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The complexity of integrated water
management requires development of
hydroinformatics systems (including
Decision Support Systems — DSSs) that
enable efficient and equitable distribution
of water resources across all water users
and functions.

Starting point is to develop a hydro information system
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Motivation

Network Is the

= g

er! Web based GIS (Geographic
Information systems)

Water as Indispensable resource for our future
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Cloud computing

Cloud is a system that enables

data processing, software and Code

access of data services

independently of physical location

and configuration. i Mobile

Server

Cloud Computing

Similar to this concept is the
electric grid where users utilize
power without understanding the
system components.

Database PC

Cloud Computing

everything and the kitchen sink Kitchen

Sink



SOA (Service Oriented Architecture)
‘ SOA

3-Tier Architecture

o- 1% [ ReT

Func ality ¢ m based o

in interoperable services that work on
different information systems. SOA
defines how to integrate heterogeneous

Homogenous Heterogeneous
Language Dependent Language Independent application and platform into web based
Centralized Application Tiers Massively Distibuted Services 2
 Code Centric Applications | Flexible Composite Applications solution.
Request/Reply Driven Request/Reply, Pub/Sub, Events
HTML Pages AJAX Rich Internet Applications
SOA enables :

* |ntegration independent of
the programing language.

e Components reuse

e Improving the existing

Service Oriented

Architecture . SySte m S

A r DRM
cre .;.' ‘.,. --l J

The core components which make up an SOA implementation

)
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—— Author and Serve Geographic Knowledge \~

¢ High-Quality Maps

* 3D Visualizations

* Analysis and Models

¢ Data Management Workflows
* Authoritative Content

* Rich Web Applications

Consumers
Citizens

Casual Users

Knowledge Workers

Constructing libraries

of shared GIS services Mobile Workers

Distributed
Web Services a0

GIS Workers

Enterprise Systems
Professionals

Web Service standards ©GC geospatial web standards:

Web Coverage Service (WCS) Web Feature Service
(WES) , Web Coordinate Transformation Service (WCTS)
,Web Map Service (WMS), Web Image Classification
Service (WICS) 6

Geospatial web service
standards



Web GIS

" BcBieess N
Mobile Users
]

Authors

XML (eXtensible Markup Language) is a primary language for coding of
data/messages of web services and interoperable structured information.
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Software components and
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Architecture of the cloud hydroinformation

Google maps
OpenLayers
WMS

system and web service

Web service for .
Openlavers Web service for
%’@ support of water J';uasgipt optimization of f:’ah\rg
resources t
- PhP water resources
modeling
WMS
WFS
WFS-T
Discretization
Inflow
Demand
PostgreSQL Floods
\ Apache Web Server PostGIS /| Demands |

Rivers
Web service for Geoserver Canals
managing, presenting and Java ]\]\ Reservoirs
storing of geospatial data JavaScript Jﬁ/ Users
Agriculture areas
Inflows

S

A
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Development Cloud hydro
R Information system

Creation of the geospatial | r&lﬂtlonal database H

W' pgAdmin II
[Eile] Edit Plugins View Tools Help

‘; | § D ’: )?4 | yﬁ e

L
:

PostgresSQL together with

F‘roperhes Staﬁstir_s | Dependencies |

Dependents
Schemas (1) ot b
PostGIS for support of standard Poeiy
o] Domains {0) MName Basin_rivers
K s = -2 FT5 Configurations (0) oD 18101
and geospatial data. Main function il s octoraes © ot
A : Tablespace pa_default
of HMak is central database for the
=] ‘%} Functions (780) Of type
o + %} Sequences (22) Primary key aid
We b S e er C eS . _ lﬁ Tables (34) ) Rows (estimated) 3
& Shape File to PostGIS Importer dh i Z Fill factor
. LIRS Rows (counted) 3
Shape File - Land _Agriculture it bl -
1 - +-[7F] Regions )
a I n O rC [ Riversshp : . Inherited tables count 0
] - [ blagoj
PostGIS Connection +H e o
+-[F flood
Username: +H geometry_columns SQL pane
(st - [ glavnikanali_polyline -- Table: "Basin rivers
6 VeCtor I I laps Iaye rs - [ godisna izohietska kartal m e
Semver bt [ godi{en od na vrne" sift -- DROP TABL
- Database: +H granica = PP
W rlve rS Connection succeeded, +H aranica na mkd-sift_1 :{.REAIE AR MR L S
#-[ hydrologicalData gid serial NOT NULL,
e canals b
Destination Schema: | public +g ;:aﬂol?l "name" character varying(50),
= - nall the_geom geometry
res e rVO | rS Ry e ) Frvers - [ meterologicalStations CONSTEAINT "'Easinlrivers _pkey" PRIMARY KEY (gid),
+H probno CONSTRRINT enforce_dims_the_geom CHECK (st_ndims(the_geom
Options... | \ | +-[F rainfallStations CONSTRARINT enforce_geotype_the_geom CHECK (geometrytype (t
u S e rS + [ recreation CONSTRRINT enforce srid the_geom CHECK (st_srid(the_geom)
- [ rekii-sift )
° Water i nfl OW Import Lag +H relativna vla nost-sift WITH (
) Connecting: host=localhost port=5432 user=postgres dbname=Bregalnica 7 i St il

aaaaaaaaaaa

password=

- ag ricu Itu re |and Connection succeeded.

1 [m
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Development Cloud hydro
iInformation system

Geoserv
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file; Edt Voew Hugtory Bockmeds Took Hep

@ = [ A % hitp/locathostBOs]  geoserves/web  twickett . gesserverweb.demo MapPrevienPag L |
£ Wost Visited (@) Getting Started 5 Latest Headiines [ GeoServer20 | Mowemwa | | JBM Lotus iNotes Login %+ Kype: Miremuresmrin c... 3] HP Laserlet 1010 Print...

£ - | B seaeh = -3¢ [ tooin BRE-mailNotier & & 1 53010 @ Music | Games

- GeoServer: Wekcome % | s GreoServer Layer Preview % - GeaServer: Layer Preview = | [ Openkayers map preview

Geoserver is a Java web @ Geoserver -
application that implements OGC | Layer Preview |I
standards for WFS, WMS, WMS ~ :oe T

. 3 2> > Results1to 25 (out of 27 rems) \ Bearch
and integrated web mapping o e comn o
M sreganicafegon:Basn_regions Basn_regions Selectone [+
S e rve r' BreganicaRegion:Basn_rivers Biasin_rivers Openiayers KML GML Sefectone Z
Breganicaiegion:ginniKanal_poling glvnianai_poline pers KM GML Selectons |
Data A i l, a =l
BregahicaRegion:godien od na vme” 4iti godi{en od na vme” <t GML Selectone |=]
Hragainicafiagion:granica na micd-sft_1 ranics na micd-set_1 ers KL GML Selectane 1=
BregahicaRegion:hydrobogicaData hydrologicalData Scloctone E
BregahnicaRegion:n gicals! logicalStations Selectone .
BregahicaRegion:enfalStations rnfalsations GML Selectone [+
M BregahicaRegionRegions Regias Selectone _:
Demos
Bregainicaiieg -5ft rekil-sft GHL Selectong =
Layer Preview i
-1 P 1 TX q
Va atinty N7 111 WA el
{-., 1) ».Z“'E,i.";i W a1d vwcCcbo




Development Cloud hydro

- informatiOnsW

Geoserver

@ Cpenlayers map preview - Mozilla Firefox

File Edit View History Bookmarks Tools Help
o C (AT B nttp://localnost 081 /geoserver/wmsTservice=WMS&wersion=11,08irequest= GetMap&layers=Bregalni

£ Most Visited @) Getting Started 5 Latest Headlines ' GeoServer 20 | | TMowemsa | | IBM Lotus iNotes Login Kype: Murennrenthn c...

Geoserver displays web interface for D o -] B eeh < ¢ [] oo e matietrer @ (& 5 e @) i Games
presenting and searching geospatial & Geoaner Wecome x| b Geosmentaywpeion x| W Opentayersmppreview x|
data 8
Geoserver works on Apache web server %
and presents HMak geospatial data. A\
Geoserver is middle layer application |- AR $
between data from HMak and created '

servise for modeling of water resources |- |
OGC standards =
Distribution and interoperability ~

Scale =1 : 938K 21.87136, 41.43696

REKI1-SIFT
FID GID ID MAPKEY IME  KAT_REKA KOTA_IZVOR KOTA_VLIV DOLZINA  VLIVA_VO PRITOKA
rekil-sift.229229 0 17AC  BregalnicaVtorred  1690.00000000 138.000000000 225.000000000 Vardar Leva
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Development of web service for
supporting water resources modeling

j T e e

« Web service is build-using OpenLayers library that support OGC standards
WMS, WFS and WFS-T.

* Web service is working on Apache web server and it is developed using
several programing languages like JavaScript, AJAX, PhP combining service
for managing geospatial data Geoserver, database HMak and OpenlLayers

library.

1
2

coO~NO O bW

11
12
13
14
15
16

function init() {

map = new OpenLayers.Map("map");

var basel= new OpenLayers.Layer. WMS( "OpenLayers
WMS",

"http://vmap0.tiles.osgeo.org/wms/vmap0", layers : 'basic');
map.addLayer(basel);

var rivers = new OpenLayers.Layer.Vector("rivers-WFS", {
strategies: [new OpenLayers.Strategy.BBOX(), saveStrategy],
protocol: new OpenLayers.Protocol WFS({

version: "1.1.0",

url: "http://localhost:8081/geoserver/wfs?",

featureType:  "rivers",

featureNS: "http://www.delipetrov.com",

srsName: "EPSG:4326"

)]
H

map.addLayer(rivers);
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Development of web service for

supporting water resources modeling

Cloud application for support water resources modeling and optimization

How to use the application

'CI' Ay Base Layer
A = )
r— 1 OpenLayers WMS
Google
Overlays

Rivers

Reservoir

v
20 km . -
10 mi Land_agriculture

Inflow

Edit Layer: Rivsis =
Rivers {b
Attributes Info TimeSeries Data Optimization
Canals
1. Please input the attributes for the river branch
Users
Gid: ;69 ID: ’1 Name: =\.:‘arl:lar ‘ REsarssic
Category:|1 Goes-in:|0 Enter Ly
Agriculture
Inflows
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Development of web service for
supporting water resources modeling

Entering new polilyne (comunication in XML)

$xml ='<wfs:Transaction xmlns:wfs="http://www.opengis.net/wfs" service="WFS"
version="1.1.0" xsi:schemal ocation="http://www.opengis.net/wfs
http://schemas.opengis.net/wfs/1.1.0/wfs.xsd"
xmlns:xsi="http://mwww.w3.0rg/2001/XMLSchema-
instance"><wfs:Insert><feature:Regions
xmins:feature="http://www.delipetrov.com"><feature:the_geom><gml:MultiSurface
xmlns:gml="http://www.opengis.net/gml"
srsName="EPSG:4326"><gml:surfaceMember><gml:Polygon><gml:exterior><gml:Li
nearRing><gml:posList>23.36455078125 41.398999023437 23.095385742187
41.344067382812 23.172290039062 41.135327148437 23.743579101562
41.283642578125 23.36455078125
41.398999023437</gml:posList></gml:LinearRing></gml:.exterior></gml:Polygon></
gml:surfaceMember></gml:MultiSurface></feature:the_geom></feature:Regions></wf

s:Insert></wfs: Transaction>";
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Development of service for

optimization of water resources

Dynamic programmlng (DP) and latter

* t
Py =arg maxZ;/ g, (X e Stochastic dynamic programming (SDP) are
p = !
L | one of the most used methods for optimal
reservoir operation.
€
X = ft(xt’ut’8t+1) ¢ :
le
Meteo and catchment system
]
m, (Xt) =U € Ut (Xt) Telemetry
system &
$ v Wi
Wi e e e
Ery = ¢( | Xis ut) t—» Policy el Reservoirs and users 5
A s,
Xy € 1aJICHO Telemetry system =

. DP and SDP have two major limitation
Py = Ay (ht =0, =1 (Bellman 1957), 1Curse of dimensionality 2)
Curse of modelling) and are difficult to be used
in practical application of complex water
systems. 16



Development of service for
optimization of water resources

w
Solution of the-problemsis calculated recurswely W|th Bellman equation:

Qt(x u) of (X U, &, 1)+7/maXQt 1(Xt1 U, 1)

5

St+1 ,(5* s

A AR

/ A WY R U A TR A U A T N T A T A |

FoXyp NP Wy N Ny WP P A

*

m’(x. )= arg max Q; (x,,u,)
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Development of service for
optimization of water resources

Inflow

Int TS
Double Inflow

@
@
@

Demand Flood Recreation Discretization
Int TS Int TS Int TS Double Discretization
Double Demand Double Flood Double Recreat
Double Weight Double Weight Double Weight

3

@

B

Prototype application DP is based on

the algorithm of dynamic

programming developed in Java

using Eclipse.

Loucks, D. P., Van Beek E.,
Stedinger J. R., Dijkman J. P. M. and
Villars M. T. (2005). Water resources

systems planning and management:

an introduction to methods, models
and applications, Paris: UNESCO.
pp. 90 - 113
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Cloud hydro information system and
web services implementaiton in HS

Zletovica o

o

. . g &N
Hydro system Zletovica is | ¢\
in north east part of the 1
Republic of Macedonia M
covering around 223.000 0
ere’jia
ha. B I'pagosu
@ bpana Knexero
B PesepBoap
—— Kanam
—— Pexu

‘ 3eMjo/1e/ICKH PETHOHH

l_| |_| Decimal Degrees

000204 008
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Cloud hydro information system and
web services implementaiton in HS

Zletovica

‘Water Resources Modeling

(1 &+

Edit Layer: Rivers
Attributes Info TimeSeries Data

1. Please input the attributes for the river branch

Enter




Cloud hydro information system and
web services implementaiton in HS
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File | Edit Novigstion Lsyer Map Dats Window Help

HEewv-M-w-si- @0~

= ~ R b

8 Projects 1
1 New project
1 project

[ localhost/prototype/prot... iy GeoServer: Layer Preview / . OpenLayers map [ Mg

[ Mep2
C @ localhost:

[ Mep 3
[ rivers2

[@ workd_admil

55 Layers 22 Ul Boakmarks =]
0 A
48 grdod
7/ kemald
7B knezeco

7 ] zemjodelski
Mraad_pabyine
N dvers2

1147788 - WS 84
I Catalog | ™ Web | 4" Search [T Table i | i Information

any = e

RS ——"

Desktop application
Scale =1 : 577K 22.61955, 41.87095 o
RIVERS2 uDig

FID GID ID NAME CATEGORY SPRINGH ENTERH GOESIN

rivers2.5252 0 0] 1620.00000000 DE-11 0] (] WFS

Geoserver « WMS
* And others i T




Cloud hydro information system and

web services implementaiton in HS
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Web service for water resources
optimization

Providing drinking water for
municipalities Kratovo,
Probistip, Zletovo, Stip,
Karbinci, Sveti Nikole,
Karbinci and Stip.
Providing water for the
agriculture for 3100 ha.
Generating electrical power
with three hydro power
generators

Biological minimun for
Zletovica river

Kratovo  Probistip Stip Sv. Nikole Total
Average 0,11 0,13 0,50 0,09 0,72
Months ma3/s ma3/s ma3/s ma3/s
1 0,10 0,11 0,43 0,08 0,621
2 0,10 0,12 0,47 0,09 0,681
3 0,11 0,10 0,39 0,07 0,559
4 0,11 0,13 0,50 0,09 0,719
5 0,11 0,13 0,52 0,09 0,742
6 0,12 0,15 0,59 0,11 0,845
7 0,12 0,15 0,58 0,11 0,840
8 0,12 0,15 0,58 0,11 0,840
9 0,12 0,18 0,70 0,13 1,006
10 0,11 0,13 0,51 0,09 0,738
11 0,10 0,09 0,37 0,07 0,531
12 0,10 0,09 0,37 0,07 0,531

Water demand for municipalities

23



Web service for water resources
optimization

) ] I'pyna xyarypu KparoBo IpooumTun Pernon OBowTapHLY; )
Wate r O r a rI u re o e
.10%
o 0 9
g Kura 67.6% 74.6% 71.70 % Senenyi;
6.70%
HUnpycrpuckn 0.9% 8.3% 5.20 %
DOy paxHu;
0 o, 0 5.40%
DypakHH 5.5% 5.3% 5.40 %
WHaycTpuckm;
3esieHUyK 11.4% 3.3% 6.70 % 5.20%
Kuta; 71.70%
OBomTapHuIH 8.7% 2.4% 5.10 %
Jlosja 6.0% 6.0% 6.00 %
BkynHo: 100% 100% 100%
160
IWR (mm) = Irrigation Water Requirements
140
120
100
80 1
60
40 1
20 1
o
8 3 883 8BE8ELBBREARIRREERREBLYILIIBLE 23333 eEsasageesse 88
S8 2522223233333 3333885853858 3838585888L88K888K
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Web service for water resources

Month Floods(m3)

© 00 N o O b~ W DN PP

=
N B O

28000000
27000000
25000000
25000000
27000000
29000000
30000000
30000000
29000000
25000000
25000000
28000000

optimization 1

Weight factor of Recreation

floods

[EN TN SN RS [

1

(m?)

3000000
3000000
3000000
3000000
3000000
6000000
6000000
6000000
3000000
3000000
3000000
3000000

Weigh factor

recreation
0.7

0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7

Input data for flood and recreation of the first simulation

—

~N o o0 A W N P O

60

0
500000
1000000
1500000
2000000
2500000
3000000
3500000
3000000
0
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Web service for water resources

35000000

0000000

TN |
ii::::“u n ;’M"Jujuw |

10000300

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

—Rece rvoir level =—inflow = Release
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Web service for water resources

O tlmlzatlon

8E+12

7TE+12

6E+12 *
5E+12

4E+12
3E+12

2E+12

5 il
SRR R R

Average water quantity in the 18.072.917

reservoir (m?3)

Average reservoir inflow (m3) 2.539.221
Average reservoir release (m?3) 2.539.221
Total TDK 1,43*1014

Overall results of the first simulation and optimization
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Conclusion
-+ Open Source CWS —t W

o System advantages over previous technologies are:
- Accessibility (Anywhere)

- Availability (Anytime)

- Flexibility

- Supporting distributed computer resources

- Scalable computational power

« Ultimate internet based collaboration platform

» Tested with several users simultaneously using the web services

» Further system development can include additional water related data,
urbanization, population growth, infrastructure, etc. and creation of
additional web services.

« Optimization of water resources with using Reinforcement Learning,
Decision threes, Artificial Neural Network and others

» The cloud computing framework is build, tested and ready for improving

the existing or developing new web services
28



http://79.99.60.36/prototype/

Blagoj Delipetrev
UNESCO IHE Institute for water education
University Goce Delcev, Faculty of Computer Science
b.delipetrev@unesco-ihe.org; blagoj.delipetrev@ugd.edu.mk
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