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Project SID&GRID

Simulazione e sistemi IDroinformatici per la Gestione

delle Risorse IDriche

Funded under POR FSE 2007-2013 by Regione Toscana
From April 2010 to March 2013
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Land Lab, Scuola Superiore S.Anna, Pisa
CNR--ISTI, Pisa
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Final goal of the project

To develop a DSS (Decision Support System) for water management and
planning based on results derived from a 3D physically based hydrological
(surface+subsurface) model to be used as helpful tool by public bodies
(possible applications for private companies as well) in order to simulate the
whole hydrological cycle and perform spatial-temporal analysis.

Request open source and public domain codes
SID&GRID architecture is based on:

e integration of DBMS (Data Base Management System);
e development of tools/toolbar into a GIS framework;

* integration and development of groundwater (saturated/unsaturated
zone) and surface water hydrological modeling codes.

REGIONE
TOSCANA




- ' RE «#* 3 | :
MAKING THE FUTURE = * T | e

INTERNATIONAL
SIG
CONFERENCE TE'EHNDLDELIJ WBUS”\IESS ; : assaziatian

28-30 November
Centra Cultural y O

2012
eportiva La Pachil

na, Valenza - Spain

Reasons for the project

to improve public authorities knowledge in the field of hydrology (surface
and subsurface);

to improve water management and planning at public authorities by
providing state of the art data management, analysis and visualization
tools;

to spread the use of new technologies to the general public;

to develop a GUI within GIS in order to apply codes (such as those for the
unsaturated zone) that at present do not benefit of tools for spatial data
implementation;

to spread the use of free and open source technologies ... it’s also a matter

of:

— saving money while performing the same activities of commercial

ones
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SID&GRID strategy about GIS and hydrological
modeling linking

Tight coupling
Y
N 1
OGC web SIDRGRID 5| SID&GRID GIS Graphical User Interface |SIG
service Spatial A :
Database SID&GRID l
— /Sj"ta,”:]e SID&GRID
SO hydrological Input |
model files
[ : &
- GIS GUI is based on gvSIG solution Output
files

- The algorithm core is based on Sextante library
- The key code for hydrological modelling is Modflow-2005

- PostGIS and Geoserver to store, manage and publish data
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How Model engine works
Formatted ASCII and

Formatted ASCII input )
data 4 N blnarly output data
Numerical |
|:> engine |:> |
N /

I y

SID&GRID framework is able to manage spatial data and wrap them to Model

engine input format. It is possibile for each hydro process wants to simulate

SID&GRID framework is also able to map the model output such as groundwater

flow

-
&
-




=

S
INTERNATIONALL S 80" © b
8‘.sm  MAKING THE FUTURE % 0 P ovsic

Centra Culturaly Deportiva La Pachina, Valenzia - Spsin - v’ Y .
SID&GRID Algorithm module

The SEXTANTE project aims to create a platform for the development of geoalgorithms,
wrote by V.Olaya, that makes it easy both to implement and to use those algorithms.

A set of base classes which constitute a robust analysis platform and a set of 220+
algorithms built on top of them.

New set of geoalgorithm was developed in Sextante framework to manage, wrap
and create hydro model dataset

Generic spatial heimazeg Formatted
d P )| spatial dataset |=—>| AsClI input for
ataset
for the model the model

# Well Package

Id from_| I 1 2 3 4 s g
1 T a0000 40560 —4T060 - 245
2 2 2 0.0 -4000.0  -4050.0 -4100.0 -
3 2 2 0.0 -4000.0  -4050.0  -4100.0 2 121 138 -565.0
4 2 2 0.0 -4000.0  -4050.0  -4100.0
5 2 2 0.0 -4000.0  -4050.0 -4100.0 -4 2 122 137 -565.0
. 6 2 2 0.0 -4000.0  -4050.0 -4100.0 -
4 : : 00 40000 40500 41000 - 2 123 137 -565.0
el I 2 124 136 -565.0
2 125 135 -565.0
2 126 134 -565.GecioNE
} .y QN 127 g
& :
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The new jar algorithm library was developed within Sextante GIS framework
with three main group tools:

- Groundwater tools to create and manage subsurface layers for the hydro model
and normalize them according to time and spatial model discretization;

- Surface tools to create and manage surface model layer like soil type or net rain
for example;

- Wrapper tools to translate spatial dataset to numerical model input dataset

= Groundwater model (sidgrid) | %

% Basic file wrapper

1 & CFL file wrapper

& Chd file wrapper

# Dem to Cascading Flow

Groundwater # Discretization file wrapper
tools & Drain file wrapper Inputs. =

Lines to drain linear interpolator
Parameters \\‘ Output region |,

1

SID&GRID

>| Surface tools

1

GeoAlgorithm

1

Wrapper

& EVT file wrapper

& Ghb file wrapper

& Lpf file properties

# OC file wrapper

& Pnd file wrapper for VSF
& Rch file wrapper

& Ref1 file wrapper for VSF
& Riv file wrapper

& Raze file wrapper for VSF
& sev file wrapper for VSF
% spf file wrapper for VSF
& Stream Flow file wrapper
& Uzf file wrapper

& well file wrapper

(= Groundwater tool (sidgrid)

& Create Model Layers (ground water)
& Create top model

% Create top model BETA Vers

& Lines to drain linear interpolator

& Lines to ghb linear interpolator

% Lines to river linear interpolator

Search ‘

£

Drain lenght
Tables
Sp Table

[chd temp

[Campo1

[Tabella deali attributi: K lay 1 ~

Options
Cell dimension

Cell layer
[xyz]

[s0.0

[2

1

]

sp_drain_1.dbf", "#) |

o [ ome ]3]
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The gvSIG role

SID&GRID GIS module links together previous modules within a common graphical user
interface based on gvSIG desktop GIS

The core of this module is a new gvSIG project object: Model Scenario

. Input/output Working directory
Map View " .
P files directory JUsers/claudio/Modflow/lu_1 | [ J
TiodsT Scenario | Ground Water Model Layer Selected

S — T — |
Name: String . | [Klay_1 = model_layer_1
Database: String Pro pe rties GU|/ | [kJay_2 model_layer 2
Working directory: String |

| |R1_bist_dr1 =
Engine: object | |R2_bist_2
NotePad: object | > R2_dec09
Time unit: int | R3_bist_drl
Space unit: int R3_dec09
Layers: Vector array

| Isel de 09
l§|mulat|t0n. /rz | Time Unit Map Unit
arameters. Array |/Users/claud|o/Modﬂow/LGR_VSF_da_compllare/mﬂgr_vsf | [ Process l days 'J [meters 'J
|/AppllcationS/Aquamacs.app/ContentSIMacOS/Aquamacs | Editor | Stress Period to simulate

JUsers /claudio/Modflow/lu_1

EVT

Dashboard GUI e

EleR o = E Create NAM
Bas File L 0O Close ] [ Apply ]
Lpf File v SIP -1 Il file NAM esiste
. DE4 [0
RV 0 Open
Oc File v DRN O
O
O
|

= G Open Report
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The gvSIG roIe

is an User Control Panel for the entire modeling workflow

The user is able to define a new model scenario, to create and to manage database, to use specific
geoalgorithm to create and manage Model Data Object, to write input files for the model engine, to

run the simulation and (finally) to analyze and to map model output

Model data object: spatial normalized dataset for each hydro process to
simulate

Surface model layer: surface spatial grid of the hydro model

Groundwater model layer: groundwater spatial grid of the hydro model

REGIONE
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File SEXTANTE Scripts Mostra Finestra Aiuto Test SG Data base SG Configure SG Model packages SG Calculator
DEHELE > 2O +|E
ase SG Configure IIGEE Y Test
0 sEVENELY  SG Configure  SG Model =R 0 @ K Domain parameters
€&  Create DB Well package
Modify LPF Chd package
Modify Stress Period Reh package
Cfl package
Modify Well Stress Period Uzf
) . Uzf package g
Modify Recharge Stress Period Evt package £
. Modify Unsatured Stress Period Riv package 5
. " »
. Import model layer Drain package i
Ghb package "";
e onfig SG Model packages Test
: . SID&GRID Sextante
Time  » qg@ﬁjy EEEEEIFE )
Domain — algorithm package
Import parameters » be called with a set
B4

i Apertura progetto: luc

(i

Spatial object definition »

View Model Qutput
Multiprofile Vector

Point to Well

Line to Time-Variant Specified-Head
Polygon to Recharge Zone

Create Unsatured Zone

Create Evapotraspiration Zone

River line interpolator

Point to model cell

Drain line interpolator

Ghb line

T

"E"i'-' Sy

- T Mo
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of specific GUI
within gvSIG to
facilitate user by
Model Scenario
definition
parameters
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gl Test
Test phase started some months ago to evaluate and to improve SID&GRID

workflow process
A first basic test was performed...

Scripts Rete Mostra Finestra Aiuto G Data base SG Configure ~ SG Model packages Test SG Calculator

oolslomaxidsaimaonsnshidocnatonlltnm mllr] The scenario: simulate the water table

, trend during a hydrological year
G T, :%5_. N RN T Ryl
"4'1 ’f ,r’ﬁol' "‘r' A K ; H V7 I
RN EESEIEm A Ece Rl T Sl =S Domain: 80 rows and 200 columns
oL spoet oo TR e[ ies i L
S ’} e cmtibctontuce pes | = ARG Processes to simulate: pumping wells
A Ground Water Model Layer Selected ," 1 1': , = .
TG B ot pigany and recharge by rain
E_ﬁ_ . .;S' j’l’( g‘?;:i:il:;;:iw 146 :ri
i | » Time: 420 days

5G Calc Scripts Rete Mostra ~ Finest

"Roo/o@axEFs< [ 4 (meters - E e
iC]

Stress Period to simulate
7

Model layers: 2 (Surface cover and
aquifer)

oo

ereSG ModelpsctagesTon
Procoacomy nv ¢ R@IE
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Test

After the model run, the user can read a water budget report within gvSIG GUI
by the Model Dashboard

File SEXTANTE Scripts Mostra Finestra Aiuto Test SG Data base SG Configure SG Model packages SG Calculator
IpH L@ =290+ |3
LU_Lst -
BECECE=N ves OW Vs
New Open Recent Save Print Copy Paste Search Preferences Help OW/LGR_VSF_da_compilare_nov2012 /mfigr_vsf J Process
1 MODFLOW-LGR-VSF E
2 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL 1cs.app/Contents/Mac0S/Aquamacs J
3 VERSION SID&GRID Project -- 2011 L
4 flu_1
5 LIST FILE: /Users/claudio/Modflow/lu_1/1u_1.1st
6 UNIT 100 cHD [ Create NAM ]
7 WEL [
& OPENING /Users/claudio/Modflow/lu_1/1u_1.dis PG [ i file NAM esiste
9 FILE TYPE:DIS UNIT 20 STATUS:OLD wzE [
10 FORMAT: FORMATTED ACCESS: SEQUENTTAL REF [
11
12 OPENING /Users/cloudio/Modflow/lu_1/1u_1.bas PND [
13| FILE TYPE:BAS6 UNIT 21  STATUS:OLD s’f [ ‘
14 FORMAT:FORMATTED ACCESS: SEQUENTIAL SEV g Open Report
ar RIL
19
16 OPENING /Users/claudio/Modflow/1u_1/1u_1.1pf
17 FILE TYPE:LPF UNIT 23  STATUS:OLD
18 FORMAT:FORMATTED ACCESS : SEQUENTIAL
19 reated on 13/09/2012 by Sid&Grid
20 OPENING /Users/claudio/Modflow/1u_1/1u_1.0c odflow/lu_1/lu_1.1st REPLACE
21 FILE TYPE:OC UNIT 22  STATUS:OLD giﬂ}‘;ul;]}‘l‘ulldﬁsogn
22 FORMAT:FORMATTED ACCESS : SEQUENTIAL $low/lu 1/1u I.1pf OLD
23 . low/lu 1/lu 1.oc OLD
24 OPENING /Users/claudio/Modflow/1u_1/1u_1.fhd bdflow7lu 171“ 1.fhd REPLACE
25 FILE TYPE:DATA UNIT 101  STATUS:REPLACE iodflow/lu_1/1u_1.fdn REPLACE
26 FORMAT:FORMATTED ACCESS : SEQUENTIAL flow/lu_171u_1.uzf OLD

27
28

OPENING /Users/cloudio/Modflow/1u_1/1u_1.fdn

flow/lu_1/lu_l.pcg OLD
flow/lu_1/lu_l.wel OLD

‘ ci-=- LU_LIst  Top (13,0) (Conf[Space]) low/lu_1/lu_1.sfr OLD

EE

t Amartien mennattar bisen milas 3 e = = S ean fan ma KT Y Ars me A Aa ESSRNRS
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...and map and analyze the aquifer flow at the end of summer, for
example

E)’ A Contour lines

=] M evapo_layer

=[] M unsatured_layer
=-[v] A fiume
=[] M surface_layer
=[] M cascading.shp
-] M raffina
- I:] A section
N

o- D l geo_sup

0.00864

0.864
rch_ model

Also evaluate the variability between rain and dry season using map
algebra operators.
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In conclusion...

The SID&GRID project provides a water management system spatial based to
support:

- Water resource planning;

- Evaluate future scenario of soil change;

- Support agricultural water resource use;

- Evaluate urban and industrial impact on water resource availability

The system is composed by

- A gvSIG plugin to integrate Model Sceanario object and toolbar;
- A new Sextante algorithm set;
- The numerical engine for the hydro model

...moreover
Postgresql/PostGIS installed on your machine
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Sintesi e obiettivi e del Progetto SID&GRID Lz Ed
Scritto da Administrator
> Mercoledi 21 Aprile 2010 16:56
N » Distribuzione delle versione
, Simulazione e sistemi IDroinformatici per la Gestione delle beta del codice SID&GRID
- o » Riunione di medio termine del
> < Archivio REGIONE SID & GRID progetts
7 I - POR FSE « Presentazione dello strumento
> " Staff 2007-2013 (test version)
S WIKI: |a quida SID&GRID - DG « 3a fase del corso di formazione
SID&GRID
UNIONE EUROPEA
Fondo sociale europeo
La gestione delle risorse idriche, attualmente soggette ad una crescente pressione antropica
ed alle crisi ricorrenti legate ai cambiamenti climatici, costituisce una delle problematiche
> Universita degli Studi di Firenze ambientali cui si deve porre maggiore attenzione. In questo senso numerose - :
o . e ) i 1 visitatore online
S CNR ISTI raccomandazioni refative allz necessita di un nuovo approccio verso le metodologie e
. . procedure di gestione delle risorse idriche sono state emanate recentemente anche
> Scuola Superiore Sant'Anna dal’Agenzia Europea del’Ambiente.
> Acque S.r.l

Nel contesto italiano numerose autorita sono deputate al controllo e al governo della risorsa .
> H20 Ingegneria S.r.l. idrica, mentre enti e societa sono deputati alla fornitura di acqua per gli usi agricoli, industriali Sondaggi
el
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