt Mpayeantio Tauvad & Tepvokapiag h -..1". L
EY.A.E.N. Avtay stra - Stnoa - K i
Npégn: «EAMnviké OhokAnpwiéve Ibotnpa NapakokobBnong, Npéyvwons kot
Texvohoyiog twv Gak OV Kak Twv Emud v Y&atwvs - HIMIOFOTS
e
Ynoépyo 15:
HVDRO-NET
e —

Y&po-Triepetpikd Alxtva Emgavewaxwv Ys&twv: opyavopetple,
£fumveg teyvoloyles, eykatdotaon xal Asitovpyla - HYDRO-NET

©
e SEIA Snavea
L AMATTYIHE o,
s revnd S Aot oMiA

Me ) ouyxpaparobince g EAbidac ki g Eupwndixi Bvaong

A

OMAAA EPTrAZIAZ HYDRO-NET

IETIBA/EAA

:
|

Katepiva Mdln, Y6poyewhoyog, EAE B, EY
Anpitpng Katodvog, Metewpoldyog, EAE B
Baoling Wuldyhou, Metewpohdyoc, Epeuvnrrig B
Eudyyehog Poloc, YSpohdyoc, Epevvneric I

Nikog Kdnnog, TE Mnxavohoyog

Beobwpa Komavia, ETE IENBA

ABavaoiog Mapolong, Ap. Mnyavikog H/Y

)i

EMITHMONIKOLZ EYMBOYAOE
Avtwvng Kodang, Yépohoyog & Mny. Ybat. Népwy, Opdtipog Epeuvnng

EEQTEPIKOI £YNEPTATEE

Inupibwy Aukoldng, Ap. Quoikog NeplBaliovrog, EAZTAT
Fewpyiog Biravriikng, HAexTpovikde

lwavvng Kwhétong, Ap. Metewpohdyog

Navaywotng Anuntpuadng, Ap. Yépohoyog

o
! s SEIMA  EDAvexanzm
== omainna  sediEm e
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()

P )
& YAONOIHEH EPFOY -
YAPO - THAEMETPIKO AIKTYO

Suvtiipnan, avaPabpion kot enékraon ubpopetpkol Siktiou Ttou EAA oe
Attikn kot MNedondvvnoo

TEXNIKEZ NPQTOTYNIEZ

Avantufn ko epappoyn Efunvivy TExVoAoyLwv Xapuniol kdotoug
ubpopetprioewv He tNAEpeTadoan

Kataokeudotnkav kal eykatactadnkay kot ta 8L mpwtdtuna uBpo-TNAEUETOIKG
ouUOTHUATA O LoApLOUES SLATOUES TIOTaUWY O ATTIKN Kot Ackwvia

ENIZTHMONIKH KAINOTOMIA

Avantuén ouvbuactikng peBodou udpopetproewy kot udpopunyavikou
udpavikot unoAoyLopoU yia TNV EKTiknon g napoyrs vdatoppetparog

H péBobog autr ETUTPENEL TNV EXTLUNGT TAPOXN G LSATOPPEDLATOS XWPIE TIE
Sanavnpéc, xpovoPopeg kal morhig popég ablvarteg, Adyw enuvduvotntag,
KAQOLKEG HETPOELS TOU Teblou Twv TaxuTiTwy e pulioko ot ubatoppeupa.

= EINA ENAVEK 2012000

ATAIT Tt
w200 ETEIEATMOTHTA
=== KAMGTORIA

G

=t [IPOHFOYMENA YAPO-THAEMETPIKA AIKTYA EAA

TELEFLEUR: Telematics-Assisted Handling of Flood Emergencies In Urban Areas,
13n Mevkrj Afvon tng EE, lavoudpiog 1998 - AexépBprog 2000 - BaBuovounon tou
ubpohoywol povréhou TELESIM kot epappoyr) autol yua tnv npooopolwan Twy
mAnupupLkwy anoppowv Tou Knguood oto Aekavonedio Attikng Snuwoupyla kat
evnpépwon tng ubpoloyikrg Baong Aebopéviwy yia tnv ABrva.

AEYKAAIQN: Extipnon mhnppupwwy powv otnv EAada oe cuvBrikeg

ubporhparikic petafhnrotntag: Avantuin duowkd eSpalwpévou evvololoyikol-
mubavotikol mhalolou kat unohoylotikwy epyakeiwy (3/2011 —7/2014).
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— E

ItaBpol otnv ATt

"

I16iag kataokeurig ubpo-
tnAepetpikol orabpoi
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a ItaBpol otnv Meoonvia

ItaBpoc KapPehuwtn
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Abstract: The large-scale surface-water monitoring infrastructure for Greece Open Hydrosystem
Information Network (Openhinet) is presented in this paper. Openhi.net provides free access to
water data, incorporating existing networks that manage their own databases. In its pilot phase,
Openhi.net operates three telemetric networks for monitoring the quantity and the quality of
surface waters, as well as meteorological and soil variables. Aspiring members must also offer their
data for public access. A web-platform was developed for on-line visualization, processing and
managing telemetric data. A notification system was also designed and implemented for inspecting
the current values of variables. The platform is built upon the web 2.0 technology that exploits the
ever-increasing capabilities of browsers to handle dynamic data as a time series. A GIS component
offers web-services relevant to geo-information for water bodies. Accessing, querying and
downloading geographical data for watercourses (segment length, slope, name, stream order) and
for water basins (area, mean elevation, mean slope, basin order, slope, mean CN-curve number) are
provided by Web Map Services and Web Feature Services. A new method for estimating the
streamflow from measurements of the surface velocity has been advanced as well to reduce
hardware expenditures, a low-cost ‘prototype’ hydro-telemetry system (at about half the cost of a
comparable commercial system) was designed, constructed and installed at six monitoring stations

of Openhi.net.

Keywords: observation networks; low-cost solutions; surface water monitoring; discharge
estimation; open access

1. Introduction

“Good-quality” hydro-data (precipitation, stream- and groundwater flow, and
quality) are essential for water resources planning, management and decision-making, for
hydrological and hydraulic applications and services, as well as in hydrological research.

Waier 2021, 13, 2779, hitps://doi.org/10.3390/w13192779
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These purposes are served to society’s maximum benefit when the water data are
managed properly and are freely available (cf. Resolution 25, WMO Cg-XIII, 1999).
Advances in data science (databases-DB, geographical information systems-GIS, web
services) and in observational technologics (e-monitoring) allow data systems to be more
agile and responsive to the needs for efficient and effective data sharing and service
delivery [1].

A rtecent survey on hydrologic measurements and observations, conducted by the
International Association of Hydrological Sciences [2] showed that the hydrological
community considers maintaining the monitoring networks as the main challenge and
that using advanced technology entails high maintenance costs and access to trained staff
and resources. Such difficulties have caused observations to decrease consistently since
the 1980s, while most research groups cannot afford costly monitoring equipment.
Hydrologists have confronted the above challenges by designing, developing and
deploying their own sensors, taking advantage of open source controllers such as Arduino
(https://www.arduino.cc, accessed on 28 September 2021) [3]. These experiences
motivated us to explore building certain of our equipment, also including off-the shelf
components, in order to develop low-cost, easily accessible, and tailored sensors.

This work describes the establishing of the hydrological information network Open
Hydrosystem Information Network (Openhinet) for the surface waters of Greece.
Openhi.net aims to enhance the sustainability of water resources and associated
ccosystems, and their climate resilience, as well as to contribute to flood hazard reduction.
Since the 1950s, streamflow in Greece has been monitored by the Public Power
Corporation, which has been systematically gauging the main rivers in mountainous areas
for the hydroelectric power plant design and operation, and by the Ministries of Public
Works and of Agriculture as a part of their water resources development, flood protection
and land reclamation activities. These entities have also established an extensive network
of meteorological stations, comprising mainly conventional rainfall gauges for daily
observations. The National Meteorological Service and (recently) the National
Observatory of Athens collect finely resolved data extending across the spectrum of
meteorological variables. Finally, the Institute of Geology & Mineral Exploration of Greece
(supervised by the Ministry for Development) monitors the groundwater resources.

Until the 1990s, the hydrological and meteorological data were collected by
conventional means. The continuously recording instruments used paper charts; hence,
regular replacing (daily, weekly etc.) of that paper was required. In the 1990s, various
public entities (municipalities, prefectures, institutes) installed automatic telemetric
stations, mainly for collecting meteorological data. During the same period, the evolution
of informatics led to digitizing older conventional data and providing them through the
ubiquitous internet. Hydroscope [4,5] was the first attempt at unifying the fragmented
hydro-meteorological information landscape. It created a national data base (DB);
however, that effort was only partially successful. Today Hydroscope is maintained
statically by the Special Secretariat for Water, Ministry of Environment and Energy. One
lesson learned was that data from various sources that did not follow a common model
could not be harmonized; thus, ground truth could not be ascertained. Consequently,
Hydroscope was not perceived as a success in federated data acquisition. Today, several
telemetric networks are in operation, collecting surface-water information independently
from each other at the local to the regional scale.

Open Hydrosystem Information Network (Openhi.net) was created to remedy such
shortcomings: it is a large-scale infrastructure for collecting, processing and storing data
on the surface waters of Greece, serving applied, research and operational needs [6]. The
tenet underlying Openhi.net is openness, free access to data and monitoring infrastructure.
Paramount in this work is that partners develop and manage their own DBs, but according
to common agreed-upon standards, and provide data to a common, publicly accessible
DB; therefore, aspiring partners must also agree to offer their data for public access. In its
pilot phase Openhi.net operates a small number of stations in few river basins, but it is
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envisioned as a precursor of a national hydro-data infrastructure for the surface waters of
Greece. The observed variables fall in four areas: (1) water quantity: river-lake stage and
streamflow; (2) water quality: temperature, pH, conductivity, and dissolved oxygen; (3)
meteo-variables: temperature, rainfall, wind speed, relative humidity and solar radiation;
and (4) soil variables: temperature and soil moisture.

Openhi.net includes (a) a web-platform, for visualizing, processing and managing
telemetric data; (b) three pilot telemetric networks, installed for monitoring quantity and
quality of surface waters, as well as meteorological and soil variables; and (c) a GIS
component offering web-services relevant to geo-information for water bodies
(topologically consistent hydrographic network, lakes, reservoirs etc.). Openhi.net also (i)
fosters the development of smart, low-cost hydrometric and data transmission
technologies, (ii) evaluates the existing gauging infrastructure, and (iii) supports the
development of a strategic plan for establishing a national monitoring network. In our
connected world, pooling multiple data sources allows researchers and practitioners to
come together in creative ways, enhances data understanding and results in broadly
applicable insights.

Openhinet aims to bring together existing networks and to provide reliable
information on the country’s surface waters to various users, such as water resources
professionals, environmental agencies, researchers and the public. The visibility of the
project is important, as inter alia: (a) historical measurements are critical for the
management of water resources, for the design of hydraulic and renewable cnergy
projects, for climatic assessments and for agricultural management; (b) real-time
observations are crucial for the operation of early warning systems; and (c) incorporation
of existing networks into the infrastructure gives the opportunity for more effective
management and dissemination of this important information.

The OpenHinet was developed by the cooperation of Universities and Research
Institutes that are involved in the measurement of hydrometeorological variables.
Currently the OpenHi.net consortium consists of the following partner organizations:

*  Department of Water Resources & Environmental Engineering (DWREE), National

Technical University of Athens (NTUA);

e Institute for Environmental Research & Sustainable Development, National

Observatory of Athens (NOA);
¢ Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine

Research (HCMR);
¢ Institute of Communication & Computer Systems (ICCS) of NTUA;

e Department of Agriculture, University of Toannina (Unlo).

NTUA (DWREE and ICSS) designed the functionality of the system, developed the
web platform and database, and performed its pilot operation; NOA created the water-
quantity monitoring infrastructure and collected streamflow data (instrumentation,
hydrometric campaigns, new discharge estimation method); HCMR created the water-
quality monitoring infrastructure and collected data on relevant variables; and Unlo
created the infrastructure for collecting meteorological data and soil variables.

In the following, the paper presents, in Section 2, the IT aspects of OpenHi.net, i.e.,
the architecture of the web platform and the GIS component, with their provided services.
Section 3, System Demonstration, describes the three networks mentioned above. Section
4, Applications, includes certain system facilities, and technological (hydro-telemetric
station) and hydraulic research (discharge estimation method from surface velocity
observations) results. The paper closes with Section 5, Conclusions.

66



Water 2021, 13, 2779

4 of 19

00 Sep
I

2. Open Hydrosystem Information Network (Openhi.net)
2.1. Web Services

The system offers services that are related to the management of monitoring stations
and the retricval of hydrological and Geographical data. The main services offered by the
platform are:
¢ A dynamic map showing in near-real-time observations for cach sclected variable;

s  Retrieval of raw and processed time series;

¢ Retrieval of geographical data and water basin processed parameters (area, slope,
time of concentration etc.);

. Integration of new stations in the system, which includes applications for station
management, data correction and time series process.

Figure 1a presents the dynamic map for real time observations. The temperature of
the river water, at a certain time, is depicted for three stations. The green color of the data
at the stations Nomi and Giannouli denotes that observations are in real time. The red
color of the data in the station Tempi means that the measurement is outdated.
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Figure 1. (a) Dynamic map for real-time observations. (b) Application for retrieval of raw and processed data.

Figure 1b presents the application for retrieval of raw and processed time series of
river discharge. The user can view, in a diagram, raw or aggregated (hourly, daily)
discharge data from Anthili station. In addition, the user can download the selected time
series in various formats.

Geographical information is essential for several environmental applications. The
system offers web-services related to hydrological-geographical data for hydrographic
network, lakes and reservoirs, river water basins and basins upstream of monitoring
stations at the national level. The user can access, query and download the geographic
data through the Openhi.net platform. The application for handling geographical data is
presented in Figure 2.

67



Waler 2021, 13, 2779 5 of 19

fanh Water basin
parameters >
L] PINCS Wi L

| -

Baso maps e i iie
b o e
i Dy S Map Grayscke
— B O Mt vty
u_..,--_..v_\g' "% coxpbatnn
Gonge Sumbon
rg o b R b

Geographical | & Sses
data 49 Amn

e = Lakn

W Scates Water Bames

=
Figure 2. Application for geographical data handling,

In Figure 2, certain features of the application are depicted. For a selected water basin,
its boundaries and the processed parameters (area, slope, mean altitude etc.) appear in a
window. The application supports several base maps (Open Street, Google ete,) and offers
geographical data (stations, rivers, water basins elc.). A geodata search capability is also
provided for reading the geographical names stored in the database and zooming to the
relevant boundary.

2.2. Platform Design

The proposed platform is built upon the successful web 2.0 technology [7] that
currently prevails on all online platforms, mainly due to the ever-increasing capabilities
of browsers that can consume not only plane static pages but also dynamic data, and in
our case, time series. The proposed platform is built around the well-known architectural
Model-View-Controller pattern [8] for web applications, Figure 3.

UPDATES MANIPULATES

| VIEW ||CONTROLLER|

SEES USERS

Figure 3. Typical Model-View—Controller development pattern for web applications (adapted from
18].

This pattern places a separation between the User Interface, ie., the View component
and the Controller component. The Model represents data and the rules that govern access
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to and updates of this data. In enterprise software, a model often serves as a software
approximation of a real-world process. The platform considers stations, instruments,
administrators and time series as objects (classes, in the modelling terminology) with
associated attributes. The View renders the contents of a Model and specifies exactly how
the model data should be presented. When the model data change, the View must update
its presentation as needed. The Controller translates the user’s interactions with the view
into actions that the model will perform. In this web 2.0 application, they appear as GET
and POST HTTP request (HTTP POST). The Controller implements the required business
logic for implementing actions imposed by end-users or administrators. For instance, a
typical workflow action is the elimination of “improper” time series values extending
beyond the rational dynamic range of a value.

As this platform constitutes a national infrastructure with multiple stakeholders, it is
important to: (a) model the workflow relations originating from a contributing member-
organization and their own set of stations and (b) automatically process raw data to
quality checked time series. In a sense, there are multiple administrators, each one
corresponding to an affiliated member organization. In this initial phase of the project,
NOA, HCMR, NTUA and Uol are the contributing members of this common
infrastructure. Initially, a member organization instantiates a new station with its
equipment, within the web 2.0 platform. Afterward, the member administrator initiates
data quality control or an aggregation process across selected time series data. This means
that the platform can gencrate derivative quality-checked time series, in contrast to the
original “dirty” raw data.

Older implementations [5] incorporated a file-based approach, where time series
data were stored in flat files and only metadata were stored in a relational DB. Such a
scheme did not allow for value-related queries across an area, as for instance, what was
the one-hour aggregated rainfall depth in a river basin? The proposed system
accommodates a data persistence layer that incorporates a time series and a GIS DB. This
allows time-interval related data handling of stored values as well as related spatial and
geographic data. The implemented system utilizes TimeScaleDB, a well-known open
source Postgress extension for column-oriented data, where the main row information is
time and columns represent the different time series values.

2.3. GIS Component

The geographical database design and implementation adopts the “Data
Specification on Hydrography —Technical Guidelines” of the Directive 2007/2/EC [9].
Data stored in the database are following the INSPIRE scheme, according to which
watercourses, standing waters, drainage basins and river basins are the basic elements to
specify surface waters. Additionally, watercourse links and watercourse nodes have to be
created to enforce the network connectivity and topology. For each physical water above-
mentioned elements, the INSPIRE Directive proposes tables and relative fields, for
example concerning watercourses length, slope, stream order etc., to be implemented.

Elevations are extracted from the European Digital Elevation Model at 25 m
resolution. Extraction (before editing) of a primary watercourse line is performed through
the EU-DEM, by applying an upslope 10-km? contributing-arca threshold, following
Directive 2000/60/ECC. Other main data sources used are: (a) hydrographic network, lakes
and reservoirs from implementation of the Directive 2000/60/ECC, (b) hydrographic
network from the implementation of the Directive 2007/60/EC, (c) hydrographic network
from OpenStreetMap (publicly available), and (d) hydrographic networks from scanned
maps at the scale ~1:50,000. Several models are designed and created to run the
geographical processes and to perform attribute calculations. Watercourse extraction from
the filled EU-DEM, hydrographic network definition and river basin delineation are
certain primary processes in the geomorphologic attributes” calculation.

Stored attributes of watercourses are segment length and slope, geographical name
and stream order. Geographical names are collected using the above-mentioned four
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sources, applying a buffer of 150 m; the stream order follows the Strahler method.
Attributes stored for lakes and reservoirs are area, elevation and geographical name. Area
is calculated at the elevation given by the EU-DEM. Several attributes stored for basins
such as: arca, mean clevation, slope, river length, cte. The average filled EU-DEM value
and average slope value (in percent rise) are stored as mean elevation and mean slope of
the basin. The curve number of a basin is related with the runoff coefficient and was
computed according to an empirical formula developed by NTUA [10]. Strahler order is
used to define the watercourse order based on a hierarchy of tributaries. The group of
segments that constitutes the main watercourse is used to calculate the length and slope
of the main watercourse. A hydrographic network has been also created from the
watercourse’s links and nodes as a way to quantify the stream network connectivity. For
each watercourse link, the start and end nodes are recorded in the watercourse link
attribute table. The whole procedure is based on the relevant INSPIRE design
specifications shown in Figure 4.

Figure 4. (a) Physical representation of elements; (b) database and relations for the hydro
network model (adapted from [9]).

Elements (watercourse node, watercourse link, watercourse link sequence) are
referred to a hydro-model as specified from the INSPIRE Directive. Elements such as
wastewater treatment plans are not part of the network schema. A physical representation
of elements is depicted in Figure 4a, while the relative unified modeling language diagram
is presented in Figure 4b. Spatial relationships between features (watercourses, basins,
nodes) are defined using relevant and validated topological rules of hydrology. A toolbox
with several models was created to perform the geographical processes and to run
calculations of spatial and geomorphological attributes, Figure 5.
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Figure 5. The OpenHiGis toolbox with the (a) list of containing models; (b) watercourse topology model of OpenHi.thx.

Such models (Figure 5a) arc: (1) watercourse extraction, (2) hydrographic network
definition, (3) river basin delineation, (4) creation of an INSPIRE based geo-DB, (5) data
import from various sources and data export to the geo-DB, (6) a naming model, to give
name to each segment of the watercourse using the names from the four aforementioned
hydrographic networks, and (7) a basin’s mean curve number calculation. The procedures
of watercourse topology model are depicted in Figure 5b. All the modeling procedures
and output datasets are considered at the scale of 1:50,000. The ArcGIS Model Builder
environment is used as the main spatial analysis tool and final editing is performed with
the QGIS software. Furthermore, QGIS is used to make the connection to the ArcGIS
geodatabase and to transfer the data to PostGIS (Postgres). Finally, the MapServer
software is used for publishing the data to the web to access, query and download the

geographic data.

3. Demonstration of the System
3.1. Introduction

Figure 6a shows the rivers, lakes and water districts of Greece. The positions of the
stations of three pilot networks that were installed in the framework of the project are
depicted in Figure 6b. HCMR operates the water-quality monitoring network that extends
mainly across the Thessaly and Eastern Peloponnese water districts, while NOA operates
the water-quantity monitoring network located in Attica, Central and Western
Peloponnese water districts. Finally, Unlo operates the network for collecting
meteorological data and soil related variables in the Epirus water district.
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Figure 6. (a) Rivers, lakes and water districts of Greece, (b) pilot networks of NOA, HCMR,
and Unlo.

3.2. Water Quality Pilot Network

The Institute of Marine Biological Resources and Inland Waters of HCMR has
surveyed the existing network of automatic water quality stations in Greek rivers, and by
applying a GIS-based multi-criteria decision analysis, has identified the monitoring needs,
along with the priority areas, for the installation and operation of new automatic
telemetric stations [11]. Thus far, eight stations have been established that measure water
stage and four physicochemical characteristics of water: pH, temperature, electrical
conductivity, and dissolved oxygen. These characteristics are directly measurable through
a single instrument assembly, with the respective sensors attached to it [12]. The stations
are installed under bridges; power for the instrumentation and the telemetry, via GSM
networks, is supplied through a solar panel [13].

Conversely, these four physicochemical quantities are all important for the
biogeochemical characteristics of surface water ecosystems [14]. Water temperature
controls the rate of chemical reactions and the biological activity affecting fish growth and
reproduction [15]. The pH of water is controlled by chemical reactions that produce or
consume hydrogen ions; there are pH standards for drinking water [16], while deviations
from the allowable range due to pollution can damage animals and plants that live in
water. The pH is measured with a hydrogen-ion electrode. The electrical conductivity of
water, expressed in microsiemens per centimeter (uS/cm), is a measure of the ability of
clectric current to pass through water, increases with the concentrations of dissolved ions
and is considered a key variable to determine the suitability of water for irrigation. Finally,
DO, typically ranging from 2 to 10 mg/L, is important for the survival of aquatic
organisms, bacterial activity, photosynthesis and availability of nutrients [14].

The real-time monitoring of the above variables can thus reveal the starting point of
a pollution event and can subsequently affect (a) the decisions of water management
authorities regarding drinking and irrigation water, (b) the required adjustments of water
treatment strategies, and (c) the suitability of a water body for recreational use, or possible
actions against adverse effects on aquatic life. Moreover, these common physicochemical
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characteristics can be used as surrogates for many other constituents in water including
salinity, sediment, bacteria and nutrients or can be associated with them through
regression analyses to further facilitate the evaluation of water quality [14,17].

Our experience with the stations operation and data reccived thus far provides
evidence that in most of the installed instruments the pH and dissolved oxygen sensors
require increased maintenance and quality checks compared to the more reliable sensors
of water stage, temperature and electrical conductivity. It seems that, for periods of several
months without sensor calibration, the specific conditions at the installation sites,
biofouling and a river’s sedimentation regime largely determine the level of a sensor’s
deviation from proper functioning.

3.3. The Hydrometric Network

Hydronet is a pilot streamflow monitoring network established and operated by the
Institute for Environmental Research and Sustainable Development of the National
Observatory of Athens (NOA) within the “Hydronet” project (2018-2021) Hydro-
Telemetric Network of Surface Waters: Gauging instruments, smart technologies, installation and
operation [18]. Hydronet aspires to establish time series of high-quality data for water
resources management and for risk assessment of hydrological extremes, as well as for
water-use planning and hydraulic infrastructures design. Sixteen stations are currently in
operation (ten commercial and six designed and constructed by NOA), six in Attica, seven
in the Western Peloponnese and three in Eastern Peloponnese water districts.

In the past, NOA has installed and operated two hydro-telemetric networks in four
of the above-mentioned basins (TELEFLEUR, 1998-2001; DEUCALION, 2011-2014). That
acquired experience has been useful in the design, installation, operation and maintenance
of Hydronet. The selection of basins has been prioritized based on relevant socio-economic
and environmental assets and land use (inter alia, the safety of the population in flood-
prone areas). Population density and economic activities
(industrial/tourism/transportation) are relevant for selecting the basins of Kifissos
(Athens) and Sarantapotamos in Attica water district and the basins of Nedon, Selas, and
Pamissos in Western Peloponnese water district. Agricultural activities are important
mainly in Evrotas basin (Eastern Peloponnese water district), but also in the upstream
reaches of the Nedon, Selas, and Pamissos streams in Messinia; the pristine river Loussios
(Western Peloponnese water district) is monitored mainly for ecological reasons. Severe
floods (also flash floods) have occurred in Attica, particularly in Kifissos river basin
[19,20], and parts of the city of Kalamata were inundated by the overflows of Nedon in
the past. Criteria considered in designing Hydronet, to ensure its economically viable,
long-term operation, included also the available financial resources, the stations’
proximity to NOA (for reduced travel time and costs) and their deployment in
geographically adjacent areas (for efficient field campaigns and station maintenance).

Hydraulic suitability criteria were applied in the selection of monitoring sites. The
cross-sections, natural or constructed, had to be well-formed—stable and relatively
narrow, ideally at bridges—and easily accessible for observations in field campaigns (set-
up of rating curves; see “Discharge determination from surface-velocities™), with conventional
current meters and/or modern flow metering devices (ADCP or hand-held radar). The
monitoring stations are equipped with water level sensor, modem, thermometer (air) and
rain gauge (in some). Measurements of the water stage are taken every 10 min and the
data are sent to NOA’s Hydronet server for automatic processing (quality control) and
storage and then forwarded to Openhi.net. The operating status of the stations is
monitored automatically from Hydronet's server, twice a day. Data quality control is
along similar lines and procedures used in HCMR’s water quality network; therefore, it
will not be elaborated here. To ascertain resilience against vandalism, the equipment is
installed out of sight, or in difficult-to-reach places, preferably under a bridge, but far from
the water and debris, to avoid destruction during floods. Solar panels, receiving enough
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sunlight, keep a station’s battery recharged and telecommunications working, thus
ensuring continuous operation of an unattended hydro-telemetric station.

3.4. The Agrometeorological Network

Modern irrigation management techniques require extensive data concerning the
so0il, plant, and atmosphere continuum in fine spatial and temporal scales. The objective
of those techniques is to estimate the water available for the irrigation of plants. Drivers
are rainfall and evapotranspiration representing the water supply and water removal,
respectively. A new method was presented |21] for estimating the irrigation water
requirements and for irrigation scheduling based on agro-meteorological data, with site-
specific crop and soil-water data for the plain of Arta in Epirus region (https://irmasys.eu/,
released in 2015 and since then operational, accessed on 12 July 2021). This system utilizes
information from a network of 18 telemetric agro-meteorological stations that were
installed during the last six years by the University of loannina in eight plains in the
Epirus water district with significant agricultural productivity, i.e., Toannina, Arta,
Preveza, Thesprotiko, Kanalaki, Kestrini, Kalpaki and Konitsa. These stations were
installed according to WMO and FAO requirements [22].

The network of stations across the region of Epirus is depicted in Figure 6b. The
objective was to cover as many land reclamation organizations as possible. All stations
have modular design, to support different types of sensors. At each station are installed
sensors for wind speed and wind direction, rainfall, air temperature, relative humidity
and solar radiation. Six stations are equipped with additional sensors for soil moisture
and soil temperature at three different depths. Data are transmitted by UHF or GPRS to
the communications center and are freely provided in near-real time by the Openhi.net
online time series database: (https://system.openhi.net, accessed on 30 September 2021).
This network of agrometeorological stations constitutes valuable infrastructure for the
water district of Epirus, providing near-real time data for most of the cultivated areas [23,
24).
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Figure 7. Examination of time evolution of river stage: (a) calculation of the differences of the
current value from previous values and (b) definition of thresholds.

4. Applications
4.1. Surveillance of Environmental Parameters

The knowledge of the evolution of environmental quantities in real- time and in
space is important for flood and environmental protection. Several surveillance
techniques for detecting or predicting relevant extreme values have been developed and
incorporated in various early warning systems [25,26]. In the Openhi.net platform specific
applications were developed to monitor the evolution of quantities over time, by
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examining consecutive values of time series but also in space by examining their time
series at different geographical locations.

For time series “surveillance”, two distinct notification applications were designed
and implemented in the platform. The first application inspects whether the current value
of a variable is greater/lower than a given threshold. The second application concerns the
evolution of the variable and examines the differences of current value from values at
previous time steps. Consider the river stage time series in Figure 7a. For the current stage
x: are calculated:

(a) the differences of the current value from previous values for multiple (1...n) time
lags Aie=x¢ = xe1, An=x: = X2 An=x: - xen (Figure 7a) and

(b) the probability distributions (empirical or theoretical for a particular model) of
differences for various time lags Aw, A2, Aw. The thresholds for each time lag are
calculated according to a probably defined exceedance (Figure 7b).

The thresholds are stored for each time series, and in case they are exceeded, the
system triggers a notification to predefined recipients.

Surveillance of variables such as dissolved oxygen, pH and water temperature is
essential to detect rapidly environmental disasters. Conversely, river stage and discharge
surveillance are important to flood protection.

Furthermore, the monitoring of time series in space is critical, for example,
information on a rapidly rising stage upstream can provide useful flood mitigation
services by increasing the reaction time downstream. The space-time evolution of the
Pinios river stage, at three stations along the river during a flood event, is depicted in
Figure 8.
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Figure 8. Space—time evolution of Pinios river stage.

The analysis of the recorded stages in Pinios river during major flood events reveals
considerable travel times of the flood peak from the upstream station Nomi to the
intermediate station Giannouli and the downstream station Tempi. In the flood event of
22-26 December 2019 that is presented in Figure 8, the travel time of flood peak between
the two upstream stations is 21 h and between the two downstream stations about 15 h.
Although the formation and propagation of the flood wave depends on the magnitude
and spatio-temporal pattern of the rainfall, these time lags are long enough to provide
downstream communities with the time needed for adequate preparation.
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4.2, Data Quality Control Algorithms and Assessment of the Operation of Stations
4.2.1. Surface Water Quantity

Proper site selection and installation of the hydrometric instruments, along with
regular site inspection and sensor maintenance, arc crucial for obtaining data of good
quality. Inspections and maintenance of hydrometric stations may occur several times per
year, as automated data collection is usually complemented by flow measuring
campaigns; a minimum of two visits per year is required to check the condition of and re-
map a stream cross-section —an influential factor for stage measurements.

The raw data of the sensors are offloaded to a server at 10 min intervals, treated for
missing and/or duplicate records, quality checked, flagged, and subsequently uploaded
on the Openhi.net DB. Our sensors measure stage by a remote sensing technique; therefore,
they may be influenced by various interferences leading to faulty measurements.
Telecommunication may also cause errors, as the stations may be located in remote areas
with poor cellular network coverage.

The data are checked initially for physical plausibility according to the sensor
specifications and the physical characteristics of the river cross-section (“range-test”).
Then, the data are checked for abrupt changes compared to their respective moving
averages over time-windows specifically selected for each basin typology, according to
the experience gained from the Telefleur and Deucalion projects. No modifications are
made to the raw data (except for negative stage values that are set to zero and missing
values set to —99), to allow application of a different quality control scheme, if desired by
the potential user. Instead, all values are quality-flagged, according to the four-digit
scheme presented in Table 1, where each test affects a certain digit of the flag below; these
flags should be considered as inseparable from a datum itself.

Table 1. Quality tests applied on the stage data recorded by NOA’s automatic stations.

Reliability e Quality Flag
Problem Check Type of Data Definition 1 2 3 1 Statas
stage unrecognized by - Missing code missing value stage = —6999 -9 9 9 9 NA*
the datalogger test
obstacle interference Range test ncgatwlc vlaluc ot —6999 < stage < 0 1 A**
missing)
maximum stage exceeded Range test extreme values Stage < maxStage 2 A
none normal values Al other cases 0 A
Missi de :
missing signal quality lbb]:;ftm = missing value Signal =—6999 9 NA
too low or too high signal Signal <=0 1
R 1 A
quality ange test extreme values signol >=B00 3 N.
optimal signal
li 152 <= signal <= 210 0
none Range test qua lty, > signa A
acceptable signal 210 <= signal <= 300 7
quality
too low or too high signal o
: no test unacceptable values 2nd Flag digit=10r 3 8 NA
quality
Less than 18 data points no test normal values 7 A
Movi
abrupt change oving normal values  Asfage *** > maxAstage 1 W e
average test
3 AN
none Moving normal values Aeigs” " 0 A
average test maxAstage

NA *: not acceptable; A **: acceptable; Astage ***: stage —stagesn Movingaverage; W ****; acceptable with warning.
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Tests based on signal quality are not applied to all data, since certain sensors do not
provide such output. Air temperature and rainfall also undergo similar quality control
procedures and are quality flagged.

4.2.2, Surface Water Quality

Ensuring good data quality of the automatic monitoring network of surface waters
begins before the data are recorded, through proper station site survey, systematic site
maintenance, and rigorous and regular sensor calibration. Using similar instruments and
instrument configurations throughout the network also facilitates comparing data values
from sensor to sensor objectively, allowing for efficient troubleshooting. Site visits at each
station occur at least twice per year, when onsite measurements with a portable
instrument arc compared directly with a station’s measurements. Thus far, deviations of
the latter from reference standards have been lowest for temperature and highest for
dissolved oxygen, since temperature is measured by simple and stable sensors, recording
accurately under any type of environment, while dissolved oxygen sensors are affected
strongly by biofouling and suspended sediment deposition. From ~50 comparisons of in-
situ measurements and station records in 2019 and 2020, the mean deviations for all
variables indicated that the stations tended to underestimate slightly the true values.
Mean deviations were negative for all sites, with the lowest (<1%) for temperature and the
highest (20%) for dissolved oxygen. A seasonal analysis has also shown that the variability
of percentage deviations for all variables among the four scasons did not differ
considerably [13].

The raw time series data from the sensors are offloaded to a server at intervals
ranging from 10 min to 1 h, and subsequently uploaded in the Openhi.net time series
database. As raw data may include erroneous sensor readings due to various reasons,
subsequent reliability checks are applied, yielding quality-checked derivative time scries.
Initially, algorithmic plausibility tests are applied to observations with pass/fail criteria
based on allowable value ranges and variability, to detect possibly erroneous values. In a
second stage, suspicious values are flagged and examined graphically to determine
whether they represent extreme natural phenomena and should be kept in the data series
without labels or are of poor quality and must remain flagged.

A range-based test verifies that an observation is within a predetermined range, i.e.,
that it falls within certain minimum and maximum values. Variability is examined by step
and persistence tests. Step tests typically evaluate the change in magnitude between
sequential observations and flag values as implausible if this change exceeds a preset
maximum value or is lower than a preset minimum one. A persistence test assesses
whether multiple consecutive observations vary minimally with time, indicating a
possible technical problem. The quality control checks implemented in the water-quality
monitoring network in rivers are summarized in Table 2 below.

Table 2. Quality tests applied to the data recorded by the HCMR automatic stations.

Problem

Reliability Check Type of Data Definition

empty record

Null test missing data or long period leave empty records

multiple empty records Gap test with missing data
implausible values Range test extreme values min-max preset limits
extreme values 5 . )
(within plausible range of Extreme value test extreme values 2.5% smallest & 2.5% largest

observation)

observations

extreme differences of values

(within plausible range of
observations)

2.5% smallest & 2.5% largest

. differences (absolute) of consecutive absolute
Extreme difference test . < :
consecutive pairs of values differences of the
observations
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persistent values
(within plausible range of
observations)

consecutive differences  Zero-change of the last 48 1-h
Stuck value test (absolute) of two or 96 (half-hour) recorded
consecutive values values

4.3. Development of an Inexpensive Hydro-Telemetric Station

To reduce expenditures for hydrometric equipment, a prototype hydro-telemetry
system was designed and constructed. That system combines custom-built firmware and
intelligent sensing technologies with telecommunication at low cost, about 50% of the
price of a comparable commercial station. This prototype, Figure 9, is equipped with an
ultrasonic sensor for measuring stage, an air thermometer, a GPRS modem, a camera and
a data logger (it can also receive input from a rain gauge) and is powered by a solar panel;
data and photos are transmitted to NOA’s server via mobile internet. The system’s
additional advantages are flexibility in programming, low maintenance cost, and the
ability to extend its capabilities with additional sensors (e.g., it is already compatible with
water quality sensors and a video camera). Six stations have been produced and have been
installed at stream-sites in Attica and in Evrotas, Laconia.

Figure 9. (a) Station equipped with main unit, ultrasound stage sensor, air temperature probe, solar
panel, VGA camera, antenna and conventional level staff, (b) box containing the station’s main unit,
(c) shot taken automatically by the VGA camera,

A typical station installation (Figure 9a) comprises the main unit, a water level
ultrasound sensor (dbi6), a temperature sensor with thermistor (10 KQ @ 25 °C), a VGA
camera, a solar panel, an antenna, and a level staff serving as the scale for identifying the
water level directly from the picture. Measurements and pictures are programmed to be
taken every 10 min; the data are sent to NOA's Hydronet server at the same time intervals.
The main unit of the station is a board that includes a microcontroller, a GPRS modem
with multiband antenna, a sim card, a memory card, serial communication ports, ports
for connecting a rain gauge (not shown) and a temperature probe. The board is ready to
accept inputs from additional sensors (if needed) such as a multi-parameter water quality
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sensor. The water-tight station box (Figure 9b) houses the main board, the rechargeable
battery VRLA 12 V/12 Ah, cables and connection terminals. Figure 9c shows a picture of
the river taken automatically by the station’s camera, also informing on the general
conditions prevailing in the stream, e.g., regarding dcebris and vegetation, as well as on
whether the water level is closer to the sensor than the minimum distance for valid
measurement.

4.4. Discharge Estimation in Open Channels from Surface Velocity Measurements

The discharge through a cross-section of a stream is estimated indirectly for
operational purposes, by converting observed stages h to flows Q via rating curves Q(h).
Rating curves at monitoring stations are established, in principle, by measuring and
integrating the velocity field over a cross-section of known bathymetry for a range of
flows. However, there are practical issues involved. Point-sampling of the velocity field
with a current meter is tedious and often dangerous (prohibitive in high flows).
Conversely, an Acoustic Doppler Current Profiler (ADCP), which measures velocities
based on the frequency shift of a transmitted signal scattered back to the transceiver from
particles in the water, is too expensive for routine use in small streams that may be
additionally difficult to access. Velocities can also be measured with a portable ADCP by
wading in the stream, but the hydrographer is again exposed to risks at high flows.

The alternative of estimating the mean velocity V as a fraction f. of the surface velocity
Vaurf, V = fovsuy, has thus gained attention, due to its safe and low-cost operations; image
velocimetry [27] and hand-held radar allow conducting such observations safely and
rapidly. Discharge estimation from surface velocities would be particularly useful in the
study of small basins often encountered in many places along the northern rim of the
Mediterranean, e.g., in parts of Greece or in Liguria region, Ttaly, where the steep terrain
and short response times cause dangerous floods. However, applying the rule of thumb V
= 0.86vsur allows estimating the flow only roughly. By hydraulic reasoning, a constant f is
an approximation. The study of the variation of the f-ratio ascertains that f. depends on
the spread of the velocities about their mean, expressed by the momentum distribution
factor B = E[v?]/V2 that relates to the coefficient of variation C. = (standard deviation
o)/(mean pu = V) = ($ — 1) [28]. The small range of fo (for 0 < G- £0.39, 1 <p <1.15in
turbulent streamflows) contains the errors in estimating the flow rate; thus, a maximum-
entropy based method was developed in which fi($3), with B estimated from the macro-
geometry and the bed roughness (P is larger for rough, irregular and compact cross-
sections and smaller for smooth, regular and wide cross-sections). Testing that method in
two shallow streams (depth/width = 1/15) in the Peloponnese, Greece, it was found
capable of determining the discharge within +5%; applying the rule of thumb V = 0.860sut
in one of the streams resulted in a ~17% error. To further support a hydrographer’s
judgement, we are currently studying the underpinnings of the fi-ratio hydromechanically
(results to be reported in a future publication).

5. Conclusions

The federated approach of data acquisition and storage, with free-access provision,
exemplified by the pilot Openhi.net demonstrated its feasibility; it also set a standard for
data collection and management in Greece. This may motivate other surface-water
telemetric monitoring networks operating independently in Greece to follow and
ultimately become stakeholders in a national infrastructure. Through that infrastructure,
a synergy among networks would provide effective management and dissemination of
the information, but also efficient design of the future network.

The pilot operation of Openhi.net has confirmed that maintaining the monitoring
networks is the main challenge and that using advanced technology entails high
maintenance costs and access to trained staff and resources (opinion expressed by the
hydrological community in a recent survey on hydrologic measurements and
observations [2]. We dealt successfully with the second challenge by designing,
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developing, constructing and deploying a custom, low-cost, telemetric stream-stage
monitoring station (at about 50% of the cost of a commercial-equivalent).

The OpenHi.net platform permits the incorporation of geographic information to the
study of the environmental processes. Access to processed geographical data supports the
retrieved hydrological measurements, in order to describe the tempo-spatial behavior of
variables. The geographical data set that was created at the national level includes
“standardized” hypsometric and hydrographic information for water basins of Greece.
Emphasis was given to the development of a reliable elevation model and a river layer
with nodes that includes network connectivity. Exploiting the developed infrastructure,
users can supplement hydrological time series with relevant water basin characteristics
that are essential for environmental applications.

The variety of environmental variables, the amount of data included in the system
and the architecture of the platform triggered scientific research in specific issues.
Research results were incorporated in specific applications that assist environmental data
manipulation and management. The pilot use of features such as data quality control,
notification system and discharge estimation module verified their feasibility in water
resources management platforms.
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Abbreviations

Abbreviation Definition

ADCP Acoustic Doppler Current Profiler

DB Data Base

DEM Digital Elevation Model

DWREE Department of Water Resources and Environmental Engineering
FAO Food and Agriculture Organization

GIS Geographical Information System

GPRS modem General Packet Radio Service modem

GSM Global System for Mobile Communications
HCMR Hellenic Centre for Marine Research

ICCs Institute of Communication & Computer Systems
NOA National Observatory of Athens

NTUA National Technical University of Athens
Openhi.net Open Hydrosystem Information Network

QGIS Quantum Geographical Information System
Unlo University of loannina

VGA camera Video Graphics Array camera

VRLA Valve Regulated Lead Acid

WMO World Meteorological Organization
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