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Abstract: The Natural Processes Monitoring Team from the Doñana Biological
Station (EBD), systematically acquires data on more than 100 indicators of
ecological processes and the status of many fauna and flora species in Doñana
National Park, one of the most important protected wetlands in Europe, covering
54000 Ha. This information is available on a website as tabular data and trend
charts. A detailed analysis is necessary in order to interpret this information and
provide decision-making criteria for the management of the natural area.
The purpose of this paper is to improve public access to the information collected
in the monitoring program and at the same time increase its quality. The proposed
methodology integrates spatial interpolation methods, multivariate linear and
logistic regression models (including the use of remote sensing images as
predictors) and hybrid tools of these methodologies into a Geographic Information
System (GIS) based model to generate predictive maps of ecological parameters.
The information on the distribution, abundance, population structure and densities
of different terrestrial and aquatic species, biophysical parameters and also their
corresponding validation methodologies were used in the automatic generation of
continuous maps of the distribution and abundance of the species in the study
region.
Keywords: GIS; automatic modelling, interoperable web map.
1

INTRODUCTION

Public administrations, institutions and research centres are currently devoting
considerable effort to projects that collect large datasets of environmental
geoinformation. For example, the Natural Processes Monitoring Team of the
Doñana Biological Station (EBD) systematically acquires information on more than
100 indicators of ecological processes and on the status of many fauna and flora
species (Díaz-Delgado [2010]). This information is available on a website in the
form of tabular data and trend charts. Therefore, specific analyses are needed to
interpret this information (Bonham-Carter [1994]) so that it can be used to provide
decision-making criteria for research and management purposes (Scotts and
Drielsma [2003]). A continuous map representation of the spatial distribution of
these datasets would increase the number of potential users and facilitate
analytical applications, and thus these public resources would be used more
effectively.
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The present work describes a methodology for automatically generating maps from
species census data, which are then published on a web map server. Chain
process automation, which includes acquiring and filtering data, map generation
and web map publication, requires a well-analysed design and suitable tools that
include self-decision procedures. Metadata in this context have an important
function, and only with accurate knowledge of the quality indicators of the different
steps of the chain process allows making automatic decisions.
Some previous works (Kiehle et al. [2007], Walter et al. [2011]) have emphasized
the key role played by metadata in web map services, and here, in the present
work, metadata plays an additional consequential role in the steps before web
publication: the metadata are used to improve the models as well as map
generation. The models and methods selected here have already been applied in
similar environments (Valley et al. [2005], Hancock and Hutchinson [2006]). The
aim of this work, however, is not to determine an optimal prediction method but
rather to design and implement an entire automatic solution integrated into a GIS
environment following standard and interoperable protocols.
2

METHODOLOGY

The proposed methodology is a chain of automatic processes that goes from
downloading data on different servers to adding the corresponding map to a web
portal for its publication. Figure 1 summarizes a flowchart of the entire chain
process.
Data stored in the ICTS‐EBD Servers
Automatic download
Data processing
Incorporation
Sampling points cartographic bases

Different interpolation methods test

Auxiliary information

Statistical and cartographical modelling

(RMS calculation)

(cross‐validation)
Best model choice
Best fitting cartographic layer

WMS preparation

Publication in the Doñana Digital Map Server

Figure 1. Flowchart of the proposed methodology.
All of these processes are integrated in the MiraMon GIS software (Pons [2000]),
which allows chaining and controlling the flow execution by metaprogramming
commands in a BATCH Windows environment (Microsoft [2010]). The main
characteristic of this software is that the metadata are managed accurately, which
allows, at every partial result, to program automatic decisions based on quality
information from the previous step in the process chain.
It is important to note that the species and models were chosen for map generation
solely in order to demonstrate the feasibility of automating the entire procedure,
and the objective was not to obtain the most suitable inference method for each
species. This work focuses on automatic decisions that depend on a specific
dataset and are based on the comparisons of the results of a large number of
tests.
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The study region is the Doñana National Park, one of Europe's most important
wetland reserves (Díaz-Delgado [2010]) and a major site for migrating birds. It
covers an area of over 54000 Ha and is located in the south of the Iberian
Peninsula, southwestern Europe (Figure 2).

Figure 2. Location of Doñana National Park and the sampling stations.
2.1 Materials and data processing
Four different types of data are downloaded:

Meteorological variables, such as mean air temperature, maximum air
temperature, minimum air temperature and precipitation;
 Abundance of aquatic fauna, for example, the number of Lousiana crayfish
(Procambarus clarkii) individuals;
 Presence/absence of aquatic vegetation; for example, the salt-marsh
bulrush (Boloboschoenus maritimus);
 Hydrological variables, such as water level, water temperature,
minimum water temperature and maximum water temperature.
Meteorological variables are obtained from two different sites:
 Automatic weather stations from the Singular Scientific and Technological
Infrastructure
(ICTS)
of
the
Doñana
Biological
Reserve:
http://icts.ebd.csic.es/GeneradorDatosXMLGeneralServlet.
 Agrometeorological stations of the Research and Training Institute for
Agriculture
and
Fisheries
(IFAPA):
http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria/servlet/FrontCo
ntroller .
Hydrological variables are also downloaded from the ICTS website at
http://icts.ebd.csic.es/GeneradorDatosXMLGeneralServlet. The ICTS server
provides data in XML format (Gutiérrez et al. [2003]), as shown in Figure 3, while
the IFAPA server provides data in plain text format. These datasets require several
post-processing procedures to prepare them for modelling, such as detecting and
erasing wrong data, fusing coherently from different origins, grouping and average
calculating.
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Figure 3. Example of meteorological variables in an XML file from the ICTS server
http://icts.ebd.csic.es/GeneradorDatosXMLGeneralServlet?idEstacion=3&fechaInic
io=040720090000&fechaFin=040720092359
For the data on aquatic fauna abundance and the presence/absence of aquatic
vegetation,
the
download
site
is
and
similar
http://icts.ebd.csic.es/GeneradorDatosSeguimientoXMLServlet
processes of filtering and aggregating data are involved.
2.2 Map and model generation
Previous studies have tested different methodologies for generating a continuous
representation of a quantitative variable from the values observed in specific
locations (Lloyd [2006]). The prediction and modelling methods implemented were
selected from the most usual methods (Burrough and McDonnell [1998]) and those
that are most suitable for automation, for example kriging interpolation was
discarded due to the difficulty involved in obtaining an automatic variogram
(Pesquer et al. [2011]). Continuous map generation methods include different
kinds of strategies: univariate and multivariate, and based on spatial patterns or
statistical regressions, among others.
The specific methodologies tested were:
 Two spatial interpolation methods, inverse distance weighting (IDW)
(Bartier and Keller [1996]) and splines (Mitasova and Mitas [1993]) used
for meteorological and hydrological variables and for aquatic fauna
abundance.
 Logistic regression (Kleinbaun [1994]) to determine the probability of the
presence of aquatic vegetation.
 Multivariate regression + residual spatial interpolation (Ninyerola et al.
[2000]), for meteorological variables and aquatic fauna abundance.
The final map is chosen by comparing the accuracy of the results generated by
using different parameter sets for the same method or comparing the results of
different methods. This estimate of the accuracy is obtained with an independent
test validation subset or by using a leave-one-out cross-validation (Isaaks and
Srivastava [1989]) for small samples. In addition, these validations and
comparisons are integrated automatically into the entire flowchart.
The maps generated have a spatial resolution of 150 m, which is based on the
distribution of the sampling locations, (Hengl [2006]) and they are georeferenced in
the UTM-29N reference system.
2.3 Web publication
Publishing continuous maps for the different variables studied in a web
environment is an essential step for the widest possible dissemination of results.
Furthermore, using OGC standard protocols (Open Geospatial Consortium [2008]),
such as WMS map servers, makes it possible to integrate data generated in the
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emerging Spatial Data Infrastructures and provides interoperability with other
available information.
The automated integration of maps into the existing Doñana Biological Station
server (http://mercurio.ebd.csic.es/seguimiento) is the final step in the project. The
CreaMMS tool (Maso and Pons [2005]) from the MiraMon software makes it
possible to prepare layers that will be served later, and which will therefore be
accessible to any OGC client.
3

RESULTS

3.1 Maps and models
A collection of continuous maps for each annual hydrological cycle (from
September to August) and within the period 2007-2011 have been obtained. The
maps include meteorological variables, hydrological variables, abundance of
aquatic fauna and the probability of the presence of aquatic vegetation.
Three representative examples are shown below:
a) Spatial interpolation of precipitation (2010-2011).
Table 1 compares different quality results (by RMS) at different exponent
parameter values for the IDW method. A range of tension parameter values have
been used in the splines method.
IDW
Exp.
1
1.25
1.50
1.75
2.00
2,25
2.50
2.75

RMS
202.71
203.99
206.04
208.59
211.39
214.23
217.02
219.71

Splines
Ten.
RMS
25 332.25
50 201.08
75 190.53
100 189.12
125 189.09
150 189.19
175 189.28
200 189.37

Table 1: RMS for each exploration
parameter: exponent for IDW and
tension for splines.
Figure 4: Spline interpolation for
precipitation in the period 2010-2011.
In this example, most spline interpolations are better than the best IDW. A spline
tension of 125 was selected for map generation (see Figure 4) as it has a small
RMS.
b) Multivariate linear regression and residual spatial interpolation for Lousiana
crayfish abundance (2007-2008).
Three variables were initially entered into the regression model in this example:
hydroperiod (number of rainy days during a complete cycle) was automatically
excluded, and the probability of the presence of aquatic vegetation and the
average maximum temperature were selected, as shown in Table 2. This
regression generated residual values for sampling locations were spatially
interpolated until a minimum RMS was obtained. Figure 5 shows the final result,
the regression model + spatial interpolation of the regression residuals.
c) The probability of the presence of salt-marsh bulrush (2007-2008) using logistic
regression.
Table 3 provides a case study that models the probability of the presence of an
aquatic species. Three remote sensing products were introduced as possible
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auxiliary variables: the maximum and average NDVI for the entire period (Rouse et
al. [1973]) and the marsh water turbidity (Bustamante et al. [2009]).
Independent
Variables
Hydroperiod
Aquatic
vegetation
probability
Average
maximum
temperature
Intercept

Significant
No

Coeficient

Yes

227.288

Yes

49.219
1235.588

Table 2: Independent variables
introduced into the linear regression
model and corresponding results.

Figure 5: Map of the regression model
+
residual
interpolation
for
Procambarus
clarkii
abundance
Two meteorological variables were used, hydroperiod and mean maximum
temperature for the complete period, and finally the average distance to the
flooded area was also introduced (Díaz-Delgado et al. [2006]). In this example
hydroperiod and maximum NDVI were not significant and were not used in the final
regression model. Figure 6 shows the resulting map generated from the Table 3
regression.
Independent Signifi- CoefiVariables
cant
cient
Hydroperiod
No
Maximum
NDVI
No
Turbidity
Yes
-0.001
Average
distance
to
the
flooded
area
Yes
0.001
Average
NDVI
Yes
-4.842
Average
of
maximum
temperature
Yes
1.327
Intercept
32.715
Table 3: Independent variables
introduced
into
the
logistic
regression model and corresponding
results

3.2

Web portal

Figure 6: Logistic regression map for
the probability of the presence of the
salt-marsh bulrush (2007-2008).
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The maps and models generated have been integrated automatically into an
existing Web Service: Servidor de Cartografía Digital de Seguimiento del Parque
Nacional de Doñana (http://mercurio.ebd.csic.es/seguimiento). The existing
interoperability protocols of the OGC (Open Geospatial Consortium [2008]) have
been preserved, and a new tool specifically developed as a Web Processing
Service (WPS) (Schut [2007]) has been added: analytic statistical overlay between
a user’s layer of polygon features and the map results generated in the present
work. Figure 7 shows this portal.

Figure 7. Web portal of the Servidor de Cartografía Digital de Seguimiento del
Parque Nacional de Doñana.
4

CONCLUSIONS

The main contribution of this work is the automation and integration in a GIS
environment of the entire proposed methodology, from downloading selected
census data to the final publication of maps in a Web Map Server on the Internet
using Open Geospatial Consortium standards. A service for invoking remote Web
Processing Services for generating maps on demand is also provided.
The selected pilot cases, which represent different types of species census data
and involve different estimation methods, demonstrate real implementations of the
present work and a test-bed evaluation for extending this proposal to other
scenarios.
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