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Abstract :

GIS is primarily a computer assisted input output system for the acquisition, storage, analysis and display of 

geographic data. The ability of GIS to analyze and visualize spatial and non spatial data in the form of maps made it 

an essential tool to facilitate decision making in many natural resources applications. The synergy of GIS with 

Remote Sensing, GPS and Information and Communication Technology make it possible to provide new levels of 

accessibility and functionality, which can be effectively used to strengthen the decision making process.

WebGIS is the most robust and efficient Internet technology with GIS functionalities to provide a wide range of 

internet-based geospatial applications. It is very useful and effective way of disseminating spatial information to the 

user community, especially the dynamic data like weather parameters for various applications. The day-to changes in 

weather has direct impact on the human society since most of the activities are directly affected by weather. Hence, 

accurate and reliable weather data is very crucial for socioeconomic development. Geovisualization is a set of tools 

and techniques supporting geospatial data analysis through the use of interactive visualization techniques. The goal 

of geo-visualization is to produce scientific insights by facilitating the identification of patterns, relationships, and 

anomalies in data. Animation of maps while visualization would reveal even subtle space-time patterns, which is not 

possible in static representations.

An attempt has been made to develop Web based Geo-visualization for in-situ weather data using Free and Open 

Source Software (FOSS). Satellite linked automated weather station data pertaining to the State of Karnataka are 

used to create Geospatial weather maps using Geo-statistical interpolation techniques in a WebGIS environment. 

The in-situ weather maps are animated to support analysis and decision making process, which are useful for 

visualizing the change pattern of weather parameters.

Keywords : Automated Weather Stations, Geovisualization, Map Animation, Open Source, WebGIS and Weather 

Map.

General

A GIS is a computer-based Geographic Information System (GIS) that enables capture, modeling, manipulating, 

retrieval, analysis and presentation of geographically referenced data. The ability of GIS to analyze and visualize 

spatial and non spatial data in the form of maps made it an essential tool for developing and displaying weather maps. 

Map making and geographic analysis are not new, but a GIS performs these tasks faster and with more sophistication 

than traditional manual methods. GIS is currently converging with several other technologies such as Remote 

Sensing, GPS and Information and Communication Technology (ICT) to provide new levels of accessibility and 

functionality



Most of the efforts related to GIS design and development were towards decision making at district level during late 

90s. But, the synergy of Geographical Information Systems (GIS) with ICT has brought out a revolution in 

developing web enabled Geospatial Information Systems, or simply WebGIS, allowing access to dynamic geospatial 

information derived from geospatial data with lessened burden on the users for software solution. WebGIS basically 

adds GIS functionality to a wide range of internet-based geospatial applications. The basic challenge lies in creating 

WebGIS systems that are platform independent and run on simple TCP/IP network protocols so that any user having 

access to Internet could access and use such systems and databases.

Web technologies and the GIS are advanced considerably and practiced widely and the incorporation of GIS can be 

very useful to provide information in the form of maps and publish in the web (Tan 2003). The web based GIS has 

become a popular means of information sharing and visualization.

Web based GIS and animated maps helps to present the weather parameters to the users and decision makers in the 

form of interactive maps. In this prototype, the data from seventy one weather stations is used to make web maps of 

the region using open source software. It also includes visualization of maps by animation and provides platform to 

store and retrieve existing maps.

Introduction

a.  Geovisualization

Geographic visualization (Geovisualization) is a tool and a technique which supports spatial data using interactive 

visualization in research related field, which integrates disciplines such as computer science, human-computer 

interaction design, cartography, cognitive sciences, graphical statistics, data visualization, information visualization 

and image analysis (Dykes et al. 2005). It builds on the established tenets of map production and display (Goodchild 

et al. 2005).

While static maps have a limited exploratory capability, the animated maps spans the spectrum of disseminating 

spatial knowledge to wider audience for data exploration and knowledge discovery by experts. Example of such 

animations is weather maps animation in television. It also allows more interactive options like changing visual 

appearance, zooming in or out and explores more layers (Jiang et al. 2005). Geovisualization characterizes a further 

improvement in cartography that takes advantage of the modern computers power to render changes to a map, 

allowing users to adjust the mapped data on the fly (MacEachren and Kraak 1997).

Owing to its roots from cartography, Geovisualization supports to visualize other nongeographic attributes from 

other fields by the way of the map metaphor in the domains of information and knowledge visualization (Jiang et al. 

2005).

b.  Weather Data

Weather plays a significant role in the operation of various facilities and industries in the world. Nowadays, there are 

many sources of weather data maps and tables. Naturally, there are many information systems created to manage and 

to manipulate weather-based data. The function of an information system is to improve the end user's ability to make 

decisions. An information system relates to a chain of operations lead to planning the observation and collection of 

data, to storage and analysis of data, to the use of derived information in decision-making processes (O Ozdilek and 

D Z Seker 2004).
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Figure 1 : Automatic Weather Station

Concept Diagram (B. Manikiam et al. 2008)

Figure 2 : AWS Receiving Station

(B. Manikiam et al. 2008)

Accurate and reliable weather and climate prediction is one of the key factors governing socio-economic 

development, food security and the survival of the human society. Since time immemorial, human race has been 

fascinated by the ever changing and highly dynamic atmosphere and has made concerted efforts to understand the 

patterns of changes. The Earth system, which has evolved over several millions of years, has achieved a unique 

equilibrium of environment making it habitable. The unique stability of the chemical and thermal composition of the 

system as expressed by the various parameters such as temperature, humidity, pressure, wind, etc., is maintained by a 

complex process of feedback mechanisms (B. Manikiam et al. 2008).

Most of the departments like transportation, agriculture, water and emergency management need specific weather 

requirements. Various methods were developed and used by scientists to observe, and monitor weather-related 

information. Development of information systems, especially GIS, bring out new solutions for managing and 

monitoring of weather-related data. Monitoring weather conditions within a GIS is now relatively an easy task. The 

use of GIS technology is necessary because information about the structure and development of it cannot be derived 

without careful examination of spatial and temporal relations of weather data. Distinguished from the other 

information technologies, GIS offers a set of functions to analyze and relate spatial data (B. Manikiam et al. 2008).

c.  Automatic Weather Station (AWS)

Automatic Weather Station (AWS) is an automated type of traditional weather station, either to enable measurements 

from remote areas or to save human labor. The system may report the weather parameters in several different ways. It 

may be in realtime through a local link to a computer system or through telecommunications or satellite systems (B. 

Manikiam et al. 2008). The current network of weather stations in India is limited due to need for human resource to 

take observations at the required frequency.

AWS was conceptualized as an integrated system of meteorological sensors, data logger, transmission of data and 

receiver. Some of the constraints that applied while designing the system are stand alone power system (with no 

external support), easy operations, capability to withstand severe weather conditions and long duration operations. 

The overall concept of the AWS is given in Figure 1.
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The meteorological sensors in the AWS unit consist of temperature, pressure, wind velocity/ direction, humidity, 

radiation and rainfall. The data logger converts data to digital signal and this data is transmitted to the satellite. Based 

on experience, the TDMA (Time Division Multiplexing Access) mode of transmission of data to the INSAT satellite 

was selected. This helps in avoiding data loss due to simultaneous transmission by AWS. Towards time keeping with 

accuracy of milliseconds, a GPS is integrated to the AWS, which corrects the local clock of the station every day. The 

power system has been configured to have both long duration battery and continuous charging through solar power. 

This allows long duration operation of the AWS in remote areas. Through the method of variable charging, the power 

level is maintained at the required steady state (B. Manikiam et al. 2008).

The Data Relay Transponder onboard INSAT/METSAT retransmits the data to the ground receive the sensor 

observations. Figure 2 shows AWS data Receiving Station Block diagram. Table 1 shows the AWS sensors 

specifications.

Table 1 :  AWS Sensors Specifications (B. Manikiam et al. 2008)

Objectives

•  Developing a system to prepare and store weather maps using the In-situ weather data.

•  Displaying/ Serving the weather maps using Web Map Services

•  Preparing animated maps to visualize change pattern in weather parameters

•  Display animated weather maps in web environment to support analysis & decision making process.

Study Area
Karnataka is a state situated in South West of India. Karnataka is bordered by the Arabian Sea to the west, Goa to the 

northwest, Maharashtra to the north, Andhra Pradesh & Telangana to the east, Tamil Nadu to the southeast, and 

Kerala to the southwest. The state covers an area of 191,976 square kilometers (74,122 sq mi), or 5.83% of the total 

geographical area of India. It is the eighth largest Indian state by area. With over 61 million inhabitants (2011 

Census), Karnataka is the ninth largest state by population, comprising 30 districts. Figure 3 shows the study area.

Sl.
No.

Parameter

 
Range

 
Sensor Type

 
Resolution

 
Overall
Accuracy

1.
Dry Bulb 
Temperature

 - 40 to +60 °C
 

PT100
 

0.1 °C
 

±0.1 °C

2. Wind Speed
 

0 to 60 m/s
 

3 Cup Anemometer
 

0.1m/s
 

0.3 m/s

3. Wind Direction 0 to 359 deg Wind vane controlled to 
potentiometer  1 deg  ±3 deg

4.
Atmospheric 
Pressure 

600 to 1100hPa MEMS  0.1hpa  0.3hpa

5. Relative Humidity
 

0 to 100%
 

Solid state Capacitor type
 

0.1%
 

±3% of full 
scale

 
6. Rainfall

 

0 to 1 million 
mm

 

Tipping bucket
 

0.5 mm
 
±5%

 
7. Sun Shine 0-17 Hrs Digital 1 minute 4±1minute
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Software used

Desktop GIS Software :    QGIS, UDig.

WebGIS Software :    GeoServer, OpenScales.

Web Server :    Apache, Jetty Services.

Spatial Database :    PostgreSQL/PostGIS

Front End Design :    Adobe Flex Builder 3

Materials & Methodology

a.   Data Used

Data used for the project are given below in Table 2.

Table 2 : Data Used

b.  Methodology

Figure 4 describes the methodology used in the project and Figure 5 describes the WebGIS 
architecture used for development of Prototype.

Input Data
 

Description
 

Source
 

Boundary Map Karnataka State 
Administrative Map 

Indian Space Research 
Organisation (ISRO)  

Weather Data 
Automatic Weather 

Station Data 
MOSDAC  
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The sensors in AWS unit collects in-situ weather data from surrounding atmosphere, the Data logger converts data to 

digital signal and this data is transmitted to the satellite. The Data Relay Transponder onboard INSAT/METSAT 

retransmits the data to the ground receiver. At the receiving end, the data stream is again converted to retrieve the 

sensor observations. The retrieved data were in CSV (Comma Separated Values) format. These data are stored in 

MOSDAC Server and later the datasets were downloaded from their ftp site. The downloaded CSV file is to be 

checked for any fault recordings. If any fault records are present in the file, then that station is removed from list. The 

faulty record pertains to malfunctioning of the AWS, which calls for maintenance. The focus of the prototype 

development is on the rainfall, temperature, humidity, atmospheric pressure, and wind speed/direction.

The weather station points are converted to point Shapefile using the QGIS software. The daily weather data 

downloaded from MOSDAC also converted to point Shapefiles. The boundary and point Shapefiles are loaded into 

PostGIS database using QGIS.

These shapefiles are loaded and configured in GeoServer. But the GeoServer doesn't have feature of geo-processing 

like Inverse Distance Weighted (IDW) interpolating of point data value over the surface. According to Wolf et al., 

(2009), IDW is intensive processes currently not available in GeoServer. Web Processing Service (WPS) is expected 

to solve this problem. The WPS module is currently under development and not supported as part of the standard 

GeoServer configuration (GeoServer, 2010). The SLD script is limited to basic functionalities and does not support 

interpolation like IDW. Hence, interpolated maps required for animation of weather maps are handled separately. For 

preparing interpolated weather map of humidity, temperature, rainfall and wind speed Interpolation plug-in of QGIS 

are used to develop interpolated maps.

Animation provides important information for analysis of temporal data. Sophisticated animation for weather is 

created based on repetitive collection of weather parameters. Each key frame is loaded with one temporal 

information, viz., rainfall, humidity, wind speed, and temperature maps and they are controlled by ActionScript 

controller commands to display, smoothly in the web browser. 

OpenScales, based on ActionScript 3 and Flex, is used to develop web interface and consume WMS and WCS 

services provided by GeoServer. GeoServer is connected to OpenScales client and CSS is defined to display the data 

in web browser. Shape files pertaining to boundary and point locations of AWS are provided as WFS and WMS 

services by GeoServer and consumed by OpenScales for displaying in the Web Browser. Adobe Flex builder was 

used to develop the front end for the project. It was envisaged to provide three separate states viz., displaying of daily 

weather parameters in a map form, table to portray the weather parameters of a particular AWS location and animated 

weather maps.

Figure 4 : Methodology Figure 5 : Client Server Architecuture
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Figure 6 : Main Window of the

prototype Application

Figure 7 : Map Showing the

Air-Temperature for selected point

Figure 8 : Table state of the Application Figure 9 : Table state shows the

result of a database query

Figure 10 : Animated state of the

Application showing only boundary map

Figure 11 : Application showing the

Animated Map
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Results & Discussions

a.  Results

The web interface contains a main window; by default it shows map state. The map state consists of four main 

components namely TabBar, Map area, Tree View and Navigation pan. Figure 6 shows the main window and map 

state of the application.
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Discussions

The development and visualization of weather map is a complex process that requires frequent update since the 

weather parameters are very dynamic. The weather parameters changes over a period of time and it also changes with 

geography. Generally, it is difficult to position a weather station at every location and hence, interpolation methods 

are used to depict the weather pattern using the weather parameters at neighboring locations. It is difficult to generate 

the interpolated maps online, since the Web Processing Service is not evolved. Hence, it has to be created off-line and 

stored for access in the web environment.

The development of the prototype was attempted using OpenScales and Adobe Flex as front end, PostgreSQL as 

RDBMS and POSTGIS as database engine, Apache as WebServer and GeoServer as MapServer. The maps are 

served as WMS and WFS by GeoServer and consumed in the frontend using OpenScales to display the maps. The 

developing environment was chosen to study the stability of the emerging open source tools like GeoServer and 

OpenScales over stable open source tools like UMN MapServer for serving maps, OpenLayers as front end. The 

basic objectives of the project was met with support from desktop GIS software and in the process it also enabled to 

study the features of the open source software tools used in the development of prototype.

Conclusion

Accurate and reliable weather data is very crucial for socio-economic development. The weather is highly dynamic 

and the day-to-day change in weather has direct impact on the human society since most of the activities are directly 

affected by weather. Several agricultural operations such as ground preparation, tilling, sowing, weeding, fertilizer 

applications are decided based on weather patterns and trends. The weather patterns and trends helps to reduce the 

risk involved in agricultural operations.

Different methods of publishing maps over the web are implemented. Daily weather data are used to make web map 

using open source software. AdobeFlex is popularly used for Rich Internet Applications and hence OpenScales, the 

native map framework of Adobe Flex, is chosen for map framework. Open Source Desktop Software like QGIS and 

UDig have been used to supplement the necessary data required to overcome the limitations like generation of 

interpolated maps, generation of SWF file, etc., which are required for implementation in the prototype 

development. Animation of maps helps to reveal even subtle space-time patterns, which is not possible in static 

representations.

Scope for Future Work: As part of continuation of the project, tool can be created to automatically ingest the AWS 

data into POSTGIS database. Presently, interpolated maps for a given weather parameter and period is generated 

using QGIS software. Till Web Processing Service, it would be a tedious process to create the interpolate maps off-

line on a continuous basis. It calls for developing a tool, which can automatically generate the interpolated maps and 

stored off-line as soon as the weather data is populated into the POSTGIS database. Based on the interaction with the 

global developer community on OpenScales, it is felt that the point symbolization based on rule would be available in 

near future.
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