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WEB GIS TO SUPPORT IRRIGATION MANAGEMENT

A Prototype for SAGRA Network, Alentejo Portugal

ABSTRACT

An efficient water management, not only allows figant savings in costs of irrigation,
but also an effective control on the quality of gwots, which can have obvious
consequences on income operation and reducinghthemental impact of irrigation.
As the Internet is becoming the easiest way of rmédion distribution, irrigation
management system can also be benefitted witmtigtating GIS functionality with
internet capacity will redefine the way of decisioraking, sharing and processing of
information. In irrigation systems weather playsimperative role in decision making,
implementing and forecasting. Temperature, humjditgcipitation, and solar radiation
are the most important parameters to calculate akeapspiration by which crop water

requirement can be determined.

SAGRA (Sistema Agrometeorolégico para a Gestdo e€gaRo Alentejo) network is
providing information to the farmers through webl btill lacks the use of GIS in their
information to decision support system. Irrigatim@nagement support system can be
benefitted with the use of Web GIS. In this thesigp based GIS is designed using
popular open source tools and software. Using flata automatic weather station maps
are produced usin@eo-statisticainterpolation techniques and published in web map.
These maps can be viewed with popular online méps3oogle maps, Microsoft Bing

and Openstreet maps.

Animated weather maps are also created which sefulufor visualizing changing

pattern of weather parameters and water requiremanttime.
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ACRONYMS

API - Application Programming Interface
CAOP - Carta Administrativa Oficial de Portugal
COTR-_Centro Operativo e de Tecnologia de Regadio

DOM- Document Object Model

ET- Evapotranspiration

EPSG- European Petroleum Survey Group
EU - European Union

FAO- Food and Agriculture Organization
GIS - Geographic Information System

OGC - Open Geospatial Consortium, Inc.
PGI - Protected Geographical Indication
SRS ID- Spatial Reference System Identifier
SAGRA -Sistema Agrometeorolégico para a Gestado da Reddamtejo
TMS- Tiled Map Service

TSG - Traditional Speciality Guaranteed
WCS - Web Coverage Service

WEFS - Web Feature Service

WKT - Well-known text

WMS - Web Map Service

WWW — World Wide Web
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1. Introduction

Proper irrigation scheduling, based on timely meaments of soil moisture content and
crop water needs, is one of the most important ge@mant practices for irrigation
management (Waskom, 1994). Irrigation water requemts optimization requires
proper irrigation scheduling based on the crop wegquirements of the different crops
(Garg et al, 2003). The balance between inputoartut in agriculture farm is essential
for its success and profitability. Using agro-metdogical weather station data to
determine crop water needs provides relevant indtion to schedule and decide the
irrigation for optimization of cropping pattern leas on crop, soil and climatic

characteristics to ensure maximum return

The ability of GIS to analyze and visualize spagiad non spatial data in the form of
maps made it an essential tool for agriculturagation management systems. GIS is
currently converging with several other technolsgit® provide new levels of

accessibility and functionality (Drummond et al,08). As web technologies and the
GIS advanced considerably and practiced widely (P&03) the web based GIS has

become a popular means of information sharing aswhiization.

COTR is providing technical support and assistatcethe farmers for the better
implementation of technology. SAGRA network is yading weather information to
the users through web in the form of tables anglwgalt is challenging to represent
entire region with limited no of weather statiorfoirmation. The incorporation of
Geographic information system can be very usefyrovide information in the form of

maps and publish in the web.

With Web based GIS and animated maps will presezdther parameters to the users
and decision makers in the form of interpolated snaperactively. In this prototype the
data from fourteen weather stations is used to maie maps of theegion using open



source software. It also includes visualize magsalization by animation and provides

platform to store and retrieve existing maps.

1.1 Problem statement

Operational and Technological Irrigation Centre @) is operating SAGRA network
to provide weather information and calculated euagmspiration through the web. All
the information they have been producing to suppoegation management to farmers is
made available through the web (desktop and PDAhénform of tables and graphs
(Maia, Neto et al, 2007). The variability in spatad temporal components is difficult
to transmit with traditional analytic techniquesc@ the information is provided in
simple graphs and tables. The systems only praafdemation of point locations where
weather stations are located. Weather stations pnbyide the value of weather
parameters for a specific weather point. Geograpticomation Systems can be a very
useful tool to provide information to the farmensthe form of maps using interpolation.
These maps can be easily understood by farmersguia and specialists for irrigating,
planning and research. Maps can provide infoimnaiost effectively but currently
there is no such mechanism to provide web mapstatvop water needs and weather

maps.

1.20bjectives

1. Create different interpolated maps based on infaongprovided by SAGRA
weather station using Geo statistical tools.

2. To develop a web GIS for the study area to viseadad analyze the crop water
requirement maps using data from weather the swtiesing open source
software and tools.

3. Animate weather and evapotranspiration map usimyiSealization techniques,

to support analysis and decision making process.



4. Display developed maps with Google maps, Bing Mapogle Earth and other
online mapping services also prepare animated moayisualize change pattern.
5. Explore the different mapping technology to solve problem.

6. Develop a system to store and display stored maps.

1.3Thesis structure

There are six chapters in the thesis.

Chapter oneintroduces the thesis in general, and describeblgro statement and
explains the study area.

Chapter twodeals with theoretical background about irrigatiater requirement
especially evapotranspiration. This chapter alszulees theoretical background of web
mapping technologies, open standard specificabpan standard software, components
of mapping technology and concept of geo-visuabrat

In chapter threeprovides general description of software usethis thesis work. This
chapter also describes features of software antemgntation strategy of the software.
Chapter fourdescribes the materials used in the work, datacesurand requirement
analysis of the prototype. This also describes odlogy used in the implementation
of the prototype, including web map design, anioratind storing map in server.
Chapter fiveprovidesthe implementation results and shows the interfateseb and
animation.

Chapter Sixdescribes limitations and further developmenhefsystem.

Finally the conclusion of the thesis is describethie last chapter.

1.4 Study Area Description

The study area, Alentejo region, is situated saitRPortugal between Tejo River and
Algarve Region in the south of Portugal. The ae®ounded with Spain in the east,
with Atlantic Ocean in the west and Algarve regionthe south. The area was



considered as bread basket of Portugal due to xtengive farming and cereal
production. The economic indicators are below tloetdgal averages and population
density is low. Agriculture is important to the i@gal economy and employment but
available water resources are scarce and the ltaimia a significant spatial and
temporal variability (Fragoso and Lucas, 2009).Ttegion is famous for its wheat
fields, cork and olive plantation. Other major gqmoduced in this region are maize,

potatoes, rice vine tomatoesinflower,andmelon(Sen, 2004).

The study area was selected where The Irrigatioohi@ogy Center (COTR) is
working in irrigation management. The potentialaac®nsists of about 150000 hectors
of irrigated land (Maia, Neto et al, 2007).

Figure 1 Study Area (Alentejo, Portugal)

The climate is Mediterranean semi-arid and dry waiteanic influences, showing big
variation between summer and winter (Frances’, 2008iring June and September
temperature is warm and dry whereas during OctabdrMarch 75% rainfall occurs.

Rainfall regime is highly irregular, with some temtial events (Cortez, 2004). The



significant amount of rainfall in the winter andrigig there is excess of water for winter
crops (Sen, 2004)

1.5SAGRA Network

The SAGRA (Sistema Agrometeoroldgico para a GedédRega no Alentejo) project is
conducted by COTR since 2001 which currently cadssisf 14 automatic agro
metrological stations and a hub located in Bejdtsofi Portugal. The table 1 and Fig. 4
show the station number, location and name of tdgoss. By using these weather data
referenceevapotranspiration (ETo) is determingdOTR, 2009).

Station No | Latitude Longitude| Name
1001| -8.2664 38.045| Ferreira do Alentejo
1002| -7.2675| 38.0875| Moura
1003| -7.0989| 38.9156| Elvas
1004 | -7.6278| 38.5281| Redondo
1005| -8.1903| 37.9714 Aljustrel
1006| -8.3458| 37.9289| Alvalade
1007| -7.585| 38.0375 | Beja
1008| -7.9361| 38.7378| Evora
1009| -8.7533| 37.5017| Odemira
1011| -8.1256| 38.3608| Viana
1012| -7.5969| 38.8722| Estremoz
1013| -8.0765 37.75| Castro Verde
1014| -7.7931| 38.1769| Vidigueira
1102| -7.5508| 37.9683| Serpa

Table 1 Weather station number, location and Name




Figure 2 Weather stations and locations

The COTR is involved in irrigation management ams$ponsible for making the
available tools through the Web irrigation managetnusing the information network of
SAGRA, according to the databases of soils andsctiogit the COTR has developed and
managed. In addition to this activity it has beemvming the SMS service, to
disseminate information through the network of ssar order to obtain a wider scope,
taking advantage of the wide diffusion of mobile([@)2010).
The main objectives of SAGRA network are

Provide users more real data to enable them taupeothore efficiently with less

water consumption.

Use of water for agriculture by reducing effort foore efficient irrigation

Reduce the consumption of energy used in pumpiiggation



=

Figure 3 Decision Support System scheme(Maia et Z005)

Fig 4 shows the overall decision system of SAGRAvoeK.

According to activities plan 2010 other activitmmnducted by SAGRA are

1) Prepare agro meteorological information and supfmothe farmer's decision on the
various services, including: irrigation managemerap protection, etc;

2) Ensure the quality of information available tigh the maintenance of
Meteorological Network.

3) Determine the evaporation of the main cropshef areas of influence of climate
zones and validate the crop coefficients of thenncedps;

4) Implement programs and manage on the WEB allgwhe development of irrigation

schedules.



5) Cooperate in providing support services to thigation management to individual
farmers Private, covering various cultures (vindgarolive and tomato), with
elaboration of management reports customized wegaeveekly during the irrigation.

6) Calibrating ETo estimated by the Hargreaves otktor plants

Figure 4. Interface of SAGRA web page

As mentioned earlier, SAGRA network currently catsiof 14 weather stations that
collect weather information for calculating cropteraneeds. This information is used to
provide agro meteorological information and suppibe farmer's decision on their
irrigation and crop scheduling. Fig 5 shows inteefaf the website.



2. Theoretical Framework

2.1 Irrigation management

An efficient water management, not only allows figant savings in costs of irrigation,
but also an effective control on the quality of gwots, which can have obvious

consequences on income operation and reducinghthemental impact of irrigation.

The irrigation management for agricultural prodoetin water scarcity regions requires
innovative and sustainable research, and an apatepransfer of technologi€Bereira
et al, 2002)Irrigation management is a key to efficient andeliyrwater distribution in
canal command areas keeping in view the crop factond for irrigation management
adequate and always updated information regardiegirrigation system is needed
(Pervej, 2004). Crop water requirement is deterchiog calculating evapotranspiration

of the crop using method recommended by FAO.

With the development of the irrigation technologigbe irrigation management
methodology also changes accordingly. An efficiwater management, not only saves
significant cost, time and resource on irrigatian &lso provide effective quality control
of the product reducing significant savings in caigtgation management is considered

core activity to reduce the amount of water consiiongn agriculture.

One example of the attempts to build weather mapadriculture was implemented by
Northern Colorado Water Conservancy District (NCWGD Colorado, USA. The
district is a public agency and provides water dgriculture, domestic and industrial

uses in north-eastern Colorado. Twenty three auxshmaeather station sites provide



weather parameters to calculate evapotranspirdtiorcrops. The ET data is used to
conserve water used for irrigation. Every day theather maps of previous day are
updated. The maps for temperature, precipitatiadiation and humidity are displayed

in static and less interactive way

Figure 5 Weather map for North-eastern Colorado, CWCD

Similarly, California irrigation management infortin system (CIMIS) which is

conducted by California Department of water resesirconsists of 130 automatic
weather stations and these weather stations proved¢her data on daily basis. Using
these data ETo and solar radiation maps are prddacé published in their web page

http://www.cimis.water.ca.gov/cimis/cimiSatOvervigsp.
2.1.1 Evapotranspiration

From the literature, Estimation of the water reguoent is a key part of design and

operation of agricultural water resource systemso(¥t al, 2008). The ET information



must be adjusted to correspond to the crop ancAt#inkET is a combination of the wa
evaporated from the soiigace and transpired through the plant (MAOFF B@)1)

evapotransoiration =
transpirat or + evagoration

-

transpiration

AH 4

trees crass

-,

groundwater ",
recharge

Figure 6 Conceptual diagram evapotranspiration, runoff and recharge proces'.

Figure 7 Elements for Evapotranspiration (MOAFF, BC)

1 http://en.wikipedia.org/wiki/File: Surface_water_tgsvc



2.2.2 Reference crop evapotranspiration (ETo)

According to FAO Irrigation and Drainage paper-8& evapotranspiration rate from a
reference surface, not short of water, is calledréfierence crop evapotranspiration or reference
evapotranspiration and is denoted as ETo. Theenetersurface is a hypothetical grass reference

crop with specific characteristics.
2. 2.3 Crop Water Use

The estimation of consumptive use for irrigatedpsrds determined by the crop
coefficient-reference evapotranspiration procedys@o et al, 2008 Reference
evapotranspiration (ETo) is computed for a hypathétreference crop according to the
FAO paper no. 56 methodology (Allen et al., 1998p as then multiplied by an
empirical crop coefficient (Kc) to produce an estimof crop evapotranspiration (ETc).
Crop water use is directly related to ET. The csopater use can be determined by
multiplying the reference ETo by a crop coeffici€Kt). The crop coefficient adjusts
the calculated reference ETo to obtain the crope@vanspiration Etc (yoo and et al,
2008). Different crops will have a different cropetficient and resulting water use.
(MOAFF, 2001)

ETc =ETo x Kc

Where ETo = calculated reference ET for grass (mm)

Kc = crop coefficient

ETc = crop evapotranspiration or crop water use Ymm

2.2.4 FAO Penman-Monteith Equation

A series of researches were conducted by the FAQ990 to review the FAO
methodologies on crop water requirements to adeicethe revision and update of
procedures (Allen and et.al, 1998). The equatiorkio recommended by FAO-PM is:



Where,
ETo- reference evapotranspiration [mm day-1],

Rn -net radiation at the crop surface [MJ m-2 dhy-1

G -soil heat flux density [MJ m-2 day-1],

ea- actual vapour pressure [kPa],

T -mean daily air temperature at 2 m height [°C],

U2- wind speed at 2 m height [m s-1],

es- Saturation vapours pressure [kPa],

es - ea saturation vapour pressure deficit [kPa],
-slope vapour pressure curve [kPa °C-1],

y-psychrometric constant [kPa °C-1].

2.3 GIS and web Mapping

GIS has capabilities to integrate database, statjsemote sensing, maps with advance
graphics for visualization and analysis. Spatidhdase such as soil, rainfall, geology,
land use, transportation, topography, demography &ocioeconomic can be
implemented for better decisions in resource oilifi@s planning and management.
With its powerful capacity for management and asialpf spatial data, GIS becomes an
important tool in irrigation management (Lin et2004).

2.3.1 Web Mapping

Web GIS is the process of designing, implementiygmerating and delivering maps on
the World Wide Web (Wikipedia, 2010). Web mapplogks similar with web GIS but
web GIS deals with processing of geo-data basedyss, exploratory issueXi@aak,
2004) The web mapping basically deals with technicaliés, web based cartography
theory issues social issues and usability of mhps. the presentation media for web

maps and gaining more analytical capabilities.



GIS integrates and relates data with spatial cormpband supports users to view in
proper format which supports in making complex spakecisions through visualization,
interactive modelling and analysis environmentsS @& thus far utilized to help with
perception and understanding of spatially disteduphenomena in many areas of
decision making and evaluating problems (Sakamaotb Fukui 2004). Generally GIS
systems were considered as monolithic and platidependent applications (Wong et
al., 2002). The development and rapid growth of wet web based application created
a new platform for traditional GIS to grow and smteUnfortunately, not everyone has
access to GIS, nor would be able to spend timessacg to use it effectively. Web GIS
became a cheap and easy way of disseminating gedspata and processing tools
(Alesheikh et al, 2002). Web GIS have the higheshlper of users, although typically
Internet users focus on simple display and quesista(Goodchild et al, 2005). The
capability of Web GIS for interacting dynamicallydistributed environment from cross
platform to client/ server computing system madmate interesting to develop and use

for accessing spatial information.

The major development of cartography is using wela alistribution medium. By the
means of web, now it has opened the possibilitthef availability of real-time maps,
cheaper maps sharing, more frequently updated asgatources and cheaper software
and hardware requirement. There are some probleoh difficulties for fully
development of web mapping. Some technical diffieal such as bandwidth, lower
resolution of image are common. Reliability issaesl security issues are limited the

expansion of web mapping.

The development of web cartography and GIS is staadcompare to web technologies.
Web 2.0, a new generation of Internet servicestadknology (Deshpande et al, 2006),
support user interaction significantly. This evaat leads GIS away from data
browsing, analyzing and managing for individual idems, and more towards group
participating and communicating on social decisgsues (Carver 1999). As Craig et al.
(1999) describe the Public Participation GIS piphes as accessibility, understand



ability, and accountability, Web GIS continues taw attention as a public participation
tool (Sakamoto et al 2004).

Nowadays, Google Maps, Google Earth, OpenStreet, Mapoo Maps, Microsoft's
Live Search Maps and other many commercial as aglhon-commercial applications
provide many kinds of geographical related infoliorasuch as detailed maps, satellite
images and terrain maps covering all over the wamd allow users to use their
APls.(Zhelu, 2009).

2.3.2 Advantages of web mapping

Web mapping improves communication with the usens wnderstand maps and it the
easiest way to improve the internal and externairmanication (Stachowicz , 2004). In
distributed and heterogeneous network environm@ats GIS provides interoperability,
reusability, and flexibility (Tsou et al, 2002). &lclients or users are free to use the
stored large amount of data. It reduces the maoblem of database collection and

searching.



2.4 Components of Web Mapping

Figure 8 Components of Web Mapping,(Crocker Farallm Geographics.)

2.4.1Presentation tier:

The presentation tier contains number of cliené gdvironments. This side takes input
from the user and responsible for displaying m#pacludes no of web browsers linked
with World.

Web browser is presentation tier of the web mappnafpitecture which involves mainly
for finding the right web page and then making seufsits content (Dzbor et al., 2003).
Uniform Resource Identifier identifies the infornwett resource and may be a web page,

image, video, or other piece of content (lan e2@Q4).

Document Object Model support — According to WoNide Web consortium (W3C)
DOM is a language —neutral interface which allowsgpams and scripts to dynamically
access and update. It takes properties of everg nbdlocument tree and then allows

deleting node, inserting new node, reordering egithodes and changing previous



nodes. Google Maps, yahoo and Microsoft live atiteoweb mapping sites apply a
combination of Ajax, DHTML and SVG.

Scalable Vector Graphics support or image suppdlV& integrates raster graphics,
vector graphics, and the text. SVG supports, sogpand XML extension, animation,
interactivity, mechanisms. SVG is ahead in prowdihigh quality and providing

interactive maps. SVG is supported most of thentkede browsers nowadays.

2.4.2 Logic tier:

Logic tier of consist web server, application casel webGIS server. Web server takes
user request and transfer output map result telitbets. Users request information is
transfer to application code where the request s&r us compiled, detects the user
required information and sends the information te tmap server. The map server
detects which map is requested and sends informadidata base. After receiving map
data from data base server the map is processeatingzdorocessing on map and

generating output map are done this tier. Outpupsrare sending to the client web

browser through the internet.

Web servers connect different software componentis web server and a scripting
language. Web server applications can communitativh the API of a GIS, web
server and with the spatial database of other egpdins. These Web servers are also
very useful when we are developing complex web radpgpplications, real time web
maps or Web GIS.

2.4.3 Data base tier:

GIS and geospatial data are growing in importamcettie Community, because they
allow users to examine new types of informationeéw ways (Meyer, 2004). This tier is
responsible for keeping map data in organized wRelational database model is
responsible for making relational database tabteefficient retrieval of data. It sends

and receives instruction and information throughpsnaerver and application code



compiling centre. Map file stores the whole mapaitile which is accessed by map

server.

The figure 10 shows the web GIS architecture coimgdVeb GIS portal to geodata
through internet in standard HTTP protocol usingS\é#nd WMS.

Figure 9 Schematic view of an overall WebGIS architcture ( Milosavljevi , et al )

2. 5 Available Web Mapping Technologies

Web mapping being one of the newest fields in Gaglgic Information system different
software and technologies are being developed th bommercial as well as open
source For Commercial purposes commercial companies dpvelbich are well
documented may contain advance features but the for that technology is high while
open source system is developed by communitiescandoe used free of charge but
they may contain poor documentation but open sasystgem is developing rapidly with
the involvement of large no of peoples. The magahhologies involved in the realm of

web mapping today are (Detwiler et al, 2009)

Commercial: ArcGIS Server by Environmental Research InstituESRI),
GeoMedia WebMap by Intergraph, MapXtreme by Maplafa MapGuide by



Autodesk.
Open source:GeoServer, MapServer, OpenlLayers , Scaleable ¥€&etphics

(SVG), Adobe Flex (actually part open, part prefary).

Public APIs: Google Maps, Yahoo! Maps, Microsoft Virtual EartAD,
MapQuest's OpenAPI.

Globes: Google Earth, Microsoft Virtual Earth (3D), ArcGExplorer, NASA
WorldWind

2. 6 Web technologies for web-based GIS

These open source software and tools was use@pang web based GIS.

2.6.1 Web server

A web server accepts HTTP requests and servesotitents web pages to the client in
the form of text, image, style sheet and scriptser€ are different types of web server
developed by different companies like IS by Miafis Apache Tomcat, Sun Java
system web server etc but Apache Tomcat is pojpuidmvidely used.

The figure 11 shows typical client server architeetwith their role with browser as

client.

Figure 10 client Server Architecture, (Source: Webdvelopersnotes website, 2010)



HTTP clients use the TCP transport protocol to acint¥Web servers and request content.
The client opens a TCP connection to the servet,taamsmits a HTTP request header

that specifies the requested content.

The main task in the server is virtual hosting adny websites using IP, store large
amount of data, run server side scripting to gdarettgnamic pages and limit the speed
of responses to server more clients. The Web seiplay a key role in satisfying the

needs of a large and growing community of Web u@easet al, 1999).

2.6.2 Scripting language and JavaScript

A scripting language allows controlling one or ma@tware application. Scripts are
different from core programming language often rpteted from source code and
embedded in other applications. In web based agplit scripts are embedded in
HTML code. Clint side scripting are executed irentiside by web browsers whereas
server side scripting the scripts runs on senae sr application servers. The popular
server side scripts are PHP, ASP and JSP. Japt®ca client side object oriented
scripting language is popular for developing clisitte application. It is developed by
Netscape in 1995 and closely related with Javararoming language and influenced
with other programming languages but easier tonaiog It is dynamic, prototype based,

weakly typed scripting language with first clasadtions.

2.6.3 Application Programming Interface

Application Programming Interface (API) which cdhd#es a language and message
format is set of data structures, routines or mwi® used by an application to
communicate with other control program, communaragprotocol or operating system.
Almost every application depends on the APIs of uheerlying operating system to
perform such basic functions as accessing thesyisgem( Orenstein , 2000) APIs are

implemented by writing function calls in the prograwhich provide the linkage to the



required subroutine for execution. An API entgi®gram module in computer to
perform the operation or links to the existing prog to perform the tasks

Based on function and interaction the API alsoedsfin the implementation in that
environment. Generic APIs are full set of APIsluled in library of programming
languages. These API interacts with operating aysBBMS and other applications and
facilitate interaction between users and the coergut Specific APl only addresses
defined specific problems like yahoo API, Googlel ARRnguage specific APl operate
in a specific language using syntax and componahtisat language where as language
independent APIs can operate in different appliceand programmintgnguage. This

feature of language independent APIs is requiratlife of service oriented API which doesn’t

limit on specific system, process or platform asdful for web services.

The API itself is largely abstract in that it sgexs an interface and the behaviour of the
objects specified in that interface. The APl acrangnay sometimes be used as a
reference not only to the full interface but alsoat single function or even a set of
multiple APIs provided by an organization. Thus fitepe is usually determined by the
person or document that communicates the informat@ased on the API documents,
the user could learn and combine exist functionshm application more easily and

efficiently.

2.7 Open Source and Open Standards

The OGC was founded in 1994 as an internationalintaty consensus standards
organization for geospatial data and web serviddew The OGC has more than 395
organizations specifically from government, Acadgnmdustry, non-profit and research
organizations (Openspatial, 2010). The Consortiuas iounded for providing open

specifications at free of charge to acquire andtfgslement, thus provides standards-
based interfaces for geographical data discovexyess, manipulate, Visualization and

processing. The open specification provides infdionaabout a given specification as

http:/iwww.pcmag.com/encyclopedia_term/0,2542 tiapfion+programming+interface&i=37856,00.asp



well as specific programming rules and advice faplementing the interfaces and/or
protocols that enable interoperability betweeneayst (Sanchez et al, 2007).

The OGC leverages existing efforts from other séagsl organizations such as the W3C,
ISO, and the Organization for the Advancement otiGured Information Standards
(OASIS), and builds upon them in reference to thetial data domairKgalidis, 2008).
OGC standards depend on a generalized architecaptired in a set of documents
collectively called thé\bstract Specificatignwhich describes a basic the data model for
representing geographic featutes

The members of abstract specification are devefp@nd growing the number of
specification and provides the reference modelifgolementation of the consortium
specification. According to Kottman the main areesvered by the Abstract
Specification include (Kottman, 1999 and Kralidd908).

 Spatial Referencing by Coordinates

» Feature Geometry

* Features

*The Coverage Type

* Relationships between Features

* Feature Collections

» The OpenGIS Service Architecture

The OGC has an advanced and progressive develogmecess for its specification
which requires common consensus between specifi&img group members. These
specifications developed, tested in OGC testingrenments called “testbeds, and pilot
project. Typical specification development takescpl by defining, adopting, and
publishing the specification document for vendonsl athers to implement(alidis,
2008).

http://en.wikipedia.org/wiki/Open_Geospatial_Corigon



2.7.1 Open specifications standards

WMSA Web Map Service (WMS) is a standard protooolderving geo-referenced map
images over the Internet that are generated by @ s®ver using data from

a GIS database (Openspatial, 2009). The WMS cantaHTTP interface for requesting
geo registered maps from different distributed basas. A WMS senda request to
server defining map layer and area of intereshénlayer to be processed. The response
to the request is one is generally rendered inctopal format such as PNG, GIF or
JPEG, or occasionally as vector-based graphicaheziés in Scalable Vector Graphics
(SVG) or Web Computer Graphics Metafile (WebCGMinfats (OGC, 2002) which

can be displayed in browser.

WMS specifies different request types, out of whieb are used by any WMS server

GetCapabilities - returns parameters about WMSiegnsuch as image formats
which it can serve and provides the lists of onenore map layers available in the

service.
GetMap - with parameters provided its requestsrmstia map from the server.

Clients are allowed to specify reference systeryeri® geographic area and other

parameters.

Some other supported Request types that WMS pnevidelude:

GetFeaturelnfo
GetLegendGraphic
DescribeLayer

Web Feature Service: The OGC WFS defines interfafies data access and
manipulation operations on geographic features gudHiT TP as the distributed
computing platform. This standard specifies openstto retrieve a description of the
maps offered by a service instance, to retrieveap,nand to query a server about

features displayed on a map (Hampe et al., 200&a Bhanipulation operations include



the ability to create, update, and query and dedptgial and non-spatial features. The
user generates the request and sends it to a W& sising HTTP. The WFS server
then executes the request. Two encoding definedVie® operations GET and POST.
The figure 11 shows the relationship between dfiespecifications defined by OGC.

Figure 11 Relationship between clients/servers and some OGQCqtocols*

A WMS request defines the geographic layer(s) ard af interest to be processed. The

response to the request is one or more geo-registeap images (returned as JPEG,

(Source: http://en.wikipedia.org/wiki/Open_GeosmatConsortium Retrieved February 5, 2010)



PNG, etc) that can be displayed in a browser agiptic (Openspatial, 2010). The
interface also supports the ability to specify vieetthe returned images should be
transparent so that layers from multiple servers lma combined or not. Therefore, it
allows for a smooth integration of different (rastg vector) maps in web mapping
applications over the Internet (Schitze 2007).

The publishing way of traditional WebGIS includester-map mode and vector-map
mode. Recently, with the increasing popularity dbbgl on-line web mapping
applications (e.g. Google Maps, Microsoft Virtuarth, Yahoo Maps), the raster Tile-
Map mode replaces vector map gradually. A tile eactervice has a set of map images
that have been pre-rendered for rapid display (@eitnal, 2008). Map tiles are a set of
map images that have been pre-generated basedaogmapkic vector data and the
adoption of tile-map technique in the developedtesysdramatically decreases the
loading time consumed for high quality image vigatlons (Haiting etl, 2009). Map
tiles are extremely efficient and capable of rugniarge images over the internet. In

Google maps commonly have zero to twenty pyramjdriacovering entire globe.

2.8 Geovisualization

Geographic visualization(Geovisualization) is altaod a technique which supports
spatial data using interactive visualization ineash related field which integrates
disciplines such as computer science, human-commitraction design, cartography,
cognitive sciences, graphical statistics, dataalization, information visualization and
image analysis (Dykes et al, 2005). It builds om ektablished tenets of map production
and display (Goodchild et al, 2005).

Closely related with other fields of scientific uadization (MacEachren, and Kraak,
1997) and information visualization (Stuart et &P99), Geographic visualization
focuses on knowledge construction through knowledgerage and knowledge

transmission (MacEachren, and Kraak, 1997). Tomaptish this, geovisualization



communicates with spatial information and combingth human vision and domain
expertise, which allow data exploration and suppedision-making processes (Jiang et
al. 2005 and MacEachren, 2004).

Static maps have a limited exploratory capabilityiler the animated maps spans the
spectrum of disseminating spatial knowledge to @evaudience to data exploration for
knowledge discovery by experts( Harrower, M., 2088ample of such animations are
weather maps animation in television. It also vaiomore interactive options like

changing visual appearance, zooming in or out aqudoees more layers (Jiang et al.
2003). Geovisualization characterizes a further improvemercartography that takes

advantage of the modern computers power to rerfgarges to a map, allowing users to

adjust the mapped data on the fly (MacEachren aadk§ 1997).

Owing to its roots from cartography, geovisualiaatisupports to visualize other non-
geographic attributes from other fields by the wshyhe map metaphor in the domains

of information and knowledge visualization (Jiangd et al. 2005).



3 .Applications used for implementation

3.1 Openlayers

Openlayers is an OSGeo supported project and wiarksowser (JavaScript/AJAX)
application for accessing and displaying map tifeafures and markers from different
and wide range of data sources. Open source Japtfdmary is released under a BSD-
style License for displaying a dynamic map in welowsers and provides the
functionality of managing and manipulating datahie browser. It is open source hence
it can be used for re-development, re-use, and tuqgdalt supports different data
formats and web services which includes Keyhole Kdar Language (KML),
Geography Mark-up Language(GML), WMS/WFS Servicedeb Map/Feature
Services, Representational State Transfer reqiEs®Y), Geographic JavaScript Object
(GeoJSON), GeoRSS, TileCache web accessible cactte®ther many commercial
and free web map services like Google maps, Yahtags , Microsoft bing map, World
Wind, etc. OpenLayers allows using JavaScript $pldy feature information on a map.
This feature information might come directly fronJé or GeoJSON feed, or it might

originate from a GML or KML data source (Ganesai()9

3.2 PostGIS

PostGIS isn't only a geographic data storage eixten$#t has capabilities from other
projects that allow it to manipulate geographicadditectly in the database. The ability
to manipulate data using simple SQL sets it ahéadamy commercial alternatives that
act only as proprietary data stores. Their geodcaghta is encoded so that only their

proprietary tools can access and manipulate tree(dgter, 2005).

PostGIS is popularly used in map data storage aadipulation. It is ideal for multi
tasking applications for accessing information dtameously. Other GIS application



and mapping tools can interact with PostGIS. GeaBeaises the OGC Transactio
WEFS (WFST) standard for accessing PostGIS and other formAt®ostGIS functiol

also retuns Scalable Vector Graphics (SVG) formi

A PostGIS spatial include many of the functionsikimo normal databases like usi
SQL commands to accessing data. It also include®tstGIS geometry data which -
used to create, manipulate and summ new spatial data. MankostGIS function
allow for a range of manipulation as well as cosi@r into different data types (Tyle
2005).

3.3 GeoServer

GeoServer is a Javaased server that allows users to view and edisgm@l data
Implementing the WelMap Service (WMSytandard, GeoServer can create maps

variety of output format Openlayers a free mapping library, is integrated i
GeoServer, making map generation quick and easyS&wer is built 0 Geo-tools, an
open source Java GIS téitl(Geoserver, 2010). There is much more to GeaSehan
nicely styled maps, though. GeoServer also confottnghe Web Featur: Service
(WFS)standard, which permits the actual sharing andngddf the data that is used

generate the maps. Othern incorporate your data into their websites andiegitons,

freeing your data angermitting greater transparen(Geoserver, 2010)

Figure 12 Geoserve services architecture (Source www.geoserver.org)



GeoServer is the reference Implementation of th&S\WRd WCS standards, as well as a
high performance certified compliant WMS. GeoSeilfieems a core component of the
Geospatial Web. Compared to the MapServer, GeoSaygports the most of GIS
functions rather than only publish spatial datagldh2009).

3.3.1 Configuration Design of Geoserver

The Web Based Configuration Design provides a ser@ design goals
for updating the GeoServer Configuration SystemidWIseparate the Configuration
Model from the GeoServer Application, Build a S¢rutVeb Interface against the
Configuration Model, allow XML persistence of the e&@erver Application
Configuration state, Maintain the existing configiion file format To meet these

requirements, Layered Architecture was proposegufei 14).

Figure 13 Geoserver Layer Diagram(source, geoserverg,2010)



Figure 14 Interface flow Diagram

3.4 uDig

uDig is a Desktop GIS software produced by comitgu Canadian-based consulting
company called Refractions Research is taking respoity of development. It is
written in java based on Eclipse Rich Client tedbgyg and released under GNU Lesser
General Public License. It is user friendly andetnet oriented consuming standard
WMS, WFS, WCS, KML, GeoRSS and tiles for geospatiab services (Refractions,
2009). It supports PostGIS, ESRI shape file native

According to refraction .net, the developer of soéware, the aim of the udig is to

provide a complete Java solution for desktop GI& dacess, editing, and viewing.

User friendly environment

Desktop located running in all operating systemiremvnent

Internet oriented operation supporting most ofdbeponents of web
GIS.

Beside these, following software or applicatiors ased for their respective purposes.

Openjump

ArcMap 9.3.1

Adobe Action script 3.0(Flash)
Google Earth

Tilecache

Surfer (Golden Software Inc.)
PHP

WAMP server



4. Materials and Methods Used

This chapter provides general information abouthmés and material used in the thesis.

4.1 Data used

Input data Description Source

Boundary map Carta Administrativa Instituto Geografico
Oficial Portugués.
de Portugal (CAOP)

Weather station data Weather data www.cotr.pt

Table 2 Data Used

The weather data from weather stations are puldistegularly on the website
www.cotr.pt/sagra. Minimum temperature, maximum genature, average temperature,
solar radiation, average grass temp, precipitatiod calculated ETO are published
which are required to determine the crop water na&@ather data were collected from
the website.

From Carta Administrativa Oficial de Portugal (CRDthe boundary of study area is

selected.

4.2 Requirement analysis

The primary objective of developing web map is igualize weather information which
is responsible for crop water requirements. Tentpega solar radiation, relative
humidity, precipitation are selected as primary ponents responsible for crop water
needs. From these values evapotranspiration amdergfe evapotranspiration can be
calculated from equation recommended by FAO. Dmirb weather maps based on
daily weather data requires frequent update andlinot be useful for decision making

process as well. Weekly, monthly or annual maps$ kel more useful for deciding



irrigation and irrigation planning. To meet thisqguerement, average weather values
were calculated from daily weather information foaking weather maps. It should
contain basic map components to operate and ieterpo visualize and analyze the
trend of changing weather parameters and evapgiratisn animated maps will be
very helpful. Monthly average weather data forry2@08 and 2009 were selected to
animate weather maps which should contain basi¢raofunctions to display maps
interactively. Another requirement is to store ohéps so that they can be retrieved
later. To fulfil the requirement a web map datdegglhas to be created where user can

easily store maps and access easily.

4.3 Data processing

The weather station data are produced on a dadig laad it is inconvenient to produce
maps by daily updated data as it is not automa@te data are averaged on a weekly,
monthly and yearly basis and merged in one shemtarwng all weather points.
Precipitation, mean temperature, solar radiatiomasg temperature, reference
evapotranspiration ETO are selected for this pcElse entire database was more than
67 MB containing daily weather information from 200

4.4 Making weather Maps

The boundary of study area was identified and eckttie boundary map from tkkape

file CartaAdministrativa Oficial de Portugal (CAOP) versiaf08.1 which was obtained
from Instituto Geogréafico Portugués (www.igeo.pthe weather station points are
converted to point shape file. The boundary, watedy, and point shape files are
loaded into PostGIS database using Openjump. Thkbhape files are loaded and
configured in Geoserver. But the Geoserver dodsave feature of geo-processing like
kriging interpolating of point data value over tharface. According to Wolf and et al.
(2009) Kriging is intensive processes currently rasailable in Geoserver. Web

processing service (WPS) is expected to solve phablem. The WPS module is



currently under development and not supported at gfathe standard GeoServer
configuration (Geoserver, 2010). The SLD scriplingted to basic functionality only
not for spatial interpolation like kriging.

For making interpolated weather map of evapotraaspn, precipitation, relative
humidity, temperature, grass temperature and sathation Geostatistical extension of
ArcGIS 9.3.1 and surfer from Golden software aredut develop interpolated maps.
While exporting to vector format it only stores tlweunter or filled counter but
predefined colour and respective value will be.l0athereas the raster format preserves
coordinate system of the area only in Geotiff farmsing ‘world file’. This procedure is
repeated for all weather parameters.

4.5 Configuring Geoserver
To serve map data to the internet we need tolirG&mServer on a server connected to

the Internet or localhost. It requires web servsajtware like Apache web server.

Beside this Geoserver also requires more other ooegs.

1. Servlet engine. A servlet engine called Jeitlwhomes with Geoserver. There is
another popular servlet engine called Tomcat.
2. A Java development kit (JDK). To install the Gewer Java development Kit is
required. We can download from Sun Microsystemslyre
GeoServer has a web interface where we can cogefidata. In this web development
process Geoserver is installed in localhost. THaulieservlet port used by Geoserver is
8080.



The information flow in Geoserver is shown in tigufe 16.

Figure 15. Information flow diagram in GeoServer( (Source: Refraction Inc, 2010)
4.5.1 Adding data to PostGIS table

Loading data to PostGIS can be done by two methods

1. Using Loader utility: the shp2pgsql command of BdStcan be used to convert
shape file data into SQL format. The Command usecbtvert shapefile to sql

file is as follows

shp2pgsql file.shp table_name > file.sql
Loading data in PostGIS

psqgl —u username —d dbname —f file.sql



Change SRID
Select updategeometrysrid(‘table name ', 'tem_<aodw_srid>);

2. Another way to convert shape file to SQL is usinge@ump. It is also open
source software can be freely downloaded. Usingn{dpgp shape file is
converted to SQL by loading shapefile file> Loadladats from file and selecting
the required shape file. Then the SRID (SpatialeRefce System Identifier) is
defined as 4326.

4.5.2 Adding Data to GeoServer:

New data can be added in Geoserver using confitgsttae>New. Geoserver generally
takes shape files as input. In new feature dataedetted PostGIS as new feature dataset
description. Feature data set ID is given to trepstile. In new Feature Data Set Editor
Panel, name space is defined as TOPP. Loadingatsefbm database, localhost was
defined as host port 5432 which is the default pénpostgreSQL. To define the new
feature type, new feature type as polygon was ddfin config>data>featuretype>new.
New SLD is created to the datasets. The main perodisplay overlay maps in Google
maps or Bing maps so the SRS is defined as 43265Rt& WKT (Spatial reference
system well known text) is shows the projection @odrdinate of the data sets. By
selecting bounding box it generate the minimum @adimum longitude and latitude of
the data. Completing this configuration step datbbe stored in Geoserver.

In this application most of the maps are creatadgusterpolation in ArcGIS, exporting
interpolated maps into shape file loose predefio@dur and output will not represent
the actual map. To solve this interpolated mapsapsrted into GeoTiff format which
preserve the projection co-ordinate system of tlagpsn The configuration of Geotiff
images is different from the shape files in GeoserGeoserver WCS coverage is used
to store coverage information of raster image fil€ke raster images are saved in

geoserver_install/data_dir/coverages/ directorygeecer installation directory.

‘Coveragestore’ of Geoserver a new coverage daie dagged image file format

(GeoTIFF) with Geographic coordinates was seleutitd a required coverage data set



ID. To create coverage of the Geotiff image thdestaster is selected in coverage
editor. The SRS and the bounding box parametersaafegured for raster image.

Geoserver creates KML file which is modified to raate point location and
corresponding value with time using time stamp. WML script can also shows
weather information with time. It can be viewedstandard Google Earth with changing

weather values with time.

4.6 Working with open layers

Openlayers is a Java script library and HTML isduse develop web interface and
connect WMS and WCS. GeoServer is connected to [@pens client and CSS defined
for the page to display in browser. Shape file @ftew body, boundary and point are
loaded from database which can be fetched by Geeféo Openlayers. Weather
station points were also determined giving longgtuahd latitude which can show
weather parameters value when clicked. It can k#yeapdated and modified through
database meanwhile Openlayers also accepts maokds through standard text page
which can be changed without any knowledge of degatand GeoServer. All the WMS
layers were added to the map as overlay layer usig Base layer were reserved for
yahoo, Google, Bing, Openstreet maps and their Al added in using in the script.

Basic mapping components were added using

map.addControl(new OpenLayers.Control.PanZoomBar())
map.addControl(new OpenLayers.CortousePosition());
map.addControl(new OpenLayers.CortouseDefaults());
map.addControl(new OpenLayers.Cor{mtboardDefaults());



4.7 Tile cache

TileCache provides a Python-based WMS-C/TMS serwvath pluggable caching
mechanisms and rendering back ends. TileCacheresquirite access to a disk, the
ability to run Python CGI scripts, and a WMS todaehed. This creates local disk-based
cache of any WMS server, and use the result in\&WS-C supporting client, like
Openlayers, or any TMS supporting client. The TdeRe library can speed up access
WMS by factors of 10-100, or more (Metacarta, 2008)

GeoServer supports TileCache as a caching layeonh of the WMS. For non-dynamic
mapping data in GeoServer using it will help usmmnsexperience that comes close to

matching Google Maps in terms of responsivenessiaadility (Geoserver, 2010).

TileCache client supports multiple different rendgrbackend. Each rendering backend
also supports the ability to draw 'metatiles’, veharlarge tile is rendered (Metacarta,

2008) and then chopped into smaller tiles usingPytdon Imaging library or Maptiler.

MapServer -- render a tile using Python mapscript.
Mapnik -- render a tile using the mapnik Pythondumgs.
Cascading WMS -- fetch a tile from a remote WMS/mer
DiskCache -- Store files on disk.

MemoryCache

Tile cache’s configuration should do in ‘tilechg'cfile. Then customization of tile
cache in Geoserver and web client (Openlayer®gsired. | used Openlayers WMS for

displaying tiled maps.

4.7.1 Openlayers for Tiled map overlay

Openlayers can create TMS overlay using map tNégp tiling technique is initially
used by Google Map and becoming popular as itsgefdo display. Tiles are part of



map of equal size. For displaying map in Openlaykaga script API for standard
Google maps, Bing map and Openstreet map were tegpan Openlayers API
Openlayers.js. Boundary area for study area is nddfi as -12.2630619706,
35.394754657, 1.84357280352 and 41.0549698217ed®ia)j system is defined as
EPSG and 900913 new projection system for is défiae EPSG 4326 for WGS84.
Then after zoom level is fixed from minimum 2 toxmaum 9 level to display map,

mapping controls like layer switcher, zoom pan@n zoom bar are added.

Figure 16 part of code for accessing tiles from seer (prldal, 2008)



Figure 17 Tile Map cutter generated resource xml code

Figure 18 Map Tiles of Different Zoom level of study area

Figure 19shows map tiles from ‘diskcache’ for different zodewel. Same size cile

representslifferent size of area depending upon map zoor
4.8 Animating maps

Animation provides important information for analy®f temporal data. Sophisticat
animationfor weather is created bason repetitive collection ofveather parameter
Each key frame is loaded with one temporal inforamt precipitation
evapotranspiration and temperature maps and ctaudrddy Actionscript controlle

commands to display, smoothly in the brow:Adobe FlashActionscript 3.0 isused



which supports ArcGIS native maps directly for furtherogessing to disple
interactively Control commands like play, stcand start are added.

Figure 19 ETO maps in different months



5. Implementation and Results

The web interface contains main window, informatiasimndow, and legend and
information window panel. The left panel providekckable icons for different
parameters of weather. In Openlayers client we \danalize map in different base

layers, overlay the map, switching base maps, zogmi

Weather station information, description and défdrlayers of water body, boundary,
location, can be viewed by clicking the overlaydrs. Following figure 21 shows
weather station markers showing corresponding mébion which is visible on clicking

the checkbox of overlay.

Figure 20 Weather stations showing station informaon

Weather as well as evapotranspiration maps fromt@8s database which were
exported from ArcGIS shows only single colour camtor single colour shades and
didn’t provide appropriate information. Using uday,desktop application, the style of
the map was changed and displayed. Exporting ioketgd maps in raster format will

preserve the predefined colour and Geotiff rastesgrves the coordinate system. The



Geotiff images were tiled using automatic tile euttcript and displayed using tile cache
technique, which significantly improved the loadgrformance.

Figure 22 shows vector layer displaying the corgdior ETO, natively it just shows

simple contours only. Using udig it can be chanigéal filled contour map.



Figure 22 Web interface showing overlay with online base lays (Google, yahoo, virtual earth

Fig 23 shows the weather ap is overlaid with yahoo, Ggte, and Microsoft and Openstrt

maps. These give usdssee the required area with extra informatiomfiaverlaid layer:

This shows averadevapotranspiration higher near Beja area.

Figure 23 Average Evapotranspiration in Google maps



Animated weather map conta control icons stop, play and back. Figui5 shows
layout page of animation. Different animated mags be viewed by clicking labels
the top. It shows contour lines and filled contbies inside the study area. The leg
is fixed so that the chae in weather parameters can be compare betweesratit

maps at different time

Figure 24 Animation Page layout

5.1 Map Gallery

For analysis ofthe weather for decision making process old mapsraquired. T¢
address this requirement a web map galwas developed. Maps from last week
month or year provide useful informatidor analyzingthe weather and crop wat
requirementThe web maygallery isuser friendly the web map gallery is programr

in PHP and used WAMP server version 2 as web s

PHP code was written to web map gallery. For thraphics Draw (GLC library was

used with PHP to makthumbnail ofimages.GD is an open source library for t



creation of images by programmers which is wriiteiC. GD helped to create images
of different formats and size. A map upload pages &0 created so that users or
administrator could add maps .

This PHP script automatically creates its own thnaibto show the index of stored
maps. Small thumbnail of size 150 * 150 pixelesehows the index of map. The
number of thumbnail automatically updated accordmghe no of stored maps. Maps
can be sorted based on name, time of creationcae. be sorted in ascending or
descending order and old map and new map. Cligkinmmbnail will show the full map

with date of creation, description of the map whilvery helpful to know the map and

its information.

A map uploading interface was created, so nothagytb be configured to store map in
the server. Thumbnail will created automaticallyg amap will store in current directory.
We can change the map directory but default dirgcts ‘current map directory’.
Available map directories are displayed in therifiaige of the map. Figure 26 displays
the overall map index which are stored in the malfegy. Similarly the figure 27 shows

the selected map in full screen.

Figure 25 Map display interface



Figure 26 Full Map display interface

Fig 27 shows full image display with informationdste of cration and description of
the Map.



7. Limitations and Further Development

The development and visualization of weather mapg omplex process that requires
frequent update and the parameters change conslyuouSeveral locations with
changing parameter values make it more difficulje¢oeralize. For the use of irrigation
decision management maps can be produced on waekipnthly basis.

Development of interpolated maps using open sagotievare is more complex. Most of
the components supporting for geo-processing adenuatevelopment.

Software limitations: Web Processing Service is unsupported in Geosebugr
developing communities are trying to develop andynhe available soon. Web
processing service can be very useful to make weatfaps in real time environment.
Automatic weather stations provide weather pararsetgutomatically and web
processing component of web server can interpaaéz the boundary which can be
automatic without doing any manual updates.

Moreover, PostGIS is very useful extension of PeS@L for handling and processing
of spatial databaseoints, line, polygons, multi line strings multi lpgons and other
geometrical objectBut it does not support raster file like GeoTHue to this limitation
maps cannot be stored in database and access ma@@s client. This is the major
limitation of the PostGIS. Some attempts are gaingo make PostGIS to support raster

images and this limitation can be solved (postgis.2010).

Figure 28 WPS unsupported



8. Conclusion

The evolution of web and its rapid expansion inldst decades created a new platform
for information sharing with enormous potential apdssibilities and increased
efficiency and speed. Due to enhanced featurebarirgy, accessing and manipulation
Geographic Information System also started growingew platform through traditional
desktop application to web.

The spatial and temporal variability may create bppm to traditional Irrigation
management support system, GIS can be solutidmsmreégard. Integration of GIS with

web can be a good example of information sharirvésualization.

In this thesis work different methods of publishimgps over the web are implemented.
Average weather data are used to make web map wgieg source software and
specification. For this Geoserver and Openlayees umed while PostGIS is used as
database. Surfer and Adobe Flash with Actionscaifg used to make time series
monthly animated maps. These animated maps wilebg useful to analyze the change
pattern of weather. PHP with WAMP server is usedttmre and display maps. Tile
cache mapping is new in web mapping but it is beocgnmpopular due to its

responsiveness and usability.

However, web mapping applications are not well tgwed like desktop GIS
applications especially for interpolation of podf@ta. Research and developments are on

their way and will available soon.



Bibliographic References

Alesheikh, A. Helali, H. and Behroz, H.A. Web GE®02.Technologies and its
applications  Symposium on Geospatial theory, Ottawa Tabsversity of
technology pp 2-3

boutell.com, 2008 http://www.boutell.com/gd lastessed Feb. 19 2010

Cortez, R., 2004. Recharge assessment and growrdwatlelling of the Pisoes aquifer

(Beja -Portugal). Master thesis ITC, Enschede8¢p.

Carver, S.J. 1999. Developing Web-based GIS/MClprdwing access to data and
spatial decision support tools. A geographic infation sciences approach
Ashgate, New York, pp. 49-76.

Craig, W. Harris. T. Weiner, D. 1999. Empowermenarginalization and public
participation GIS.Report of Varenius Workshop, 1b-Qctober 1998, Santa
Barbara, NCGIA, pp 22-24.

Client_server_architecture

http://www.webdevelopersnotes.com/basics/clienvesearchitecture.php3

last accessed 15 Feb 2010

Detwiler J. and Dutton J. A., 2009 Introductiorvi®b Mappinge-Education Institute,

The Pennsylvania State University,

https://www.e-education.psu.edu/geog863/resougsd. html
Retrived in Feb 2 2010.

Dzbor M., Domingue J. and Motta E., 2003 Knowletifgdia Institute,The Open
University, Milton KeynedUK pp 1-3.

Drummond W. J. and French S. P. 2008 The Futu@ $fin Planning, Converging



Technologies and Diverging Interestdpurnal of the American Planning
Association74 (2), pp. 161

Dykes, j, MacEachren, A.M., Kraak M.J. 2005 ExpigriGeovisualization,
International cartographic Associatiofilsevier, Amsterdam) pp 3-4

Francés A. 2008 Spatio-temporal groundwater re@saagsessment: data-integration

and modelling approach, Master thesis ITC, Enschaolé

Fragoso, R., Lucas, M.R., 2009. Avaliacdo da coitipieiade da agricultura do
Alentejo no ambito do ecossistema Montaldeyista de Economia e Sociologia
Rural, 27 (1), pp 9- 26.

Ganesan C., 2009 Introduction to OpenLayers NC@iBferenceQpen Technology
Group, Inc, Morrisville USA pp. 2-10
Garg V. and Seth R., 2003. Designing Decision Safpgstems to aid Irrigation Water

Planning and Management in command areas, Map IWidbder & Power

Consultancy Services Gurgaon India pp 1-2

Greenwood Richard W., 2002 Using MapServer to Iratteglocal Government Spatial
Data, Greenwood mapping Inc. pp. 2

Goodchild, M. F. Longley, P. A. MaguirB.. J. Rhind Rhind D. W. 200&eographical
Information Systems and Scierdan Wiley & Sons Ltd, 2 ed. pp 291-292

Goodchild M. and Kemp Kntroduction to GISNational Center for Geographic

Information and Analysis, University of California991

Haiting L. Lifan, F. Qingshan P. Yanhong, L. 200%Application of Pre-generation
Thinking in Geographical Information Servicdsurnal of Geomati¢s34(1):31-
32.

Hampe M. Intas S., 2006 Extension of the OGC Weditdve Service Standard for



Multiple, Representation Data, ISPRS Technical Cagsion 11 Symposium,
Vienna, Austria pp. 1-3

Harrower, M., 2008. The Role of Map Animation foe@yraphic Visualization,
Geographic VisualizatiodohnWiley & Sons, Ltd pp 49.

lan J. and Norman W. 2004. URI/Resource RelatigrssArchitecture of the World

Wide Web, Volume One. World Wide Web Consortium.
http://mwww.w3.0org/TR/webarch/#id-resources. Rated 2 Feb 2010.

Jiang, B., and Li, Z. 2005. Editorial: Geovisuatiaa: Design, Enhanced Visual Tools
and Applications. The Cartographic Journal, 4213-4.

Jiang, B. Huang, B., and Vasek, V. 2003. Geovisa#bn for Planning Support

Systems. In Planning Support Systems in Practieeri@an, S., and Stillwell, J.
(Eds.) (Berlin: Springer).

Jorge M. J. Neto M. C. and Oliveria I. 2005 Supipg Irrigation Management
Strategies trough the Web: An application to thelRmese Alentejoizuropean
Federation for Information Technology in AgriculeyEfita Congress 2005 Vila
Real, Portugal pp 2-5.

Kralidis A. T., 2008 Open Source Approaches intp®ata Handling Springer
(Berlin Heidelberg) pp 2-4.

Kottman, C. 199®pen GIS Consortium & Gazetteer DaRresented at the Digital
Gazetteer Information Exchange Workshop,Transcritewl edited from
audiotape
http://www.alexandria.ucsb.edu/~lhill/dgie/DGIE_wa&b&erspectives/kottman.
htm (retrieved 5 February 2010)

Lin, W.T., Fong, H. Y. and Ming, S. 2004 GIS forigiation Management in Irrigation

AssociationdNational Taiwan UniversityTaipei pp D1-71



MacEachren, A.M. and Kraak, M.J. 1997. Exploratoaytographic visualization:
advancing the agenda. Computers & Geosciences), 2(4335-343.

MacEachren, A.M. 2004. Geovisualization for knovgedonstruction and decision s
upport. IEEE computer graphics and application§]l R4p.13-17.

Meyer N. V. 2004, The GIS and Land Records, TheGA&Parcel Data Model
ESRI press, USA

Metacarta , 2008 http://tilecache.org/

Mitchel T. 2005 web mapping illustrated, Oreilly Ma, USA pp.34

Milosavljevi S., Aleksandar, L. and DjordjeWK. S. 2004An architecture for open
and scalable WebGIS$,Department of Computer Science Faculty of Eteutr
Engineering, University of NiS, Serbia and Montemegp 1-3

MOAFF, 2010 Ministry of Agriculture Food and figires British Columbia, Water

conservation fact Sheet Crop Coefficients for usdrrigation Scheduling
http://www.agf.gov.bc.ca/resmgmt/publist/500SeB&3/100-5.pdf last access 1
Feb 2010.

NCWCD  http://www.ncwcd.org/website/weathermapsfeehtm retrieved 17 Feb
2010)

Orenstein, D. 2010 QuickStudy: Application Programgrinterface (AP)

http://www.computerworld.com/s/article/43487/App@iion_Programming_ Inter
face Retrived 2 Feb

Paralta, E., 2001. Hidrogeologia e Modelagéo Estida Contaminacado por Nitratos
do Aquifero Gabro-dioritico da Regido de Beja. NMIkesis, IST, Lisbon, pp.157

Pai,V. S., Druschel P. and Zwaenepoel W., 1999 An iefficand portable web server



SourceUSENIX Association Berkele@alifornia, USA

Pereira, L. S, Oweis T. and Zairi A., 2002, Irrigatmanagement under water scarcity,
Volume 57, Issue 3, ELSEVIER, pp. 175-180

Pervez, M. S. 2002 Interactive Information Systemlfrigation Management
GIS and Remote Sensing Specialist, Internationale¥Wislanagement Institute
ppl
Pridai,2008.
http://code.google.com/p/maptiler/source/browsekfmapptir/gdal2tiles.py?spec=svn3
1&r=31, last access 20 Jan 2010

Potmesil, M, 1997 Maps Alive: Viewing Geospatialdmnmation on the WWW Bell
Laboratories, Lucent Technologi€sth International World Wide Web
ConferenceApril 7-11, 1997 California, USA.

Postgis, 2010 www.postGIS.org last access 15 R&ElD).2

Quinn, S. Bartley,J. Wilcox,D., 2008 Implementengd Optimizing ArcGIS Server
Map Caches2008 ESRI Developer Summilarch 17-20,2008.Palm Springs,
California, USA.

Refraction, 2009. Refractions Research, Britishu@ddia Canada.

(http://udig.refractions.net/ Retrived 1 Februafi0)

Sakamoto A. & Fukui, H., 2004. Development andligppon of a livable environment

evaluation support system using Web Glsurnal of Geographical Systems,
Springer (Berlin / Heidelberg) 6(2) pp 175-195.
Sanchez M. R -, Anderson G, 2003 Building Welsd®hSpatial Information Solutions

around Open Specifications and Open Source Soffwlaensactions in GIS,
Wiley & Sons, Inc7( 4),pp 447-449

Sen P. K., 2004 Water resource with multi sensorote sensing and GIS techniques,



a case study of the Roxo Dam Irrigation Systemriugal. Master thesis ITC
Netherlands. Pp 5-12

Stuart, K. C., Mackinlay, J.D., and Shneidermannl 9. Reading in Information

Visualization: Using Vision to Think. San FranciscMorgan Kaumann

Publishers.

Stachowicz S. 2004 Geographical data sharing —redgas of web based technology to
local government, 10th EC Gl & GIS Workshop 23-25 June 2004, ESDieSi&
the Art,Warsaw Poland, pp 1-2

Soomro T. R., Zheng K. and Pan, Y. Html and Multimae/Neb GisDepartment of

Computer Science, Zhejiang UniversiyR.China.

http://ieeexplore.ieee.org/stamp/stamp.jsp?arnuni@zio8559 Retrived 2 Feb
2010.

Tyler M. 2005 Web mapping illustratédésing Open Sourc&IS ToolkitsOreilly Media
first edition,California, USApp 25-45

Tsou, M.H. and Buttenfield, B.P. 2002 A Dynamic Aitecture for Distributed
Geographic Information Servicebransactions in GIS6(4) pp 355-381.

Tan C. H., 2003 Application of Geographic InfornoatiSystem in a Web-based Query
System for Farmland Irrigation in Taiwan, Agriculilb Engineering Research
Center Taiwan pp 2-3

Waskom R. M., 1994 Best Management Practices figaion Management

Extension Water Quality Specialist Colorado Stataiviersity Cooperative
Extension pp. 1-3 (http://www.ext.colostate.edufatops/xcm173.pdf) last
access 10 Feb 2010.

Wolf E and Howe K., 2009 Web-client Based Distrdgmlitseneralization and



Geoprocessing USGeological Survey Center of Excellence in GlScience
Denver, Colorado, USA pp 1-4

www.php.net , last access 15 February 2010.

Yoo S.H., Choi J.Y and Jang M.W. Estimation odiga water requirement using FAO
Penman—Monteith and optimal probability distribatifunction in South Korea,
Department of Rural Systems Engineering, Seoulddati University, Seoul,
Republic of Korea pp 1-3

Wikipedia, http://en.wikipedia.org/wiki/Web_mappitegst access 1 Feb. 2010

Zhelu, Y. 2009A web-based Geographical Information System prp®tyn
Portuguese traditional food products, Msc ThesiEEGSUNL Portugal.



APPENDICES



1 Weather data



2 Google Earth Animation



