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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(1), 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:

m 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



https://www.himiofots.gr/en

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 J
for quantitative and qualitative characteristics of surface water bodies; &

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

O O O 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



From in-situ observations to data services

River monitoring
(stage, quality)

\ 4

Data transmission

A

Storage to a central
database

¥

Automatic controls of
raw data

¥

Checked time series
available to users

v

Post-processing
(statistical analyses,
stage-discharge);
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Monitoring stations

Vioré

. . . = ; Kogavr Karg
Today status: ~30 telemetric stations in Chipkassbr B v ‘ @
operation, across nine river basins; Vare5o3id @ @
All stations are equipped with automatic @ e =\ B
stage recorders; @ e

NpéBela ¢ 1
At 8 stations, additional data related with ;@l '
water quality are also provided (pH, i
water temperature, dissolved oxygen,

salinity, electrical conductivity); Képuyboc
Typical time interval of data @@ L Koo
transmission: 10 or 15 min. @
Stations are developed and hosted by: @

m Institute for Environmental Research
& Sustainable Development, NOA;

m [nstitute of Marine Biological
Resources & Inland Waters, HCMR;

m 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

T antenna

cellular phone
modem

3
Y

photovoltaic panel

thermistor ———»  central system
- : of data power supply &
rain gauge switch ————™ collection battery charger
backup

BATT.

/

: battery
RAM

_ _ Installed network, today fovel

@ Self-designed stations L ) sensor
comprising 19 stations over —

o Commercial WL stations Peloponnese and Attlca, @7

[ commercial i + PP stations Both commercial and self-designed

O v st river stage data monitoring, storage HYDRO-NET

sanens i k for Surface Waters

and transmission system;




Technological advances in telemetry and hydrometry

AENE E=TET ]

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

1]

Current meter sampling points
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Network of water quality monitoring stations (HCMR)

Assessment of W/Q monitoring
needs and existing infrastructure;

Identification of monitoring gaps;
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Need for water quality monitoring

| Ivery low

Low

Moderate

High

Very high

T
20°0'0"E 22°0'0"E

36°0'0"N

m>e - -




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;

pH
12
f ; 10 =
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. - ! ) - . . 82 >
: 8 77 81 8 77 78 77
’ 4 i ]
HISB194 ’ 4
PH/EC/DO ote
2
L i ‘ r 0
, 10/01/2020 17112020 24/1/2020 31/1/2020 13/03/2020

= Portable device measurement m Station before calibration = Station after calibration




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
Zeno
/ logger ma""c
Sensors T, A

\ abp-otaa.ino v LoRa gateway

o

.-‘ mosquitto_sh
til.py
! loggertodb
loggertodb mosquitto_sub

TressssssssdsssssssssssssssssssssssssssasfassssssssEssssmsssssssmnnnnnst

mgqtt
client B




The OpenHi.net platform = R |
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Backbone software: Enhydris

Enhydris is developed by NTUA in the last 10 years;
Free software, available under the GNU AGPL v3 or later;

F ree Soffware

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.

A django |l pandas

m Timescale




Enhydris main functionalities: Time series visualization and

download options

20

0.0

. Oct Nov Dec Jan Feb

Mar

Apr

Download data~

ID
Related Station

Name
Variable

Unit Of
Measurement

Precision
Time Zone
Remarks
Start Date
End Date

Time step

Opening 9732.csv

You have chosen to open:

9732.csv

which is: Microsoft Excel Comma Separated Values File (131 KB)
from: https://system.openhi.net

What should Firefox do with this file?

() Save File

[ Do this automatically for files like this from now on.

OK Cancel

| | Excel (default) e

2019/08/07 16:10
2020/04/14 02:40

10min

IAZ



Enhydris add-ons: enhydris-autoprocess  reswreomd-suge creceee
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Automatic controls of river stage data
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Advanced data controls: Statistical 03 99,99 o
0,30 - . R
» » o
detection of extreme stage differences 2 0 .®®
£ o2 o? 99.5%
s , A A
A,.=x, - ] ] 3 015 A A A
(1) Calculation of 16~ X~ X (2) Estimation of % o0 ° N
stage differences for A, =x,-x, , thresholds (99.9% < e At
multiple time lags _ & 99.5% quantiles) 0T A A
........... 0,00 | |
0 5 10 15
D =X, = Xp_ i Time lag, k
10 1,8 10
; it %
. 15 ,‘-‘(_ e s ————a 6
4 Il IS ,"" oo, N Z
S — L IR S :
2 == ﬁ 9’ ~ ~ ?
060 0,10 0,20 0,30 v ’.,/ < ~ \“""& 10 60 o0 020 050
0o _ -> ’NN‘.'-—M MV" ~ ~ ~ -
—————— om ~
_______ W ~ 10
12 0,6 S Z
7 0.3 (3) Recognition of extreme %
: differences for multiple time lags L]
' ! 0 T T T T T T T T T T T T T T 000 00 020 00

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180




Processed data: stage-discharge, aggregations, interpolations

15 min stage checked | ﬁ 15 min discharge ) Mean hourly
! for natural limitsand | '° data (computed - discharge data
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Enhydris add-on applications: enhydris-synoptic

Kévitoa

Dynamic mabp, +
showing current = P e i

EBviko
observations for )
each selected N
variable (almost X
in real-time); LR
Highlighting of !
too low and too 5%
high values, based
on pre-defined |
thresholds; s, AsBridge )

To be evolved into 2oz 00
a notification I
system.
y 223 Bovitoa ‘
Aeuxdsa i L

20 km A
UL All times are In EET \

1 PEpEVA Apupog

K

pUHOS A 5
OAUunon Aentokapua
AUpnou

\

Tempi [TEpTn] ) 8
20 Apr 2020 00:30 N

Kpavia Ehacadvag e Yo
38.8cm \
EAacadva =
rowwoud
Giannouli [T ... ZukoUplo
KaAapmnaka ,, ';’ 2020°23:39 / Ayla
\ 93.8cm
\ /
Nomi [Noun] /\(?{00 )
29 Apr 2020 00:00 dapkad . ’ . ,
A Conditions at Anthili [AvBAAn]
MEYIATROAJR(G Latest measurements
\ Naha
Moud
MouZakt ; Last update 28 Apr 2020 23:30 EET (+0200)
Kapéditoa \
P o Stage 0.32m
\ pH 79-
salinity 0.2 g/L
Water Temperature 15.7 °C
Dissolved Oxygen 0 mg/L
Electrical Conductivity 403 uS/cm
Discharge 8.68 m¥s
\ I
Anthili [Ave... lotta
Kaprevijol Inepyeld ; Alama - TTUAiBa.

Apupos : Q"'-—,_,—"‘ oy
C =3

Aoutpa ALsnou

kupévu BoupAa
38.91668 : 22.73895

Leaflet | Map data © OpenStreetMap contributors, CC-BY-SA



Enhydris add-on geodatabase: enhydris-openhigis
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Operational apps: DSS for optimal irrigation scheduling in Arta

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

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:
https://system.irrigation-management.eu;

=S

It provides irrigation advices, based on
historical data and weather forecasts
(http://arta.interregir2ma.eu).

Evaluation of results using conventional
soil moisture sensors that are deployed
across several pilot fields.

PARTICIPATORY SYSTEM FOR IRRIGATION
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