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A

BSTRACT. The Danube Delta, one of the most important wetlands in Europe, went through many transformations

during the last century, mainly due to human interference. When analyzing the current state of this ecosystem, one
must consider the historical changes that have a significant influence on the evolution of the delta. Written documents
are, no doubt, valuable, but a fundamental contribution is given by the study of geospatial information (old maps,
satellite images etc). These information depict the ecosystems components state at a specific time and analyzing them in a
successive manner allows one to extract information, that otherwise would be difficult to perceive, such as patterns of evolution.
Another important aspect that could be resolved through the use of historical maps is the evolution of human settlements and
the toponymy.
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INTRODUCTION
For a user not familiar with GIS techniques, the need of collecting all the necessary data and putting it all together
might be an important setback. Because of this, and because cloud computing is more and more used, the
development of a web-map application is considered to be the optimum solution. One solution to these issues
might be Open Geo Suite, an open source application which has many important features like: easy to use,
compliant with OGC (Open Geospatial Consortium) standards, support for a large variety of formats, efficient
raster publishing, the possibility to create and edit vector layers and many others. The article highlights the steps
that must be followed when developing such an application, from loading and publishing the data until the
extraction of valuable information as vector data. The article is not intended to become another study of the
Delta’s evolution, a subject long debated by many scientists, but rather to show a powerful set of tools that can be
used in such type of analysis and that can be applied to any geographical extent.
1. IDENTIFYING THE AVAILABLE GEODATA
In order to develop an online web mapping application for a specific area, the first step that must be carefully
followed is the identification of all the existing geodata that could be used. By geodata we understand the
historical or actual maps of the area and modern satellite images, and also vector data layers (i.e. localities
extent, hydrographic network) or information as raster data regarding digital elevation model. In general geodata
represents all kind of geo-information that has the capability of being meshed up together in order to create a
valuable tool for qualitative and quantitative analysis. For the Danube Delta area we have identified some
datasets that are suited for our purpose, but the list might be extended with other resources, depending on users
needs:
th

The Austrian maps (Fig. 1) were made by the Habsburg Empire approximately at the end of the 19 century –
th
beginning of 20 century, at 1:200000 scale, based on the third measurement campaign of the Austrian army,
conducted starting with the year 1869, and cover the entire surface of Romania [2].
Romanian Maps under Lambert-Cholesky Projection System (Romanian: Planuri Directoare de Tragere)
(Fig. 2), at 1:20000 scale, represent a set of cartographic products which are very important due to the use of the
first uniform coordinates system (Lambert-Cholesky projection) for the entire surface of Romania and a common
legend for all map sheets [6]. For the Danube Delta the takings were made between 1880 and 1884.
The Soviet maps (Fig. 3) are part of a very ambitious project of the former Soviet Union that aimed to map the
entire world. The measurement campaigns started even before the World War II. The scale of the sheets is
1:100000. For the Romanian geographic space the measurements were done around 1950 [4].
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All the above mentioned cartographic datasets are available through geo-spatial.org web portal and can be
downloaded as individual tiff files (http://earth.unibuc.ro/index.php?s=download&c=dow_harti) and then added to
the web application or, preferably, they can be served directly as standard services like WMS or WMS-C. The
addresses for these services are:
http://earth.unibuc.ro/geoserver/ows?service=WMS&request=GetCapabilities – for WMS and
http://www.earth.unibuc.ro/geoserver/gwc/service/wms?service=WMS&version=1.1.1&request=getcapabilities&til
ed=true – for WMS-C.
Satellite images
A new perspective of visualizing and mapping the Earth surface emerged with the development of the remote
sensing technology during the 1970s and 1980s. This might be considered the starting point of the digital
cartography era. The abundance of remote sensing images provides the opportunity to choose the right dataset.
Taking into consideration the purpose of the application, the price for acquisition of the images, the spatial and
temporal resolution, we have decided to use Landsat imagery (Fig. 4) which can be freely obtained at the
required characteristics.
2. WEB MAPPING TECHNOLOGIES
During the last ten years the web mapping industry has been drastically changed by the release of new services
like Google Maps or the largest community driven web mapping project – Open Street Map. Since its foundation
in 2006, OSGeo (Open Source Geospatial Foundation), the world leading not-for-profit organization that supports
the development of collaborative open source geospatial technologies and data, has been developing several
web mapping solutions like MapServer, Geoserver or OpenLayers.
For the purpose of this paper we are going to demonstrate the usability of online cartographic application based
on OpenGeo Suite Community Edition, an easy to install integrated software package that combines the
functionality of several libraries and technologies in order to deliver a ready to use platform to developers. The
main advantage of this package is that it is open source (licensed under GNU General Public License), which
means the source code is available and the users benefit of various freedoms: to run the program, to distribute
copies, to modify it and release the improvements to the public [3]. Also, the suite is OGC (Open Geospatial
Consortium) standard compliant, supports various data formats, offers efficient raster publishing, has powerful
Javascript components for rich mapping applications, allows integration of Google, Bing and Open Street Map
layers and it is compatible with the most popular web browsers.
OpenGeo Suite is based on the following technologies (Fig. 5):
•
•

•
•

•

OpenLayers – a Javascript library for displaying maps in the browser; it represents the base of all
OpenGeo Suite components;
GeoServer - is an open source software server written in Java that allows users to share and edit
geospatial data. Designed for interoperability, it publishes data from any major spatial data source using
open standards;
GeoExt – a Javascript toolkit for rich web mapping applications (combines Extjs with OpenLayers);
GeoWebCache - a Java web application used to cache map tiles coming from a variety of sources. It
implements various service interfaces (such as WMS-C, WMTS, TMS, Google Maps KML, Virtual Earth)
in order to accelerate and optimize map image delivery;
PostGIS – spatial database extension for PostgreSQL;

OpenGeo Suite has the following components (Fig. 6):
•
•
•
•
•
•

PostGIS;
Geoserver;
GeoWebCache;
Styler – GUI (graphical user interface) that allows the user to symbolize the data;
GeoExplorer – for visualization of the data;
GeoEditor – facilitates the editing and interrogation of spatial data;

Depending on the purpose of the application that is being developed, the entire suite must be used or only some
technologies that are forming the suite. For example a simple viewing application could be based only on
OpenLayers or on OpenLayer plus GeoExt. It is really up to the developer what to use in order to achieve the goal
of the project. What the team that developed OpenGeo Suite did was to put all the technologies together and
create a very simple to use GUI. In fact, in order to deploy it, no modifications to the source code is needed, only
configuration through the GUI. But, on the other hand, for developers familiar with Javascript who need to
enhance the source code and add supplementary functionalities, it can be done thanks to the GPL license.
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3. HOW TO PUBLISH THE DATA
After the acquisition of the geodata and before actually publishing it, some intermediate geoprocessing is
required. The historical maps from geo-spatial.org shall be published like WMS (web-map service) layers. The
satellite images need to be prepared in order to be able to use it. Some of the processing steps include the band
combination in order to obtain a view in natural colors (321 in case of Landsat), reprojecting the dataset and
clipping it. For this and also other issues the use of open source solutions is preferred, and especially GDAL
library that brings very powerful raster processing tools.
After the geodata is ready to use, publishing it is just a matter of uploading it to GeoServer (Fig. 7) and import it in
GeoExplorer (Fig. 8).
4. EXTRACTING AND ANALYZING GEOSPATIAL INFORMATION
By using the GeoEditor component, vector layer can be created, edited or interrogated. For our purpose two case
studies can be imagined:
The evolution of the shoreline in the area of Chilia’s secondary delta
Overlaying todays shoreline depicted with the red line (Fig. 9) on top of the other cartographic products and
satellite images shows the evolution of the area in the course of approximately 100 years. The Danube Delta
shoreline is composed from a succession of regression and progression sectors. Chilia secondary delta
represents one of the shoreline areas with the highest rate of progression with values of around 10-12 m per year
in the southern part [7]. It can be observed that the rate of evolution is considerably superior in the first part of the
th
20 century followed by a relatively slow progression process due to the low magnitudes of the shoreline storms
after 1950. From 1990 untill 2011 even a regression sector in the north part can be depicted.
The evolution of the Sacalin Island in correlation with Sfantu Gheorghe mouth
The Sacalin Island is a geomorphological unit with a very high mobility in time. Since its formation at the end of
th
the 19 century it had a continuous evolution moving towards west, especially in the north sector, with a rate that
decreased after it entered the “shadow” of Cape Buival [7]. In the Austrian maps the Sacalin Island does not
appear (Fig. 10), most probably because the actual measurements were taken previously of 1897, the year
considered to be the birth year of Sacalin, even though the rest of the deltaic space was measured in 1898 [1]. In
the Russian map on which we have overlapped the island positions from 2000 and 2011 it can be clearly
observed the previously mentioned movement from east to west in the north part and a continuous evolution
towards south (approximately 165 m per year from 1988 to 2002 [7]).
CONCLUSIONS
The scientific community today must absorb in its research the vast amount of geospatial information that is
available. The chosen web-mapping solution presented offers a simple, elegant and powerful way to overtake this
challenge. The Danube Delta geographic space was chosen for exemplification of how web mapping can be used
because of its very dynamic evolution. Keeping track of all the changes that occur in this vast ecosystem can be
very challenging due to the lack of stable physical points. That’s why historical maps mashed up together with
modern cartographic sources (satellite imagery) overcomes this obstacles and yields a good general perspective
of how geomorphological and demographic elements evolved in this region. Through the two case studies
presented, it is proven that an integrated analysis of different temporal resolution geodata has a significant
contribution to understanding the current state of a spatial geographical element. The study presented
demonstrates the important contribution that a web-mapping application can yield, especially through its capability
of integrating and analyzing various types of geospatial information.
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Fig. 1. Austrian map sample.
Note. Source: geo-spatial.org

Fig. 2 – Romanian Maps under Lambert-Cholesky Projection System sample.
Note. Source: geo-spatial.org)
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Fig. 3. Soviet map sample.
Note. Source: geo-spatial.org

Fig. 4. Landsat scene.
Note. Source: www.glovis.usgs.gov
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Fig. 5. OpenGeo Suite architecture.
Note. Source: opengeo.org

Fig. 6. OpenGeo Suite dashboard with all its components

Fig. 7. Uploading the dataset to GeoServer
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Fig. 8. Import the dataset to GeoExplorer

Fig. 9. Shoreline evolution – Chilia secondary delta

Fig. 10. Evolution of Sacalin Island.
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