'y >

oo - 7 UNESCO-IHE fiji|

e 1 Institute for Water Education
enVerGRIm SEVENTH FRAMEWORK

Earth Science Oriented Data Processing Tools
and Applications for Black Sea Catchment Basin

MINISTRY OF EDUCATION AND RESEARCH

1

TECHNICAL UNIVERSITY Dorian Gorgan
OF CLUJ-NAPOCA

Computer Science Department

C (; I S Technical University of Cluj-Napoca

Computer Graphics dorian.gorgan@cs.utcluj.ro
and Interactive Systems



@ese6

a3

Workshop subjects 7 S

Time Subject Instructor

13:45 -14:05 | enviroGRIDS project overview: Portal, Tools and Applications Dorian Gorgan
Victor Bacu,
Denisa Rodila,

14:05 - 14:25 | Grid based processing and data management Dorian Gorgan

14:25 - 15:15 | SWAT model calibration and execution by gSWAT application Victor Bacu

15:15 - 15:45 | coffee break

15:45 - 16:00 | Interoperability between Geospatial and Grid infrastructures Denisa Rodila
Pierluigi Cau,
16:00 - 17:00 | Spatial data visualization by BASHYT Simone Manca
Victor Bacu,
17:00 - 17:15 | Remote sensing applications Dorian Gorgan
17:15-17:30 | Training in Earth Sciences by eGLE Dorian Gorgan
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enviroGRIDS Project

O enviroGRIDS - Gridifying the Black Sea
catchment to support its sustainable development
(http://www.envirogrids.net)

O Founded by the European Commission FP7
framework (Theme 6: environment), April 2009 —
March 2013, 27 partners, 7.9 mil EUR.

O Coordinator

m  University of Geneva, Switzerland

O Objectives:

COOPERATION

UNIVERSITE
DE GENEVE

m Develop a SDI (Spatial Data Infrastructure) targeting the Black Sea catchment

region

m  Use new international standards to store, analyze, process, and visualize

important information regarding this area

m  Perform distributed spatially-explicit simulations of environmental changes
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BSC-OS Portal Ao

O Single way of the user to get into the enviroGRIDS system

O Exposes personalized tools for different category of users: data
manager, earth science specialist, decision maker, citizen, and system
administrator.

O  Provide applications for:

O data management

O  hydrologic models calibration and execution
O  satellite image processing

O  report generation and visualization

O  virtual training center

O  Support interoperability between the Geospatial and Grid infrastructures
on security, heterogeneous data access, distributed data processing

O EnviroGRIDS functionality gathers services provided by various
technologies such as SWAT related modules, Collaborative Working
Environment (CWE), Uniform Resource Management (URM), gProcess,
ESIP, and eGLE platforms

UNESCO-IHE OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011 4

Institute for Water Education



@Be
eﬂ

@

Portal Architecture s

BSC-OS Portal
Data Management Applications/ SWAT Visualization Decision Maker/
Tools Scenarios Tools Citizen Tools
Geospatial and Grid Services
URM SWAT ESIP, CWE Geg;gz;al eGLE
(GANGA) gProcess (BASHYT) and Grid
Technologies

Geospatial Oriented Level

gLite Middleware

Grid Infrastructure (EGEE)

-Spatial data, catalogues, maps

Data Repositories -Application data (hydrology, clime, sail, etc.)
-Scenarios
-Results of processing
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Data Flow Throughout the Portal
Users
Administrator
Data provider
Specialist
3 Decision maker
Laptop Workstation Citizen
BSC-OS Portal
Data Hydrologic Model Satellite Data Data Visualization Decision Citizen
Management Management Processing and Report Maker Access
Application Application Application Application Application Application
4 4 4 f \ 4
Web [Infrastructure / \
] v 1 j \
Data . Satellite Data Data -
Hydrologic : T Report
Managgmenl Model Service Prooes_smg Vlsuallzlatlon Reports Visualization
Service Service Service
v

Grid Infragtructure

Spatial Data

>N

Computing
Element

Hydrologic Output
Dala
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Specific Objectives iroGRIDS

O Link, gather, store, manage and distribute key environmental
data concerning the Black Sea Catchment Basin

O Large scale and high resolution distributed hydrological models

O Gridification of tools and applications

O Model and process huge spatial data over the Grid (e.g.
hydrological models, satellite images, and maps)

O Develop early warning and decision support tools at regional,
national and local levels
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Hydrological Models - SWAT & vircGRIDS

O  SWAT (Soil Water Assessment Tool)
n hydrological model
m operates on a daily time step

m used for predicting the water
resources, sediment, and chemical
yields in a specific watershed

O  Input data: weather, soil properties,
topography, vegetation, and land
management practices of the
watershed

O  SWAT estimates the impact of land
management practices on water
guantity and quality in complex
watersheds

O  The SWAT model must pass through a
careful calibration and uncertainty
analysis

Soil & Water
Assessment Tool

River Discharge (3 sec)

SWAT |

~

g

171 220

s 10
S
<> i%Transpiration

PP F.&
’ ’

/////

Inﬁitration/ Plant uptake/ Surface
Soil moisture redistribution \Runoff

\Lateral 3
= Elow. Ny
Shallow Aquifer

Return Flow :.-
(unconfined)

Deep Aquifer | Flow out of watershed
(confined) ' *

Root Zone

Vadose Zone | -
(unsaturated)

v 7
Percolation to
shallow aquifer

Revap from
shallow aquifer

Recharge to deep aquifer
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Black Sea Catchment Basin b7 Y
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Grid Based Processing 7 .\

O Many input data required by the SWAT model -> store the data
on Storage Elements

O The calibration process requires running a high number of
iterations, each iteration consisting in a high number of
simulations -> execution on different Grid Worker Nodes

O Allows the calibration of the SWAT models and the execution of
different scenarios based on a calibrated SWAT model on GRID
Infrastructures
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gSWAT Application A

a
“enviroGRIDS

Support the SWAT model development in the BSC-OS Portal
Model calibration and execution over the Grid infrastructure
Project management of the hydrological model

SWAT data visualization

Project upload and download

Support interaction with visualization tools

O O O O O 0O O4d

Support interaction with scenarios development tools

IUNESCOE;IHE ﬂﬁ OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011
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Processing Steps 7 N

Pre-processing step |©

lteration n

Post-processing step Test Calibration
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gSWAT Application - Architecture

Web Portal

SWAT Calibration SWAT Scenarios

SWAT Services

Management and

Execution Data Management

Monitoring

Grid Infrastructure (gLite Middleware)

Calibration outputs

Model repository repository

UNESCO-IHE

Institute for Water Education
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gSWAT Control Flow

gSWAT GUI

Worker %

Ganga
gSWAT
Services DIANE

master

Worker %

gSWAT DB Monitoring

component

gSWAT system GRID oriented Tools

Element

Storage

GRID

UNESCO-IHE @

Institute for Water Education

OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011 14



< a_ﬂ u
.,’/" .
@

gSWAT User Interface JhsirooRIDS

O Project list and detailed information on the selected project

Projects List

Project0 et
Created at: SatJan 29 20:21:57 GMT+0200 2011 Hame: Projectd
Status: Uploading project D ]
Created at: SatJan 28 20:21:57 GMT+0200 2011
Projecti
Created at Sat.Jan 29 20:21:57 GMT+0200 2011 Executing since: SatJan 29 20:21:57 GMT+0200 2011 {(13min agao)
Status:; Incomplete uploading
Status: SWAT model calibration ended successfully
Project2 ArcSwat model: ArcSwat 2009
Created at: SatJan 29 20:21:57 GMT+0200 2011
Status: Loaded project Description: Project 4 description
Project3
Created at: SatJan 29 20:21:57 GMT+0200 2011
Status: Running iteration . e
Projectd Output results: M]
Created at: SatJan 29 20:21:57 GMT+0200 2011
Status: Finished iteration
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Modify SUFI2 Calibration Parameters

a0
".

“nvirdGRIDS test victor 1 - g SVAT Calibration

Start calibration Save iteration

Project Explorer

» | Executable Files
» ] terations history
v [y Calibration Inputs

|_] file.cio

|| obsemnved.sf2

| ) str.sf2

| trk.sf2

| var_file_rch.sf2

|| par_inf.sf2

| par_val.sf2
v [y Calibration Outputs
| ] goal.sf2
|| new_pars.sf2
|| best_sim.sf2
|} 95ppu.sf2

Project status: Finished iteration

[»]

[«]

Close tabs Project logs Close project
[} par_infst X
1| Test_example_2005 4]
2
3
4
5| Mumber_of_Parameters= 10
f
7| Number_of_LH_sims= 15
&
g
10
11
12
13 r__CMZ2.mgt -0.1 0.1
14
15 v__ALPHA_BF.gw 0.0 008
16
17 v GW_DELAY.gw 3 45
18
149 v__CH_MNZ.re 0.0 0.08
20 |
21 v__CH_KZ.re 5 13
22
23 v__ALPHA_BNEK.re o1
24
25 r__S0L_AWC(1).50l 0.02 0.4 v

UNESCO-IHE fjjiiii  OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011

Institute for Water Education [E—-—19

16



Calibration Output Visualization n/GRms

Generate chart for |q_1 |v| ’ Tool tips: off |

95PPU [] Observed [ Bestestimation

2

20

(1-5 gw) abaeyosiq
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Spatial Data Visualization by BASHYT b7 Y

— Grid BSC-0S Portal End-Users

GRID Resource
Broker

—— | cor flow

vomnnunn  |pternal flow
User and internal flows are not simultaneous. .I'_ocal' Storage
Each coloris a differert set of data System (Cache)
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Graphical User Interface Development s

Bain al eHw’ru nic Toolkit 7 : t% J. g
Argilla Web Editor (1ayer)

[Modules]
m Editing Modules/Layers/data/swat/spatialite/sw_avg_month_b (d: 1083 /f 237)
commands: GoBack | TestSyntax = Save Remove! | |[ Browse... ]
USE [ select a Distribuzione Mensile Dicembre / 2007
<layer
type="polygon" S-W{ITIITI]
connectiontype="ogr" - = 10
connection="/var/Lib/tomcat- 6/ wel B - 0
- data="SELECT * from FROM v_shp_st el < 30
filter="([date_m]=Ssmonthss)" - < 40
il classitem ="subbasin" -\ ) < 50
labelitem="subbasin" < 6
E4| = E ] = 70
<class=> < B
E4 <label T B <%
| colar = 00 0O Bl - 1o
type ='truetype’ Bl - 10
Iﬂ fqn‘t ='a@20" @\ - = 140
s1ze=' B' - = 160
= = B < 50
B -
Bl - 20

The output is shown on the portal
using widgets like maps, charts or
tables. They can be organized using
HTML and javascript
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Spatial Data Visualization

asipss. S TTET 8 TR
asin Scale Hydrologic Toolkit 2 : A, e
[Modules] Home | Studies | Basin | Current State | Scenarios | Documentation
Percorso: / Current State / Water quality / Long Term River Qual.'lty Italiano English
User root - Edit Contents: Page JavaScript Title Menu Buttons Tabs Erv ON/OFF

Driving force and Pressure
@ Point poliution

ﬁ& Diffuse pollution

State of the environment

ﬁ& Yearly Balance
@ Balance by Period

@ Monthly Balance

@ Soil Water

State of the environment

ﬁ& Yearly Quality

Il

9 Ecological and chemical status

Q - Water flow [me/s]

Q(mels)

< 0.5

<1

<15
N < 2
N <3
VT
s s
s
~r s
Pmin(mg/l) NO3(mg/l)
N <03 N <
IS 0I-15 YV R
A~ 55 ~
IS 5-10 A/ 5-10
NS = FaVaEST

DO - Dissolved Oxygen [mg/l]

I 3000m

‘;‘1‘

o

NO3 - Nitrates [mg/l]

s

UNESCO-IHE [y
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Satellite Image Processing Ao

O Explore images to identify objects and give them a significance

O Analysis: detect, identify, classify, measure and evaluate the
significance of physical and cultural objects, their patterns and
spatial relationships

O Applicability in different Earth Science domains

Land cover
Air pollution
Hydrology
Ecology

etc

il OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011
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Satellite Image Processing ¢ wircGRIDS

O Satellite image types used for different purposes

m Landsat
m MODIS
m Aster

m  Quickbird, etc

O Size: depending on the geographical region size and on the
containing information, satellite images could reach a couple of
Gb in size

IUNESCOE;IHE Wil OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011 22



GreenLand Vegetation Indices )

O Vegetation index based image classification

NDVI (Normalized Vegetation Index)

EVI (Enhanced Vegetation Index)

IPVI (Infrared Percentage Vegetation Index)
GEMI (Global Environment Monitoring Index)
SAVI (Soil-Adjusted Vegetation Index)

O Classification process - combines different bands in the Landsat
satellite images in order to correctly make the classification

il OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011
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GreenLand App. - Satellite Image Proc. :ff;wimm

J [] GreenLand Interpolation Interface | + ‘
Processing status victorbacu { Logout )
i Select geographical area ) P ;QF‘.’H s 25 ° N U
e . o~ } R b ) O Gherla | E
| Input processing data selection | ) /N 27 = / ) 7 1
/ z / \ o T ! o
tei-Mapocs
Upload all Remove all =Ged X
; Targu Mured. s34
| = // \
== 4 dorheiug,
'q‘ rad 113 hecujesc
= y Alba lulia m
‘ ’ < [ da De i i {garas )
E { imisoar 1 2l ii‘,l ‘ .9»(31_ \
‘.-' | : L 5 ROMA;
S Véjvodina | Zarnesti G
! { 4 ki 171
Vukovar | Zrenjy s ‘{‘./
Novisad 9§ sita {mpulung |
Jloytad k%
— e RamnicuValcea (SF
Check all| Image name Options | NDVI|  EVI | IPVI | SAVI GEMI ‘\.} / A\
Wi romaniat (3]= LN R/ sg?;k}@ :
b = ¢ Smed
(] romania2 g 6 ] L L LJ (I Obrenovac lo"“. (|
v rormania3 & g@ M O M | L T4 (,fl. zareva
L romaniad @ 96 El L] L L [l VaUgvo ’\'.\
L] romanias gg L L L L [} \‘.] Kragujeva
7 3 e I °
LI romanias Ba® U U U U U Uzhice SERBIA
O g
N e |

1
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GreenLand Application

O Classification output (right image) based on input satellite image
(left image)
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Virtual Training Center -Lessons

Lesson Visual Structure
Template 3D Objects
Pattern 1 3
Lesson Title
Pattern 2
Static image Static text
Pattern 3
Dynamic text Video Slideshow
Pattern 4 <:| SoEe v~y
Dynamic image Processing graph editor e oS S
Sounds
_ el Animations = step by step results of complex
Videos processing algorithms
iiii\ W B
Documents Other multimedia

content

UNESCO-IHE Fjjiif OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011 26

Institute for Water Education [E—-—19



@Bd6
e8

. . . . a“ .Q
Teaching Material Description N
Teaching materials of
Teaching materials, tutorials various topics and
________________________________________________________________________________________ subjects. ___________________.
Lesson

Lesson description,
execution, and
management.

Lesson Lesson
patterns resources
Workflow based
process description.

Process description

Service description,
search, discovery and

Complex
Services

composition.
- : Services, operations
Operation Operation 1Les,
> @ @ provided through Web

Grid Infrastructure

= — =
EO Data | Spatial Data |
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Grid Based Execution of Env. Scenarios 7 RN

Lesson

This lesson
exemplifies
interactive

scenario for

teacherand [i== @

students.

Modis

ESIP platform

Editor

a‘dw{r

N

\ 4

Executor

OutputA[ workflow ]

/ Manager Jiewer

_— N

. \

\

Distributed databases \
{ex. GEMESI-DR) \\

move data at
authoring

time |

|

I

|

RS |

\‘ I

v

) : h
|

|

|
| I

eGLE web server
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eGLE Tools

[ Zaom out H Zoomin H Changa cattings J
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~  Normal N Font | il Size e A

Conceptually the water detection algorithm is quite simple and was published by Gond. The algarithm uses SWIR (ShortWave Infrared), Red and NIR (Near Infrared)
spectral hands for detecting water areas. The implemented algorithm uses Landsatimages as input and returns a GeoTIFF image that highlights the water boundaries.
The inputs consists of the band 3 red, band 4 near-infrared (NIR), and the band 5 mid-infrared (SWIR). The SWIR frequency is absorbed by water and is very sensitive to
moisture. It is used to detect vegetation and soil moisture. In the near infrared band (NIR) the water absorbs nearly all the light and that makes the water becomes
visible very dark in this band. The NIR band may be used to detect the landiwater houndary. The NDWI index (Normalized Difference Water Index) is used to assess
water content. The NDWI index increases with vegetation water content or from dry soil to free water. The difference NDWI-NDVI reinforces the perception of free water
areas.

Eexcuthon

lwmsl | zawch | Fuleesli

Fillizes:

body p
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Users

-~
Courses.

27
-«
My students
9

Logout

4 back to lessons list

GRID Related Tools

Contents

.
* Modul de monitonzare a executiel pe GRID
* Image processing algorithms

Load 1PDG Load PDC |

Node details

), | [ @) o |

testEVlipdg -> EVI_Subgraph.ipdg

?
&

My students

Lesson Samples — GRID Oriented Tools

4= backto lessons st

GRID Related Tools

Contents
* Modul de vizuslizare PDGAPDG

* Modul de monitorizare a executiel pe GRID
.

NDVI - normalized difference vegetati

The Normalized Difference Vegetation Index (NDVI) is a simple
numerical indicator that can be used to anahze remote sensing
measurements, typically but not necessarily from a space platform, and assess
whether the target being observed contains live green vegetation or not

Live green plants absorb solar radiation in the photosynthetically active
radiation (PAR) spectral region, which they use as a source of energy in the
process of photosynthesis. Leaf cells have also evolved to scatter (i e, reflect
and transmit) solar radiation in the near-infrared spectral region (which carries
approximately half of the total incoming solar energy), because the energy level
per photon in that domain (wavelengths longer than about 700 nanometers) is
not sufficient to be useful to synthesize organic molecules. A strong absorption
2t these wavelengths would only result in over-heating the plant and possioly
damaging the tissues. Hence, live green plants appear relatively dark in the
PAR and relatively bright in the near-infrared. By contrast, clouds and snow
tend to be rather bright in the red (as well as other visible wavelengths) and
quite dark in the near-infrared.

Since early instruments of Earth Observation, such as NASA's ERTS and
NOAA's AVHRR, acquired data in the red and near-infrared, it was natural to
exploit the strong differences in plant reflectance to determine their spatial
distribution in these satellite images. The NDVI is calculated from these
individual measurements as follows

~ (NIR - RED)
" (NIR + RED)

NDVI

index
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Lesson Execution Monitoring

Execution I=IEIES

Launch = Search | Interaction settings

Available IPDG: Execution description:

Perform NDVI computation on specific satsllit

L NDVI v
images.

Execution title:

Compute NDVI value

& )
No process is selected for monitoring.

Execution

Launch = Search | Interaction settings

Filters: | Process name Description Status cancel
(=) Show only active processes ‘ TestGisheo TestGisheo Stop process
(© show énly complated processes TestGisheo TestGisheo Stop process

‘ TestGisheo TestGisheo Stop process
(_) Show only cancelled processes
test descriere123 Stop process
() Mo filters ‘ T — 5

Execution NIEIES

Launch | Search | Interaction settings
Processes that can be monitored by students: iPDG's that can be launched in ion by
| Title Description Tite Description |
Compute NDVI value Perform NDVI computatio EVI EVI Vegetation Index |+
e : ok sansid T TestGisheo TestGisheo [ PVI IPVI Vegetation Index E Saveliasn antiings
] NDVI NDVI Vegetation Index
Saur SAUT Vanatatinn Tndayv n
Add Remove Add || Remow

[

(¢ T

Current process status information

Node name Start server time End server ime | Status Options

UNESCO-IHE
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Future Works s

O Improve the functionality and the performance of the applications

O Tools and applications for the interactive development of
hydrological scenarios

O Interoperability between different technologies involved in the
enviroGRIDS project

O Include and develop new tools and applications required by the
partners (e.g. RIONI River hydrological model, Vegetation
development in Istanbul, etc)

O Develop training materials in the domain of Earth Sciences

UNESCO;IHE OpenWater symposium and workshops, UNESCO-IHE, Delft, The Netherlands, 18-19 April, 2011 32
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Thank you for your attention!

Questions?

Dorian Gorgan
Computer Science Department

Technical University of Cluj-Napoca

dorian.gorgan@cs.utcluj.ro
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