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Introduction

Introduction
Canal de Isabel II’s Research, Development & Innovation Booklets form part of the company’s Knowledge
Management Strategy and of the development involved in the Research, Development and Innovation Plan.
These Booklets represent an element for diffusion of projects and initiatives that are developed and sponsored by
Canal de Isabel II for innovation in those areas related with water service in the urban environment.
A series of different problems that have been undertaken in each project are put forward in the Booklets, along
with the results that have been obtained. The intention behind their diffusion by means of these publications is to
share the experiences and knowledge that has been acquired with the entire water services sector, with the
scientific community and with all those working on investigation and innovation tasks. What is aimed with the
publication of these Booklets is to contribute to improvement and efficiency in water management and,
consequently, in the quality of service that is provided to the citizens.
The R&D&I booklets published to date are as shown below by their titles in the following table.
Collection
Number

Research, Development and Innovation Booklets published

1

Transferences of Water Rights between Urban and Agrarian Demands.
The case of the Community of Madrid

2

Identification of Hydrometeorological Runs and Tendencies within the scope of the
Canal de Isabel II system

3

Contribution of Canal de Isabel II to the International Demand Management Project (IDMF)

4

Micro-components and Explanatory Factors on Domestic Water Consumption in the
Comunidad de Madrid

5

Virtual Water and Hydrological footprint in the Comunidad de Madrid

6

Study on the saving potential of water for residential uses in the Comunidad de Madrid

7

Potentials of efficiency in using dishwashers

8

Accuracy in the measurement of individual water consumption in the Madrid Region

9

Research project to define and assess the applicability of a Bioassay Test to determine the
toxicity of water using Zebra Fish embryos

10

Water Use Efficiency in Gardening in the Region of Comunidad de Madrid

11

Remote sensing techniques and geographical information systems for assessing water
demand for outdoor uses in the Comunidad de Madrid

12

Cyanotoxin Dynamics Study in two of the Canal de Isabel II’s supply reservoirs in the
autonomous region of Comunidad de Madrid

13

Developing a system for validating, estimating and predicting hourly consumption by
sectors for Canal de Isabel II distribution network
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Project Outline

Project Outline
Project title

Monitoring urban consolidation evolution in the Autonomous Region of Madrid
using remote sensing techniques

Research line

Guaranteeing an availability/demand balance

Canal de Isabel II
units involved
External participation

Aim and justification
of the project

• Subdirección de I+D+i
• Subdirección de Planeamiento y Coordinación Municipal

Trabajos Catastrales S.A.
Predicting how demand will evolve in the different future scenarios and the geographical
locations concerned is based upon the information provided in the municipal urban
development plans. However, the actual way that this consolidation process evolves for these
plans is subject to many circumstantial factors that are not accurately forecast in the urban
planning.
The fact that medium and high resolution multispectral satellite imagery is now available, plus
the fact that it can be automatically and semi-automatically processed by remote sensing,
enables the user to monitor almost in real time, the way land use evolves and to make
comparisons with the short-term predictions made, in such a way that it is possible to make a
more accurate estimation of the construction priorities for the new infrastructures.

State of the art
contribution

An operating methodology has been developed and tuned for detecting changes in the
municipal urban framework and for monitoring how built-up areas evolve in time relation to the
consolidation of different urban development plans.

Project development
summary and
milestones

Four series of medium-resolution images have been processed from the SPOT5 satellite, in
multi-spectral mode (10 metres), and panchromatic mode (2.5 metres), covering the entire
Autonomous Region of Madrid. They were taken in Summer 2008, Summer 2009, Spring 2010,
and Summer 2010. A geographic database has been created containing the urban information
for the developing zones on those dates and its relationship with the urban planning.
Information has also been included about the surface area covered by green zones classified for
each stratum and municipality, and on the basis of the range of vegetation activity.

Obtained results
summary

The results are expressed by classifying urban areas in the developing zones on the basis of the
types of objects (buildings, streets, unoccupied land), and the different environments on the
basis of their degree of consolidation and development on each of the dates analyzed. The
urban green zones and the rural rainfed or irrigated zones have been identified and classified in
accordance with their Normalized Difference Vegetation Index (NDVI).

Research lines open
for continuing the
work

The combined use of high- and very-high resolution satellite imagery, adapting the both
frequency of acquisition and coverage to the degree of consolidation in different zones within
the Autonomous Region of Madrid.
Using Light Detection and Ranging (LIDAR) information with a very high degree of planimetric
and altimetric precision.
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Executive Summary
This executive summary presents a synoptic view of how the project developed in the following sections:
1)
2)
3)
4)
5)
6)

Background
Objectives
Methodology
Results
Conclusions and
Future research lines

1. Background
One of the consequences of urban developing and structuring the land in cities is an increase in the demand for
water and a geographical redistribution of that demand. Such changes are taking place with ever increasing
dynamism and Canal de Isabel II, as the company responsible for the water supply, has to program sufficiently
well in advance, the investments needed to provide an infrastructure that can guarantee adequate service
conditions to all the properties in the system, without this adversely affecting the service quality for the system
as a whole.
What has to be known when it comes to predicting the way demand will evolve, are the growth expectations
associated with the development of municipal urban planning, and this applies to both the amounts and the
territorial distribution. The rate at which the consolidation of urban land takes place is a decisive factor when
establishing the periods required to construct new infrastructures and put them into operation.
In Canal de Isabel II’s R&D&I plan, there is a research line on Guaranteeing the balance between availability and
demand, and within that framework the company has undertaken a variety of research projects regarding the
current behavior of water demand and predictions concerning how this will develop in different future scenarios.
The aim of the project presented here is to overcome the uncertainty about the actual periods for consolidating
the urban expansion predictions contained in the municipal urban plans.
Earth observation satellites and the most advanced remote sensing techniques have been proposed as tools for
periodically monitoring urban consolidation in the Autonomous Region of Madrid. The aforementioned
techniques have also proved useful in detecting and quantifying urban green areas, which currently constitute a
major element when it comes to drinking-water demand.
The information yielded by the project that is shown below, has been entered into the Canal de Isabel II
Geographical Information System, and it will serve as the basis for preparing and updating the strategic supply
infrastructure development plans, which will have to give an early response to future water demand brought
about by the urban expansion process in the Autonomous Region of Madrid.

2. Objectives
The work that is the subject of this project involves developing an operating methodology using remote sensing
techniques, in order to prepare a mapping database for the Autonomous Region of Madrid that can be
periodically updated, and which shows how built-up areas have evolved as a result of the consolidation of the
diverse municipal urban development plans.
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Furthermore, detecting and quantifying the way urban green areas evolve falls within the scope of the
methodology, because the percentage of the total water demand is accounted for increasingly by these zones.
The scope of the methodology also includes an estimation of the water demand in urban zones as a result of the
consolidation of the urban planning.
The project was carried out in 2009 and 2010 with the processing of satellite imagery from Summer 2008,
Summer 2009, early Spring 2010 and the end of Summer 2010.

3. Methodology
The methodology followed was split into the following phases:
Phase 1. Compiling and analyzing the available information
Phase 2. Programming and obtaining the satellite images
Phase 3. Designing the mapping database
Phase 4. Processing images
Phase 5. Estimating the water demand

Phase 1. Compiling and analyzing the available information
The most important preliminary information provided for the project was:
•

Digital edition of the orthophotography to a scale of 1:5000 of the 2006 flight for the whole of the
Autonomous Region of Madrid.

•

SPOT5 orthoimagery from 2005 of the mainland zones covered by the Spanish National Remote Sensing Plan
(PNT).

•

Digital mapping of the urban land registry updated in 2009.

•

The mapping database for green zones and outdoor water use, updated with the data from the
photogrammetric flight in 2006.

•

Urban planning applied in 2009, in digital format.

•

Terrain Digital Model (25 metres), from the IGN (Spanish National Geographic Institute).

•

SIOSE (Spanish Land Occupation Information System) map for the Autonomous Region of Madrid, year of
reference 2005, to a scale of 1:25,000.

Phase 2. Programming and obtaining the satellite images
The images used in the project were obtained by the SPOT5 satellite, in multi-spectral mode (10 meters) and
panchromatic mode (2.5 meters), covering the entire Autonomous Region of Madrid, which can be used for a
combined product by fusion, which is suitable for monitoring urban planning changes.
Series of images from Summer 2008, Summer 2009, Spring and Summer 2010 were used.
The 2008 images were selected from the SPOT5 imagery archives and were used to design and generate the
database. The 2009 and 2010 images were obtained by specific programming and were used to update the
geographic database.
The image distribution and the dates the images were obtained for all the project coverage can be seen in figures
1 and 2.
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Figure 1. Distribution of images for the SPOT5 coverage in Summer 2008 and Summer 2009
(in red, the Quickbird pilot zone)

SPOT5 2009 Coverage

SPOT5 2008 Coverage

Path/Row

Date

Path/Row

Date

32/268

9-08-2008

32/268

18-07-2009

32/269

6-11-2008

33/267

13-07-2009

33/267

18-06-2008

33/268

13-07-2009

33/268

18-06-2008

35/268

24-07-2009

33/269

26-09-2008

35/269

24-07-2009

34/268

5-10-2008

35/269

19-07-2008

35/270

19-07-2008

Quickbirdscene

Quickbirdscene

10-08-2008
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Figure 2. Distribution of images for the SPOT5 coverage in Spring 2010 and Summer 2010
(in red, the Quickbird pilot zone)

SPOT5 Spring 2010 coverage

Path/Row

SPOT5 Summer 2010 coverage

Date

Path/Row

Date

32/268

09-04-2010

32/268

23-08-2010

33/267

21-05-2010

33/267

12-08-2010

33/268

21-05-2010

33/268

12-08-2010

35/268

15-03-2010

35/268

28-08-2010

35/269

15-03-2010

35/269

28-08-2010

Quickbird scene

28-03-2010

Quickbirdscene:

21-08-2010

With a view to validating and controlling the quality of the methodology developed for the project, images from
the Quickbird satellite were also obtained in multispectral mode (2.4 meters), and panchromatic mode
(0.6 metres), over a 64/77 kilometers square pilot zone, on dates similar to those for the SPOT5 coverage. The
th
images obtained for the Rivas Vaciamadrid pilot zone are from 10 August 2008 (selected from the image
th
catalogue) and 13 July 2009 (by programming). Another zone was selected in 2010 over the city of Móstoles,
th
st
those images being obtained on 28 March 2010, and 21 August 2010, both by programming.

Phase 3. Designing the mapping database
The main aim of this project is to define and prepare a mapping database that shows how the urban zones
evolve as a result of urban planning consolidation. The database design, defined by the change monitoring
legend, was made possible thanks to the SPOT5 image discrimination capacity in the various categories of
interest.
The final mapping database is composed of 6 layers strata, urban environment, urban area, substratum
(green), green environment and green area, as shown in figure 3.
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Strata. This layer delimits the areas in the Autonomous Region where behavior is homogeneous. The following
six strata have been defined:
1. Consolidated land: this includes the consolidated urban area. It is composed of the stable buildings that have
been standing for a long time and zones where there are no works.
2. Land undergoing consolidation: works zones, which are generally large residential developments, either on the
outskirts or in the town or city centers.
3. Rainfed farmland: defined using the “crop” stratum on the SIOSE map.
4. Irrigated farmland: defined using the “crop” stratum on the SIOSE map.
5. Forest: defined using the “forest” stratum on the SIOSE map.
6. Other: rest of the zones, rocky zones, reservoirs, etc.

Figure 3. Strata distribution by clases

Consolidated urban land
Land undergoing consolidation
Rainfed farmland
Irrigated farmland
Forest
Other
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Urban environment. Zones with a certain degree of homogeneous consolidation, within the “land undergoing
consolidation” stratum. Each one is provided with associated information included in the database with the
following attributes:
1. Urbanization or existing built-up area
• Urbanization: large residential estates under construction, where objects can be discerned (buildings, land,
roads, etc.). They are generally on the outskirts.
• Built-up area: zones that generally cover small surfaces where objects cannot be discerned. They may be
within or beyond the urban sprawl.
2. Status: this refers to the different works stages in each environment. These phases are as follows:
•
In process of urbanization,
•
Urbanization completed,
•
Being built on,
•
Built on.

Urban area. These are the elements that appear in greatest detail in the urban environments and the mapping
database. The following classes are presented: building; land awaiting development (everything that is neither a
building nor a road); paved roads and unpaved roads, as can be seen in figure 4.
Figure 4. Classes of urban areas

Urban area
Classes of urban area
Building
Land awaiting development
Paved road
Unpaved road

Substratum (green). This refers to the vegetation that lies within the “consolidated land” and “land undergoing
consolidation” strata, and is calculated on the basis of the vegetation indexes.

Green environment. Comprising two classes: golf courses and parks and gardens.
Green area. Comprising two classes of green areas: forest and lawn.
This is the way that the mapping database elements have been defined specifically for the project, and how they
have been implemented in the ESRI GeoDatabase format, which is compatible with the Canal de Isabel II
Geographical Information System (GAUDY).
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Phase 4. Processing images
The image processing methodology drawn up for the project is structured into the following categories of
processes for the SPOT5 images. Each one of them contains all the process in sequence that have to take place to
achieve a specific aim.
1. Basic process
2. Specific urban monitoring processes
3. Specific green-zone delimiting processes
4. Updating from the new series of images
5. Verifying the methodology with Quickbird images
1. Basic process, involves the prior treatment that must be given to the satellite images to make them available
for use in the classification processes. The following prior treatment processes are considered:
•
•
•
•
•

Numeric and visual quality control for the images obtained
Orthorectification
Relative standardization
Fusion
Mosaic

2. Specific urban monitoring processes, aimed at identifying and classifying the urban areas before including
them in the mapping database. It involves the following processes:
•

Stratification, delimiting zones with the same kind of urban behavior and land occupation, carried out
using the SIOSE map and the satellite image coverage from 2005 (SIOSE reference date SIOSE) and 2008
(the project date).

•

Image segmentation, whose aim is to identify the urban areas that constitute the environments, so they
can be classified at the next phase, on the basis of their category (building, land awaiting development,
paved road and unpaved road).

•

Object-oriented classification, an advanced classification technique carried out on objects that takes into
account the spatial distribution on the image (shape, texture and spectral properties of the constituent
objects). It was conducted using the Feature Analyst tool (ERDAS) that uses a variety of search patterns
depending on the element to be represented and is based upon learning techniques, using iterative and
interactive processes. The results are examined by photo-interpretation.

•

Change detection is used to update and delimit the strata in 2008; and in subsequent years, to update and
delimit strata, locating new urban environments, and to update urban areas in environments that already
exist.

The Delta Cue tool (ERDAS) is used, because it enables the user to make comparative calculations for images
from different dates, in order to evaluate the changes that have affected the land between the two dates. It
integrates a set of algorithms based on a comparison between the work images, using combinations of their
original bands and/or synthetic bands.
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Figure 5. Object-oriented classification, with suitable cadastral map (top image) and
unsuitable cadastral map (bottom image), on SPOT5 fused image (2.5 meters)

3. Specific green-zone delimiting processes include the urban green zones or gardens, farmland and natural
zones. The monitoring processes are as follows:
•

Calculating the NDVI. The vegetation indexes are based upon the characteristic spectral behavior of the
vegetation, and they are generally defined as simple relationships calculated between the red and near
infrared bands. The green surface is delimited with the normalized difference vegetation index (NDVI),
which is the index whose use is most widespread, and that is defined as the normalized relationship
between the infrared band (ρIRC) and red band (ρR) reflectivities.

NDVI =

ρ IRC − ρ R
ρ IRC + ρ R

The NDVI for the study environment was calculated from the mosaic of reflectancies in the images.
•

Defining vegetation activity thresholds for each stratum. A numeric value was established for the NDVI in
the image; it is a threshold value beyond which that pixel is considered to be vegetation. The threshold
value was estimated within each stratum, taking into account their respective characteristics (NDVI value
histograms, visual inspection). The following ranges were established for each stratum: the green
substratum that makes up the consolidated land and the land undergoing consolidation (no vegetation,
average NDVI and high NDVI); rainfed farmland and irrigated farmland (no crop and crop alive); and forest
(no vegetation, average NDVI and high NDVI).

•

Generating green substratum. Segmentation. Tree and lawn classification: integrating the vegetation
(average NDVI and high NDVI) that makes up the consolidated land and land undergoing consolidation
strata, and it is composed of green environments (parks and gardens and golf courses), which are then
classified into forest and lawn areas, by means of segmentation and classification processes using the
Feature Analyst tool.
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4. Updating from the new series of images. The aim of processing the subsequent series of images is to update
the mapping database. The basic process and the processes of delimiting the green zone are exactly the
same as those indicated above. However, the specific urban monitoring processes focus on updating the
stratification that resulted from the previous actions. To be specific, special interest is paid to locating new
urban environments that enlarge the “land undergoing consolidation” stratum. This stratification is updated
using change detection techniques.
The results of the urban monitoring process obtained from each coverage are integrated into the
Geodatabase concerned, thereby updating the mapping database. By jointly analysing all of these, the user
can carry out the urban monitoring for the degree of consolidation in the Autonomous Region of Madrid.
5. Verifying the methodology with Quickbird images High resolution images were obtained from the Quickbird
satellite so they could be used for comparison purposes and to control the quality of the methodology; they
were obtained in multi-spectral mode (2.4 meters) and panchromatic mode (0.6 meters), on similar dates, in
th
th
the Rivas Vaciamadrid pilot zone, covering 64/77 square kilometers (10 August 2008, 13 July 2009) and in
th
st
the Móstoles zone, covering 77 square kilometers (28 March and 21 August 2010).
The methodology applied to Quickbird was the same as the one applied to SPOT5. The following conclusions
were reached from the verification carried out:
•

The results obtained with Quickbird are similar to those obtained with SPOT5

•

It is considered that the methodology developed for SPOT5 is satisfactory, and this is backed up by the
tests conducted with Quickbird.

Phase 5. Estimating the water demand
The aim of this phase is to calculate the water demand estimate for consumption in the urban and in the green
consolidation zones.
The initial hypothesis for estimating the water demand in an urban zone as a derivative and supplementary
product, by monitoring the urban development in the consolidation process zones, is based upon a knowledge of
the expected final consumption and an awareness of the ground surface to be constructed, taken from the
various urban planning environments The expected current demand is obtained by combining this information
with the project results, which yields the ground surface on the date the images were taken.
An estimation of the water demand in green zones is calculated in terms of irrigation requirements (NRmonth) using
the equation:

NRmonth ≡

ETC ( month ) − Pmonth
Irrigation.efficiency

Where Pmonth is the monthly cumulative rainfall and ETc(month) is the monthly evapotranspiration in the green zone,
which is estimated from the reference evapotranspiration ETo calculated using the data obtained from the
agro-climate stations in the respective zones, corrected by a factor Kc provided by the FAO and using the
formula:

ETC ( month ) = ET0 × K 0
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The Autonomous Region of Madrid was divided into 3 zones, on the basis of the climate conditions: the
mountain zone, the transition zone and the open plain. The reference evapotranspiration was estimated for
each of these on the basis of meteorological station data. The annual requirements for each zone were
estimated on the basis of the monthly irrigation requirements for the green zones with lawns and forest.

4. Results
The project results include: designing, generating and updating the mapping database, operating it and
estimating the water demand.
Design and generating the mapping database were the results for 2008, which also included the green surface
obtained for each stratum, municipality, and range of vegetation activity. The results from the project and
information about it were incorporated into the Canal de Isabel II company GIS, where reports thematic maps,
etc. are generated, which are then associated with the information about its infrastructures.
The results of the SPOT5 coverage process for Summer 2009, Spring 2010 and Summer 2010, update the
mapping database yielding the urban development evolution. The results obtained for each coverage are
integrated into the Geodatabase concerned, thereby updating the mapping database. A joint analysis of all of
this information enables the user to carry out the urban monitoring of the degree of consolidation in the
Autonomous Region of Madrid.
As far as strata differentiation is concerned, it must be pointed out that the surface covered by the
Autonomous Region of Madrid is 79 per cent “natural land” (farmland and forest), 18 per cent “urban land”
(consolidated urban land and land undergoing consolidation), and the remaining 3 per cent is grouped together
in the “other” stratum. The “land undergoing consolidation” accounts for 2 per cent of the total surface and 11
per cent of the urban land. The distribution can be seen in figure 6.
The results yielded by the stratification updating process show that the land undergoing consolidation
increased progressively from 18,054 hectares in 2008 to 18,523 hectares in 2009, to 19,152 hectares in Spring
2010 and to 19,347 hectares in Summer 2010.
The urban monitoring results for the project, as a whole, are analyzed below.

Results summary. Autonomous Region of Madrid
It includes the following for all the project study periods:
•

The surface classified into the various actions, and the difference between built-up surfaces between two
consecutive actions.

•

The greatest increase in built-up surface (272.81 hectares) was detected during the period between Summer
2008 and Summer 2009, whereas in the period between Spring 2010 and Summer 2010 the increase was
much lower (72.13 hectares), partly because the period of time between the two actions was much shorter.
The details are shown in table 1.

•

Table 2 and figure 7 contain the summary of the degree of consolidation for the environments classified as
“land undergoing consolidation”, for all the study periods.

Most of the environments are classified as in the “being built on” degree of consolidation. Furthermore, as more
periods are processed, there is an increase in the surface covered in the environments that reach this degree of
consolidation.
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Figure 6. Strata surface distribution (results 2008)

3%

Urban consolidated land

16%

Land undergoing consolidation

2%

Rainfed land
Irrigated land

46%

Forest
Other

30%

3%

Table 1. Results for the surface classified in the different actions
Surface classified in the Autonomous Region of Madrid
SU2010

SSP2010

SU2009

SU2008

Surface
(ha)

%

Surface
(ha)

%

Surface
(ha)

%

Surface
(ha)

%

Building

3,516

18.2

3,444

18.0

3,195

17.3

2,922

16.2

Land

10,634

55.0

10,518

54.9

10,301

55.6

10,394

57.6

Paved road

4,087

21.1

4,026

21.0

3,774

20.4

3,211

17.8

Unpaved road

1,110

5.7

1,163

6.1

1,253

6.8

1,527

8.5

19,347

100

19,152

100

18,523

100

18,054

100

Total
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Table 2. Summary of the degree of consolidation for the environments in all the study periods
Summary of the degree of consolidation for the environments (2008-2009-SP2010-SU2010)
2008
Nº
environments

2009
Surface
(ha)

Nº
environments

SP2010
Surface
(ha)

Nº
environments

SU2010

Surface
(ha)

Nº
environments

Surface
(ha)

In process of
urbanisation

207

6,538

206

4,484

179

3,985

179

3,841

Urbanisation
completed

64

2,016

67

2,545

40

1,294

42

1,524

Being
Built on

337

9,501

375

11,431

445

13,179

447

13,148

Built on

-

-

11

63

58

693

72

832

Total

608

18,054

659

18,523

722

19,152

740

19,347

Figure 7. How the degree of consolidation evolved (ha)
14000
12000
10000
2008

8000

2009

6000

P2010
V2010

4000
2000
0
In process of
urbanisation

Urbanisation
completed

Being built on

Built on

An analysis of the monitoring of the environments that constitute the “land undergoing consolidation” in the
different study periods begins with an initial categorization, on the basis of its behavior, the following
distinctions being made: new environments, environments with changes and environments without changes
in the classification. The surfaces that correspond to the categorization of the environments can be seen in
table 3. Figure 8 shows the monitoring of the changes that occurred.
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Table 3. Summary of the types of environments for the land undergoing consolidation in the years of the project
Summary of the types of environments for the land undergoing consolidation
SU2008
Nº
environments

SU2009
Surface
(ha)

Nº
environments

SP2010
Surface
(ha)

Nº
environments

SU2010
Surface
(ha)

Nº
environments

Surface
(ha)

New
environments

608

18,054

51

456

63

630

18

195

Environments
with change

-

-

194

11,665

241

10,602

122

6,609

Environments
without changes

-

-

414

6,401

418

7,920

600

12,543

Total

608

18,054

659

18,523

722

19,152

740

19,347

Periods between actions

Figure 8. Monitoring the environments: summary of changes

V2010
P2010
V2009
V2008
0

5000

10000

15000

20000

Surface ha
Changes

No Changes

New

Table 4 shows the changes detected in the environments where there are differences between two consecutive
actions.
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Table 4. List of changes in the areas classified in the environments with changes
Environments with changes – List of change areas
S2008-S2009
Nº
areas

1

S2009-SP2010

2

SP2010-S2010

3

Surface
(ha)

%

Nº
areas

Surface
(ha)

%

Nº
areas

Surface
(ha)

%

Land-building

1,453

256.72

20

622

221.58

41

256

62.79

39

Paved road

1,316

99.83

8

231

17.16

3

216

11.05

7

Unpaved road

944

183.59

15

219

11.32

2

245

12.31

8

Unpaved road
paved road

542

534.68

42

108

242.11

45

104

49.74

31

5,292

183.94

15

578

48.20

9

384

25.45

16

9,547

1,258.77

100

1,758

540.36

100

1,205

161.33

100

Other

Total

(1) Summer 2008-Summer 2009

(2) Summer 2009-Spring 2010

(3) Spring 2010-Summer 2010

The degree of consolidation in the environments with changes is shown in the following table, where it can be
seen that most of them are in the “being built on” state.
Table 5. List of the degrees of consolidation for the environments with changes
List of the degrees of consolidation for the environments with changes

(ha.)

Surface

environments

Nº

Summer 2010

(ha.)

Surface

environments

Spring 2010

Nº

(ha.)

Surface

Nº

(ha.)

Surface

Nº
Environments

Degree of Consolidation

environments

Summer 2009

Summer 2008

In process of urbanisation

-

-

21

1,525.8

17

620.07

15

888.22

Urbanisation completed

-

-

27

1,847.74

11

161.91

7

239.92

Being built on

-

-

135

8,228.97

165

9,188.39

86

5,341.13

Built on

-

-

11

63.03

48

631.77

14

139.61

Total

-

-

194

11,665.12

241

10,602.12

122

6,608.89

Changes were also observed in zones that were defined in the previous action as “consolidated land”, which in
view of the detection of activity, become “land undergoing consolidation” in the next update, considered to be
environments partially included within consolidated land. These are generally demolitions and works undertaken
within the urban area.
The environments that reached the “built on” degree of consolidation are considered to be completed. These
environments still belong to “land undergoing consolidation” because there may be certain doubts about their
final completion.
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The results are shown in a Geodatabase, incorporated into the Canal de Isabel II Geographical Information
System. Users find that the GIS tools are extremely versatile when it comes to using this information for urban
planning purposes or for Canal de Isabel II’s own structures or those that the company has planned for the
future. Some of the products obtained are:
• Cross-referencing the results of all the updates with the urban planning and the results contained in the
mapping database, enables the user to monitor the extent to which the urban development has been carried
out, as shown in the urban planning in the municipalities. This monitoring was done by cross-referencing the
results obtained from all the basic study periods, with the planning currently in force, in the very latest
version and in the various categories:
1) Consolidated urban land and developed environments
2) Undeveloped environments with a feasibility report, and
3) Undeveloped environments without a feasibility report.
• Thematic maps of each municipality and for the Autonomous Region of Madrid, which show, in map and
numerical form, the changes that have taken place during the project. How the degree of consolidation has
evolved in the last two periods, Spring and Summer 2010, is indicated on the map in the form of a symbol.
There is also a summary table showing the surface of areas classified throughout the four dates processed.
The figure shows the thematic map for the Municipality of Getafe.
Figure 9. Using the results: Thematic map for the Municipality of Getafe

• List of changes by municipalities. This features:
- The monitoring of classified surfaces and this list of changes per municipality, for all the study years.
- The monitoring of the degree of consolidation of the environments per municipality, for all the study years.
Where the results for the green surface are concerned, it must be pointed out that coverage of images over
considerable periods of time show the vegetation in different phenological states, in such a way that all the
coverage cannot be treated in exactly the same way and it becomes more complicated to establish one single
threshold for the vegetation index in order to estimate the green surface. When estimating the water demand,
the results for the images obtained in the summer are considered to be representative, because in that season
the vegetation growth is related to the artificial supply of water.
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Figures 10, 11, 12, and 13 show the results for the green surface by strata, for the Autonomous Region of
Madrid, and for all the study periods on the basis of their degree of activity.
Figure 10. Forest surface on the basis of the degree of vegetation activity for all the study periods
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Figure 11. Distribution for the surfaces with trees and lawns in the urban green substratum in
Summer 2010, Spring 2010 and Summer 2009
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Figure 12. Distribution for the surfaces with crops alive and no-crop
in the rainfed stratum for all the study periods
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Figure 13. Distribution for the surfaces with crops alive and no-crops
in the irrigated stratum for all the study periods
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The water demand estimation for urban green zones is calculated in terms of monthly irrigation requirements,
obtained from the monthly cumulative rainfall and evapotranspiration information.
Table 6 shows the annual water demand in million cubic metres per year, for 2009 and 2010, obtained by
applying the irrigation requirements to the surfaces of urban green zones (lawn and trees), for each climate zone
in the Autonomous Region of Madrid.
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Table 6. Estimation of the water demand for urban green zones for the entire Autonomous Region of Madrid
Results 2009

Results 2010

Surface
(ha)

Total demand
(hm3/year)

Demand per ha
(m3/ha year)

Surface
(ha)

Total demand
(hm3/year)

Demand per ha
(m3/ha year)

Lawn

14,238

153.5

10,777

15,426

118.3

7,671

High tree NDVI

2,552

3.9

1,536

2,383

1.8

759

Average tree NDVI

13,195

6.9

526

11,832

3.1

259

-

164.3

12,840

29,642

123.2

8,690

Total

A more complete view of the water demand is obtained by calculating the ongoing spatial distribution (cubic
metres per year and hectare) for the Autonomous Region of Madrid, on a 100-metre grid. The result can be
seen in figures 14 and 15.
Figure 14. Spatial distribution of the annual water demand for 2009
in the Autonomous Region of Madrid
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Figure 15. Spatial distribution of the annual water demand for 2010
in the Autonomous Region of Madrid

The water demand results for the green surface of lawn, are consistent with the data obtained in previous
studies, as is explained in R&D&I Booklet Nº11 concerning Remote Sensing Techniques and Geographical
Information Systems for Evaluating Water Demand for Outdoor Uses in the Autonomous Region of Madrid.
The results for 2009 (10,777.32 cubic metres per hectare and year, which are equivalent to 153.45 cubic
hectometres per year) are somewhat higher than those shown for an average dry year (the information from
AEMET corroborates the fact that 2009 was considered to be dry in the Autonomous Region of Madrid when
compared to the average data for the last 30 years), and the results for 2010 (7,670.64 cubic metres per hectare
and year, which are equivalent to 118.33 cubic hectometres per year) are similar to those for an average climate
year.
The results for forest zones cannot be compared with those from previous work, not only in view of the different
techniques used for classification, but also because of the fact that the estimation of the demand that was made
in those cases, was based upon back-up irrigation amounting to 400 cubic metres per hectare and year,
regardless of the meteorological year.
Detecting new urban zones where land is undergoing consolidation and an assessment of the built-up surface
when compared to what is envisaged in the urban planning, makes it possible to estimate more accurately, the
emergence of new demands, their geographical distribution and their consolidation rate.
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5. Conclusions
It is considered that the aims of the project aims have been fulfilled. An operating methodology has been
developed that, supported by SPOT5 images, monitors the urban consolidation in the Autonomous Region of
Madrid. Where water demand estimation is concerned, the methodology has been established for estimating
demand in green zones and the demand in question has been evaluated. Furthermore, the bases have been
established for calculating the urban demand in developing zones.
As far as image acquisition is concerned, it must be stressed that for the project, it is essential to develop a
specific schedule that is in keeping with the project objectives. A brief scheduling window is required, which is
not always feasible, because the scheduling is affected by the meteorological conditions, conflicts with other
requests, etc. Problems arising from coverage over long periods of time make it difficult to classify those
environments that include several scenarios, each one of which is at a different construction stage.
It has been considered that the monitoring can be carried out only with summer coverage, because having one
series of images per year would appear to be sufficient, and in summer the acquisitions have a very short time
span. Furthermore, estimating green surfaces in spring is made more complicated by the natural water runoff.
The image processing methodology requires a very specific treatment. A special reference must be made to the
soundness of the orthorectification method, the fusion (SRF) for SPOT5 data, the stratification of the territory and
the updating process, as well as the suitability of combining different classification methods on the basis of the
auxiliary information available.
From the perspective of the project, it is important to have auxiliary information from the SIOSE (Spanish Land
Occupation Information System), which is used to delimit zones where the urban behavior and land occupation
are very similar. The “land undergoing consolidation” stratum, which is the major one, was originally defined on
the basis of this information.
The preliminary tests conducted at the segmentation and classification phase, bring to light the importance of
having cadaster data as updated as possible. It proved essential in the classification, when designing and
implementing the selected methodology.
It is essential for this project to have the urban planning currently in force in its most updated version, so that it
can be used as the framework of reference where urban growth is concerned.
Using high-resolution Quickbird images to validate the methodology revealed the following:
• The results obtained with Quickbird are very similar to the ones obtained with SPOT5.
• The methodology developed for SPOT5 is considered to be satisfactory, and the tests conducted with
Quickbird endorse this conclusion.
• The relationship between image availability, the response time for obtaining the results and the cost involved
is acceptable, using SPOT5 images.
• Identifying buildings with QuickBird images can be done with much greater precision when land registry
information is available, and even very small buildings can be identified. This contribution is important when
the environment is consolidated to a very great extent. The use of these images can be assessed in the future
in specific zones.
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6.

Research Lines

The following future research lines are proposed to ensure that ongoing improvements can be made to an
appraisal of the extent to which urban developments are consolidated:
• Monitoring with satellite information combining high and very-high resolution images, adapting the
frequency of acquisition on the basis of the degree of urban consolidation in the different zones within the
Autonomous Region of Madrid. Acquiring SPOT5 coverage once a year is considered sufficient to be able to
evaluate the extent to which urban monitoring is consolidated, and in the zones where the degree of
consolidation is advanced, specific acquisitions can be made with very-high resolution satellites that allow for
a more accurate identification.
• Using Light Detection and Ranging (LiDAR) information, an active measurement system on board an aircraft,
which obtains information about the Earth’s surface taken at a great height that is used to create Digital
Terrain Models (DTMs) and Digital Surface Models (DSMs) with a very high level of planimetric and altimetric
precision. Measuring urban zones is one of its most outstanding applications. The development of monitoring
techniques with LiDAR imagery, which provides information in vertical form, enables the user to combine this
data with the auxiliary information currently available, to establish the elevation of the surface area
constructed, which makes it possible to estimate the urban water demand more accurately.

http://www.canalgestion.es/galeria_ficheros/compromiso-social/publicaciones/Cuaderno14_I+D+i.pdf
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