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Disruptive Intelligent web-based workflow
for river and dams monitoring

Integrated System for Monitoring and
Exploitation of dams and rivers
E-Infrastructure for water resources
management

A novel way to provide information
Based on Earth Observation and Al

Automates routine tasks and re-risks complex tasks in water resources management
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= Improves operational efficiency

* Enables in-depth analysis and planning

= Provides advanced warning for potential

hazardous situations

' Facilitates decision making for daily exploitation
of dams and rivers

= ‘Supports policy making for sustainable

water resources management and climate
change adaptation
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of the Earth Observation community to turn ear'fh;
observation data consistently and systematically into
valuable information layers
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SEMANTIC INFRASTRUCTURE
FOR WATER MANAGEMENT

INFORMATION NETWORK OF
INFRASTRUCTURE CONNECTED OBJECTS

> Easy interlinking 8 .
, ® Efficient storage L 4
= = > Interoperability -

TR = > Easy extendibility

NEURAL NETWORKS
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A NOVEL WAY TO PROVIDE INFORMATION

The forecasts are integrated into . U
@ the linked data infrastructure querying ((( o))) alerting

and are made available for
further use such as A

@ reviewing @i analysing

easy optimal utilization of earth observation

superior extenddbility data and in-situ measurements

interactivity

multifaceted effective geo-spa’rial information and
visualization maintenance omain knowledge
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FORECASTING METHOD - EO4GEO

action

Satellite data Geospatial position In-situ measurements .

==y

/ \ Tngut FostwroMaps  FestureMaps  FestureMaps  Feature Maps
RealData samples MBS @44 @2 @IS 1N@%
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METEOROLOGICAL AND
ENVIRONMENTAL FACTOR

Turbidity Surface
reflection

»’l‘r...« ) o "' o
- P » V‘ '2 S M 2l ..:...A:, Ly .
Soil moisture Wind Vegetation Solar radiance Velocity
Index
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ADAM (former eodataservice) is an |
interdisciplinary / cross domain platform 7

] !&E:‘ﬁm:f e

climate makes global environmental geospatial data A =
Findable, Accessible, Interoperable and i
health e &  Discovery e
) provides an effective subsetting functionality that E 4 Exploratlon Ii
land agriculture accesses the data only when requested and serves to ksl
EONCE the client only the data amount that is really needed &g VI su alizati on g
\ W AT

. - exposes OGC-standardised discovery (openSearch) S Processin o
pollution and access (WCS 2.0) interfaces . g @@
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Value of ESA NoR

» The satellite data from ADAM were provided via NoR Sponsorship

» The satellite data have been a crucial element for building forecast models in
our EO4Al approach and for designing the novel data interactivity solution

> ESA NoR Service allowed to obtain these crucial satellite data from ADAM and
benefit from extra budget allocation and enabled the project to be executed
and realized with success



IN-SITU MEASUREMENTS

wDischarge :[I %

Water level 5
ater leve ia

Turbidity




GENERATE FORECASTS FOR

ivers Dams

ischarge Available volume

ater level Water level
Turbidity Inflow

- — S—

B

Water equivalent of Snow Stock
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FORECAST MODELS

aDAYS ﬂs EDAYS Eﬁ

TRAINING WITH HISTORIC DATA

5 years back for rivers
10 years back for dams

meteorological factors from satellites
liquid precipitation, solid precipitation and snow cover
in-situ measurements

Experiments with results for one Performance estimated
year ahead with each model @ comparing forecast data
with in-situ measurements



EXPERIMENTS RESULTS FOR WATER LEVEL
ON THE DANUBE

Svishtov (cm
3days 5Sdays 7days 30days

Silistra (cm

3days Sdays 7days 30days
Conv2LSTM/SG5 4,06 6,74 6,5 -4,86 Conv2LSTM/SG5 2,83 3,24 2,86 -0,61

3days 5days 7days 30days
. Conv2LSTM/SG5 2,69 1,93 0,06 -5,8
. Conv2LSTM/SG11 1,48 3,2 3,31 -3,09
. Conv5LSTM/SG5 3,93 4,09 2,58 6,23
Conv5LSTM/SG11 2,95 2,31 2,22 -3,88
Conv5LSTM/RL 9,83 12,12 11,58 18,68

Conv2LSTM/SG11 16,78 159,13 17,82 27,72 Conv2LSTM/SG11 3,07 2,06 3,53 4,67
Conv5LSTM/SG5 6,57 2,23 1,11 6,41 Conv5LSTM/SG5 0,74 3,26 1,36 -1,61
Conv5LSTM/SG11 5,87 3,83 6,1 2,84 Conv5LSTM/SG11 2,78 5,39 2,71 -0,7
Conv5LSTM/RL 16,19 19,81 19,62 20,41 Conv5LSTM/RL 12,78 13,86 15,78 16,71




EXPERIMENTS RESULTS DISCHARGE FOR

THE DANUBE

Lom Discharge
30days 7days 5S5days 3days
Conv5LSTM/RL 0,97 0,97 0,97 0,97

Conv2LSTM/RL 0,97 0,97 0,96 0,98
Conv5LSTM/SG5 0,97 0,96 0,96 0,96
Conv2LSTM/SG5 0,97 0,96 0,97 0,98
Conv5LSTM/SG11 0,97 0,97 0,97 0,97
Conv2LSTM/SG11 0,97 0,96 0,97 0,98

Nash-Sutcliffe Efficiency equals 1 (NSE=1):

Svishtov Discharge

30 days

Conv5LSTM/RL

0,98

Conv2LSTM/RL

0,98

Conv5LSTM/SG5

0,99

Conv2LSTM/SG5

0,98

Conv5LSTM/SG11

0,99

Conv2LSTM/SG11

0,98

7 days

0,99
0,98
0,99
0,99
0,99
0,99

5 days
0,99
0,98
0,99
0,99
0,99
0,98

3 days
0,99
0,99
0,99
0,99
0,99
0,99

Silistra Discharge

30days 7days 5days 3days

Conv5LSTM/RL

0,99 0,99 0,99 0,99

Conv2LSTM/RL

0,99 0,99 0,99 0,99

Conv5LSTM/SG5

0,99 0,99 0,99 0,99

Conv2LSTM/SG5

0,99 0,99 0,99 0,99

Conv5LSTM/SG11

0,98 0,99 0,99 0,99

Conv2LSTM/SG11

0,98 0,99 0,99 0,99

1 - SUMPRODUCT((Real measurement - Forecast)*2) / SUMPRODUCT((Real measurement - Avg of Real measurement)*2)



EXPERIMENTS RESULTS FOR DISCHARGE
FOR ARDA

Vehtino Discharge
30 days 7 days 5days 3days

Djebel Discharge
30days 7days 5days 3days

Krumovgrad Discharge
30days 7days 5Sdays 3days

Conv5LSTM/RL 0,64 0,74 0,73 0,63 Conv5LSTM/RL 0,57 0,71 0,48 0,56 Conv5LSTM/RL 0,04 0,45 0,16 0,45
Conv5LSTM/SG5 0,67 0,63 0,69 0,66 Conv5LSTM/SG5 0,62 0,6 0,52 0,51 Conv5LSTM/SG5 0,18 0,23 -0,03 0,28
Conv5LSTM/S5G11 0,54 0,69 0,7 0,75 Conv5LSTM/5G11 0,59 0,61 0,67 0,7 Conv5LSTM/5G11 0,22 0,19 0,17 0,15
Conv5LSTM/SG1lavg 0,34 0,44 0,55 0,61 Conv5LSTM/5G1lavg 0,55 0,49 0,48 0,55 Conv5LSTM/S5G1lavg -0,08 0,25 0,28 0,32

Conv5LSTM/Rlavg 0,63 0,36 0,64 0,71 Conv5LSTM/RLavg 0,74 0,69 0,71 0,71 Conv5LSTM/RLavg -0,03 0,33 0,07 -0,07

Nash-Sutcliffe Efficiency equals 1 (NSE=1): 1 - SUMPRODUCT((Real measurement - Forecast)*2) / SUMPRODUCT((Real measurement - Avg of Real measurement)*2)



COMPARISON OF THE PRECISION OF
THE DIFFERENT MODELS

shtov \

Vehtino




COMPARISON OF THE RESULTS FROM OUR MODELS WITH

THE OFFICIA
(4 >

Official result: stra

Official resutls Svishtov

L RESULTS FOR WATER LEVEL ON THE DANUBE

Official Training
forecast with 9
years of
daily
data

Mozaikaresults Silistra 7 EA

Mozaika results Silistra 30 EA

Training
with 5
years of
daily
data



COMPARISON OF THE RESULTS FROM OUR MODELS WITH
THE OFFICIAL RESULTS FOR DISCHARGE ON ARDA

Traditional hydrological 7 days model, training Traditional hydrological Best model, training
model with 5 years daily data model with 5 years daily data

Official Forecast (Hydrological model) Vehtino Discharge
21032019-21042019

Mozaika Forecast (Optimal model) Vehtino Discharge
21032019-21042019

Mozaika Forecast (Optimal model) Djebel Discharge
21032019-21042019




Lom - Turbidity ntu - resolution 0,01 km -
Conv2LSTM/SGS

0,01
SAsk  2awy 15.map Amait 23somn 123er Lokt 20moe  Samy

— Instudaa 30 days 7 days 5 days

Svishtov - Turbidity ntu - resolution 0,01 km -
Conv2LSTM/SGS

Silistra - Turbidity ntu - resolution 0,01 km
Conv2LSTM/SGS

3 days

]

-0,0072
-0,0079
-0,0081
-0,0086
0,0072

Experiments results for Turbidity on the Danube

Lom - Turbidity ntu - resolution 0,01 km -
Conv2LSTM/SG11

Saek 2dawy 1Smap 4mah 230w 12asr Lokt 20moe OGawy 28.¢es

—— instudata 30 days 7 days Sdays ——3days

Svishtov - Turbidity ntu - resolution 0,01 km -
Conv2LSTM/SG11

5 days
-0,0091
-0,0086
-0,0099
-0,0117
0,007

Silistra - Turbidity ntu - resolution 0,01 km
Conv5LSTM/SG11

7 days

-0,0093
-0,0065
-0,0126
-0,0092
0,0071

30 days
-0,0135
-0,0111
-0,0091
-0,0172

0,011

Lom - Turbidity ntu - resolution 0,01 km -
Conv5LSTM/SGS

Svishtov - Turbidity ntu - resolution 0,01 km -
Conv5LSTM/SGS

Silistra - Turbidity ntu - resolution 0,01 km
Conv2LSTM/SG11

3 days

]

-0,0099
-0,0094
-0,0094
-0,0079
0,0144

Lom - Turbidity ntu - resolution 0,01 km -
Conv5LSTM/SG11

Svishtov - Turbidity ntu - resolution 0,01 km -
Conv5LSTM/SG11

—— In-studata 30 days 7 days 5 days

Lom - Turbidity ntu - reselution 0,01 km - Conv2LSTM/RL

Spex  2awy 1Swap 4waii 23somn 12aer lowr 20moe Sawy 28.¢es

— In-studata 30 days 7 days Sdays —3 days

Svishtov - Turbidity ntu - resolution 0,01 km
Conv2LSTM/RL

Spsk 24wy 15Map 4nad 23.omw 12asr Lokt 20 SaHy  28¢es

—— In-stu data 30 days 7 days Sdays ——3days

Lom - Turbidity ntu - resolution 0,01 km - ConvSLSTM/RL

Saex 24awy 1Smap 4mah 23womw 12aer Lokt 20moe OGawy 2Bdes

—— instudata 30 days 7 days Sdays ——3days

Svishtov - Turbidity ntu - resolution 0,01 km
Conv5LTM/RL

Smex 24awy 1Smap 4mai 23ome 12aer lowr 20koe Sawy 28des

—— Instudata —— 30 days 7days ——5days ——3days

Silistra - Turbidity ntu - resolution 0,01 km
Conv5LSTM/SGS

5 days

-0,0055
-0,0048
-0,0048
-0,0051
0,0075

7 days

-0,0064
-0,0049
-0,0049
-0,0055
0,0073

30 days
-0,0076
-0,0038
-0,0038
-0,0025
0,0083

Silistra - Turbidity ntu - resolution 0,01 km Conv2LSTM/RL

Sask  Mawy 15map 4mai 23somm 12asr Lokt 20moe  Sawy  28ee

—— In-stu data 30 days 7days 5days ——3 days

3 days

-0,0023
-0,0003
-0,0021
0,0002

Conv5LSTM/RL 0,0277

Silistra - Turbidity ntu - resolution 0,01 km Conv5LSTM/RL

Ll ™

Spek  24asy 1Smap 4mai 2304 12380 Lokt 20

— Instudata 30 days

5 days

-0,0014
0,0004
-0,0013
0,0029
0,0271

7 days
-0,0011
0,0026
-0,0007
0,0011
0,0263

30 days
0,0039
0,005
-0,0006
0,0017
0,0296
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Experiments results for Turbidity on Arda

Vehtino - Tt on 0,01 km Vehtino - T ion 0,01 km

on 0,01 km Vehtino - Turl

Djebel - Turbidity g/l - res

Y

M

|
u‘Lﬂ' A

. i

I) \
by

ution 0,01 km

Vehtino (g/I Djebel (g/I Krumovgrad (g/|

3days 5days 7days 30days 3days 5days 7days 30days 3days 5days 7days 30days
Conv2LSTM/SG5 -0,0024 -0,0089 -0,0239 -0,0035 Conv2LSTM/SG5 -0,0071 -0,0091 -0,0023 0,002 Conv2LSTM/SG5 -0,0184 -0,0133 10,0039 -0,0068
o\ 71\ VA kY -0,0043 -0,0066 -0,0099 -0,0021 L\ PAy Y ASckE -0,0112 -0,0014 -0,0009 0,0003 o\ PARY\IVAIckE S -0,0217  -0,021 -0,0114 0,0037
Conv5LSTM/SG5 0,0124 -0,0003 -0,0246 0,0012 N B TAEES -0,0098 0,0096 -0,0022 -0,0037 oLV B TACER -0,0206 -0,0034 -0,0057 0,0209
(L E BN VA ch& Y -0,0003 -0,0102 -0,0076 0,0093 (LEE /A k¥ -0,0006 0,0057 -0,0014 -0,0074 (L EE N\ VA ch¥ Y -0,0197 -0,0143 -0,0182 0,0163
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FORECAST OF RIVER DYNAMICS

Forecasted data for Bathymetry, riverbed
river discharge

TELEMAC
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TELEMAC SIMULATION RESULTS

VelocityUV ( Velocity U and Velocity V) WaterDepth Free surface

Friction Vel. WaterDepth




DEPTH CRITICAL AREA AROUND
SVISHTOV DANUBE RIVER

Forecast for January 2020
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Navigational conditions ~ Changes in navigational conditions
River Areas

Date range

2022/08/02 - 2

Danube
& 12

Riverbed

River Are ki

o

From 2022-09-02 to 2022-09-07

Fairway forecast

Feature

Quantity

Navigational conditions ~ Changes in navigational conditions

Date range

Danube

L 1=

River Areas

River Areas

Friction Velocity
[min]

o

From 2022-09-02 to 2022-09-07

Fairway forecast

Feature Quantity

Friction Velocity
[max]

frictionvelocity foreca
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Navigational conditions  Changes in navigational conditions  Fairway forecast

River Areas

River Aress

Fairway

Navigational conditions  Changes in navigations| conditions  Fairway forscast

River Areas Feature

Danube. - ZCAarund Svishtoy v Fainway

N |

Month  Year

Fairway
River Areas

Navigational conditions  Changes in navigational conditions  Fairway forecast

River Areaz Feature

- ZCtwoundSishoy - Fainay

Date range

River Arens
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SMoSeDe Onto = smevoroonology . S€ManNtic Data Lake

- 50 Classes S -> 38 Classes - 71 Classes
54 Properties - 53 Properties Repository

Repository ismosede-66

Pl ANy s wli v Type: Free : & &
e >\ ismosede-151...

total statements 17119,263,727

Total statements: 19,904,332 2 239 609 827 explicit
Explicit: 12,449,668 ’ ' ' 1120,346,100
Inferred: 7,454,664 inferred

recipil
irTe

Access: Read/write

Expansion ratio (total/explicit): 1.60 2.00 expansion
ratio

V3

ismosede-180 - ismosede-180

\_ total statements 2,803,591.145 explicit
N 5,585,901,671 2,782,310,626 inferred
. __* — 199 expansion ratio

in-situ measurements

Geospatial information

Satellite data

Fairway

River dynamics

Domain knowledge © Copyright Mozajka




THE APPLICATION - ISME-HYDRO

Hame . en  Inflow  Outhe o

Hydropewes Besarvoic

wialer Bilance Wate Balasce

Soow Steck Quanily SoonStact

Ao Ao us

Heby Holp

Mansge Water Baisnce.

Marge Wil Bsiance
Date range

Mansge Srow Stk

Manage Srow Stock
user Management

user anaement

Greup Managemert

o - A Group Mamagement

tog

tea

User Water Baance

Hyrepowe: Ressrvoie User Nt Dalance

s S Sk

[Ip——

Hydropewes Besarvoic

nal conditions  Changes in T Vater Luvel Precioaation  Inflew

e Bilinc:
Festure

w Stk Hydrapowe Reserveir Quanty
Liguid Precigitation defale S drop

Apaars

Hep

Manage Wate:

Mg Vs Basace

stock enth

Maage Seaw Stock

[rpye—— s
Danube

Group Management

User Manageme _l_.ﬁ =

b Managemen

Lo

Ustr Water Balanc:

D g ser Snow Stock

Jser Water alan

<3 User Snow Stock
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‘ This work has been carried out within ESA Contract No
4000133836/21/NL/SC

@ ESA NoR Sponsorship No 56090
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