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Preface

The 28th EARSeLL Symposium and Workshops
“Remote Sensing for a Changing Europe”
Istanbul, Turkey, 2—7 June 2008

Merhaba,

After Voss (Norway, 1981), Igls (Austria, 1982), Brussels (Belgium, 1983), Guildford (UK, 1984),
Strasbourg (France, 1985), Lyngby (Denmark, 1986), Noordwijk (Netherlands, 1987), Capri (Italy,
1988), Helsinki (Finland, 1989), Toulouse (France, 1990), Graz (Austria, 1991), Eger (Hungary,
1992), Dundee (UK, 1993), Goéteborg (Sweden, 1994), Basel (Switzerland, 1995), Malta (1996),
Lyngby (Denmark, 1997), Enschede (Netherlands, 1998), Valladolid (Spain, 1999), Dresden
(Germany, 2000), Paris (France, 2001), Prague (Czech Republic, 2002), Ghent (Belgium, 2003),
Dubrovnik (Croatia, 2004), Porto (Portugal, 2005), Warsaw (Poland, 2006), and Bolzano (Italy,
2007), the EARSeL family met in a city where the continents meet. The ‘28th EARSel Symposium
and Workshops® with the title ‘Remote Sensing for a Changing Europe’ took place in Istanbul,
Turkey on 2—7 June 2008. Both the symposium and the accompanied two workshops were hosted
by the Remote Sensing Division of the Istanbul Technical University (ITU) at the Siileyman
Demirel Convention Center in the ITU Maslak Campus. The Symposium was chaired by Prof. Dr.
Derya Maktav, Head of ITU Remote Sensing Department and co-chair of EARSeL. SIG Urban
Remote Sensing, and Prof. Dr. Rudi Goossens, Head of EARSeL. The Turkish Chamber of the
Cadastre and Mapping Engineering, and the Scientific and Technological Research Council of
Turkey (TUBITAK) also supported the meeting.

Technical presentations were on all fields of geoinformation and remote sensing, and especially
on:

Geoinformation and remote sensing

New sensors and instruments

Image processing techniques

Time series analysis, data fusion

Imaging spectroscopy

Urban remote sensing, land use and land cover
Radar remote sensing, LIDAR

Land degradation and desertification
Hydrology, land ice & snow, coastal zone
Forestry, agriculture

3D spatial analysis

World heritage

The meeting welcomed 220 registered participants from all over the world. Eighty papers were
presented during the symposium (2—5 June) at the 21 oral sessions including the three special
sessions. As well, 60 papers were presented at the poster sessions which were also presented during
two ‘oral communications’ sessions where the authors had the opportunity to present their poster
papers for 4-5 minutes and invite the participants to visit their posters for detailed information. The
ITU Siileyman Demirel Convention Center with one conference hall, one senate hall and four
workshop rooms served for the event.

In addition to these topics, the symposium also included three special sessions:



viii

The special session ‘ASTER’, jointly held by ASTER and EARSeL, included applications of
ASTER, such as the usefulness of thermal remote sensing images in the study of wet permafrost,
and crop and water monitoring at the scale of a small agricultural region from ASTER data.

“SPOT” special session, jointly held by SPOT and EARSeL, focused on the new ASTRO-
TERRA mission; a global database designed to build consistent and accurate geospatial datasets;
assessing agri-environmental impact in the French West Indies and French Guyana; and the opera-
tional use of SPOT imagery for population and housing census in Africa.

The third special session ‘Seismic Geohazards’ chaired by Freek van der Meer, chair of the SIG
Geological Applications, integrated valuable presentations on ASTER and geohazards; evaluation
of the damaged provoked by seismic events through teledetected imagery; application of an inte-
grated airborne hyperspectral and lidar dataset in resolving the frequency and intensity of earth-
quakes; predicting topographic aggravation of seismic ground shaking by applying geospatial tools;
and tropical volcanic islands, coastal landslides and tsunami risk.

To encourage the establishment of two new SIG’s, “Remote Sensing for Archaeology and Cul-
tural Heritage” (3 June) and “Thermal Remote Sensing” (4 June), in addition to the already existing
14 SIG’s, two lunch meetings were organized where the chairmen had the opportunity to advertise
their new groups.

The ‘SIG on Remote Sensing for Archaeology and Cultural Heritage’, co-chaired by Dr. Rosa
Lasaponara and Dr. Nicola Masini (Italy), addressed the researchers interested in the application of
active and passive remote sensing technologies (ground, aerial and satellite) and in the information
technologies for archaeological investigation, protection and valorization of cultural heritage.

Dr. Claudia Kuenzer of the German Remote Sensing Data Center, DFD of the German
Aecrospace Center, DLR presented the newly founded ‘SIG on Thermal Remote Sensing’. About
20 participants joined the lunch meeting and presentation, during which the goals of this new SIG
were introduced. SIG-TRS envisages bringing the thermal community among the EARSeL
laboratories closer together, and promoting a platform for exchange about methods, applications,
new sensors and in-situ approaches in the field of thermal remote sensing.

The ITU-Center for Satellite Communications and Remote Sensing (ITU-CSCRS) where we
had the technical visit, is located at the ITU Maslak Campus and is one of the foremost institutions
around the world with a highly capable ground receiving station unit. It is the first center estab-
lished in Turkey to conduct application oriented projects in remote sensing and satellite communi-
cations technologies and to serve national/international civil/military companies in their research,
development, and educational activities. CSCRS has the capabilities of acquiring images from re-
mote sensing satellites, processing data, and sending the products via satellite links to resident and
foreign users. The station can receive images of the Earth’s surface within a radius of 3000 km,
which covers from Sweden to Sudan, and England to Kazakhistan. In the center the data acquired
from SPOT-2, SPOT-4, RADARSAT-1, ERS-2, NOAA-11, NOAA-14, METEOSAT satellites are
archived, formatted and processed with state-of-the-art technology.

After the technical visit at ITU-CSCRS on 2 June the icebreaker party of the symposium was
organized in the same place on the same day.

In addition to the technical meetings, EARSeL-bureau meeting, Council meeting, co-editors
meeting, and General Assembly took place on different dates during the event.

The participants of the symposium discovered the wealth of impressive sights all along the
shores in a Bosphorus boat trip along Istanbul’s famous waterway dividing Europe and Asia.

The symposium dinner took place at a restaurant close to the Fatih Sultan Mehmet Bridge from
where a beautiful view of the Bosphorus could be enjoyed.

In conjunction with the symposium two workshops ran parallel and after the end of the
symposium:

1st Workshop “Earth Observation From Research to Teaching in Schools and Universities” of
the “Special Interest Group (SIG): Education and Training” of EARSeL chaired by Mario Hernan-
dez, UNESCO; Rainer Reuter, University of Oldenburg, Germany; and Alexander Siegmund, Uni-
versity of Education Heidelberg, Germany, on 6 June, aimed at making the results obtained from
more than 250 EARSeL member institutes available to the public.



The workshop further addressed the Global Environment and Security (GMES) programme of
the European Commission (EC) and the European Space Agency (ESA).

The topics of the workshop included: earth observation for kids; science education in schools,
high schools and universities; applications in biology, chemistry, geography, physics and mathe-
matics curricula; training activities in GMES; the Global Earth Observation System of Systems
(GEOSS) and other international programmes; and public outreach of environmental sciences and
global change.

On 7 June, an open meeting of the EARSeL project “Science Education through Earth Observa-
tion for High Schools (SEOS)” followed the workshop, which was an initiative for using remote
sensing in science education curricula in high schools funded under the 6th Framework Programme
of the EC. Eleven different partners from several European countries in cooperation with the ESA
have so far implemented the project.

The second workshop of the symposium was organized as the 4th Workshop of the EARSeL.
SIG on Developing Countries (chaired by Giircan Biiyiiksalih, Turkey; Richard Sliuzas, Holland,
and Peter Lohmann, Germany), in conjunction with the 8th workshop of the GIS in Developing
Countries network (GISDECO 8), with the title “Integrating GIS and Remote Sensing in a Dy-
namic World” on 4-7 June 2008.

This workshop brought together experts from the EARSeL. and GISDECO networks for the first
time. Especially for developing countries, integration of remote sensing and GIS offers unique ac-
cess to primary data on the status of land surfaces, as well as possibilities for analysis, visualisation
and development of possible solutions to problems associated with dynamic changes of nature and
humanity. Global urbanisation, climate change and its effects on natural and human systems, land
use and land cover changes, and salinisation are imminent dangers. The workshop provided a fo-
rum for presenting and discussing results, and for exchanging expertise and experience among re-
searchers and users engaged in solving the problems of developing countries.

The topics of this workshop included:

Adapted sensor and mapping methods (TerraSAR-X, ALOS, ASTER, IKONOS, QUICKBIRD,
dynamics of urban development, biomass), environmental monitoring (land degradation, desertifi-
cation, erosion), model development and integration (landuse and cover models, biosphere model,
effects of climate change), DEM generation for developing countries (SRTM, Cartosat-2, ALOS-
PRISM), innovative remote sensing and GIS education (distance learning, professional develop-
ment), theory and practice of partipatory GIS (case studies on community mapping and PGIS), GIT
and poverty alleviation (food and water security, resilience), hazards and risk mitigation (measur-
ing risks and adaptive planning systems), and managing global urbanisation (slum mapping, sus-
tainable transport systems).

I would like to thank the members of the scientific committee who have contributed to the ab-
stract review process, to the artist Beygii Gok¢in who artistically combined space and music with
piano; the band of the Turkish Air Force Academy for their exceptional performance at the opening
session, to my colleagues from my department, and, of course, to my students for their great efforts
before, during and after the symposium.

Finally, I wish good Iuck and success to my Greek colleauges who will organize
the 29th EARSeL Symposium in Crete, Greece in 2009. See you in Crete.

With my best regards, Prof. Dr. Derya Maktav
November, 2008, Istanbul EDITOR
Istanbul Technical University

Remote Sensing Division

34469 Maslak, Istanbul, Turkey

http://www.ins.itu.edu.tr/deryamaktav

dmaktav@ins.itu.edu.tr
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Precipitation in the Antarctic gradually decreased

L.N. Vasiliev

Institute of Geography Russian Academy of Sciences, Moscow, Russia

Keywords: precipitation rate, cycles, wavelet power spectrum, cumulative sum

ABSTRACT: Despite forecasts that global warming will increase Antarctic snowfall, there is some
evidence that exactly the opposite is true. Analysis of the Global Precipitation Climatology Project
(GPCP) data indicates a decrease in the accumulation on the Antarctic ice sheet over the last 29
years. The GPCP satellite remote sensing data, spanning the years 1979 to 2007, exhibits 6-year
cycles in precipitation rate. Precipitation in these cycles from 1982 to 2005 has gradually decreased
by 15%. This reduction is statistically significant.

1 INTRODUCTION

There is no consensus at present on how to determine the mass balance of the Antarctic ice sheet.
Although most researchers Chen et al. (2006), Ramillien ef al. (2006), Rignot & Thomas (2002),
Wingham et al. (2006), Zwally et al. (2005) consider that the ice sheet in East Antarctica is grow-
ing and that in West Antarctica is contracting, the current balance of these two parts of the ice
sheet, and its changes in the past have not been established. Basic distinctions lie, as a rule, in dif-
ferent assessments of the influx of matter onto the surface of the Antarctic ice sheet Giovinetto &
Zwally (2000), Kotlyakov (1966), Kotlyakov (2000), Vaughan et al. (1999). Accumulation as-
sessments restricted to 10-year periods and climatic models of reanalysis cannot characterize the
present-day oscillations of the snowfall volume with necessary precision. Uncertainty in the predic-
tion of the behaviour of the Antarctic ice sheet may be decreased by long-term series of precipita-
tion measurements and elucidation of causes of its oscillations. Satellite measurements of global
precipitation carried out within the framework of the Global Precipitation Climatology Project
(GPCP) made it possible to assess accumulation in Antarctica with different spatiotemporal resolu-
tions for the period of 1979-2007.

Initial data were obtained by combining precipitation measurements from several space sys-
tems. Microwave measurements are carried out from satellite sun-synchronous low Earth orbit us-
ing a Special Sensor Microwave Imager (SSM/I). The infrared precipitation estimates are obtained
primarily from geostationary satellites and secondarily from polar orbiting satellites. The latter are
then calibrated by precipitation values from microwave measurements. Additional precipitation
estimates are obtained based on Television and Infrared Observation Satellite (TIROS) Operational
Vertical Sounder (TOVS). Precipitation values obtained from the combination of space measure-
ments at different frequencies are corrected based on the rain gauge data network. Primary data are
represented in two versions: 1) monthly precipitation on a grid of 2.5° X 2.5° latitude — longitude
spanning the years 1979-2007 Adler et al. (2003) and 2) daily measurements on a grid of 1° x 1°
from January 1997 to 2007 Huffman et al. (2001).
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2005 Year Precipitation

Figure 1. Spatial distribution of annual precipitation in Antarctica in 2005 with resolution 1° latitude 1° lon-
gitude. One of the examples for the period of 1979-2007.

2  METHODOLOGY

Spatiotemporal series of monthly and daily precipitation can be regarded as a succession of points
in the phase space. To obtain a clear interpretation of the dynamic structure, it is necessary to reduce
the phase space dimension without loosing essential properties in the process. In this work, we have
begun with a primary representation of the spatial distribution of annual precipitation in the Antarc-
tic (Fig. 1). Comparison of successive images similar to Fig. 1 for the last 29 years shows that sat-
ellite measurements in combination with ground-based precipitation data yields a relatively stable
spatial structure of accumulation. The time series analysis of annual accumulation is presented in
Fig. 2.

Errors in the assessment of accumulation stem from both random errors in the algorithm of pre-
cipitation based on brightness temperature, and random measurement errors. Random errors in the
elementary 2.5° x 2.5° cell depend on the temporal density of its coverage by space measurements
and the spatial density of rain gauge data. The precipitation value for each cell has therefore been
accompanied by the calculated variance for that cell. Error files exhibit a structure similar to pri-

mary data, from which variance of the sum of monthly precipitation ¢” is calculated. Assessment of
-1/2

the relative error of annual accumulation will be proportional to <~ where P is the annual sum

of monthly precipitation and » is the number of months in a year. Calculated in this way, the aver-
age relative error of annual accumulation has 7.4%. It is apparent that the relative error of 10-years
accumulation will decrease to 2.4%. Error values of monthly precipitation in each 2.5° x 2.5° cell
are assessed by the variance, o°, which depends nonlinearly on the precipitation intensity. Although
the probability distribution of the error it not certain, it approximates a logarithmic normal distribu-
tion. However, a final assessment of accuracy using sparse data on Antarctic snow measurements
will require further investigation.



L.N. Vasiliev / Precipitation in the Antarctic gradually decreased 3

ANNUAL PRECIPITATION ON THE ANTARCTIC ICE SHEET
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Figure 2. Annual accumulation in the Antarctic grounded ice sheet (1) and with the ice shelf (0) over the
period 1979-2007. Confidence level for points is determined by the error bars 190 Gt.
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Figure 3. The Morlet wavelet transform of the time series of monthly precipitation in Antarctica, 1979-2007.
(A) Time series of monthly precipitation. (B) Distribution of local values of the wavelet power spectrum for
the time series of monthly precipitation (light contour lines correspond to boundaries of 90%-confidence
level for local values of power spectrum. (C) Time-averaged values of wavelet power spectrum are propor-
tional to the sum of local values at each period. Interpretation of local values of the power spectrum with a
period exceeding 100 months with a time series of only 348 months is not recommended.

The comparison of the data obtained with snow measurements at polar stations for the period of
1997-2006 is presented in Table 1. Precipitation values were determined for the 1° x 1° cell using
daily space measurements. Differences between the two measurements are mainly related to spatial
nonuniformity inside the cell. This is particularly prominent at Station Bellingshausen. At an aver-
age variance o~ of monthly precipitation, the relative error of accumulation at low P values will of
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Table 1. Comparison of precipitation measured by satellite systems and snowfall in water equivalent on polar
surface stations for the period of 1997-2006

x

Duration of measure-

Satellite Snowfall
. ments measurements measurements, we
Station
(vear) (mm) (mm)
Mimy 10 5640 5148
Novolazarevskava 9 2212 2131
Bellinshausen 10 7661 6397
Vostok 7 232 116
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Figure 4. Cumulative totals of precipitation in Antarctica over 6-year cycles show a slow decrease in accumu-
lation since 1982.

course increase drastically. This is observed at Station Vostok. In other cases, relative errors vary
from 4 to 20%.

3 RESULTS

Accumulation is determined by two regimes of precipitation behaviour: inter-annual low-frequency
variations, which characterize large-scale changes (Fig. 2), and intra-annual seasonal oscillations
(periodicity). The latter can arbitrarily be attributed to high-frequency oscillations. To establish the
time scale of accumulation variability, we used the time series of monthly precipitation in Antarc-
tica and analyzed it with a continuous wavelet transform. Choice of the analyzing wavelet plays a
crucial role. To establish actual criteria of regularity and to explain them, it is necessary to use an
analyzing wavelet that corresponds best to the time series under study. The main interest lies in
elucidation of criteria of periodicity and their associated time scales. The Morlet wavelet fits this
objective since it precisely determines values of periods, but not the location of maximums and
minimums. This corresponds to our requirements. Figure 3 presents the result of application of the
Morlet wavelet. The wavelet power spectrum clearly localizes a strict periodicity along the period
axis at 12-months, which is related to intra-annual seasonal behaviour of precipitation. The low-
frequency region at a period of about 72—84 months includes a second (weaker) maximum, which
indicates the existence of a 6 to 7-year cycle. It is worth noting that the precipitation volume in 6-
year cycles from 1982 to 2005 gradually decreases by 3.5% per cycle on average. This is illustrated
by variation in the cumulative sum of precipitation in four successive 6-years periods from 1982
(Fig. 4). The precipitation volume decreased by 15% during 2000-2005 compared to the period of
1982-1987. This inference quantifies the behaviour of annual precipitation that may be perceived
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qualitatively from Fig. 2. Of course, the inference should be treated with caution since the time se-
ries is only 29 years long and so contains only 4 cycles.

4 CONCLUSIONS

Our work has revealed a statistically significant variation in accumulation in Antarctica over the last
29 years, although no trend in world-wide precipitation over the last 50 years is indicated by the
same data. Progress has been achieved in determining precipitation accumulation by the application
of modern satellite remote sensing. The existence of a 6 to 7-year cycle is indicated but not com-
pletely confirmed. This cycle and its explanation require further study. Nevertheless, one might ex-
pect that the stability of annual periodicity in combination with low-frequency (6 to 7-year) varia-
tions can be used to refine the dynamic mass balance model of the Antarctic ice sheet. Application
of modern methods for measurement of global precipitation significantly improves the determina-
tion of mass balance as a result of on-line data collection, improved accuracy, and spatiotemporal
reliability.
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ABSTRACT: Since the 27" EARSeL symposium 2007 in Bolzano with WorldView-1 and
Cartosat-2A two more very high resolution optical satellites of a new group have been launched.
Images with a ground sampling distance (GSD) of 0.45 m, which will be distributed with 0.5 m
GSD, are operational available. In August 2008 GeoEye-1 shall be launched, having even 0.42 m
GSD. With CBERS 2B an additional high resolution is in space. The system of 5 RapidEye
satellites shall follow. The high number of new satellites gives a strong push to the 3D-Remote
sensing. The wide spread of the stereo systems Cartosat-1 and ALOS/PRISM has improved the
possibility of generating detailed and accurate digital elevation models based on space images. An
overview of the new optical systems, but also a short information about new radar satellites and in
near future planned missions together with the influence to the practical application is given. Only
systems available for civilian use are respected in this overview.

As new trend in aerial application we have with mid format digital aerial cameras and the
combination of vertical and oblique images like from Pictometry and Multivision. The digital mid
format are now completed by combinations of cameras, closing the gap to the large format digital
cameras.

Digital height models can be generated by interferometric synthetic aperture radar (IfSAR) or
by automatic image matching. The images used for image matching should be taken within a short
time interval to avoid changes of the object and different shadows. Stereo systems generating
stereo combinations in general have some advantages.

1 INTRODUCTION

Detailed earth observation determining or respecting the three-dimensional shape of the earth
surface and usable for mapping purposes is dominated by the used sensors. Low or medium
resolution systems like Landsat cannot be used for this task. The first civilian use of satellite images
for 3D-mapping came with SPOT 1 in 1986, but with 10m ground sampling distance (GSD) the
accuracy and identification of object details is limited. With IRS-1C in 1996 the GSD was improved
to 5.8m, but the real break through of the use of space images for detailed information extraction
came with IKONOS in 1999. Today we have several high and very high resolution optical
satellites. The number is permanently growing and also the resolution is improving, just now
images taken by WorldView-1 are distributed with 0.5 m GSD. The Indian space organisation
ISRO plans Cartosat-3, to be launched in 2011, with 0.35 m GSD and the US company GeoEye
made a proposal for GeoEye-2 with 0.25 m GSD. The last requires a change of the US
governmental limitation of the distribution of space images to currently at least 0.50m GSD. With
stereo satellites like Cartosat-1 and ALOS/PRISM optimal conditions for the generation of digital
elevation models (DEM) exist. In this presentation only civilian or dual use systems are respected.
Most of these sensors are used for military and civilian application. Without military or secret
service application we would not have such a variety of reconnaissance satellites, which we can use
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now also for civilian projects. Only a very limited number of systems are only based on civilian use
like the German TerraSAR-X and the announced RapidEye. Sensors with medium resolution
(above 10m GSD) are mainly used for land-use monitoring, they are also not included here. A
special position has ASTER, allowing the generation of height models by the stereo system with
16m GSD. This sensor belongs to the overlap of the land-use monitoring and the mapping.

The optical space images are competing with aerial images. Of course the highest resolution is
only possible from air, here a clear tendency to digital cameras exist. Beside the large format digital
cameras also digital mid format cameras are becoming more important, supported by CCD-arrays
with more pixels. In addition combinations of mid-format cameras are closing the gap to large
format cameras. As platform of light weight cameras unmanned aerial vehicles are used more
often, supported by partially automatic steering of these devices.

Beside very high resolution optical space images, now also very high resolution synthetic
aperture radar (SAR) images are available with TerraSAR-X having the advantage of imaging
through clouds. With interferometric SAR from aircraft large areas have been covered by DEMs
for private companies. Such a competition to survey administrations is growing.

Laser scanning from air, also named LIDAR is used more and more for very precise and high
resolution DEMs, also in not too dense forest areas.

2 SENSORS
2.1 Optical imaging sensors

2.1.1 Optical satellites

Figure 1 gives an overview about the launch of the high and very high resolution optical satellites
and their best ground resolution. All these systems are imaging with CCD-lines, generation the
scenes by the movement and/or angular movement of the satellites. Today the majority of high and
very high resolution optical satellites are flexible satellites, able to change the view direction fast
and precise based on reaction wheels or control moment giros. The change of the view direction
usually is precise enough to use it also during imaging without loss of accuracy.

The optical satellites today are usually equipped with positioning systems like GPS, gyros for the
attitude determination and star trackers for the absolute determination of the satellite attitude
(Fig. 2). Based on this equipment the exterior orientation of the sensor can be determined. In the
case of IKONOS this is possible with a standard deviation of 4m without use of control points, for
WorldView-1 Digital Globe talks about 2.5 m. The other sensors are not so accurate, requiring in
any case control points for the correct geo-reference, but this is also recommended for IKONOS
and WorldView-1 at least for a check and for a correct handling of the national net datum — the
relation between the national coordinates and WGS80 in ITRF (international terrestrial reference
frame).

As obvious in Fig. 1, the number of launches of such systems stays on a high level, the number
of very high resolution optical sensors is growing permanently and with WorldView-1 0.45 m GSD
has been reached (Fig. 3). Because of a legal restriction in the USA only images with 0.5 m GSD
are distributed by US companies. This limitation will be used also for GeoEye-1, scheduled for
launch in August 2008. GeoEye-1 will have 0.42 m GSD for nadir view. In addition in 2009
WorldView-2 shall be launched, it will have the same panchromatic resolution like WorldView-1,
but also 8 spectral channels. In addition to the classical blue, green, red and near infrared a costal
channel, yellow, red edge and a short-wave-infrared channel will be available.

The high resolution systems Resourcesat and RapidEye have a good spectral resolution with 4,
respectively 5 spectral bands. They are more directed to land use monitoring, but with 5.8 m and
6.5 m GSD they are at the limit for mapping purposes.
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Figure 1. High and very high resolution optical satellites available for civilian use in sequence of launch with
their best GSD.
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Figure 2. GeoEye-1; Typical hardware Figure 3. Dolmabace palace, Istanbul in WorldView-1
components of a high resolution optical image 0.5m GSD.
satellite courtesy: GeoEye.

The development of the optical sensors is continuing as shown in Table 2. The resolution will
be improved and more systems will come, which will not just replace old systems. Table 2 is not a
complete list, in addition the proposals may be changed and very often the launch is postponed.
Also additional countries, like Turkey, will launch very high resolution optical satellites, but no
clear specifications are available yet.
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Table 1. High and very high resolution optical satellites available for civilian use

Sensor Country GSD Swath Pointing Pointing
(nadir) [m] [km] in-track across
SPOT 1-4 France 10/20 60 — +/-27°
SPOT 5 France 5(2.5)/10 60 — +/-27°
SPOT 5 HRS France 5x 10 120 +20°, —20° —
MOMS-02 / -P Germany 5.8/16.5 37/78 -27°,0°, 27°
IRS-1C/1D India 5.8/23.5 70/142 — +/-26°
Resourcesat India —-/5.8 70 — +/-26°
KOMPSAT S. Korea 6.6 17 — +/—45°
Terra ASTER Japan 15/(30, 90) 60 0°,27.2°
IKONOS USA 0.82/3.2 11.3 free view
direction
EROS A Israel 1.8 12.6 free view
direction
QuickBird USA 0.61/2.44 16.4 free view
direction
OrbView 3 US4 1/4 8 free view not active
direction
EROS B Israel 0.7 14 free view
direction
FORMOSAT 2 Taiwan 2/8 24 free view
direction
IRS-P5 Cartosat-1 India 2.5 30 26° fore, free view to side
5° after
TopSat UK 2.5/5 15/10 free view
direction
Beijing-1 China 4/32 /600 free view
direction
ALOS Japan 2.5 35(70) —24°,0°, free view to side
+24°
KOMPSAT-2 S. Korea 1/4 15 free view
direction
Resource DK 1 Russia 1/3 28 free view
direction
IRS Cartosat-2 India <1 9.6 free view
direction
WorldView-1 USA 0.45 15.8 free view
direction
CBERS-2B China/ 2.5/20 27/120 free view
Brasil direction
IRS Cartosat-2A India 1 10 free view
direction

There is a clear tendency to smaller satellites, reducing the overall cost. The electronic
components are getting smaller and most new systems are limited to just one camera. From Table 1
TopSat, Beijing-1, the not more active OrbView-3 and the EROS-satellites are belonging to the
group of satellites with a weight below 500 kg, while ALOS has a weight of 4 tons and Resource
DK even 6.8 tons.

The Indian space organisation ISRO has the most complete program for earth observation
satellites from very high up to low resolution systems. It has a dense program for the development
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Table 2. Proposed high resolution optical satellites available for civilian use

Sensor Country Proposed launch GSD Swath [km] Remark
(nadir) [m]
GeoEye-1 USA August 2008 0.42/1.64 15
RapidEye Germany July 2008 —-/6.5 78 5 satellites
Resourcesat-2 India 2008 5.8/(23.5) 70/140 +/-26°
NigeriaSat-2 Nigeria 2009 2.5/5
WorldView-2 USA 2009 0.45/1.8 15 pan + 8 spectral
THEOS Thailand 2009 2/15 22/90
EROS C Israel 2009 0.7/2.8 11
Pleiades France Begin 0.7/2.8 20 Follow on
2010 + 11 of SPOT
Cartosat-3 India 2011 0.35/—
ResourceSat-3 India 2011 2.5/5.8 25
GeoEye-2 USA 0.25/ proposal

of improved optical and radar satellites and replaces also old systems. From 1995 up to 2007 ISRO
launched successful 9 earth observation satellites and this program will be continued with 3 more
systems in the next 2 years and 4 satellites in 2011.

The distribution of the satellite images is an important factor, causing a sharing of different
satellite products to major distributors. For example SPOT Image is also distributing Formosat-2
and KOMPSAT-2 images and enlarging so the product group over 5 m, respectively 2.5 m GSD
(for supermode) panchromatic SPOT images to 2 m and 1 m GSD. For longer time it was difficult
to get images from the Disaster Monitoring Constellation (DMC), constructed by Surrey Satellite
Technologies Ltd (SSTL), UK. SSTL has build satellites with 32 m GSD for the multispectral
range for Algeria, China, Nigeria, Turkey and the UK, Spain will follow soon. Beijing-1 belongs to
this group, but it is equipped in addition with a 4m panchromatic camera. The Images are now
distributed by DMC International Imaging, UK. SSTL has build also the TopSat satellite having
2.5 m panchromatic GSD. All these satellites are belonging to the group with less than 500 kg
weight. The DMC constellation will be continued with the Deimos Satellite for Spain, having an
improved resolution of 22 m instead 32 m like the group before; it shall be launched 2008. For
Nigeria a second satellite shall be launched 2009 with 2.5 m GSD for the panchromatic band.

To manage large disasters like caused by earthquakes, floods, forest fires and oil spills, with
social and economic relevance for Earth and mankind, the International Charter “Space and Major
Disasters” was initiated at the UNISPACE III in Vienna in 1999. The major earth observation
organizations are participating and after official declaration of a disaster, they are trying to get
images of the affected area, so that organizations like the Center of Satellite Based Crisis
Information of the DLR are able to generate very fast ortho-maps of the affected regions as support
for the local operating help organizations.

2.1.2  Aerial cameras

New aerial cameras are digital cameras. The large format digital cameras Z/I Imaging DMC,
Vexcel Imaging UltraCamD and UltraCamX like also the line scan camera Leica ADS40 are well
established and are taking over the imaging from standard photogrammetric film cameras. The
change from film to digital systems is faster than expected few years ago. As new development we
have the growing use of mid format digital cameras, equipped with just one CCD-array, using a
Bayer pattern for generating colour images. With the new Kodak CCD-array having 5412 x 7216
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combination of 2 I1GI DigiCam Rolleimetric AICx4 Track’Air MIDAS camera system

Figure 4. Combinations of digital mid-format cameras.

pixels a capacity of 39 Mpixels has been reached. This CCD-array is also used in the UltraCamX,
leading to the improved number of pixels against the UltraCamD.

For metric application fix-focus systems are required like the Applanix DSS, IGI DigiCam and
Rolleimetric AIC. All these cameras are equipped with the just mentioned Kodak CCD-array. The
gap between the mid-format and the large size digital cameras is closed by combinations of more
than one mid-format system. DIMAC is using like IGI (Fig. 4) a combination of 2 cameras with
shifted principal point, allowing the merge of 2 parallel used single camera images to a homogenous
larger virtual image. Rolleimetric is offering beside a combination of 2 AIC-cameras also the use of
4 oblique mounted AIC (Fig. 4). The combination of vertical and oblique images got very fast a
widespread use by companies like Pictometry and Multivision. The required images can be taken
by cameras like Track’ Air MIDAS, viewing to the nadir and into 4 oblique directions, partially not
with overlap to the nadir image.

2.2 Laser scanner (LIDAR)

The use of laser scanners became standard for very precise and detailed digital elevation models in
several countries. The range for the flying height has been enlarged, limiting the possible pulse rate
because of the time of flight, but the first systems have reduced this problem by handling more than
one pulse during the time interval required for sending up to receiving again the same pulse. Of
course the point spacing is influenced by the flying height, but this can be fitted to the
requirements.

For very high accuracy specifications in the range of 10 cm standard deviation of the height, the
orientation of the point clouds for every flight line has to be improved by a procedure similar to the
former model block adjustment.

2.3 Synthetic Aperture Radar (SAR)

SAR is used from space and from aircraft. With the German TerraSAR-X and the Canadian
Radarsat-2 the possible ground resolution from space has been improved drastically. The ground
resolution and the swath of SAR are depending upon the imaging mode. TerraSAR-X has in the
SpotLight mode 1 m GSD, in StripMap mode 3 m GSD and in ScanSAR 16 m GSD, while
Radarsat-2 has in total 11 different modes from Ultra-Fine with 3m GSD up to ScanSAR Wide
with 100 m GSD. Corresponding to the GSD the swath width of Radarsat-2 varies between 20 km
and 500 km.

The information contents of SAR-images having the same ground resolution like optical images
cannot be compared directly (Fig. 5). At first the imaging is totally different — the object reflection
of the spectral range used by optical images is mainly depending upon the chemical situation of the
object, while radar is mainly depending upon the physical situation of the surface. The
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Figure 6. Multi polarization (HH/VV) TerraSar-X SpotLight image reduced by factor 2 city of Dresden.

interpretation of SAR-images requires a special training and understanding of SAR-imaging.
Special problems exist in build up areas with the radar lay over — the return signals from the
facades and partially roofs are mixed with the return signal from the ground in front of the buildings.
In addition total reflections by corners are causing problems like also the speckle. Of course the
speckle can be reduced by filtering, but this causes also a loss of information. On the other hand
some special objects like railroads with the metallic rails can be seen clearer like in optical images.
The main advantage of SAR images is still the penetration through clouds — for SAR-images the
partially painful waiting for cloud free weather does not exist.

The information contents of SAR-images can be improved by multi polarization like shown in
Fig. 6. By the combination of HH and VV polarization the image interpretation is improved.

An important advantage of SAR-images is the combination of 2 images, taken with a small base
length, to interferometric SAR (IfSAR), allowing the determination of digital height models. From
space this has been done with the Shuttle Radar Topography Mission (SRTM), generating a nearly
worldwide coverage (Passini et al. 2007). The height models of SRTM are available free of charge
in the internet, having a spacing of 3 arcsec, corresponding to ~92 m at the equator. The standard
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deviation of the height values is in the range of 4 m up to 12 m depending upon the terrain
inclination and the land cover — the highest accuracy is reached in flat and open areas. The used C-
band of SRTM cannot penetrate the vegetation, so not digital elevation models with the height of
the bare ground, but digital surface models (DSM) with the height of the visible surface are
generated.

TerrSAR-X will be completed by a second, identical satellite to a tandem configuration in 2009.
Both SAR-satellites are joint together to the TanDEM-X configuration, where both satellites will
have a base between 0.5 km and 2 km. Based on this configuration worldwide height models shall
be generated with 12 m point spacing and a standard deviation of 2 m (Pitz 2006).

The Canadian company Intermap has generated height models of the USA, Great Britain and
Western Europe as NEXTMap USA, NEXTMap Britain and NEXTMap Europe by IfSAR from
aircrafts operating in 6km up to 9 km flying height. The NEXTMap products have a point spacing
of 12 m and shall have a vertical standard deviation of 1m and a horizontal accuracy of 2 m.
Intermap generated these height models without contract from governments. The sold height models
in most countries are less expensive than height models from survey administrations.

3 HEIGHT MODELS FROM OPTICAL IMAGES

Height models are a basic requirement for geo information systems (GIS). They have to be used for
the most often generated product, the ortho image. If the available height models are not accurate
enough, have not sufficient point spacing or if existing height models are too expensive or not
distributed, height models have to be generated. One possibility is the generation of height models
by automatic image matching. This requires stereo models where both images have to be taken
under similar conditions. Optimal is the imaging of both used scenes during the same path,
avoiding changes of the object and different illumination conditions. With the today dominating
flexible satellites in most cases the acquisition of a stereo pair from the same orbit is possible.
Nevertheless only a limited number of stereo pairs are available in the image archives because of
economic reasons; this is different for the stereo systems like ASTER, SPOT-5 HRS, Cartosat-1
and ALOS/PRISM. Based on 2 or 3 optics, they are generating permanently stereo models. The
images taken by SPOT-5 HRS cannot be ordered, SPOT Image only likes to distribute height
models based on it. The SPOT-5 HRS height models over forest areas should be handled with care
because of the limited spectral range of the images between 0.48 um and 0.70 pm. This is not
leading to sufficient image contrast in forest areas (Biiyiiksalih et al. 2008). ASTER stereo pairs are
taken in the near infrared spectral range, optimal also for matching in forest areas, but the 15m
GSD limits the vertical accuracy to approximately 15 m (Sefercik et al. 2007). ASTER/PRISM
images have some problems with the image quality, but this seems not to influence the results of the
image matching. In addition the orientation based on sub-images requires more control points than
the orientation of a full scene. Very good results have been achieved with Cartosat-1 stereo pairs.
The images are covering a spectral range from 0.50 up to 0.85um, including the near infrared,
leading to good contrast in forest regions. Even in difficult regions a good coverage by matched
points has been reached (Jacobsen, 2007, Biiyiiksalih et al. 2008, Jacobsen et al. 2008).

The gaps in matching Cartosat-1 scenes (Fig. 7) are caused in the case of Mausanne by missing
contrast in fields without vegetation, in Warsaw by areas covered by snow, in Istiranca by clouds
and in Jordan by lakes and fields without vegetation. No other optical satellite could lead to
completer matching results. The automatic image matching leads to the height of the visible
objects, that means to digital surface model. If a mixture of points located on the ground and
located on objects, like trees and buildings, is given, the points not belonging to the bare surface
can be filtered. By filtering the standard deviations of the height values have been improved in any
case (Table 3).
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Figure 7. Cartosat-1 — overlay of matched points (white) to after scenes.

Table 3. Accuracy of Cartosat-1 height models checked by precise reference DEMs

SZ bias SZ as F (terrain inclination @)
Mausanne open areas 4.02 —0.51 3.91 + 1.64%tan
January open areas filtered 3.30 0.48 3.17 + 3.14*tan «
Mausanne open areas 4.13 -1.16 3.96 + 3.06%tan
February open areas filtered 3.39 —0.58 3.22 + 1.97*tan «
Warsaw open areas 3.23 —0.54 3.16 + 1.19*tan
open areas filtered 2.43 0.44 2.39 + 8.80*tan

As it can be seen in Table 3, the height accuracy is depending upon the terrain inclination. For
flat and open terrain after filtering root mean square differences of the DEMs based on Cartosat-1
against reference height models are 3.17 m, 3.22 m and 2.39 m. For 2.5 m GSD and the base to
height relation of 1.6 this corresponds in the average to a standard deviation of the x-parallax of 0.7
GSD, this is a very good result for DEMs. If a DEM is analysed against check points, the results
would be too optimistic because check points have usually a good object contrast and are not so
much affected by terrain inclination. For getting realistic information about the accuracy of height
models, reference height models have to be used. As point spacing 3 GSD, identical to 7.5 m, are
justified, so detailed and precise DEMs can be generated by automatic image matching of Cartosat-
1 images.

4 CONCLUSION

Caused by the improving ground resolution the competition between aerial and space images is
growing. Medium scale maps can be generated based on aerial or space images. With WorldView-
1 images, maps in the scale 1:5000 can be generated by on-screen digitizing of ortho-images. The
DEM required for such ortho-images can be achieved by automatic matching of Cartosat-1 images
if the satellite elevation does not exceed 20° under the condition of a required geometric accuracy of
0.2mm in the map scale. Not in any case such a large map scale is requested, so also space images
with larger GSD can be used. As rule of thumb for mapping, 0.Imm GSD in the map scale is
required, corresponding to 1m GSD for the map scale 1 : 10 000, but the GSD should not be quite
larger than Sm to allow the identification of objects which have to be shown in any small scale
map.

The high number of high and very high resolution space systems is improving the situation for
mapping — in most cases images are available in the archive, avoiding a waiting time for
acquisition. Only if the latest object information is required, new images have to be ordered. The
variety of space images also has a positive influence to the financial side, the images just required
for the actual project can be ordered, avoiding higher price for a higher ground resolution.

Aerial images are taken more and more by digital cameras. The digital mid format cameras are
playing an important role for several projects. The gap between the mid format and the large format
cameras is closing by combinations of 2 and 4 mid-format cameras.
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SAR images have growing importance, supported by the very high resolution TerraSAR-X and
Radarsat-2. Of course the information contents of SAR-images is not on the same level like the
information contents of optical images, nevertheless today a mapping based on SAR images taken
from space is possible. A big advantage of radar is the penetration through clouds, so images can
be taken in any case at the planned time without respecting the weather conditions. Only very
strong rain may degrade the SAR image quality. A further advantage is the use of IfSAR for the
generation of height models. This can be done from space and air. The coming TanDEM-X
constellation is announced with 2m vertical standard deviation, while the NextMAP, taken from air,
is specified with 1m standard deviation. DEMs also can be generated without problems based on
optical space models taken from the same orbit.

The actual overview over the optical space systems is mainly based on internet information.
This is a little painful — any information has to be confirmed seriously because there is still a lot of
not precise, partially wrong information about the systems in the WEB. Even several information
shown by operating organizations, is not updated if some parameters have been changed in the
meantime.
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ABSTRACT: For city planning and security services the combination of vertical and oblique images
like from Pictometry and Multivision recently became very popular. For larger cities a high number
of such image combinations are even included in Microsoft Virtual Earth. The geo-reference of the
image combinations usually is based on direct sensor orientation — the combination of GPS and
inertial measurement units. The images are taken by camera systems like Track’Air MIDAS,
equipped with 5 Canon EOS cameras, each with 4992 x 3328 pixels. The Canon EOS is not really a
metric camera; it keeps the inner and the system orientation only stable during one photo flight. The
images are also used for simple measurement purposes as well as the generation of 3D-city models. If
object information without disturbing loss of accuracy against the direct sensor orientation is
required, a system calibration during the day of the photo flight has to be done. The method of
calibration and achieved accuracy is described as well as the characteristics and potential of the
image combinations.

1 INTRODUCTION

The interpretation and understanding of vertical aerial or space images requires experience. For
untrained persons the interpretation of terrestrial or oblique images is easy because they are closer
to the standard experience in viewing to objects. In addition usually the facades are not or nearly
not visible in vertical images. With the combination of vertical and oblique images totally new
application for photogrammetry came.

Such images like from the Pictometry system using a camera system with one vertical and 4
oblique cameras are widely used by Microsoft Virtual Earth as “Bird’s Eye” (Figure 1). In Western
Europe the Blom Group is imaging all cities with a population larger than 50000, that means
approximately 900 cities with together approximately 100 000 km?. 12 Pictometry camera systems
are in use for this. The competitor MultiVision is using a similar system.

The commercial application of the combination of vertical with oblique images like generated
by Pictometry and MultiVision systems is dominated by visual inspections and simple
measurement of distances for public safety and planning purposes. The use together with
geoinformation systems requires the knowledge of the exterior orientation of every image together
with a digital elevation model (DEM). Block adjustments are too time-consuming and complex, so
the exterior orientations are based on direct sensor orientation — the use of the combination of
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inertial measurement units (IMU) together with relative cinematic GPS-positioning. In several
countries networks of permanent GPS reference stations are available, but also with satellite based
reference systems like OMNISTAR and different off-line reference systems, like JPL Final, the
GPS reference is available in sub-meter accuracy. Especially for planning purposes not only the
visualization is important, also some metric information is used. This requires a calibration of the
imaging system and the relation to the IMU and the GPS-antenna.

Figure 1: Main building of
Leibniz University Hannover
in Microsoft Virtual Earth,
based on Pictometry system,
taken by Blom Group

Oblique view 13cm GSD

The use of oblique aerial images or the combination of vertical and oblique images is not a new
invention. Prior to 1938 in the USA, UK, Germany, France, Italy and Switzerland single and
multiple lens cameras have been produced for oblique or combined configuration (Manual of
Photogrammetry, 2™ edition) and Moffit 1967 (figure 2). Scheimflug invented an eight-lens camera
in 1900, viewing oblique into 8 directions, Aschenbrenner developed in 1920 a 9-lens camera with
8 oblique and a nadir view, similar to the USGS 9 lens camera (figure 2).

In military reconnaissance oblique images are in use since long time. They combine the
advantage of a view to facades and other vertical objects, together with imaging from distance. The
orientation and calibration of such systems, partially with extreme long focal length, is known since
longer time (Jacobsen 1988). The combination of a nadir, 2 low and 2 high oblique images taken
by the Z/I Imaging KS-153 can be seen in figure 3. Today oblique images even can be taken by the
very high resolution satellites like WorldView-1 (fig. 4).
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above: Aschenbrenners 9- 3 above figures: Trimetrogon Zeiss oblique camera

lens camera 1920 . . , arrangements
centre and below: USGS 9- below: Scheimpflug’s 8-lens

camera (1900)
lens camera

Figure 2: historic multiple lens and multiple camera arrangements for oblique aerial images

Figure 3: nadir, low and high oblique images of the reconnaissance camera Z/I Imaging KS-153,
viewing from horizon to horizon
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Figure 4: Dolmabahce palace,
Istanbul in WorldView-1 image
with 29.3° incidence angle

Today for the combination of nadir and oblique images dominating digital medium format cameras
are used for civil application, allowing smaller systems which can fit to any standard aerial camera
cone. Different camera combinations are in use. A typical camera system for such an application is
the Track’Air (The Netherlands) MIDAS camera system. It has a combination of 5 of the shelf
Canon EOS small format cameras with a focal length of 23.8mm for the nadir view and 51mm for
the 4 oblique views (figure 5). The vertical camera has a field of view of 71.92° x 51.69° and the
oblique cameras 38.8° x 26.4°, viewing approximately with 45° nadir angle, covering a nadir angle
from 32° up to 58° (footprint arrangement — see figures 7 and 8). All 5 cameras have a CCD-array
of 4992 x 3328 pixels with 7.2um pixel size. The Canon EOS-cameras of the MIDAS system have

a limited geometric stability, requiring more often a check of the calibration.
: \‘

Figure 5: Track’Air MIDAS camera system — combination of 5 Canon EOS cameras

2 BUNDLE ORIENTATION OF VERTICAL AND OBLIQUE IMAGES

A data set with a combination of standard aerial wide angle photos (153mm focal length) and
digital middle format images has been oriented by bundle block adjustment. The 3 different digital
cameras have the same CCD-array like the Canon EOS, described above and focal length of
84.3mm, 169.5mm and 169.8mm. The oblique images have nadir angles in the range of 50°.

The image scale for the vertical images is approximately 1:4600 (9cm ground sampling distance
(GSD) based on 20um pixel size), for the centre of the oblique images 1:9400 (7cm GSD), 1:9900
(7em GSD) and 1:26000 (19cm GSD). Because of the unusual arrangement and the different type
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of images no automatic block adjustment was possible with standard commercial software for
automatic image matching, so the tie points had to be measured manually. Only 13 ground control
points and no direct sensor orientation has been used, but for such a block with an extreme number
of ties, with up to 16 images per ground point, this is quite enough. The bundle block adjustment
did not cause any problem, only the number of blunders was higher than usual; but this was
expected because of the quite different image scale, different view directions and the combination
of digitized analogue photos with digital images. The sigma0 value of 20um was satisfying for the
required purpose. At the ground control points for the horizontal component root mean square
errors of 2cm and for the height 7cm have been reached. The orientation by traditional bundle
adjustment is possible, but the manual measurement of tie points is time-consuming. That means
for such an image configuration the direct sensor orientation (use of GPS + inertial measurement
system (IMU)) is a must. Only for the calibration a manual measurement of the tie and control
points of such a block is justified, but after the first initial calibration, the preceding calibration can
be used for support of the measurement.

) Figure 6: footprints of
ﬁ combination of vertical and
oblique images

Colour of footprint = camera

3 CALIBRATION OF TRACK’AIR MIDAS CAMERA SYSTEM

A larger area has been flown with the Track’Air MIDAS camera system, organized by
MultiVision. The camera with the nadir view has a focal length of 23.8mm and the oblique cameras
approximately 51mm. This corresponds for the vertical view to 17cm GSD and for the oblique
images to 10cm x 11lcm up to 15cm x 29cm. For oblique images the GSD in the view direction is
the GSD across the view direction divided by the cosine of the nadir angle, so it is not a square
size.

3 flight lines, each with 4 vertical images, and the corresponding oblique views have been used
for the bundle block adjustment. This should lead to a configuration like shown in figure 8c, but
some of the oblique images are not well connected with the block, so they are not supporting the
calibration significantly. By this reason some of these images have not been used (figure 7a). The
centre flight line has been flown from north to south, while the other both have been flown in the
opposite direction, improving the calibration configuration.

The data acquisition was made with LPS. LPS had no problems to match the vertical images
(figure 8a) and overlapping images in the image space, but for the oblique images the matching is
limited to the connection of 2 neighboured images. An automatic image matching of the whole test
block, even if it was supported by initial image orientation of the first bundle block adjustment,
failed. LPS has not been developed for automatic aero triangulation of such a configuration,



K. Jacobsen / Geometry of vertical and oblique image combinations 21

starting with the problem of different focal length. So a combination between manual pointing and
matching of 2 images was used. The automatic matching of overlapping different image
combinations often leads to the extraction of corresponding object points. The used Hannover
program system BLUH for bundle block adjustment is able to identify such points based on their
similar object coordinates und can rename corresponding points to the same point names, leading to
a better block tie. Some extension for program system BLUH was necessary, starting with the
automatic exclusion of object points from the adjustment located only in images taken from the
same projection centre. Such points do not allow the computation of object coordinates. As control
information an orthoimage with Im GSD and a DEM was used. For the vertical images this was
leading to a sigma0 of 11um and root mean square discrepancies at the control points of 16cm for
X and Y and 1.6m for Z (table 1).

/ \
H— e ok

Figure 7a: footprints of calibration block, 3 flight | Figure 7b: footprints together with tie
lines, colour = camera points

By the adjustment of all images of the test-block (figure 7) the system geometry and the camera
geometry have been determined. The dominating systematic image errors are the radial symmetric
components with values up to 100um. This is usual for the used optics. The radial symmetric
distortions, as well as the overall systematic image errors, are similar for the oblique sub-cameras,
using the same type of lens system. For the vertical sub-camera equipped with a different lens
system it varies from the other. The systematic image errors, or in other words — the difference
between the mathematical model of perspective geometry and the real image geometry, can be
respected in the application software system for handling the vertical and oblique images, or it can
be used for resampling the images to strict perspective geometry.

The sigma0 (accuracy of image coordinates) of the vertical images of 11um corresponds to 1.4
pixels. With the average image scale of 1:11 000 it corresponds to 12cm on the ground, not far
away from the reached root mean square discrepancies at the horizontal components of the control
points. The larger discrepancies at the control point height only can be explained by the limited
accuracy of the DEM used for the determination of the control point heights. In an adjustment of all
images together the sigmaO is with 33um larger, caused by the different view direction, but
partially also by the limited accuracy of the control point heights (table 1).

Supported by relative cinematic GPS-positions of the projection centres, also the inner
orientation has been improved. Of course there is a strong correlation between a shift of the GPS-
positions, especially in Z-direction, and the inner orientation, but the block configuration together



22 K. Jacobsen / Geometry of vertical and oblique image combinations

with fixing the corresponding projection centres together, supports the determination of the inner
orientation.
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Figure 8a:only vertical Figure 8b: footprints of one Figure 8c: maximal number of
images with tie points, image combination images for test block
colour coded corresponding configuration
to number of images/point

sigma0 RMSX /RMSY RMSZ

control points control points
only 12 vertical images 11 pm 15 cm 160 cm
all images 33 um 38 cm 122 cm

Table 1: accuracy of block adjustment of control-block 32 control points

Based on the improved inner orientation by combined block adjustment with GPS-coordinates of
the projection centres, joining also the corresponding projection centres of the vertical and oblique
images together, the relation of the oblique cameras to the vertical camera have to be determined
(table 2). The image orientations taken from each projection centre have to be rotated by
multiplying the rotation matrixes by the inverse rotation matrix of the vertical image. This leads to
the rotation values for the nadir image of 0° for all 3 rotations. The averaged relative orientations of
the oblique images in relation to the nadir view are identical to the internal system calibration.

Based on the orientation of the combined adjustment, the boresite calibration can be computed
by comparing the orientation from the controlled bundle block adjustment with the inertial
orientations. The boresite values are related to the roll, pitch and yaw-system, the required
transformations are made within the Hannover program GPSCOR. The so computed boresite
calibration values can be used in the same run or a separate run of GPSCOR for the correction of
the inertial data. The corrected inertial data are corresponding to the orientation of the vertical
camera. With the values of the internal system calibration (rotations of the oblique cameras in
relation to the vertical camera — see table 2), with program ROTOR the exterior orientation of all
images of a project can be computed. Of course the so computed orientations, within the calibration
sub-block, should be close to the orientations from the controlled bundle clock adjustment.

The kappa-values of the orientation of the sub-cameras in relation to the vertical reference
camera (table 2) show, that the sub-cameras are always oriented into the oblique view direction.
The oblique angles vary from 49.1 grads up to 51.3 grads (44.2° to 46.2°). With orientation of the
sub-cameras in relation to the nadir images, the orientations have been computed by ROTOR. With
these orientations, object coordinates have been computed by combined intersection, resulting at
the control points to RMSX=0.62m, RMSY=0.60m and RMSZ=1.63m, satisfying the expectation.
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phi [grads] omega [grads] kappa [grads]
sub-camera 5 -.0261 49.9609 -.3585
sub-camera 7 -49.1002 -.5065 -99.8977
sub-camera 8 1.7375 -51.1537 199.2017
sub-camera 19 51.3505 4023 99.6800
Table 2: orientation of sub-cameras against nadir reference camera

4 CONCLUSON

The combined use of vertical and oblique cameras like in Track’Air MIDAS camera system
requires an internal system calibration. The orientation of an image block, taken with such a
combination leads to a strong overlap of images with up to 12 images per object point. Standard
commercial programs are not able to handle such a block by automatic image matching and a
manual measurement is very time consuming. So a direct sensor orientation with a combination of
relative cinematic GPS-positioning together with an inertial measurement system is required. The
direct sensor orientation together with the system calibration leads to the orientation of all sub-
cameras.

With a sub-block of 3 flight lines and 4 vertical images in every flight line, with good connected
oblique images, a complete system-calibration is possible. The used Canon EOS cameras have
systematic image errors, dominated by the radial symmetric distortion, in the range up to 100um or
14 pixels. The influence of the systematic image errors can be respected in a geo-coded
interpretation and measurement system like from Pictometry or MultiVision by the application
software or by generating perfect perspective images based on a resampling of the images using the
systematic image errors.

The reached absolute accuracy within the calibration block of approximately 0.6m in X and Y is
sufficient for the purposes of MultiVision applications. The relative accuracy is better than this. Of
course it is depending upon the direct sensor orientation and the stability of the sub-cameras and
the camera system including the misalignment. The camera geometry under usual conditions is
stable within the block and the direct sensor orientation is dominated by the used hardware
components. Images taken by MultiVision or Pictometry usually are only used as single images,
allowing a geo-coding only by means of digital elevation models. These DEMs are an important
limitation — because of the inclined views, the height errors of the DEMs are causing dislocations
approximately in the same size like the height error.
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ABSTRACT: This paper presents a comprehensive framework for determining the interaction
between transport, land-use and environmental impacts, where the developed concepts were
tested using a case study. As the study area, two bridges connecting Europe and Asia and the
planned third bridge was selected, where the constructed transportation infrastructures had dras-
tically changed the land-use profile and still have negative impacts on environment. After ex-
ploring the interaction systematically and identifying the land cover/use pattern specific for the
Istanbul Metropolitan Area, possible alternatives routes for the new bridge were by means of
multi-criteria decision making approach and potential prediction of impacts were performed. The
former land-use, transport infrastructure data were integrated with Landsat TM satellite images
retrieved in 1987, 1997 and 2005. In order to identify the pattern of interaction, the land use ana-
lyses of the Asian side of the Istanbul Metropolitan area were compared within a selected box
buffering the current and planned highways. For the planned third bridge alternative scenarios
were selected, where alternatives were environmental friendly, cost-efficient and compatible
with the current infrastructure. The results show that, easy accessibility caused by the develop-
ment in transportation infrastructures created an attraction in this region and urban areas ex-
panded rapidly. By means of the shortly described methodology and achieved results, the pro-
posed framework aids authorities and decision-makers to better facilitate sustainable
transportation.

1 INTRODUCTION

The interaction between transport, land-use and their impacts to the environment is prioritized at
the research agenda, since the necessity of integrated policies for sustainable development is highly
emerged (Rajaram et al. 2001; Rodier ef al., 2002; Shaw and Xin, 2003; Parsons and Salter, 2003;
Geurs and Wee, 2004). Transport system creates new accessibility levels that encourage changes in
land use patterns. Changes in land use system, on the other hand, can modify the travel demand
patterns and induce changes in the transportation system (Wegener, 2001). The adverse affects of
transportation on environment can be listed as air pollutant emissions, greenhouse gas emissions,
noise, and diverse affects on habitat, ecosystems, endangered species. Additionally, it affects water
quality through consumption and causes fragmentation and replacement of natural cover with im-
pervious surfaces. In parallel, the urban form affects travel behavior, resulting air pollution, global
climate change and noise. Residential and commercial development was indirectly effected includ-
ing the distribution of employment opportunities. The transportation options available to link resi-
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dential and commercial locations influence household travel behavior, including trip frequency, trip
lengths, and mode of choice. Vehicle travel, in turn, generates air pollutant emissions, greenhouse
gas emissions and noise (EPA, 2001). The complexity and variety of different components making
up the urban environment, and the interactions among them, are the most pronounced in the mega
cities. In this context, it is important to develop integrated frameworks and systems in order to
detect changes and monitor dynamics, where looking at one component of change in isolation
could lead to decisions being taken on the basis of insufficient information. The integration will
certainly be facilitated be new technologies, tools, and expertise as land-use/cover changes are
quite difficult to grasp as they occur incrementally (Kaya and Curran, 2006; Musaoglu et al.,
2006). Since the interaction between transport, land-use and environment has spatial and temporal
characteristic, Spatial Information Sciences, involving Photogrammetry, Remote Sensing and Geo-
graphic Information Systems (GIS), provide mature solutions for integrated policies.

In order to emphasize the efficiency of Spatial Information Sciences for integrated policies, a
spatial framework was designed and spatial and temporal analyses were conducted in Istanbul. The
Istanbul Metropolitan Area is the only mega-city in the world that sits astride two continents — Eu-
rope and Asia, where the transportation system has been unable to keep pace with the rapid growth
and changing urban structure. Two bridges connect Europe and Asia, the Bosphorus Bridge (1973,
part of the inner-city traffic ring) and the Fatih Sultan Mehmet Bridge (1988, part of the outer-city
traffic ring) span the Bosphorus. The city proper covers an area of 2000 km”, while the metropoli-
tan area occupies 5700 km’. The research is conducted at the Asian side of the Istanbul Metropoli-
tan Area. The study area was illustrated in Figure 1.

+
BLACK SEA

Figure 1. The study area — The Asian side of the Istanbul Metropolitan Area.

The Istanbul Metropolitan area had a population about 4.7 Million according to 1980 census da-
ta which has more than doubled and reached about 10 millions in only two decades. According to
the estimations performed by State Statistical Institute, population of Istanbul may reach about 20
million in 2032 (DIE, 2008). The growth rate in Istanbul has had a significant negative effect on
the remaining green area. Rapid motorization is generating serious congestion and air pollution in
Istanbul due to the high population density and the lack of supporting infrastructure. According to
the State Statistical Institute reports, in 2006, every fifth citizen of Istanbul owns a vehicle. Rapid
motorization is generating serious congestion and air pollution in Istanbul due to the high popula-
tion density and the lack of supporting infrastructure. Some negative side effects were observed,
such as valuable agricultural lands and forest were cut through new routes and dense urbanization
along the transportation network was settled (Demirel, 2006). The proposal for a third highway
bridge by the Ministry of Public Works has been heavily criticized by transportation and city plan-
ners and non-governmental organizations. This strong opposition have resulted evaluation of other
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alternatives, such as railway tunnel, however the proposal of constructing a third highway bridge is
still on the agenda of policy-makers.

The main objectives of the study are to discuss and evaluate the land-use changes which may be
attributed to transport and monitoring the affects on environment. In order to achieve these goals,
the objective of this study is to develop a comprehensive spatial framework for detecting the rela-
tionship, where the main focus will be (i) to characterize the major spatial-temporal changes of land
use, which may be attributed to transportation activities, (ii) to identify the land cover/use pattern
specific for the Istanbul Metropolitan Area, (iii) to explore possible alternatives routes for the new
bridge by means of multi-criteria decision making approach, (iv) possible impacts of the planned
highway, (v)impacts of transport and land-use on environment at a local scale.

2 DATA AND METHODOLOGY

The interaction between transport, land-use and environment is a dynamic process that involves
changes over spatial and temporal dimensions between the three systems. Transportation, land use
and environment interaction involves the time element (when), the location element (where) and
the attribute element (what) that are interrelated with each other. The critical dimensions of the de-
signed framework were the consistent definition of spatial information and time. Effects of trans-
portation system changes on other systems and vice versa, occur at varying spatial and temporal
scales. A highway construction project may introduce a traffic increase shortly after its completion
and lead to some land-use changes in its immediate vicinity. However, its impacts on the land-use
patterns at the regional scale may be insignificant in both short and long-terms, due to the relatively
small changes to the accessibility levels on other parts of the metropolitan area.

In order to model this spatio-temporal interaction Spatial Information Technologies were used
including digital image processing of satellite images and spatial data modeling, spatial analysis,
information presentation and dissemination on both spatial and time domain. The methodology of
this work is constituted upon Spatial Information Sciences, where photogrammetry, remote sensing
and GIS forms the components. The great strength of remote sensing is that it can provide spatially
consistent data sets that cover large areas with both high detail and high temporal frequency, in-
cluding historical time series and remote sensing data provide a means of monitoring change in ur-
ban land cover over time (Kaya and Curran, 2008). GIS are composition of tools and methods for
collecting, storing, retrieving at will, transforming, and displaying spatial data for a particular set of
purposes. Given the spatial nature of many environmental impacts, GIS can have a wide applica-
tion in all Environmental Impact Assessment (EIA) stages, acting as an integrative framework for
the entire process, from the generation, storage, and display of the thematic information relative to
the vulnerability/sensitivity of the affected resources, to impact prediction and finally their evalua-
tion for decision (Antunes et al., 2001). The designed framework for exploring the interaction is
presented in Figure 2. The contribution of the spatial information sciences to the decision making
process was marked in grey. The frame-work involves data acquisition, analyses, assessment, mon-
itoring and information to the public, where the integrated policies for transport, land-use and envi-
ronment were emphasized. This will ensure the integration of currently loosely coupled informa-
tion and increase the efficiency of the decision making process.

In this study various spatial information were retrieved from satellite images, aerial photographs
and orthophoto maps. Landsat images acquired in 1987, 1997 and 2005, were used to monitor the
development of transportation infrastructures and their impacts to the land-cover/use. 1:25000
scaled topographic maps were used for rectification, where the achieved accuracy was 0.5 pixel
root mean square (RMS). The first degree polynomial transformation and nearest neighborhood
method were used. In order to detect the dynamics of the interaction, digital land cover classifica-
tion was performed. The purpose was to establish the link between the spectral characteristics of
the image to a meaningful information class value. In this study, the Iterative Self Organizing Data
Analysis Technique (ISODATA) unsupervised classification algorithm was used (7Tou et al.,
19974). From satellite images retrieved 1987 and 1997 for the Istanbul Metropolitan area the Trans
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European Motorway (TEM) which was being constructed in 1987 was retrieved and from the cen-
terline of the highway a band having a width of 4 km was created. The same process was per-
formed for the year 1997 and 2005, in order to determine the temporal change. Since the aim of the
study is to explore the interaction between transport, land-use and environment, five spectrally se-
parable, land cover classes identified by ISODATA were; (i)settlements (involving impervious sur-
faces such as urban area and industrial areas), (ii) road, (iii)barren land, (iv) green area (involving
forest areas, semi-natural vegetation etc.) and (v) water.

Data acquisition& | Remote sensing, photogrammetry, existing spatial

retrieval databases, surveying, maps having various scales

@ Integrated Integration of transport, land-use and environmental
framework data&methodologies on spatial bases

@ Analyze the problem: Spatial, temporal analyses, recognizing common
indicators and identifying criteria

@ Developing Scenarios, ! Visualization of scenarios, analyze,

Selecting Alternatives | assessing the impacts

@ Implementing the Reduced risks, reliable and quantitative
selected alternative evaluation

i
@ Monitoring & Evaluation: Remote Sensing, Photogrammetry, E
GIS H

@ Information Web based GIS,
Dissemination | Location Based Services

Figure 2. The designed framework.

The classification accuracy for the year 1987 image was 82%, for the year 1997 was 82%,
where for the year 2005 the accuracy of 84% was achieved. In order to explore the interaction sev-
eral data sources are being required, where within the scope of this study density of the population,
district borders of the Istanbul Metropolitan Area, highways and Digital Terrain Model (DTM)
were being used. Density of the population, which is attributed to district borders, is a powerful in-
dicator for exploring the urban dynamics. Additionally, DTM of the study area was used in order to
select the alternatives of the newly planned third bridge, where multi-criteria decision making ap-
proach was followed. Multi-criteria analysis (MCA) is one of the most utilized techniques for per-
forming evaluation studies dealing with the ranking of alternatives in the presence of conflicting
objectives (Malczewski, 1999). The critical aspect of spatial multi-criteria analysis is that it in-
volves evaluation of geographical events based on criterion values and the decision maker’s prefe-
rences with respect to a set of evaluation criteria. In a vector-based GIS context, attributes of geo-
graphic features may serve as decision criteria while in a raster-based system, different raster
datasets would represent decision criteria. GIS requires that the evaluation criteria have a spatial
reference. In this study various alternatives for the third bridge were evaluated, where multi-criteria
decision analyses approach is conducted. The weighted linear combination decision rule was ap-
plied, where it allows the user to specify a set of weights representing the relative importance of
criteria according to the user’s preferences. The weight of a criterion defines its impact on the
compensatory aggregation. By default, criterion weights are set to 1/n to represent n equally impor-
tant criteria. Mathematically, the score of alternative i is calculated as si = Zwjxij, where wj is the
weight of criterion j, and xij is the standardized attribute value of alternative i for criterion j.
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3 RESULTS

The developed frame-work was used to monitor the changes experienced in 1987, 1997 and 2005
within the study area. For the study area, urban areas sharply increase between 1987 and 1997,
likewise the increase in the total length of road network. Hence, development of transportation in-
frastructures created an attraction in this region and urban areas expanded rapidly. At the satellite
image of 1987 the construction site of the Trans European Motorway, which connects the European
and Asian side, can be detected. At the satellite image of 1997, it can be observed that, TEM was
completed and new roads were constructed in order to access TEM. However, the complete net-
work begins to enlarge with new branches, which helps people to access the main network easily.
The development is mainly observed at the northern side. Impact of developing infrastructures to
the environment was analyzed by means of classification results of the satellite images. As a result
of easy accessibility caused by the development in transportation infrastructures, several industries
have moved to these areas and resulting unplanned and uncontrolled expansion in urban area.

In order to detect the spatial and temporal patterns of the bridges, the second bridge is selected
as an example, where similar results and the same trend was achieved for the first bridge, illustrated
in Figure 3. The land cover/use results within the years 1987 and 1997 of the second bridge were
compared. Within only 10 years the settlement class is increased 283% only at the selected band
for the second bridge. The total area classified was 13600 ha, where in 1987, 8% of the area was
determined as settlements. Between years 1987-1997, the settlement was 1075 ha in 1987 and an
extra 3044 ha has been gained by year 1997, only within ten years period. In contrast, crop and
bare soil areas decreased 29%, indicated as barren lands in Figure 3. The green areas were also de-
creased 26%. The classification results and the comparison between years 1987 and 1997 were pre-
sented in Figure 3.

1997

B Green Area O Barren Land B Road B Settlement m Water

Figure 3. Classification results of the selected band within years 1987 and 1997.

According to the analyze results, there is a tendency of conversion of barren land to settlement
and green area to barren land. The achieved classification results between years 1987-1997, support
the recognized tendency clearly. The road class is 20 times within only ten years. The population
density within the districts, where the TEM was passing through, was increased 211% within the
years 1990 and 2000. The population density within the Asian side is increased 42% (DIE, 2001).
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For the alternative design, criteria were selected being social, environmental, economic, topo-
graphy and compatibility with the current transportation infrastructure. Four alternatives were be-
ing evaluated namely, environment friendly (alternative 1), cost-efficient (alternative 2), compati-
ble with the current transportation infrastructures network (alternative 3) and an equal weighted
option (alternative 4). There is no limit for the alternatives, where the important issue is the deci-
sion maker’s preferences with respect to a set of evaluation criteria. All weights for alternatives are
subjective decisions of authors. However, a detailed questionnaire, query and analyze is required
for the optimum weights of an optimum alternative. The given weights for the alternatives are as
follows; for alternative 1: social-0.10, environmental-0.60, economic-0.10, topography-0.10, net-
work compentence-0.10; for alternative 2: social-0.10, environmental-0.10, economic-0.60, topo-
graphy-0.10, network compentence-0.10; for alternative 3: social-0.10, environmental-0.10, eco-
nomic-0.10, topography-0.10, network compentence-0.60; for alternative 4: social-0.20,
environmental-0.20, economic-0.20, topography-0.20, network compentence-0.20. Total weights
for the alternatives should be equal to 1. Each evaluation criteria should have a spatial reference.
For each evaluation criterion, an appropriate spatial data was selected for the analysis. For the crite-
ria “social”; land use, population density and urban plans in small scale (1:25.000) were being se-
lected. For the criteria “environmental”; air pollution, geological maps, earthquake risk maps were
used. For the criteria “economic”; land value, consumption of energy. For the criteria “topogra-
phy”; slope and aspect, which were retrieved from DTM, where for the criteria “network compe-
tence”; accessibility is chosen. The used multi-criteria approach is performed by ESRI, ArcGIS 9.2,
where model and extensions used are as follows: Spatial Analyst and Geo-processing. The obtained
results were presented in Figure 4, where Alternative 1 is green, Alternative 2 is yellow, Alterna-
tive 3 is white and Alternative 4 is red, which is illustrated in Figure 4. For all alternatives, the ini-
tial point was selected as the junction connecting European Motorway (E-5) and TEM, which was
on the TEM. The reason for selecting TEM is that, the E-5 motorway is highly used for intercity
traffic and TEM is regulated as national and international freight transportation. The ending point
of the alternatives is the possible foot of the third bridge, as announced in media. The Alternative 1
was passing through dense settlements, where house values on the basis of compulsory purchase
rates will increase the cost of this alternative.

Figure 4. Alternatives for the third bridge.

The Alternative 2, was passing through a dense forestry area at the northern part of Asian-side.
All alternatives were enforced not to pass through watershed areas, since adverse affects of trans-
portation on water is known. Additionally, environmental impact assessments of the newly planned
transportation infrastructures are regulated by the Ministry of Environment and Forestry, Turkey.
However, system was not enforced not to pass through dense forestry areas since there is an ongo-
ing debate on alternatives, where several alternatives were proposed passing through dense forestry
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area. The alternative 3, is the most compatible with the current transportation network route for the
third bridge. The fourth alternative is illustrated in red in Figure 4. From the above mentioned al-
ternatives the fourth alternative was being selected, since this alternative is “business-as-usual”. All
criteria have equal weights. The settlement, road, barren land, green area and water patterns and
their trends were found and the second bridge spatial and temporal changes for the years 1987 and
1997 were illustrated in Figure 3. The same 10 year period was selected for the fourth alternative
being 2005 and 2015 and the specific patterns and trends for the Istanbul Metropolitan Area were
implemented in order to simulate the results of the given decision. The same 4 km band was being
applied. For the years 1987 and 1997, the settlement class is increased 283%, where the population
for the selected band was increased 211%. The land cover/use results within the years 2005 and
2015 of the third bridge alternative were compared and illustrated in Figure 5. The settlement was
3848 ha in 2005 and in ten years period it is foreseen that the settlement will be 14738 ha. The
road class for the selected band was 205 ha in 2005, where in year 2015, the same class will be
4075 ha. The population density within the districts of the selected band was 273638 in 2005,
where with 211% increase; it can be predicted as 851009.

These results illustrated that development of transportation infrastructures created an attraction
in the region and urban areas expanded rapidly. With the selected case study area, further studies
are going to be conducted. In order to determine spatial and temporal pattern and trend of the inte-
raction other several remote sensing images are required, especially the ones belonging to former
years of the Istanbul Metropolitan area, such as 60’s and 70’s. High resolution images can also be
used for detailed analyses. In order to better facilitate decision makers, criteria applied should be
determined upon the relevant documents, regulations, project results and discussions with the
transportation decision makers. For determining the criteria and importance of them, question-
naires, workshops, discussions with the decision makers are required. There is no limit for the ap-
plicable alternatives of the designed framework. Alternatives are going to be determined with the
decision makers and user friendly interfaces are going to designed for the implemented system. A
three-dimensional city model along the transportation infrastructures is going to be integrated into
the system, in order to determine the interaction between urban class retrieved from satellites and
transportation. In order to support strategic planning, the data model will involve analyses for stud-
ying impacts and estimate further years interaction between transport, land-use and environment.
Results will be simulated and visualized, in order to increase the awareness on the interaction and
support sustainable policies.

2005

Alternative
for the 3. Bridge

Alternative
for the 3. Bridge

|. Green Area @ Barren Land m Road m Settlement m Waterl

Figure 5. Classification results of the selected band within years 2005 and 2015.
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4 CONCLUSIONS

Spatial information sciences served quite well in detecting the interaction between transport,
land-use and environment. The spatial and temporal analyses indicated the rapid conversion of bare
land to urban areas, where transportation activities increase. At the local scale the efforts of con-
necting Europe to Asia, which is inevitable, contributed to the drastic affects on urban development
and environment. The distribution of accessibility in space influences location decisions and there-
fore results in changes of the land use and adversely affects environment. There is a tendency that
urbanization sprawl will continue. With the designed framework several alternatives of a newly
planned transportation infrastructure can be analyzed and future trends, depending upon former ex-
periences can be simulated. The research results indicate how spatial information technologies can
be utilized for detecting the dynamic changes in urban and environment, which may be attributed to
transport.
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ABSTRACT: QuikScat and SeaWiFS data (2000-2007) covering the Mediterranean Sea were used
for a multisensor study of the coupling between wind patterns and algal blooms in the Gulf of Lion
and the Rhodes-lerapetra gyre systems. In these near-coastal hotspots, atmospheric forcing creates
(albeit with different mechanisms) surface conditions that cause convective processes and
consequent nutrient upwelling from deeper layers. As phytoplankton growth in the otherwise
oligotrophic Mediterranean basin is always nutrient-limited, the blooming triggered by these
processes reflects the prevailing wind patterns. Highly dynamic features recur systematically in the
pigment field of both regions, in the same periods (January to May).

INTRODUCTION

The combined use of sundry remote sensing tools, to assess complementary environmental data,
provides novel opportunities for the assessment of coastal and marine processes. A comparison of
QuikScat and of Sea-viewing Wide Field-of-view Sensor (SeaWiFS) data, for the period 2000—
2007, was used to study the coupling between wind patterns and algal blooms in two regions of the
Mediterranean Sea: the Ligurian-Provengal Sea, from 40 to 44°N, 2 to 8°E, and the Levantine
Basin, from 32 to 38°N, 24 to 32°E (Fig. 1).

The Mediterranean Sea is predominantly oligotrophic and behaves like a sub-tropical basin,
where the light level is never a limiting factor, so that its decrease in winter does not inhibit algal
growth, but the nutrient level always is. Blooming occurs in the colder, windy and wet (winter)
season, and is related to the biological enrichment of surface waters due to cooling, vertical mixing
and continental runoff, but not in the warmer, calm and dry (summer) season, when the water
column is strongly stratified and the nutrient supply, from coastal zones or deeper layers, is much
reduced (i).

Oligotrophy increases from west to east, except for near-coastal hotspots, corresponding to
point sources of runoff (often affected by a severe anthropogenic impact) or to areas where
atmospheric forcing creates particular conditions that favour the blooming. This is the case of near-
coastal features such as the Lions Gyre and the Ierapetra-Rhodes Gyre system (see Fig. 2). In both
areas, bloom dynamics reflect enhanced air-sea interactions due to the prevailing wind patterns (i.e.
the Mistral and the Etesian winds, respectively). In the north-western basin, the northerly wind
increases the density of surface waters through intense evaporation and cooling, particularly in the
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Figure 1. Mediterranean Sea, areas of interest: Ligurian-Provengal Sea (upper left box, centred at 42°N, 5°E)
and Levantine Basin (lower right box, centred at 35°N, 28°E).
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Figure 2. Monthly means of SeaWiFS-derived (iv) chlorophyll-like pigment concentration [mg/m’], in the
Ligurian-Provencal Sea (left panel), February 2000, and in the Levantine Basin (right panel), March 2000.
Colour coding over land is based on a vegetation index, i.e. the Fraction of Absorbed Photosynthetically
Active Radiation (FAPAR). Both images cover an area of about 1000 km x 1000 km, with 2 km spatial
resolution. The circles indicate sites of deep convection, in the Gulf of Lion, and of upwelling/downwelling,
in the Rhodes-Ierapetra gyre system. The large arrows recall the prevailing wind patterns.

Gulf of Lions, and generates deep convection processes (ii). This can lead to a complete
overturning of the water column, thus ventilating the deepest parts of the basin and bringing deep
nutrient-rich waters to the surface. When the water column stabilizes, this favours the onset of
intense algal blooms. In the south-eastern basin, northerly winds blowing along the axis of the
Aegean Sea funnel through the straits between the Islands of Crete and Rhodes, generating a
(quasi) permanent vortex pair (ii). This comprises the cyclonic Rhodes Gyre, north-east of the
straits, and the anticyclonic Ilerapetra Gyre, south-west of the straits — often entrained in the
complex basin-wide surface circulation of the eastern Mediterranean (iii). In the first case, the
divergence due to Ekman pumping is linked to the upwelling of colder, nutrient-rich waters; in the
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second, the convergence is linked to the accretion and downwelling of warm, nutrient-poor surface
waters.

THE QuikScat AND SeaWiFS DATA SET

The wind speed data were collected by the microwave scatterometer SeaWinds, which was
launched on the QuikBird satellite in June 1999. The QuikBird SeaWinds, later dubbed QuikScat,
is the third in a series of NASA scatterometers that operate at 14 GHz (Ku-band). Scatterometers
transmit microwave pulses down to the Earth’s surface and then measure the power that is scattered
back to the instrument, and that is related to surface roughness. For water surfaces, the surface
roughness is highly correlated with the near-surface wind speed and direction (v, vi). Hence, wind
speed and direction at a height of 10 meters over the ocean surface can be retrieved from
measurements of the scatterometer’s backscattered power. The 2000-2007 data used here, for
comparison with the SeaWiFS data, are mapped to a 0.25 degree grid. Overlaid to the colour-coded
maps of wind speed are black arrows denoting the mean surface wind direction, on a 0.5 degree
grid. The wind speeds represent scalar averages of daily data, while the wind directions are vector
averages of the same data’.

The chlorophyll-like pigment concentration (Ch/) data were collected by the visible and near
infrared radiometer SeaWiFS, which was launched on the SeaStar satellite in September 1997. The
original imagery was processed® to correct top-of-the-atmosphere radiances from atmospheric
noise, to derive normalized water-leaving radiances, and then to compute from these a series of
derived parameters (including Chl). Except for the pictures shown in Fig. 2 (see Figure caption
for details), each daily image of the 20002007 dataset was treated using the SeaDAS algorithm set
(vii) and re-mapped on a common equal-area grid, with a grid cell, or “bin”, of 9 km x 9 km. For
the creation of the composite data products, all valid pixels of a given time period and grid cell
were compiled in the same bin, and their weighted mean was generated. The weight was based
on the number of valid pixels used in the binning process (viii). Single images at full resolution
(~1.2 km at nadir) display a larger amount of details, but are often incomplete over areas of the size
considered here, due to imaging geometry, algorithm failure or cloud cover, even with daily
overpasses of a wide-swath sensor. Hence the choice of utilizing composite images to assess the
main Chl patterns from a statistical point of view. Because the number of valid pixels increases
with larger and longer binning intervals, the compositing process generates complete, cloud-free
images. As will be seen in the following, though, the short-term variability is averaged out too, and
the composites retain only those patterns that persist over significant areas and periods of time.

WIND PATTERNS AND ALGAL BLOOMS

The seasonal and multi-annual trends of the average wind sg)eed and Chl values, computed in the
Ligurian-Provencal Sea and the Levantine Basin domains® shown in Fig. 1, during the period
considered (January 2000 to April 2007), are shown in Fig. 3. The wind speed record shows that
maxima are reached systematically in the fall-winter period, i.e. between October and March.
Conversely, the Chl record peaks in January-February, for the Levantine Basin, and even later, in
March-April, for the Ligurian-Provencal Sea.

" QuikScat data are produced by Remote Sensing Systems and sponsored by the NASA Ocean Vector Winds Science Team. Data
available at: http://www.remss.com/.

2 Source: National Aeronautics and Space Administration (NASA); SeaWiFS Ocean Reprocessing 5.1 (2005); for details see:
http://oceancolor.gsfc.nasa.gov/REPROCESSING/SeaWiFS/R5.1/.

® For the Levantine Basin, the two areas, for which the average wind speed and Chl values were calculated, are slightly displaced, in
order to compensate for the displacement of the driving wind field and the Rhodes Gyre.
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Figure 3. Monthly mean wind speed and C#/ in the Ligurian-Provencal Sea (left panel) and in the Levantine
Basin (right panel). Note the different Ch/ scale, on the right vertical axis.

Examples of the surface wind fields in the two areas considered are shown in panels (a) and (¢)
of Fig. 4. The corresponding surface pigment fields are shown in panels (b) and (d) of the same
Figure. In both cases, the image series comprises monthly averages from January through May, for
the year 2003. This period was chosen to capture the development of the classical “blue hole” and
the ensuing spring bloom in the Gulf of Lion area, and the somewhat more episodical development
of an analogous, but much smaller, spring bloom in the Rhodes Gyre (see trends in Fig. 3). The
surface features recurring in these near-coastal hotspots represent the main blooming events of the
Mediterranean Sea, respectively in the western basin and in the eastern basin, that are not driven
directly by continental (e.g. fluvial) runoff’.

In the Ligurian-Provengal Sea, the highest wind speeds (around 10 m s™', or more) occur in
January and February. This corresponds to low pigment concentrations (Ch/ < 0.5 mg m™), and
often to the formation of a distinct “blue hole” (Chl < 0.2 mg m™), in the Gulf of Lion — although,
at the monthly scale considered, the link is not always evident and unambiguous, in some of the
years considered (not shown here). Lower wind speeds (between 5 and 10 m s, or less), from
March onwards, correspond to strong blooming (Ch/ > 1.0 mg m™).

A simple regression analysis, carried out using the 2000-2007 monthly mean values of the
Ligurian-Provencal Sea (as plotted in Fig. 3), is shown in Fig. 5. Various time lags, from 0 to 6
months, were considered, in order to take into consideration the effect of two environmental
factors: first, the biological response of the ecosystem cannot be instantaneous, after the set up of
conditions favourable to algal growth (i.e. the increase in nutrient concentration due to vertical
mixing); second, when the wind is strongest, the continuing deep convection can prevent blooming
and lead instead to the formation of a “blue hole” in the pigment field. With no time lag (i.e. when
the Chl values are matched with the wind speed of the same month; see Fig. 5a), the linear fit
shows essentially no correlation (R* ~ 0), while the second order polynomial fit (R* = 0.05) suggest
that Chl is lower at lower wind speeds, and that it grows with wind speed, but only up to a point;
then, as wind speed becomes higher and higher, the Chl values drop again (i.e. corresponding to the
occurrence of deep convection). As the time lag increases, so does the correlation. The maximum
correlation is reached after 4 months (i.e. when the Chl values are matched with the wind speed of
4 months before), with R* ~ 0.3 for both the linear and the polynomial fit (see Fig. 5b). At higher
time lags, the correlation decreases again to very low values (R* ~ 0.01, 0.02).

The lack of a significant correlation, when wind speed and Ch/ are matched with no time lag, is
due essentially to the fact that the ecosystem of the Ligurian-Provengal Sea responds in a very
distinct manner to the extreme atmospheric forcing typical of winter months. In fact, if the
regression analysis of monthly mean values is restricted to the first 4 months of the year, the
correlation is more significant (R* ~ 0.28, both in the linear and in the polynomial case), but

* Note that the Rhone plume, in the Gulf of Lion area, presents separate dynamics.
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Figure 4. Monthly means, January to May 2003, of wind speed (panels a and c) and of Chl (panels b and d), in
the Ligurian-Provencal Sea (panel a and b), February 2000, and in the Levantine Basin (panels ¢ and d). The
images cover the areas shown in Fig. 1.

negative, as shown in Fig. 6a. In this period, then, high Ch/ values occur only at lower wind speed.
When the wind speed increases, and triggers the deep convection, the algae are mixed down to
great depth in the water column, and cannot regain the surface to start over their photosynthetic
activity. Conversely, for the remainder of the year, i.e. from May to December, the correlation is
much lower (R* ~ 0.07, both in the linear and in the polynomial case), but positive, as shown in
Fig. 6b.

Somewhat weaker winds are measured in the Levantine Basin. Although the pattern is not as
clear as in the Ligurian-Provencal Sea, wind speed is still higher in winter months (but well below
the 10 m s™' mark, in general), only to decrease slightly in spring months. Blooming events (Chl >
0.5 mg m™) in the Rhodes Gyre trail the periods of high wind speed. However, blooms just as
intense as, if not more intense than, that of spring 2003 (see Fig. 4), are seen to occur also in other
years, following winter months when the wind field did not present the same high values (i.e. with
wind speed ranging between 5 and 10 ms™).

The regression analysis, carried out using the 2000-2007 monthly mean values of the Levantine
Basin, is shown in Fig. 7. Once again, various time lags were considered, this time mainly to take
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Figure 5. Regression analysis of monthly mean wind speed and Ch/ in the Ligurian-Provencal Sea, at two
time lags, respectively of 0 (panel a) and 4 months (panel b).
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Figure 6. Regression analysis of monthly mean wind speed and ChAl/ in the Ligurian-Provengal Sea, at 0
months time lag, for January to April (panel a) and May to December (panel b).

into consideration the delay of the biological response to the set up of conditions favourable to
algal growth (since in this case the increase in nutrient concentration is essentially due to Ekman
pumping within the cyclonic Rhodes Gyres, and not to sustained deep convection, continuing for
long periods of time). With no time lag (Ch/ and wind speed of the same month; Fig. 7a), both
linear and polynomial fit show a positive correlation (with R* = 0.33 and R* = 0.35 respectively).
The maximum correlation is reached with a time lag of 1 month (Ch/ matched to wind speed of the
preceding month, Fig. 7b), so that R* = 0.53 for both linear and polynomial fit. At higher time lags,
the correlation decreases quickly to very low values, with R* ~ 0.3 at 2 months, R* ~ 0.1 at 3
months, and R? ~ 0 at 4 months.

Once again, the first 4 months of the year present a rather unique situation, in the Levantine
basin, as already seen for the Ligurian-Provengal Sea. The correlation is still low, in this period,
when wind speed and Chl are matched with no time lag (R* = 0.03 in the linear case and R* = 0.13
in the polynom1a1 case), but becomes much better with a time lag of 1 month (R* = 0.38 in the
linear case and R” = 0.48 in the polynomial case), as shown in Fig. 8a. From May to December, the
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Figure 7. Regression analysis of monthly mean wind speed and C// in the Levantine Basin, at two time lags,
respectively of 0 (panel a) and 1 month (panel b).
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Figure 8. Regression analysis of monthly mean wind speed and CA/ in the Levantine Basin, at 1 month time
lag, for January to April (panel a) and May to December (panel b).

correlation is high, both with no time lag (R* = 0.39 and R* = 0.51) and with 1 month time leg
(R*=0.51 and R* = 0.55), as shown in Fig. 8b.

CONCLUSIONS

Algal growth in the Mediterranean Sea is always nutrient-limited, with consequent low biomass
and primary production. The fertilization of the basin, supporting localized algal blooming, is ruled
mainly by the impact of (coastal interactions and) atmospheric forcing in broad near-coastal zones,
and then by the ensuing thermohaline processes.

In the Ligurian-Provengal Sea, the winter winds lead to convective processes that promote
nutrient upwelling and then a sustained spring blooms, once the wind regime relaxes and surface
stratification sets in. In the Levantine Basin, upwelling due to Ekman pumping, within the cyclonic
component of the wind-generated Rhodes-Irapetra vortex pair, also results in similar, but weaker,
algal blooms. However, other factors appear to be critical, in this second case (due to the different
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physical processes taking place), as the pattern of high wind regime followed by blooming has a
much shorter time scale and does not recur systematically.

The examples presented here demonstrate that an improved interpretation of remote sensing
data sets, and of the bio-geo-physical processes responsible for the observed phenomena, can be
achieved through the combination of multi-sensor techniques. However, it is obvious that
knowledge of the variability of pigment concentrations and surface winds is not sufficient for a full
understanding of ecological dynamics in the two regions of interest.

Modeling of the correlation between Ch/ and wind speed, planned for the future development of
this line of work, might be able to provide more clues on the coupling between algal blooms and
wind patterns in the Mediterranean Sea. It should be noted, however, that much longer data sets
would be required for a long-term analyses of the Mediterranean trends, particularly for the case of
local changes in times of global warming.
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ABSTRACT: Floods are among the most devastating natural hazards in Turkey and worldwide,
causing the largest amount of casualties and property damage. GIS and remote sensing methods
are very attractive, fast, and reliable tools for various flood applications and management. In this
study, we investigated floods which occurred and are likely to occur in a study area in Istanbul,
Turkey, to determine the potential use of these tools with respect to these floods. Floods which
caused loss of life and property in the Yenigiftlik stream basin located within the boundaries of
Beykoz, a suburb of Istanbul, attracted our attention due to their negative impact on human life
and activities, and this was selected as the study area. Many geographical parameters such as
vegetation, topographic and geologic features, precipitation, and land use features play a
significant role in the occurrence of flood related disasters. Data used were topographic,
soil, vegetation, and geological maps at scale 1:25000, IKONOS pan-sharpened imaging
(02.03.2008), as well as aerial photographs taken in 2006. Using the Arcinfo 9.2 Spatial Analyst
module, flood risk maps were created, assigning different weights to vegetation, geologic and land
use features, and other morphometric features such as slope, aspect, and so on. Land use and
vegetation features were determined by applying a supervised classification technique to IKONOS
data. All data were processed using HEC-GeoRAS (in ArcGIS) and HEC-RAS software. The
results indicate that the precision and diversity of the data used greatly affects the precision of
these risk maps.

1 INTRODUCTION

Floods are one of the significant natural disasters that substantially impact the economic and social
lives of people in many regions and countries (CEOS, 2003). Various computer models have been
developed in order to understand floods that occur and demonstrate their impacts. It is possible to
classify the basic components of these models into four parts: hydrological models, hydraulic
models, flood mapping, and generation of spatial data for use in the model (Snead, 2000). Together
with developments in GIS technologies and the increase in resolution of Digital Terrain Models
(DTM), applications for research related to hydrology, water resources, and the environment have
increased. Integration of GIS with hydrologic and hydraulic modeling software has been realized
for various purposes. Among these, HEC-GeoRAS is an ArcGIS extension program that has been
produced for generating spatial data. With this extension it is possible to extract and process
geometric data pertinent to river basins over the existing DTM, read the database pertinent to HEC-
RAS hydraulic software, and map water levels and floods (Ozdemir, 2007). HEC-RAS is a one-
dimensional hydraulic program in which water surfaces related to continuous flows can be
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calculated and discontinuous streams can be modeled (USACE, 2002). It has data storage and
management capacity and is widely used throughout the world . With the utilization of GIS and
development of this technology, hydraulic models of river systems can be generated more easily
(Maidment, 2000 and 2002). Thus by using flood modelings performed with GIS and hydraulic
software, it is possible to calculate the distribution area of water surfaces of potential floods and to
make relevant volume and depth calculations. The study field was located within the borders of the
Beykoz district of the Istanbul province between UTM/ED_1950/Zone35N, Max. West: 681127-
436675, Max. East: 686377-436675, Max. North: 4561198-271090, and Max. South: 4549558-
271090 coordinates. Yenigiftlik stream basin has a perimeter of 33 km and a surface area of
31.1751 kn’; the north—south length of the basin is 12.555 km, and the east—west length is 3.75
km. The research field comprised a 3.66 km” area of this basin (Figure 1).
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Figure 1. Study Area.

2 DATA AND METHOD

Data resources used in the study were topographical data at scale 1:25000, IKONOS pan-sharpened
(02.03.2008) satellite imaging, aerial photographs (2006), and digital soil, geological, and vegetation
data at scale 1:25000. Two different methods were applied to determine the flood areas. The first of
these methods was assessed using HEC-GeoRAS and HECRAS, using the data generated.
Applications related to this method are shown in Figure 2. Since there was no high resolution DTM
for the study field, stages of the study were compiled under four main headings: Triangular Irregular
Network (TIN) generation, processes performed using HEC-GeoRAS, processes performed using
HEC-RAS, and generation of flood maps. One of the most significant stages in flood mapping is the
generation of high resolution DTMs (Sugumaran and Davis et. al., 2000). For this the TIN model,
which best reflects the linear layers from geometric data, was used (USACE, 2005). TIN were
generated using data generated by 5-10 m contours on topographic maps at scale 1:25000. The
geometric data to be used in flood mapping were generated using HEC-GeoRAS. IKONOS pan-
sharpened satellite imaging and aerial photographs were used for generating these. Data completion
for geometric data was performed using HEC-RAS.

The second method used was Multi-Criteria Decision Analysis (MCDA). In this method the
parameters are taken into consideration one by one in order to determine the areas of risk. Basic
elements of the basin's flood risk comprised the geographical properties of the basin and its flood
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characteristics. A flow chart detailing the method is shown in Figure 3. Applying this method, the
parameters pertinent to flood risk in the study field were assessed and weight values were assigned
to each.
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Figure 2. Flow chart of Hec-GEORAS and Hec-RAS Figure 3. Flow chart of MCDA method.
Applications.

3 HYDRAULIC MODELING AND FLOOD MAPPING

3.1.Creation of geometric data

In order to conduct hydraulic modeling of rivers, geometric data for river basins are required
(Ozdemir, 2007). These data generally comprise establishing the connection of river systems, bed
cross-sections, defining connection points, data pertinent to hydraulic structures, and cross-section
interpolations. Geometrical data used in the studzy included rivers, riversides, flow paths, cross-
sections and land use. Only data from the 3.66 km~ study area of the Yeni¢iftlik stream basin were
used. In generating geometric data, the generation of TIN models as base data was performed as a
priority. Digitalization of geometric data in the area to be modeled after TIN generation and data
entry processes were performed (Figure 4).
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Figure 4. Using geometric data in flood mapping. Figure 5. Manning’s value.
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In digitalizing these data, the TIN model, IKONOS pan-sharpened satellite imaging, and aerial
photographs were used. Some characteristics emphasized in the digitalization of the geometric data and
data entry were as follows:

Rivers, river coasts, and stream paths were digitalized towards the flow direction.
Definitions of river paths were conducted (such as right, left and center).
Bed cross-section lines were digitalized towards river stream direction, from left coast
to right coast.
e Cross-section lines intersected the river and stream paths once and both lines intersected
with each other.
A land use layer was generated using IKONOS pan-sharpened satellite imaging. For types included
in this layer Manning's N value, which is accepted as an indicator of the action demonstrated against the
stream hydraulically, was assigned (Figure 5; Fleckkenstein, 1998; Ozdemir, 2007).

32 Generation of the flood model

HEC-RAS is one-dimensional software in which the steady and unsteady streams are modeled
(Merwade, 2006). Geometric data for the river basin and data for the stream have to be entered in
order to conduct the modeling (Ozdemir, 2007). Geometric data pertinent to the study field were
generated using HEC-GeoRAS and other data were completed in this section (Figure 7).
Subsequently the data was transferred to HEC-RAS software. After completing the entry of
geometric data, stream data for the river in the area in which modeling was to be conducted were
entered. Stream data for the repetition frequencies of floods were accepted as Steady Flow data.
Since the gradient value of the study field was not very high, subcritic was selected for stream
calculation. Subsequently, models for 10, 50, and 100 years were generated (Figure 6).
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Figure 6. Models pertinent to different flood repetition frequencies. Figure 7. Geometric data generating from Hec-RAS.

= e
AERIAL FHOTOS AND FLOOD AREA

3.3. Multi-criteria decision analysis (MCDA)

This is the process of assessing options of a definite number using numerous criteria which are
generally weighed, contradict one another, do not use the same unit of measurement unit, and may
even take qualitative values for the purposes of selection, sorting, classification, prioritization, or
screening (Yoon ve Hwang, 1995). In the method applied, parameters were taken into
consideration one by one while areas of risk were determined. Basic elements relevant to the flood
risk conducted for the study field comprised the geographical properties of the basin and its flood
characteristics. The flow chart of the method is detailed in Figure 2. Since a critical stage is the
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generation of basic base maps whilst carrying out the risk analysis of the study field, base data for
topographic, vegetative, soil, and geographical characteristics were generated from data for the
basin digitalized in the digital media. Land use characteristics and geological and soil data were
converted into raster data structure for analytical purposes. In the method applied, the parameters
for flood risk in the study field were assessed and weight values were assigned to each (Figure 8).
Weight values ranged between one and 10. Those closer to one have the least risk and those closer
to 10 have the highest risk. The reclassify module of the Spatial Analyst module is used for
applications at this stage. Due to the fact that the impacts of parameters on relevant disasters show
varying rates, different values are assigned to each by means of this module. The overlay process is
realized following this value assignment. This process was performed using the Raster Calculator
module of the Spatial Analyst module. As the method was applied, the flood risk map of the study
field was determined (Figure 9). Five different degrees were selected for flood risk. Examination of
the flood risk map shows in particular that the risk is quite high in parts where the gradient values
are low and the settlement and agricultural areas are intense (Figure 9 and 10).
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Figure 8. Decision hierarchies for flood hazard index ranking. Figure 9. Flood risk mapping generating from MCDA method.
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4 CONCLUSION

In this study an area of 3.66 km® in the Yenigiftlik stream basin was examined. Flood risk analysis
was performed using Remote Sensing and GIS. Remote Sensing data were used in determining
land use, demonstrating changes in land use, determining the river basin characteristics of the study
field, and creating geometrical data for the floods. As the study field is a basin with flood risk
potential any flood taking place may significantly impact the settlement areas, industrial zones, and
productive agricultural fields. In the hydrologic and hydraulic modeling conducted for flood risk
studies, flood rates for 10, 50, and 100 years were calculated using maximum flood rates for 33
years, and flood risk maps were generated through hydraulic modeling using the values obtained.
A TIN model was used for the geometric data generated in the hydraulic model application, and the
river's central line was digitalized over stream paths and cross-sections, satellite imaging, aerial
photographs, and the TIN model. Land use factors between the cross-sections were determined,
flood models were created according to different repetition frequencies, and a 100 yearly potential
flood model was utilized for determining the flood areas. In MCDA, another method used, criteria
for risk analysis were determined using the Analytic Hierarchical Method. In the study, the flood
risk was considered according to five parameters: the DTM of the basin, gradient, aspect,
geological characteristics, and land use. As a result of the model generated it was determined that
the flood potential of the study field is high. Due to the risk of flooding in the coming years it will
be necessary to take relevant precautions in this area and implement them rapidly. It has also been
determined that in order to conduct a more realistic modeling using HEC-GeoRAS and HEC-RAS
hydraulic software, further data would be required.
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ABSTRACT: The presented project being a part of rainfall-runoff modeling is focused on de-
termination of relations between soil moisture changes detected in radar data and precipitations.
One catchment area of— the Olse River in the northern Moravia is used for. The catchment’s land
cover classes derived from Thematic Mapper data are decisive for creation of homogenous land
cover patches. The changes are determined from ERS-2 data. The radar data were chosen ac-
cording to the flood precipitations date in the catchments covering either before and after flood
period or only after a flood one. Radar image data processing is performed by following working
steps: image data filtering, band subtraction, delineation and selection of the same land cover
patches; these areas were subdivided according to their change values derived from the radar da-
ta subtraction. These subareas were evaluated in GIS to find relations between the spatial distri-
bution of the radar data changes and hydrological, morphological, and soil conditions.

1 INTRODUCTION

Rainfall-runoff modeling should predict flood occurrence in case of high precipitations in various
catchments. The project whose preliminary results of relations between changes in soil moisture
and changes in ERS radar data are summarized in the paper is focused on spring drainage basins —
areas representing the first part of catchments. Their flood conditions are derived and caused only
by their precipitation and water absorption capacity of the region. Therefore the rainfall-runoff hy-
drological model covers the whole spring part of the river including the Polish part.

The practical usage of the final model is a quick processing of the immediate rainfall and the
water stream discharge situation, deciding if the state is in fact a flood state which should be ma-
naged as the real flood situation including all warranty activities.

Similar demands to rainfall-runoff condition assessment and more accurate weather predictions
are required both for extreme events, and for ecological and water management purposes.

This modeling and weather forecast are processed by the CHMI (Czech Hydrometerological In-
stitute) and watershed managers in the Czech Republic. Modeling is also performed by other au-
thors on individual catchment scale with more research orientation. Eichler, Kulhavy, Dolezal and
Soukup analyzed drainage runoff, agriculture impact and hydrological balance models (Kulhavy
2000), including simulation approaches for drainage runoff assessment (Dolezal 2000). Neruda
(2002) used artificial intelligence network approach for the rainfall-runoff modeling, predicting the
following day flow using historical flow and precipitation data .

Relations between anthropogeneous landscape changes and flood intensity were assessed by
Langhammer (within the Evaluation of natural environment changes impact to flood development
grant project), methodology of rainfall-runoff conditions in urbanized and industrial areas assess-
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ment using combination of classical hydrological methods, mathematical simulations and GIS
processing and visualization were studied by Rapantova (2004). Usage of GIS for watershed mod-
els, ecological aspects, erosion impacts and sediment transport modeling were studied by Vozeni-
lek (1999) and Pavelka (1996). Runoff conditions are affected by various factors, above all by
geomorphologic characteristics, soil profile character and condition, cover type; evapotranspiration
level and snow cover condition. Their error can reach tens of per cent, i.e. of snow cover or evapo-
transpiration. Individual factors are inter-related and cannot be evaluated individually. For exam-
ple, snowmelt modeling can be performed by various methods (mostly used is degree/day method)
(Beven 2001, Chow 1964, Hradek 2002) and Anderson’s method (Anderson 1968), whose results
are influenced by altitude, terrain morphology, exposure and vegetation cover.

The modeling in the project combines rainfall forecast and hydrological model of water surface
outflow. One input to the hydrological model is soil moisture. The analyzed watersheds are eva-
luated for historical events well documented by detailed discharge measurements, however, with-
out soil moisture measurement.

The surface outflow is a spatial phenomenon and therefore soil moisture should be also used as
a spatial data layer. However, remote sensing imagery is the only data source describing spatially
the characteristic. The problem was that no ground truth data were available for the real soil mois-
ture calibration. Having no soil moisture input information, the only possibility were to use only
relative values for a further model calibration. Changes calculated between two time levels close to
the high rainfall were applied. Their values formed one GIS layer from the system comprising land
cover, soil types, slopes, distance to water courses, and rainfalls.

2 INPUT DATA

The input data means data used for the watershed GIS model describing relations between hydro-
logical conditions on one side and “local conditions” on the other side.

2.1 The study area

The project is focused on the Olse River catchment. The Olse River flows from Istebny in Poland
into the Odra River in the flat Ostrava region forming the frontier between Poland and the Czech
Republic after leaving Poland.

Table 1. Geographical characteristics of the Olse River watershed

River Catchment Olse
all 99 km
Length Czech Republic 83 km
Poland 16 km
all 1118 km2
Area Czech Republic 639 km2
Poland 479 km2

2.2 Meteorological data

The meteorological data in the Olse River watershed were measured by 6 rain gauges (Bily Kfiz,
Jablunkov, Luéina, Hradi$té, Ttinec, Lysa hora) and delivered in one hour time intervals. Their
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values were processed by kriging for the regular grid networks. The grid values were used for the
precipitation GIS layer. Only one layer as a sum of all precipitations was created due to relatively
similar time distribution of the rainfalls.

The final rainfall GIS layer values were sums in individual pixels for the whole before flood pe-
riod between the radar image pair’s dates. This simplification was used since important rains and
the rain curve mode appeared only with several hours” delays.

2.3 Land cover of the catchment

Land cover of the catchment is formed by 3 main areas: urban (72) sq km, agricultural (318,6 sq
km) and forest (241,4 sq km) according to the land use/land cover CORINE data from 2000 in the
Olse River. The land cover was compared to the 1990 CORINE data and only less than one per
cent of difference was found. The same comparison was prepared from Thematic Mapper data and
land cover changes formed nearly 20 per cent of the area. Therefore more accurate land cover in-
formation is used from the optical data.

2.4 Soil types

The map of soil classes of the Czech Republic is formed by homogenous regions having its coded
description. The feature class attributes are embedded in 8-numbered code characterizing climate
region, main soil unit, slope gradient, soil skeleton, boulderity, and soil depth. The maps are
processed at 1 : 5000 scale. Four “soil” type areas have different 3-number coding - bare land, wa-
ter, quarry, and forest. The final detailed soil types comprise tens of classes. However, they were
aggregated according to their skeleton content and soil classes according to following characteris-
tics were formed.

Table 2a. Soil type classification according to the skeleton content occurring in the region

Class description

0 Without skeleton, with skeleton less than 10 %
1 Low skeleton less than 25 %

2 Mid skeleton less than 50 %

3 High skeleton higher than 50%

Table 2b. Soil type classification according to the soil depth

Class _description

0 Deep — depth more then 60 cm
1 Mid — depth 30 — 60 cm
2 Shallow — depth less than 30 cm

2.5 DEM of both catchments

Digital elevation model was derived from 1: 25 000 scale contour lines using TIN and processed
into the 25 x 25 m grid format.

2.6  Remote sensing data

Three remote sensing data types were used for. The first detailed data processing was performed
from ETM+ Landsat data, a pair of SPOT data and a pair of ERS-2 data formed the whole group of
remote sensing data.
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2.6.1 SPOT image data
The data list is in table 2. After preprocessing, the data were georeferenced and used for the land
cover change detection between 2002 and 2004.

2.6.2 ERS-2 image data

The regular water level measurements showed individually the flood dates on both rivers. The
ERS-2 data were selected to cover the period of these events (see table 2); one flood (2005 year) is
imaged by a pre- and post-imagery and one by two post flood imageries (2002 year).

Table 2. List of SPOT and ERS data for individual flood events

Flood event

date SPOT [ERS acquisition date]
acquisition
date MS/P
19/07/2002  19/07/02 SPOT 4, MS - HRVI 22/07/2002
21/07/02 SPOT 5, MS, P -HRG2 26/082002
24/08/2005 27/07/2005
31/08/2005

3 METHODOLOGY

The soil moisture change analysis was processed in GIS. The soil moisture depends on many
phenomena. Several of them are time independent — soil type, orientation, and slope, etc., however,
some of them are time dependent — rainfall, temperature and evapotranspiration (with hours’
changes), land cover (with months” changes).

The soil moisture changes were supposed to be expressed by radar data changes. The radar data
depend on material type, roughness and moisture. The changes were determined from ERS data
measured within 34 days. The period is generally quite short for the roughness changes on one side,
and it is the moisture which the radar data are sensitive for in case of steep incident angle as the
ERS data have. Therefore the hypothesis that only moisture caused the changes was used.

The changes were calculated as two data difference — subtraction of the younger image from the
older one. The subtraction was performed after filtering by 5 x 5 average filter. The resulting data
were simplified and therefore grouped into ten classes comprising data with the same digital value
ranges. Negative values (classes 1 — 7 for 2002 and 1 — 6 for 2005) represented decreasing of the
radar intensity what means decreasing of the soil moisture; positive values (classes 9 — 10 for 2002
and 8 — 10 for 2005) depicted increasing soil moisture. The 8™ or 7" classes with both negative and
positive values near zero were handled as areas with no changes.

It was supposed that the changes were caused by rainfalls between acquisitions of the ERS data
pair. Dependency of soil moisture on previous rainfalls, land cover, slope, and soil type was ana-
lyzed in the first phase.

Non-stationarity can be found at land cover data (months” scale) and hydrological da-
ta.(hours ‘scale, evapotranspiration is calculated in days” scale in 90 places in the Czech Republic).
Their input must be prepared in a spatial form by an interpolation method to get a spatial layer.

The changes were analyzed in two main land cover classes — forest and agricultural areas where
the rainfall, slope, and soil type are shown. The characteristics were evaluated for land cover ho-
mogenous areas.

The relations showed influence of time invariant characteristics on the soil moisture changes.
The relations need to be studied as a combination of characteristics. Their separated evaluation
showed that all detailed classes of all characteristics occur in all change classes.
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4 RESULTS

The graph (fig. 1) of forest change classes (1 — 10) in 2002 showed that the largest area (45 per cent
— column 3 - 6) have lower soil moisture at the end of the period between two ERS measurements
with extreme change areas covering less than 5 per cent (column 1, 2). Positive changes occurred at
33 (column 8, 9, 10) per cent of forest areas. All slope classes are found in all change classes in a
similar ratio. No direct simple influence is possible to be derived from the slope and soil moisture
mutual relation. Similar results were determined for all other characteristics.
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Fig. 1. Slope classes in forest soil moisture classes Fig 2. Slope classes in agricultural area soil moisture classes

The graph (fig. 2) of agricultural area change classes proved that the soil moisture decreases
more quickly if compared with forest areas. Dryer area covers more than 50 per cent, positive areas
around 25 per cent. Mutual occurrence ratio of all slope classes shows again no close direct depen-
dency on slopes.

‘Areas with maximum changes and maximin rainfall

area )

«««««

Fig. 3. Rainfall classes in soil moisture classes Fig 4. Moisture change classes in areas with highest
and lowest rainfall distributed according to slope terrain

Fig 3 showing rainfall classes is another prove of a complex relation among individual characte-
ristic and moisture changes. The precipitation distribution is really an invariant moisture feature.
However, comparing slope, rainfall and moisture change shows that moisture changes caused by
different rainfall occur in areas with different slope (see table 3)
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Table 3. Comparison of areas with high and low rainfalls in the highest moisture changes in forest
areas

extremely high rainfall extremely low rainfall

number of soil number of soil  area
slope (°) classes area [mz] % classes [mz] %
<5° 3classes 58482 41.2 1 class” 72282 19.7
5-15° 2 classes 79214 55.8 3 classes 162179 4423
15°-30° 3564 2.5 1 class 125680  34.3
>3(° 617 0.4 6196 1.7

®  classes whose area is larger than 1 hectare

Further analysis (table 3) compared areas with extremely high moisture changes and with ex-
treme (low and high) rainfalls related to soil type and slope. 97 per cent areas with the highest
changes and precipitation occurs in areas with slope 0 — 5° and 5 — 15° with 4 different soil classes
(one occurring in both slope classes). Areas with the highest change and lowest precipitation have
half percentage in the lowest slope (compared to the highest precipitation area), and one third in
areas with slope up to 30° which nearly do not occur in wettest areas.

5 CONCLUSIONS

The results showed that the relation between the changes found in radar data and other characteris-
tics cannot be studied individually. It was only the last table — table 3 which showed a certain cor-
relation — only few soil classes are decisive for the surface changes; slope where most changes
were found is lower than 15 ° for extremely high rainfall and up to 30 % for low rainfall.

The partial results lead the solution to a multicriterial analysis. The analysis will be focused on
determination of rainfall and land cover influence to other (positionally constant) characteristics
where the evapotranspiration will be used in the form of a layer which is subtracted from the rain-
fall layer. The rainfall will be a time dependent value and land cover time independent in the analy-
sis with above mentioned data.

The analysis will be oriented to determination of weights in the equation (1)

Change (digital value) = (precipitation — evapotranspiration — surface outflow) . Wyme . Wit - Wsiope

- Wiand cover - Wtemperature (1)

where Wy, = f (time),
Wtemperature = f (time)a

others w are constant for the place in case of unchanged land cover
surface outflow - calculated using CN curves.

The equation will be evaluated for existing area and further calibration of soil moisture will be per-
formed in the surface runoff model (Hanzlova et al. 2008).
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ABSTRACT: One of the most important events that cause anomalies in nature’s balance is forest
fires. Forest fires are also very serious threats in Turkey, which is located in the Mediterranean
Region. While complete prevention of a forest fire is impossible, it is possible to reduce the
damages of forest fires by constructing a forest fire risk map. In this study, we analyze a forest fire
that took place at Kibriz Stream Canyon near the city of Antalya. The most important aspect of this
fire was that the interference was very difficult due to the canyon’s harsh landscape. Here, we show
that a fire risk map can be especially beneficial for this area, and for other areas where fire
interference is very difficult due to the unfriendly topography. Remote Sensing and Geographic
Information System (GIS) were applied in this study for the assessment of the situation before and
after the fire and for forming the fire risk map. Landsat TM (01.08.1990), Spot XS (24.06.2007)
imageries and 1/25000 scale topography maps were used to generate a digital terrain model and to
establish the land use classes by means of unsupervised and supervised classification algorithms. In
addition, the normalized difference vegetation index (NDVI) was computed to compare the
classified imageries before and after the fire. Comparison of the NDVI values helped us to
determine the vegetation pattern change after the fire.

1 INTRODUCTION

One of the most important events that cause anomalies in nature’s balance is forest fires. Forest
fires are also very serious threats in Turkey, which is located in the Mediterranean Region. In the
past sixty years, more than 1.5 million hectare of forest area had disappeared in Turkey due to
forest fires. Forest fires influence directly all living things in that area, affecting all natural balance
directly or indirectly. While complete prevention of a forest fire is impossible, it is possible to
reduce the damages of forest fires by constructing a forest fire risk map. (Hernandez, P.A., 2006)

A forest fire risk map shows us how to take preventive measures before and during the fires.
(Coskun, O., 1998) A fire risk map is constructed based on slope, aspect direction, vegetation
pattern, altitude and distance from roads of the forest. Based on the fire risk map, the higher risk
areas are detected for special preventive treatment and for quick interference during a fire to
minimize the damage.

In this study, we analyze a forest fire that took place at Kibriz Stream Canyon near the city of
Antalya. This particular fire started in August 18 2006 and lasted more than one week. At the fire
location the depth of the canyon is nearly 700-800 meters. More than 450 hectare forest area was
destroyed. The most important aspect of this fire was that the interference was very difficult due
to the canyon’s harsh landscape. Here, we show that a fire risk map can be especially beneficial for
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this area, and for other areas where fire interference is very difficult due to the unfriendly
topography.

Remote Sensing and Geographic Information System (GIS) are applied in this study for the
assessment of the situation before and after the fire and for forming the fire risk map. Landsat TM
(01.08.1990), Spot XS (24.06.2007) imageries and 1/25000 scale topography maps were used to
generate a Digital Terrain Model (DTM) and to establish the land use classes by means of
unsupervised and supervised classification algorithms. In addition, in order to compare the
classified imageries before and after the fire, the Normalized Difference Vegetation Index (NDVI)
values were computed. Comparison of the NDVI values helped us to determine the vegetation
pattern change after the fire.

The main contribution of this research are 1) identification of the actual damage in the Kibriz
Stream Canyon using remote sensing and GIS data and 2) illustration of how a fire risk map can
help in forest fire prevention, and fire interference with an application in Kibriz Stream Canyon.

2 STUDY AREA

The area of study, Kibriz Stream Canyon, which is between 36°-37° northern parallels, 29°-30°
eastern meridians, is located 210 km far away from the city Antalya.

2.1 Vegetation type

Most of the area is covered by Turkish Pine. A low height area, where the Turkish Pine is rare, is
mostly covered by Maki types. Turkish Pine trees may be found in the area of the Maki vegetation
area. These kinds of vegetations are especially susceptible to fire.

2.2 Climatic conditions

While in general, a Mediterranean climate is observed in this area, terrestrial climate is effective
the inner land. Some of the meteorological variables’ mean values are:

Annual Rain 782.9 mm

Annual Temperature 19.6 C

Annual Relative Humidity 50%
Annual Wind Speed 2.4 m/sec
Annual Insolation Time 8.11 hour/day

The mean insolation time in August is almost 11.2 hours and the faster wind directions are West-
South West, North-North East and East-North East.

2.3 Topography

Topography, which influence all risk parameters (insolation, humidity, distance from road, aspect
and slope) is an important physiographic factor. So the high slope and high elevation structure of
the canyon increase the risk of the forest fire. Also wind is very critical parameter for spreading the
fire because of the bosphorus structure of Kibriz Stream Canyon.

2.4 Distance from roads

Most of the root-causes of the fires are related to human activities. Roads are vehicles that help
humans to reach the forest areas. So “distance to roads” is an important factor that may increase the
fire risk, but on the other hand, roads are also necessary to reach the fire area. Because of the
absence of roads, the interference to Kibriz Stream Canyon is very difficult.
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Lowest: 24 m

Figure 1. DTM of the study area.

3 MATERIALS AND METHODS

3.1 Data

The image of Landsat TM in 01.08.1990 before the fire and the image of Spot XS in 24.06.2007
after the fire were used to show the effect of the forest fire. Also topographic maps were used to
constitute DTM and according to DTM slope, aspect maps were formed.

3.2  Methods

1/25000 scale topographic maps were rectified according to the WGS84 and a UTM projection and
digitized for producing DTM for the study area (Fig. 1).

Also satellite images were geo-coded by the help of rectified topographic maps according to the
WGS84 and a UTM projection to combine and analyze with the remaining data.

The purpose of the digital classification is selecting and examining the reliable control areas to
exhibit the landscape characteristics (Erten, E., 2005). In this study, the Maximum Likehood
supervised and unsupervised classification algorithms were used to classify satellite images
(Ormeci, C., 1987). Classification of the satellite images one by one is the best way to compare
before and after fire situations. The statistical results of the separate classification of the different
date images introduce the affect of the fire.

The risk map of the study area was constructed to show the risk area by classifying the areas
from major risk to high risk areas. Fire risk map and the risk classes were constructed based on the
following factors: slope, aspect direction, vegetation pattern, and distance from roads of the forest.

Since the vegetation type is an important determinant of risk, they were classified using the
Normalized Difference Vegetation Index (NDVI). The high NDVI values indicate the high
moisture, healthy vegetation, and the low values indicate the low moisture, unhealthy and
vegetation-free areas (Parmiggiani, F.).

The other factor is slope. High slope areas naturally do not sustain high risk but after flame
expansion of the fire becomes very fast (Akar 1., 2006).

Aspect takes a determinative role on area’s humidity, precipitation, wind, insolation time and
intensity. Because of the orientation with respect to the sunlight, the vegetation which takes
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Figure 2. Landsat image classification. Figure 3. Spot image classification.

sunlight from South faces water shortage problem (Bilgin, 2001). The fire risk probability is high at
these kinds of areas. As indicated earlier, distance to roads increases the possibility human source
fire risk. For the areas, which are far from the roads, the fire probability is taken low, and vice
versa. All risk parameters, weights, classes and factors values are given in Table 1. The multi-
criteria equation used in GIS to determine forest fire risk areas is as follows:

RC =NDVI*0.9 + Slope*0.7+Aspect*0.8 + Distance*0.5+Altitude*0.5

4 RESULTS

4.1 Classification and NDVI

Landsat TM and SPOT XS images were used to identify and indicate the forest risky area by the
way of classification and NDVI. 7-4-3 band combination for Landsat TM and 3-1-2 band
combination for SPOT XS were used for classification and making NDVI analyses. The images
were classified into 6 classes as forest 1, forest 2, forest 3, non forest area, river and snow by using
maximum like hood algorithm (Figs 2, 3). The images show the effect of the fire clearlyindicating a
destruction of more than 450 hectare forest area.

Addition to the classification analyses, NDVI results were used for understanding the forest
differentiation after fire. (Parmiggiani, F., 2006) Also NDVI values were classified into 6 classes
and 1990 Landsat image NDVI values were used as a risk factor for risk analyses to establish the
risk map before the fire.

4.2  GIS results

GIS results as slope, aspect, distance to roads, altitude, and vegetation index are the factors that
form the infrastructure of the risk map. This step of this study exhibits the risk of forest fire at our
study area.

4.2.1 Slope
In the study area, slope values are changing between 0—90 degrees. And in the study area the slope
values are very high, so this situation causes very high risk (Fig. 4).

4.2.2  Aspect
The aspect directions are directly proportional to vegetation humidity values. For example; the
humidity of vegetation decreases, if the vegetation look to the South direction and it is dry
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Table 1. Risk parameters, weights, classes and factors values

Parameter Weight Class Factor

—_

Vegetation 0.9 Few or no vegetation
(NDVI) Very dry
Dry
Moist
Fresh like
Fresh
Slope 0.7 64-89
4564
3645
29-36
23-29
1723
11-17
3-11
0-3
Aspect 0.8 South
South West
South East
Flat
West
East
North west
North east
North
Distance to roads 0.6 0-308 m
308-616 m
616925 m
925-1233 m
1233-1541 m
1541-1850 m
Altitudes 0.5 1790-2300
1425-1790
1069-1425
730-1069
425-730
24-425
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vegetation area which causes high risk. (Fig. 5) The risk order of the directions is: South>South
West>South East>Flat>West>East>North West>North East>North.

In the study area, aspect directions which mean insolation values are mostly south, southwest,
and southeast and west directions, which cause very high risk. These values are coherent with the
NDVI values which show the vegetation humidity potential.
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Flat (-1)

North (0-22.5)
Northwest (22.5-67.5)
West (67.5-112.5)
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West (247.5-292.5)
Northeast (292.5-337.5)
North (337.5-360)

Figure 5. Aspect map of the study area.

Figure 6. Road map of the study area.

4.2.3 Distance to Roads

The roads which are the linear element of the map, is very important to determine the fire risk. The
roads were drown on the 1/25000 scale topographic maps and the distance of each pixels to all
roads were calculated. (Fig. 6)

4.2.4  Altitude

For the humidity and temperature values, high altitude areas are more dangerous than the low
altitude areas. With increasing altitude, the humidity and temperature values decrease, resulting in a
quick spread of the fire. As shown in the Digital Terrain Model, the altitude of the study area is
very high.

4.2.5 NDVI

As it was mentioned in section 4.1, NDVI values were used for fire risk parameter and also the
NDVI application of different date images supply the chance of comparison vegetation changes
before fire and after fire (Figs 7, 8) (Talesca, L, Lasaonaro, R., 2005).
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Figure 7. NDVI application before the fire. Figure 8. NDVI application after the fire.
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Figure 9. Fire risk map of the study area.

4.2.6 Fire risk map

Considering all fire risk parameters (slope, aspect, distance to roads, altitude and NDVI values), a
fire risk map is established using the risk formula given in section 3.2 and the weight and factor
values in Table 1. As shown in Fig. 9, the risk map indicates the fire risk potential of the Kibriz
Stream clearly.

5 CONCLUSIONS

Fire risk map is a very important instrument to pinpoint and interfere the fire and to decrease the
impact of the fire. Here, topographic maps were used to analyze the fire risk parameters (slope,
aspect, distance to roads, and altitude), and satellite images were used to analyze NDVI values.
Classification and NDVI analyses exhibit the effect of the fire and helped us establish the fire risk
map of the study area. We would like to conclude by emphasizing that the fire risk maps can be
beneficial especially for those areas such as Kibriz Stream Canyon where interference is very
difficult because of the hard topographic conditions.
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ABSTRACT: Topography and its derivatives (altitude, slope and aspect) have an effect on satellite-
measured radiances. For mountainous areas the sun zenith and azimuth angles, as well as direction
of observation relative to these are more limiting factors. In this paper four topographic normaliza-
tion methods were used to correct the reflectance values of medium spatial resolution satellite data,
namely MODIS. The performance of the topographic normalization methods is examined for snow
covered areas of the study area located in the eastern part of Turkey. Modeling of snow-covered
area in the mountainous regions of Eastern Turkey has significant importance in order to forecast
snowmelt discharge especially for optimum use of water in energy production, flood control, irriga-
tion and reservoir operation optimization. MOD09GKM data, which have the land surface reflec-
tance having atmospheric correction, digital elevation model (DEM) and the geo-location files
(MODO03) were used. It is obtained that statistical empirical correction method worked better com-
pared to the other methods in removing the terrain effects for snow covered areas. The importance
of topographic normalization in mapping the effective snow covered area in snowmelt modeling is
also discussed and the early findings of Satellite Application Facilities on Hydrology (H-SAF) pro-
ject, which is financially supported by EUMETSAT, is presented. Turkey is a part of the H-SAF
project, both in product generation (e.g. snow recognition, fractional snow cover and snow water
equivalent) for mountainous regions for whole Europe, cal/val of satellite-derived snow products
with ground observations (synoptic, automated weather stations and snow courses) and impact
studies with hydrological modeling in the mountainous terrain of Europe.

1 INTRODUCTION

Optical and near-infrared sensors can distinguish between snow-covered and snow-free ground.
This is based on the very high reflectance of snow in the visible (0.5~0.7 pm) wavelengths com-
pared to other natural targets (Warren, 1982). The Nasa Earth Observing System (EOS) moderate-
resolution imaging spectroradiometer (MODIS) provides global automated binary maps of snow
cover by using a normalized difference snow index (NDSI) with threshold tests. The approach used
for obtaining the snow-covered area (SCA) maps from MODIS images employs the advantage of
the fact that snow reflectance is high in the visible (0.5~0.7 um) wavelengths and has low reflec-
tance in the shortwave infrared (1~4 um) wavelengths (Hall et al., 2001).

Snow in mountainous is challenging to map with optical remote sensing techniques because of
the relief or topography may affect the image radiometry. This effect causes a high variation in the
reflectance response for similar target types: shaded areas show less than expected reflectance,
whereas in sunny areas the effect is the opposite. Akyurek and Sorman (2002a) analyzed the effect
of topography on snow depletion curves derived from NOAA-AVHRR images for the Karasu Ba-
sin located in the eastern part of Turkey. Srinivasulu and Kulkarni (2004) used a model to estimate
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spectral reflectance for the Himalayan terrain using the LISS-III data from Indian Remote Sensing
satellites. They suggest the use of terrain slope and aspect in estimating the accurate spectral reflec-
tances over the Himalayan terrain. Chaponniere et al. (2005) used a combined high and low spatial
resolution approach for mapping snow covered areas in the Atlas Mountains, where monitoring the
snow dynamics can not be performed routinely due to management costs and difficult access.
Richter (1998) developed a method (ATCOR3) for the radiometric and atmospheric correction of
satellite images over mountainous terrain. The proposed model utilize the small angle approxima-
tion, i.e. the sensor’s swath angle is less than +-8° with respect to the image center and the solar
zenith angle is assumed constant for a recorded scene. These scenes are provided by high spatial
resolution satellite sensors such as Landsat TM, SPOT, Quickbird, and Ikonos. Therefore, the proc-
ess of topographic normalization may be critical in areas for rough terrain, as a preliminary step for
determining the fractional snow cover area from images having moderate spatial resolution.

Turkey can be described as a country with abundant snow cover on mountainous regions in the
eastern part of the country where Euphrates River basin is located. This basin is largely fed from
snow precipitation whereby nearly two-thirds occur in winter and may remain in the form of snow
for half of the year. The river feeds large reservoirs with great volume of runoff. The concentration
of discharge mainly from snowmelt during spring and early summer months causes not only exten-
sive flooding, inundating large areas, but also the loss of much needed water required for irrigation
and power generation purposes during the summer season. Accordingly, modeling of snow-covered
area in the mountainous regions of Eastern Turkey, as being one of the major headwaters of Eu-
phrates—Tigris basin, has significant importance in order to forecast snowmelt discharge especially
for energy production, flood control, irrigation and reservoir operation optimization. There is not
yet a well established operational snow monitoring system in the country. Therefore comparison of
satellite derived snow maps and snow course ground measurements is vital for improvement of the
existing mapping algorithms. The snow cover area validation was performed by Tekeli et al. (2005)
using the MODIS images during the accumulation and ablation periods of 2002—-2003 water year
and as well during the winter period of 2003—2004. Over the ablation period of 2004, daily snow
albedo values retrieved from MODIS Terra were compared with ground-based albedo measure-
ments (Tekeli et al., 2006) for the same area. MODIS-8 day snow products (MOD10A2) were used
to model the snowmelt runoff process in the eastern part of Turkey (Tekeli et al., 2006). They
found out that the hydrograph shape might have been affected by the elevation bias of the MODIS
snow mapping algorithm, which may under represent the snow cover in lower elevation regions
and over represent the snow in the higher elevation ranges. This leads the need of fractional snow-
covered area determination from the MODIS-data. There are several remote sensing approaches
that have been applied for estimating the fractional snow cover within a sensor pixel (Vikhamar
and Solberg, 2003; Kaufman, Kleidman, Hall, Martis and Barton, 2002; Barton, Hall and Riggs,
2001; Salomonson and Appel, 2004; Metsamaki et al., 2005).

In this study widely used topographic normalization methods, available in the literature, are ap-
plied to MODIS data, having medium spatial resolution, in order to correct the reflectance values
of the satellite data due to terrain effect. The performance of these methods in finding the fractional
snow cover area is examined.

2 DATA

The study area is located in the eastern part of Turkey called Karasu basin (Fig. 1) which is the
headwater of the Euphrates River. The basin has a drainage area of 10 216 km? controlled by the
stream gauging station with an elevation ranging from 1125 m to 3487 m. The topographic map of
the basin (DEM) and the location of the AWOS stations are shown in Fig. 2.

The dataset consists of the Terra MODIS images, a digital elevation model (DEM), land
cover/use map derived from Landsat image and validated by ground survey, snow measurements
and meteorological observations. The MODIS Level 1B radiance files at 500 m resolution
(MODO02HKM), land surface reflectance files at 500 m resolution (MOD09GHK) and geolocation
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Figure 1. Location of Karasu Basin (upper Euphrates River) in Turkey and the location of stream gauges in
the basin.

E00000 BEO0DO B0O0000 B500:00 To0000
N ‘
| fiver N
@ automatic mel stations
| Value T

High - 3487(m)

...l.mu.;o. : | = ® : ...g
| i ;

i s

500000 550000 BO0000 B50000 T00000

Figure 2. Location of automatic stations on DEM of Karasu Basin.

files (MODO03) acquired on 14 March 2006 and 30 March 2006 were downloaded from the internet
site http://daac.gsfc.nasa.gov/MODIS/data access.html. Those two dates were selected for the
analysis, since the snow water equivalence values measured at AWOS were at their max value for
those dates, in April the starting of melting was observed. The land cover information was obtained
from a previous study (Akyurek and Sorman, 2002b), where the land cover types were obtained
from high spatial resolution image, using a multi-level classification technique based on knowl-
edge-based segmentation of Landsat images. The level of the land use/cover classification was de-
termined according to CORINE land cover classification scheme. The field data (snow depth, me-
teorological observations) were obtained from the AWOS at the site (Fig. 2) for the same dates.
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3 METHODS

Digital values (DVs) derived from satellite optical systems cannot be used for geophysical meas-
urements and multitemporal studies, because of including effects derived from sensor calibration,
atmospheric and topographic interferences. The image metadata provides the calibration values to
transform DV to sensor radiance. The model to obtain true reflectance from sensor radiance may be
expressed as in the Equation 1 (Richter, 1998).

P (Lsen,k _La,k)
Tro (D
E,,cosO.t,, +E,,

K

Pi =

where K is a correction factor of the annual variations of earth-sun distance, computed from Julian
day; Ly, is the sensor radiance in band k; L, is the atmospheric upwelling radiance scattered at
the sensor for the same band; 7, and 7;; are the path atmospheric transmittances of the upwelling
(ground surface-sensor path) and downwelling (sun-ground surface path) flows, respectively; E, is
the solar irradiance at the top of the atmosphere; €, is the sun zenith angle; and E  is the diffuse ir-
radiance at the surface.

3.1 Atmospheric correction

Satellite measurements of the Earth’s surface are contaminated by atmospheric effects. Various
problems arise during interpretation of remotely-sensed data due to this atmospheric contamination.
The top of the atmosphere (TOA) reflectance derived from radiance measured by sensors may be
increased or decreased when compared to the surface reflectance as a function of the reflectance of
the target and of its environment. The radiative transfer in clear atmosphere is now well understood
and accurate models exist (Rahman and Dedieu, 1994). However there are still the problems of de-
veloping a fast method for the inversion of surface reflectances from remotely-sensed measure-
ments and to determine the atmospheric parameters for large areas and long time periods.

3.2 Topographic correction

Topography has an effect on satellite-measured radiances. For mountainous areas the sun zenith
and azimuth angles, as well as direction of observation relative to these are more limiting factors.
For mountainous terrain three effects that caused by the topography can be listed: 1) Some areas
receive exclusively diffuse irradiance due to cast shadows; 2) Shielding of the sky hemisphere re-
duces the diffuse irradiance; and 3) surrounding terrain reflects irradiance towards the observed
ground area (Proy et al., 1989). The shadowed areas become smaller on slopes facing the sun,
while they increase on slopes oriented away from the sun (Gemmel, 1998). Topographic correction
should affect the denominator parameters of Equation 1, since changing illumination conditions af-
fect the actual solar irradiance received at a single pixel.

Several methods have been developed so far with the purpose of removing terrain effects from
the measured pixel radiance and available in the literature. Widely used methods are the Lamber-
tian cosine correction, the statistical-empirical correction, the C-correction and the Minnaert cor-
rection (Vikhamar et al., 2004; Riano et al., 2003). The general approach of these methods is to
normalize the observed radiance from inclined surfaces (Ly) to flat (horizontal) surfaces (Ly) by
modelling the local incidence angle to the terrain surface cos (i) for each pixel (Table 1). [llumina-
tion angle; IL (yi) is defined as the angle between the surface normal and the solar beam (Fig. 3).
Using information about the solar position at the acquisition time for the satellite image and the lo-
cal terrain relief, il can be calculated for a pixel by the formula (Smith et al., 1980):
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Table 1. Methods for topographic correction of satellite measured radiances
Method Equation
Lambertian cosine correction co S( sz)
L, =1L, ;
cos(i)
C-correction cos(sz) + C
H = .
cos(i) + C
Minnaert correction k
cos(sz2)
Ly, =1L; .
cos(i)
Statistic-empirical correction L, =L —c os(iym—b + L,
I
I
I
]
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1
1
I
I
I
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I
‘
1
I
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Figure 3. Angles involved in the computation of illumination angle (il) (After Riano et al., 2003).
IL = Cos i = cos sz cos tz + sin sz sin tz cos (sa-ta) )

where sz(0i) is the solar zenith angle, sa (o )is the solar azimuth angle, tz(0p) is the surface normal
zenith angle or the terrain slope and ta (¢a) is the terrain azimuth angle.
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The most critical points for the radiometric correction are bidirectional reflectance effects, at-
mospheric correction, the spatial resolution of the DEM, and the calculation of slope and aspect
from the digital terrain data as topographic factors.

3.3 Fractional snow cover modeling

Taking advantage of the fact that snow reflectance is high in the visible (0.5-0.7 pm) wavelengths
and has low reflectance in the shortwave infrared (1-4 pm) wavelengths to enable distinguishing
snow fromclouds and other non-snow-covered conditions, Hall et al. (2002) have used the normal-
ized difference snow index (NDSI) to develop an automated approach to provide daily, global ob-
servations of snow cover. In this study the fractional snow cover area (SCA) algorithm is based on
a sub-pixel reflectance model. Pixel reflectance is modelled as a linear mixture of snow and snow
free bare ground. The original model has previously been developed by Vikhamar et al. (2004). In
that model pixel reflectance is modelled as a linear mixture of snow, individual tree species and
snow-free bare ground (e.g. rock, soil, low vegetation):

R;=A,R, + AR + ARy + Agy Rgyy + ARy 3)

where EG is the modelled pixel reflectance for a given wavelength and Ap + A4, +
Ay + Agy + Az =1 A represents area fractions of a pixel and R is reflectance. The subscripts P, S

and B refer to several different trees (P: pine, S: spruce, B: birch), SW and BG refer to snow and
bare ground respectively. For the mountainous areas the Equation 3 consists of snow and bare
ground, since the trees are not available at high altitudes in the study area. Therefore the area of the

pixel having fractional snow cover can be represented as A, + A,; =1.

4 RESULTS

4.1 Atmospheric correction

Atmospheric correction is important to obtain the true reflectance of the Earth features. However
rather than applying an atmospheric correction method to the downloaded data, atmospherically
corrected data are downloaded. In this part MOD02HKM data, this is the calibrated Earth view
data at 500 m resolution, and MODO9GHK, which is the land surface reflectances having atmos-
pheric correction, were used.

Salomonson and Appel (2004) used the radiances observed at the top of the atmosphere in esti-
mating the fractional snow cover from MODIS using the normalized difference snow index. They
underlined the need of showing the effect of atmospheric correction on the reflectances derived
from MODIS observations for snow index computation. In this study the NDSI was calculated both
for MOD02HKM and MODO09GHK data (Fig. 4). It is seen from this figure that NDSI computed
from the reflectance values (MODO09) for snow covered pixels have larger scattering compared to
the NDSI values computed from the radiances (MODO02). This indicates that for fractional snow
cover determination atmospherically corrected satellite data can give better results.

4.2 Topographic effect

In using the MODIS data artifacts might arise when the DEM resolution cell is not adequate for the
pixel size of the imaging satellite sensor (Richter, 1998). DEM having a spatial resolution of 0.25
times the pixel size or better is recommended to be desirable for the topographic correction. In this
study DEM having a resolution of 100 m (Fig. 2) was used.
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Figure 4. NDSI computed from MODO02 radiance (x-axis) and MODO09 reflectance (y-axis) values for March
14, 2006.

Figure 5. Illumination (il) map of March 30 2006.

There is no topographic correction method generally accepted by the scientific community for
all applications. As it is summarized in Table 1, four commonly used topographic correction meth-
ods (Lambertian Cosine correction, C-correction, Minnaert correction and Statistic-empirical cor-
rection) were applied for the optic band (Band 4) of MODO9GHK data. MODIS view angles, the
sun zenith and azimuth angles were obtained from MODO3 data for March 14, 2006 and March 30,
2006, and the illumination maps for March 14 and March 30 were obtained by using Equation 2.
The illumination map of March 30 is depicted in Fig. 5. From the analysis no illumination effect on
the infrared band was seen. Although atmospherically corrected images were used in the analysis,
still reflectances for band 6 greater than 100% were observed in the fully snow covered pixels of
the images. In theory, reflectance values should lie within the 0-100% range and the NDSI ratio
should lie within the —1.0 to +1.0 ranges. These violations suggest that error or other anomalies
may have crept into the input data and indicate that further investigation may be warranted to un-
cover the causes (MODIS ATBD, 1999). Summary statistics are kept within the algorithm for pix-
els that exceed violations of these limits; however the test for topographic normalization is done
regardless of violations of these limits.

The effect of the applied correction methods are given in Fig. 6 and Fig. 7. Considering the cor-
rection for two dates (March 14, March 30), the results obtained from the statistic-empirical correc-
tion method are comparatively good.
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The Lambertian cosine correction over-corrects significantly for low cos(i) values due to near
zero division (Fig. 6a). Teillet et al. (1982), Meyer et al. (1993), Ekstrand (1996) and Vikhamar
et al. (2004) described this observation. Areas with cos(i) values less than zero are located in shad-
ows and in this study these areas were excluded from the analysis in order to avoid the over-
correction. The Minnaert correction is a modification of Lambertian cosine correction method by
indroducing k parameter depending on the land cover types. For snow covered areas Minneart cor-
rection with different k values were applied, results obtained with k = 0.5 are given in Fig. 6b.
However the results of this correction were generally weak, with some improvements over the
Lambertian cosine correction for snow covered area. The C-correction is a modification of the
Lambertian cosine correction, which displaces the over-correction towards lower cos (i) values
(Fig. 6d). Statistic-empirical correction gave the best results for the snow covered areas (Fig. 6¢).

4.3 Fractional snow cover area mapping

The fractional snow cover area (SCA) algorithm which is based on a sub-pixel reflectance model
was applied for the study area. Since the land cover in the study area is not complex and it is com-
posed of bare ground and pasture, the pixel reflectance is modeled as a linear mixture of snow and
snow free bare ground. The bare ground and pasture classes are grouped into bare ground class.
NDSI was used as an indicator between pure snow and non-snow classes located on the horizontal
terrain in the study area. It is known that this grouping would bring error in determining the pure
reflectances of the snow free area in the late spring months (e.g. April and May) where pasture will
grow up and the greeness of the pasture will force to make three classes (bare ground, pasture,
snow) rather than two (bare ground, snow). An accurate estimation of pure spectral reflectances
(end-members) of the land cover classes is crucial to a successful application of the linear mixture
model. The end members can be determined from the data (image end-members), from a spectral
library or from field reflectance measurements (reference end-members) (Roberts et al., 1998). In
this study, since the land cover is not complex in the study area, the pure spectral reflectances of
snow and bare ground were determined from the image with the help of a land cover map.

Figure 8 shows an example of snow cover map over the study area in the east part of Turkey
(Karasu basin). The ground observations from the AWOS are also marked on the figure indicating
the fractional SCA values at the observations, the values for Hacimahmut and Guzelyayla stations
are also given in Table 2.

5 CONCLUSIONS

The results obtained in this paper indicate the needs of topographic normalization for rough ter-
rains. To map the snow in mountainous terrain, the primary factors, snow free bare ground, wave-
length and topography should be accounted for. The performance of four extensively used topog-
raphic correction methods was examined for snow covered areas in mountainous terrain. Statistical
empirical correction method worked better compared to the other methods in removing the terrain
effects for snow covered areas. Better performance of statistical empirical correction method was
also obtained by Vilkhamar et al. (2004) for snow-covered forest in hilly areas.

The FSCA maps obtained by sub-pixel reflectance algorithm give comparatively better results
than binary snow products. In order to improve the algorithm the reflectance values (end-members)
of different land cover classes are started to be determined and the sub-pixel reflection model will
be implemented to cover other land classes like; snow, bare ground, pasture and forest. Threshold-
ing approach was used to determine the end-members from the images, some other techniques like
principle component analysis (PCA), independent component analysis (ICA) can be also imple-
mented to determine the end-members of different land cover classes from the image.

The algorithm is under development in retrieving fractional snow cover maps from NOAA-
AVHRR data on a daily basis within the H-SAF project.
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Figure 8. Snow mask maps in 500 x 500 m grid cells for Karasu Basin (14" of March 2006 (top) and 30" of
March 2006 (bottom)). In the maps, SCA coverage is presented as running colours describing SCA percent-
age.

Table 2. Comparison of the fractional snow cover values with NDSI values at AWOS

AWOS 14.March.2006 30.March.2006
Name Elev. SD SWE SCA (%) SD SWE SCA (%)
(m) (cm) (mm) S-pixel NDSI (cm) (mm) S-pixel NDSI

Hacimahmut 1965 145 58.0 73.9 100 - - - -
Guzelyayla 2065 53.0 168.6 99.1 100 20.41 No obs 74.8 100
Ovacik 2130 67.7 209.2 100 100 64.8 245.2 94.9 100
Sakaltutan 2150 83.06 199.34 100 100 No obs No obs 95.3 100
Cat 2340 93.75 335.8 100 100 91.89 349.2 95.9 100

SD: snow depth, SWE: snow water equivalence, SCA: snow cover area, S-pixel: sub-pixel
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ABSTRACT:

Recent access to Very High Spatial Resolution (VHSR) Satellite Images allows vegetation moni-
toring at metric and sub-metric scale, with individual trees now detectable. Therefore, it disclos-
es new applications in precision agriculture for orchards and other tree crops.

In this paper, we present some methodological directions for classification, and extraction of
specific agricultural information from these images. Aims are tree crop detection, plot mapping,
species identification, and cropping-system characterization. This latter includes for instance row
management (e.g. grid vs. line pattern, width of rows and inter-rows, row orientation), crown
shape, and crown size estimation.

In this paper, we skip the segmentation step and consider that we have got a precise delimitation
of plots that have a homogeneous content. To classify these plots, we have used expert know-
ledge in agronomy combined with image information in a decision tree.

Classification criteria were based on parameters resulting from the Fourier transform analysis or
vegetation indices, derived as one single descriptor for the whole plot.

As a conclusion, the proposed methodology was found capable of classification and characteriza-
tion of tree crops, provided the trees are clearly seen from above, and their planting is regular
enough to give a response with Fourier analysis.

INTRODUCTION

This study is part of the ORFEO methodological program led by CNES (the French Space Agen-
cy) and several research institutes for the development of algorithms dedicated to image processing
of the future Very High Spatial Resolution (VHSR) Pléiades sensor. This part of the project aims at
developing automatic tools for the recognition of landscapes elements, such as groves and other
tree plantations.

Since 2001 a new generation of satellite sensors delivers more accurate details and information of
the Earth surface. We are now able to distinguish individual trees in VHSR satellite images. They
should allow a better identification of the landscape units based on their content like, for the
groves, the identification of the species or the crop system. Although current processing of this type
of images goes back to airborne photographs and are based on visual photo-interpretation, this
technique is time consuming and it is thus necessary to develop new tools based on computer
processing for more automatic extraction of spatial information.

We propose to develop a multi-step VHSR-image processing sequence in an attempt to improve
current practices in this field. The first step consists in a segmentation of the image in homoge-
neously textured units using tools previously published in the literature. The second step corres-
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ponds to an independent classification of the obtained units into a set of pre-defined classes; the
segmentation preparing the best data set to be efficiently classified. The third step allows deriving
some information about the grove structure and cropping practices.

In this paper, we present the second step of this treatment, based on an expert system grouping
Fourier analysis, vegetation indexes comparison, and a decision tree. The objective is to classify
each plot as a single unit, in a typology of height types of land use and structure.

1. MATERIAL

We focus in this study on a test-area in the South of France (Department of Gard), located south
of Nimes and north of St Gilles. It includes of a large variety of land use types, including several
types of groves, orchards and forests. It thus gives the opportunity to test our method on a wide
range of plot structures.

1.1 IMAGE DATA

We analyze a Quickbird [1] image acquired in July 2005 with a spatial resolution of 0.7 m in the
panchromatic mode and 2.5 m in the multispectral mode (three spectral bands in the visible (blue,
green and red) and near-infrared domains). These data were merged using a Brovey transform [2]
to provide a multispectral image at 0.7 m spatlal resolution, similar to that of the future Pléiades
products. We finally extracted a subset of this image of 2411 pixels x 2122 pixels (2.5 km®) to al-
low quick computing.

Figure 1: Test-image samples: peach grove (left) and vineyards (right).

Based on a field survey combined to photointerpretation, we produced a ground-truth image de-
lineating and classifying each plot in a typology composed of height classes:
Fields (large crops in continuous cover: cereals, oilseeds...)
Market-garden (small crops in discontinuous cover: vegetables, strawberries...)
Vineyards
Young grid-groves (small trees with faint coverage density)
Adult grid-groves (big trees with dense cover)
Trellis-groves (row-structure of tree plantation due to wire-support)
Fallow lands with random isolated trees
Forests (natural tree canopy structure)
In51de this typology, we can observe that the Fields class (class 1) is the only one without any tex-
ture, while Fallow lands (class 7) and Forests (class 8) do not correspond to structured plantations.
These three classes will thus be unprocessed when we will focus on the structured groves only.

N R

Table 1: Number of plots in the ground-truth image for each class of interest
Class number 1 2 3 4 5 6 7 8
Number of plots 28 | 14 | 16 | 15 | 15 3 23 | 17
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1.2 RESULT OF SEGMENTATION

Our choice of methodology is to classify each plot as a single object, assuming it has been already
correctly segmented. Several algorithms can be used for this purpose [e.g. 3-4-5-6-7-8-9-10], that
we won’t detail here. We have though tested some of them, and evaluated their potential to provide
plots of homogeneous land use systems with specific indicators of efficiency at the plot level of
segmentation [11] and the operational point of view. As a result, we have finally applied the SxS
hierachical segmentation [5-6] to extract image-subsets of each plot. The total number of individual
subsets is 673, containing plots that correspond to one of the classes of interest, and others to un-
treated objects (roads, buildings, gardens, hedges, undefined landscape units...). Only the 131 plots
related to classified ground-truth were processed for classification.

2. METHOD

The general principle of the proposed classification is based on a decision tree, including agro-
nomical knowledge at each step of decision. Indeed, each different plot structure that can be ob-
served is strongly correlated with the cropping practices for each kind of grove, often specific to
the tree species (e.g.: vine, fruit, olive, pine...). This expert system is then fed by descriptors de-
rived from the image processing, which give information about the structure (e.g. Fourier parame-
ters, texture indices) or the density of the canopy (e.g. vegetation index). This section will first in-
troduce and explain these descriptors, and then it will present the decision tree in its whole.

2.1 FOURIER PARAMETERS

Our approach is based on the Local Fast Fourier Transform [12]. We thus calculate the FFT on
small windows that fit the inner area of each plot. The window size was fixed to 64 pixels, to reach
enough repeatability of the planting structure and allows FFT. If the plot size is too small to contain
such a window, its dimension is decreased to 32 pixels but the result will be of lower accuracy. To
avoid singular sampling, at least three windows were used for each plot. The FFT is then derived
for each of the different spectral bands of the multispectral image, and the final FFT spectrum is the
result of the cumulative spectrum over these different bands. Finally, the Fourier spectrum for the
whole plot is the mean of the spectrum derived for these three windows.

FFT spectrum of periodic features is characterized by the presence of peaks of strong intensity
that give information about the corresponding image structure (cf. Figure 2). Indeed, if there is no
peak, there is no periodic structure and the plot belongs to one of the classes “Fields”, “Fallow
lands™ or “forests”. If there are one to two peaks, the structure is linear. If there are four or more
peaks, the structure is a grid arrangement of individual objects. First step of the analysis is thus to
detect the exact number of peaks in the Fourier spectrum of each plot and classify it in the three
main classes characterizing plot pattern: “rows”, “grid”, or “unstructured”, this latter corresponding
to the class untreated by the next steps. The expert knowledge is here important to discriminate be-
tween the different possible crops in each class. For instance, vineyards and orchards have different
width or rows and inter-rows. Moreover, vine-stocks are fixed on wires and pruned to fit only one
meter width, thus displayed as only one pixel line in the image. It is thus represented in the Fourier
space by one single peak corresponding to the inter-row of about 2m [13]. Besides, trellis-orchards,
like apple crops, can have a canopy width of two meters or more, thus displayed by a strip of sev-
eral pixels in the image, and represented in the Fourier space by two different peaks corresponding
respectively to the tree-row and the inter-row.

The FFT pattern of these two classes “rows” and “grid” is also characterized by the angle separat-
ing two different peaks: for linear structures, like vineyards or trellis-groves, the angle between the
two principal peaks is null, while it is close to 90° for simple grid-groves or to 45° for complex
grid-groves (cf. Figure 2).
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In any case, the distance from one given peak to the centre of Fourier spectrum corresponds to
the period of the structure, and to the width of the plantation pattern: rows or inter-rows for trellis-
grove, and grid dimensions for grid-groves (cf. Table 2).

Finally, the association of these different observations on the Fourier patterns with expert knowl-
edge allows an easy discrimination of the unstructured and the structured plots, and, in this latter
case, plot classification in one of the four following classes: grid-grove, trellis-grove, vineyard, and

market-garden.

Figure 2: Fourier Transform of groves planted in trellis (top) and in grid (bottom)

Table 2: Relationships between Fourier parameters and class characteristics:

Peaks Angle between peaks | Distance to center (Plantation period)
Vineyards 1 0° 2m
Trellis-groves 2 0° 4m
Market-garden lor2 0° 0.5to Im
Grid-groves 4106 45 or 90° 6-8m

2.2 TEXTURAL INDICES

Textural indices based on the cooccurrence matrix derivation [13] can be particularly useful for
discriminating plots of Fields, Fallow lands and Forests [14-15-16]. As an example, the Entropy
index (cf. Figure 3) displays values close to zero for large fields, and different kinds of grey for the
plots containing trees. Nevertheless, we have not analyzed in more detail this discrimination ability
in the present study, which concerns mainly the managed groves, not the natural or fallow areas.

Figure 3: Panchromatic image (left) and Entropy index (right) of a subset of the studied image.
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2.3 VEGETATION INDEX (NDVI)

The NDVI [17] is a vegetation index derived from multispectral images strongly correlated to
the canopy biomass. It is thus efficient to distinguish different densities of groves having the same
structure (cf. Figure 4). Indeed, the mean NDVI of a given plot will be higher if trees have a larger
and denser crown. We will thus use this indicator to discriminate the young from the adult grid-
groves. It can add some criteria for vineyard and other trellis-grove discrimination too. Finally, the
NDVI also gives an indication of the canopy soil coverage; market-garden, which have very small
covering ratios, will thus be easily distinguished from other row-crops (eg. vineyard, trellis-grove).

B gt
Hn

Figure 4: False colour composite image (left) and NDVI (right) of
young (top) and adult (bottom) groves.

2.4 DECISION TREE

Based on the synthesis of these different observations on relevant descriptors of plot structure and
content, we propose the following decision tree as the classification tool for the extracted plots
(Figure 5).

1. The first analyzed parameter is the presence of peak in the Fourier spectrum. If there is no peak,
the plot is not processed through the decision tree. It can possibly be treated afterwards with tex-
tural indexes-related classification if needed.

2. The angle between the different peaks in the Fourier pattern allows separating the plots in two
groups, corresponding respectively to row and grid structures.

a) In the case of grid-crops, the NDVI is used to determine the global age of the grove.

b) In the case of row-crops, the number of peaks allows separating the plots as possible vine-

yards and possible trellis-grove, but still containing the market-gardens. Afterwards, the NDVI
value helps extracting from these two groups the plots actually corresponding to market garden.

PLOT
No peak ~0° ~90°
v
Untreated Row-crop Gria-crop
1 peak ) peaks high NDN NDVI
Possible vineyara Possible trellis-grove Adult grid-grove Young grid-grove
high NI’)}A\T NDVI high NDVI
Vineyard | Market-garden Trellis-grove

Figure 5: Sketch-map of the classifier decision tree.
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Finally, we check that the planting period of the plots corresponds well to the specifications of the
class it has been assigned to. If not, the plot is processed again with a lower filtering of the Fourier
transform.

3. RESULTS AND DISCUSSION

Initially in this study, we wanted to distinguish height different classes. However, given the
method based on the analysis of planting frequency, we cannot discriminate plots of Fields / Fallow
lands / Forests at this stage. The confusion matrix of final classification of the 131 plots in the six
resulting classes is given Table 1. At first sight, it shows that no big confusion is made between the
large classes Row-crop and Grid-crop, and that the classification result is very good.

Even for adult grid-groves having a closed canopy, an FFT-peak can still be obtained, leading to
good performances of the method.

However we can note that Market-gardens are poorly classified (only 64% of good occurrence).
This class displays a great variability which may be due to confusion with vineyards. This occurs
mainly after irrigation of the market-gardens which then display a high NDVI value similar to
those of vineyards, and when vegetables cover a large row reaching vine-stock width.

About 14% error is committed on Fields, that are confused with vineyard or grove at an early de-
velopment phase, when only partial vegetation cover does not hide completely the ploughing pat-
tern in soil. When recently irrigated, they can even be mistaken with Market-gardens.

Un- Market- Vineyards Young Adult Trellis-

structured garden grid-groves | grid-groves | groves
Fields 22 2 3 0 0 1
Fallow lands 23 0 0 0 0 0
Forests 17 0 0 0 0 0
Market-garden 2 9 2 1 0 0
Vineyards 0 2 14 0 0 0
Young grid-groves 1 2 0 10 2 0
Adult grid-groves 1 0 0 1 13 0
Trellis-groves 0 0 0 0 0 3

Table 3: Confusion Matrix

NDVTI has also a limited effect for discriminating young-groves from adult ones when intercrops
are not bare. Especially, 16% error is committed on the Young Grid-groves which understorey
vegetation increases the total plot NDVI to value similar to those of adult-plots.

CONCLUSION AND PERSPECTIVES

As a conclusion, the method works well provided it uses lots of a priori knowledge on the study
area. It allows discriminating between different tree crop structures and ages, with a good accuracy
in most of the cases. Some classes would still need more efficient descriptors to be fully discrimi-
nated, and deeper analysis of NDVI, textural indices, and other descriptors will certainly improve
the results.

Among perspectives of this study, it could be interesting to compare this classifier results with
other methods relevant for processing complex data architectures, such as, for instance, the Support
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Vector Machine [18]. It should also be more automatic to allow an operational use. Finally, it
should be tested on several other types of groves to analyse its generic abilities.
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ABSTRACT: In order to improve operation on active fire detection, geostationary satellites as
GOES, MSG and MTSAT are already operative and they have led the international community
to think that the global observation network in real time may become a reality. The implementa-
tion of this network is the aim of the Global Observations of Forest Cover and Land Cover Dy-
namics (GOFC/GOLD) FIRE Mapping and Monitoring program, focused internationally on tak-
ing decisions concerning the research of the Global Change. The estimation of the minimal
burning area detected by MSG-SEVIRI is analyzed in this work; it’s a very relevant issue since it
implies the sensor’s operational availability in active fire detection. This minimum size is condi-
tional on the fire location inside the pixel, as shown before from the theoretical point of view,
among other factors such as atmospheric conditions, fire temperature, among others. A spatial
analysis has been carried out, analyzing several parameters referred to spatial performances of
MSG-SEVIRI sensor as pixel footprint in the 3.9 microns spectral band. In order to obtain results
based on real data, a large data base focused on the active fire detection in the Iberian Peninsula
has been studied. Statistical results obtained from a large data base of fires detections, show that
the probability to detect a minimal size of 10ha is 90% and 4ha with 50%.

1 INTRODUCTION

The MTF shape in the frequency domain and, consequently, the Point Spread Function (PSF) in
the spatial domain has not a special relevance when the surface observed shows a homogeneous
distribution of radiance; nevertheless, when there are heterogeneous distribution of radiance inside
the pixel, as is frequently the case of forest fires, PSF and deconvolution processes must be consi-
dered. Markham, 1985, has analyzed the spatial characterization of sensors for Multispectral Scan-
ner (MSS) and Thematic Mapper (TM), by means of a sensor model in order to define their MTF
and PSF functions accurately. In the case of Advanced Very High Resolution Radiometer
(AVHRR), Mannstein and Gesell, 1991, have shown several aspects concerning data deconvolu-
tion. Rojas et al., 2002 have shown the spatial characterization in orbit for Moderate Resolution
Imaging Spectroradiometer (MODIS) based on the comparison with Advanced Spaceborne Ther-
mal Emission and Reflection Radiometer (ASTER) images and Huang, et al. 2002, have studied
the impact of the sensor’s PSF on land cover characterization in the optical spectrum. Finally, with
regard to finer spatial resolution sensors such as Ikonos and QuickBird, Helder et al. 2006, used
high-contrast reflectance plastic-panels, from 3.6% to 52.1%, for MTF estimation. Concerning
geostationary satellites, Zhang et al. 2006, have analyzed the impact of PSF on infrared radiance by
means of a parameter related with the fraction of energy coming from the central part of pixel: the
Ensquared Energy (EE). EE is the ratio of energy detected from the nominal Ground Field Of View
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(GFOV) divided by the energy detected from all GFOVs, being the nominal GFOV the threshold
ground sample distance, which is the centroid-to-centroid adjacent spatial samples on the Earth’s
surface as measured at the satellite sub-point. This quantity is known as Threshold Ground Sample
Distance (TGSD). The conclusions obtained from the EE analyzed are related to the PSF shape.
Unlike Zhang et al. 2006, who worked with simulated PSF, this paper shows results by using real
MTF functions of the Spinning Enhanced Visible and Infrared Imager (SEVIRI) sensor on board of
Meteosat Second Generation (MSG).

On the other hand, many thermal parameters in remote sensing are estimated by solving multi-
spectral processes, such as the estimation of the temperature using split-window procedures or the
estimation of thermal parameters in hot-spots through Dozier’s method (Dozier, 1981; Matson and
Dozier, 1981). In these estimations, it is assumed that the pixels of the bands involved correspond
to the same spatial target and contribute with the same sensitivity to the radiance measurement.
However, even in the case of a perfect co-registration between bands, this assumption would not be
true since each band has a different PSF. This is one of the problems mentioned by Wooster et al.
2005, in order to propose a single-channel method to estimate the fire temperature instead of apply-
ing a bi-spectral method. In addition, the influence of the PSF has been highlighted as responsible
for the differences in the Fire Radiative Power (FRP) when different sensors are compared (Woost-
er et al., 2003). Concerning geostationary satellites, MSG is providing operational results in fire de-
tection and biomass burning in Africa (Wooster et al. 2005) and Mediterranean countries (Calle et
al., 2006) and Geostationary Operational Environmental Satellites (GOES) are used operationally
in South-Central-North-America (Prins and Menzel, 1992, 1994).

2 METHODOLOGY

The function mostly used to express a sensor’s spatial resolution is the MTF. This function is
expressed in the frequency domain and it defines the sensor capacity to solve details at different
spatial frequencies. The higher frequency beyond which the sensor is unable to distinguish detail is
known as Nyquist frequency. Beyond this limit, aliasing occurs in the image. The relation between
the PSF and the MTF is established through Fourier transform so that the MTF is the module of
Fourier transform. That is:

MTF (u,v)=|3{PSF(x, y ) (1)

where (u,v) are the coordinates in the frequency domain. The use of MTF for spatial characteriza-
tion of sensors is useful because, in the frequency domain, the sensor’s final MTF is the product of
the MTF’s from affecting components: optic lens, detector, and electronic system. (Note that mul-
tiplying several functions is easier than convoluting them.). The MTF functions of the SEVIRI sen-
sor were provided by European Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT). Since the MTF only contains information on the Fourier transform module, the
PSF function cannot be determined from the MTF by means of the inverse Fourier transform. The
PSF is determined by applying Hankel transform (Gaskill, 1978):

PSF(x) = O]-u ~MTF(u)-J0(x-u) du 2)

0
where Jy(X) is the Bessel function of first order.

The objective of this paper is to estimate the impact of the PSF-SEVIRI’s shape on the estima-
tion of minimal burning area detected by sensor. This assessment is related to several issues as the
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overlapping area between pixels. Figure 1 shows the typical cross shape when fire is detected, due
to PSF effects and overlapping between pixels. If two or more neighbour pixels are affected by fire,
the overlapping of pixels may produce several cross shapes, or other geometric figures, as figure 1
right shows, since the cross shape is the basic-single structure. In addition, the discrepancies in the
results obtained in the application of bi-spectral calculations, as a consequence of the non-
coincidence between the PSF functions of the bands involved, will be also analysed.

n

a)

Figure 1: Impact of overlapping PSFs on pixels affected by fire. a) Fire appears as a cross shape as basic
structure. b) Combination of several affected pixels can give place to squares.

Concerning to the analysis of database of fire detections, it was applied a statistical distribution
in order to estimate the probability of fire size detection. The statistical distribution applied to the
data base of fires was the continuous probability distribution of Weibull, with the probability den-
sity function given by:

f(x; k, A):,]jl(jlj 7 e{%j 3)

for x > 0 and f(x; k, a) = 0 for x <0, where k > 0 is the shape parameter and a > 0 is the scale pa-
rameter of the distribution. Its complementary cumulative distribution function is a stretched expo-
nential. Weibull distribution is flexible because it can mimic the behaviour of other statistical dis-
tributions such as the normal and the exponential (Weibull, 1951).

3 ANALYSIS OF RESULTS

Figure 2 shows a three-dimensional graph where the Brightness Temperature in the 3.9pm band
(vertical axis) is shown versus the fire temperature and the distance from the pixel centre (PSF im-
pact), where the background temperature is 300K and the one-dimensional burning area is 50m. Sa-
turation plane is shown in the figure. Note that for low fire temperatures (below 450K, taking into
account that we are talking of flaming and smoldering mixed phases, the PSF impact is not notice-
able. However, large differences in Brightness Temperature are found in hotter fires. In order to
explain the importance of a 10K-difference in the 3.9um band, note that if a contextual detection
algorithm is applied (Calle et al., 2006) the detection will be lost when the standard BT deviation
around the pixel is higher than 3K.
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Figure 2: Brightness temperature in the 3.9um band (vertical axis) versus fire temperature and distance from
pixel centre (PSF impact). One-dimensional burning size: pxy=50m and background temperature 300K

The estimation of the minimal burning area detected by MSG-SEVIRI is a relevant topic since it
implies the sensor’s operational availability in active fire detection. This minimum size is condi-

tional on the fire location inside the pixel, as shown before from the theoretical point of view,
among other factors such as atmospheric conditions, fire temperature, etc.

In order to obtain results based on real data, a large data base focused on the active fire detection in
the Iberian Peninsula has been studied. The period of study has been July and August, 2006 and
March to November, 2007. Only records with solution in the bi-spectral equations system (Dozier,
1981) were used in order to apply a statistical distribution of the burning area size; in addition, sev-
eral outlier situations were filtered in order to improve the quality of the data used.

Taking into account this cumulative distribution function, the minimal burning area detected is ob-
tained. Figure 3 shows the probability to detect a fire versus the burning area. As this figure shows,
there is 50% probability to detect a fire with a burning area of 4ha whereas a fire of 10ha is de-

tected by SEVIRI with a probability of 90%. Weibull statistical distribution was applied to the ac-
tive fire detection database with r’=0.96.

83
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Figure 3: Fire detection probability versus size of burning area, for MSG-SEVIRI sensor, predicted by a
Weibull’s statistical distribution applied to real detections.

On the other hand, taken into account that active detection is based on contextual analysis based
on brightness temperature in the MIR spectral band (3.9um) and difference MIR-TIR (3.9um-
10.8um), the knowledge of these values on real fire detection will provide the best thresholds to be
applied to detection algorithm. Figure 4 shows the histogram of frequencies of difference bright-
ness temperature MIR-TIR in the hot-spots detected by MSG-SEVIRI.

Frequency histogram of MIR-TIR

Frequency (%)

zi HHHHHDDDDDDD

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Brightness temp (MIR-TIR)

Figure 4: Histogram of frequencies of difference brightness temperature MIR-TIR in the hot-spots detected
by MSG-SEVIRI. This result provides the threshold to be used in the contextual algorithm of detection.

4 CONCLUSIONS

The influence of the PSF shape, and its non-coincidence between bands, should not produces
large errors when the radiance is homogenously distributed in the surfaces analysed. However, the
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opposite is true in wildfires, where the spatial location of a HTE inside the pixel may influence the
results obtained. The brightness temperature provided by the sensor, in the 3.9um band, is the main
magnitude involved in fire detection, since this value is compared with a threshold to decide the ex-
istence of forest fires. As has been shown, the location of a particular fire provides large differences
of brightness temperature values depending on the distance at which it is located from the pixel
centre. It could even be responsible for the saturation or non-saturation of the sensor and for the
loss of detection that sometimes occurs (omission errors).
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ABSTRACT: In Hydrology Satellite Application Facilities (HydroSAF) Project which is a finan-
cially supported project by EUMETSAT, the use of snow products retrieved from satellite images
in hydrological applications and to observe the impact of the products are key issues. Turkey is a
part of the HydroSAF project, both in developing satellite derived snow products (snow recogni-
tion, effective snow cover, and snow water equivalent) for mountainous areas, cal/val of satellite-
derived snow products with ground observations and impact studies with hydrological modeling in
the mountainous terrain of Europe. The snow recognition product for mountainous regions is
evaluated in this paper. An algorithm has been developed for snow recognition over mountainous
areas of Europe. The proposed algorithm uses Satellite Application Facility to support Nowcasting
and Very Short Range Forecasting’s (SAFNWC) cloud products. Two main validation processes
have been applied for the snow cover product belonging to 19th January 2008 produced with SE-
VIRI data. First, the comparison of the SEVIRI snow cover product with the snow cover product
produced from a single NOAA AVHRR data for the same date 19th January 2008 has been per-
formed. Second, SEVIRI snow cover product was validated with 43 synoptic weather stations dis-
tributed over Europe.

1 INTRODUCTION

The distribution of snow covered area (SCA) on the land surface highly affects the Earth’s energy
balance and hydrological cycle. Monitoring and estimating the snow water equivalent for discharge
predictions gains more importance during melting periods since snow is one of the major renew-
able water resources. The most common parameters required for distributed snow models are: snow
water equivalent, grain size, SCA, albedo, snow temperature profile and some meteorological pa-
rameters like solar radiation. Because snow appears continuously in the mountainous terrain in
mid-latitudes and the accessibility difficulties of such terrains makes the use of satellite images
and/or aerial photographs in monitoring and estimating the snow parameters more valuable. Re-
mote sensing data has been used for better comprehension of SCA information (Painter et al. 1998,
Cline et al. 2003). Several satellite sensors have been used for SCA mapping such as: AVHRR,
MODIS, MERIS, and ASTER (Harrison & Lucas 1989, Hall et al. 2003, Tampellini et al. 2004).
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Due to its high temporal resolution, SEVIRI provides with better discrimination capacity between
quickly changing phenomena like ice clouds and snow. Within the framework of HydroSAF Pro-
ject, a snow cover mapping algorithm has been developed and it is generating SC products on real
time bases. Algorithm uses Meteosat Second Generation satellite (MSG) instrument Spinning En-
hanced Visible and Infra-Red Imager (SEVIRI) data that are acquired in every 15 minutes through
whole day. The snow recognition algorithm uses 4 different channels: channel-1 (visible 0.64 pum),
channel-3 (near-infrared 1.6 pm), channel 4 (infrared 3.9 um), and channel-9 (infrared 10.8 um).
The proposed algorithm uses cloud products of Satellite Application Facility to support Nowcasting
and Very Short Range Forecasting’s (NWCSAF) (Derrien & Gléau, 2003). After generation of SC
products, the testing of the algorithm has been done with the SC product produced from a better
spatial resolution satellite sensor AVHRR data and with snow depth measurements of synoptic
weather stations.

2 DATA

Eight successful launches of Meteosat satellites followed the first Meteosat satellite which was in
1977. In 21st December 2005, Meteosat-9 also named as MSG-2 was launched that has signifi-
cantly enhanced services and products of Meteosat satellites. MSG-2 provides imagery with 15
minutes temporal resolution and 3 km spatial resolution (at nadir) through 12 spectral channels for
the whole hemisphere of the Earth. We have been receiving SEVIRI sensor data of MSG-2 satellite
for two years from Turkish State Meteorological Services (TSMS) in the framework of HydroSAF
Project as Level 1.5 high rate information transmission (HRIT) data format. The received SEVIRI
data has its own projection that needs additional processes. We have developed our own software
for converting HRIT to Hierarchical Data Format (HDF) and calculating reflectance values from
radiance values in order to make the data ready for the proposed thresholding algorithms. Among
12 spectral channels, channel-1, channel-3, channel-4, and channel-9 were used for SC products
generation from SEVIRI images. SEVIRI images between 08:00-15:45 GMT time intervals of day
(32 individual images for each day) have been used in order to keep the Sun at the highest possible
elevation for reducing the negative effects of shadowing that may occur due to rough terrain. In the
framework of HydroSAF project we have studied on a subset domain of SEVIRI which is within
25° N to 75° N latitudes and 20° W to 45° E longitudes. In addition to the SEVIRI data, two adja-
cent scans (07:59 and 09:39 GMT) of NOAA AVHRR sensor for 19" January 2008 have been
used. The NOAA AVHRR channels used for SC product generation were: channel-1 (0.58 um —
0.68 um), channel-3A (1.58 um — 1.64 pm), and channel-4 (10.30 um — 11.30 um). A digital eleva-
tion model (DEM), GTOPO DEM which has 1 km spatial resolution obtained from Eurosat/GISCO
has been used for elevation based analysis. The ground observations of Europe as synoptic meas-
urements were also gathered from TSMS in order to be used in accuracy assessment test of satellite
derived products.

3 METHODS

For the proposed snow recognition algorithm, spectral thresholding methods were applied on sub
pixel scale of SEVIRI image. The main idea was using the different spectral characteristics of
cloud, snow and land. Discrimination of snow and cloud was the most challenging part of snow
recognition algorithm development. Before going into further investigation for snow pixels, dis-
crimination of cloud has been done and thereafter only cloud free pixels considered for snow and
land discrimination. In order to get rid of cloud covered pixels, cloud mask (CMa) and cloud type
(CT) products of NWCSAF have been used (User Manual for the Cloud Products of the SAFNWC/
MSG 2007). After detailed analysis on CMa and CT products of NWCSAF, we have generated a
combination of these products in order to integrate into the proposed snow recognition algorithm as
the cloud recognition part. The accuracy of the generated cloud map from NWCSAF cloud prod-
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ucts was investigated on a preceding study and acquired high accuracy results (Siirer et al. 2008).
Snow cover maps using SEVIRI data have been produced for each 15 minutes cycle between 8:00—
15:45 GMT that makes 32 individual images in a day. All individual 15 minute images acquired
during a day are subjected to a series of thresholding tests. First, the high visible reflectance of
snow was considered and pixels having reflectance values higher than 0.45 are collected. Then, we
used one of the spectral indices similar to the (Dozier 1989) has used, called snow index (SI), by
dividing NIR1.6 to VIS0.6. The pixels having NIR1.6 / VIS0.6 values higher than a fixed threshold
value 0.6 have been collected. Then, pixels having low sun zenith angle (sza) are discarded by a fil-
ter accepting pixels only higher than 5°. A final test for covering all cold pixels below freezing
point has been applied and pixels having temperature lower than 275 K° on channel-9 are accepted
considering that the temperature of snow can not exceed the freezing point (Romanov et al. 2003).
After finding snow cover maps for each individual 15 minutes image, we have generated daily
snow cover map by accepting pixels having at least 3 snow hits among 32 images during a day. Fi-
nally, a daily thematic map has been generated which is consisting of 3 different classes: snow,
cloud and land.

4 RESULTS

In order to test the performance and accuracy of the proposed snow recognition algorithm, 19th
January 2008 product has been chosen. In Fig. 1 a representative RGB image from that particular
day at 12:00 GMT is displayed. The combination of the bands used for RGB image generation was:
red (0.64 pm), green (1.6 um), and blue (3.9 um — 10.8 pm). For making snow pixels more appar-
ent the high visible reflectance, low medium infrared reflectance and low brightness temperature
difference of the snow have been considered making snow pixels bright red color on RGB image.

Figure 1. MSG-SEVIRI, RGB composite image of Europe for January 19th, 2008 at 11:00 GMT. Red = 0.64
pm, green =1.6 pm, blue = 3.9 um — 10.8 pm.
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Figure 2. Overlay of snow cover products of SEVIRI and AVHRR for 19th January 2008.

Using this popular RGB combination in snow mapping, the difference between main classes
also became more apparent. Water clouds appear as white due to showing high values on all of the
three color combinations. Some cold clouds appear as purple and even red, showing similar spec-
tral characteristics with snow and making the discrimination between cloud and snow pixels diffi-
cult. At this particular time of 19th January 2008, it is possible to test the snow recognition algo-
rithm especially on cloud clear parts of the image such as the snow covered areas of Eastern
Turkey. The performance of the SC map produced from SEVIRI data was tested by three analyses.

4.1  Overlay analysis of SC products obtained from SEVIRI and AVHRR

An overlay analysis has been applied to SC products generated from both SEVIRI and AVHRR
sensors in order to have better comprehension about the snow detection abilities of two sensors, as
displayed in Fig. 2. The same SC detection algorithm was applied for both of the images and also
their cloud coverages were obtained from the same NWCSAF CMa and CT products. It should be
remembered that the SC product generated from SEVIRI sensor uses 32 sequential images from
08:00 — 15:45; on the other hand the SC product of NOAA AVHRR uses only 2 adjacent images
mosaiced to cover the same domain as MSG-SEVIRI provides. In Fig. 2, while red color is show-
ing the snow pixels that were detected only by SEVIRI, the color magenta is representing the snow
pixels detected only by AVHRR sensor, and the white color was assigned to the snow pixels that
were detected by both of the sensors. From the number of pixels information for each class on this
classified image, it has been observed that the 50% of the areal coverage of the total SC was de-
tected only by SEVIRI sensor, 10% of the SC was detected only by AVHRR sensor, and the resting
40% of the total snow cover was detected by both of the sensors. The low temporal resolution of
the AVHRR sensor causes it to detect less number of snow pixels than SEVIRI detects. As can be
seen in Fig. 2, red pixels (snow detected only by SEVIRI) are mostly located at upper part and left-
hand side of the image, this is mainly due to AVHRR having lack of adequate reflectance values
information because of high viewing zenith angles at that instant of time. In addition, it was
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Figure 3. Black dots representing the distribution of 54 synoptic weather stations used for validation of MSG-
SEVIRI SC product of 19th January 2008 on thematic snow cover map (white=snow, cyan=cloud,
green=land, blue=water).

observed that SEVIRI also detects more or less the same amount of snow pixels while using only
one image other than 32 composite images for that particular time of the day. Moreover, because
AVHRR has very low temporal frequency of measurement, it is difficult to detect snow pixels ly-
ing under moving clouds with SC product obtained from AVHRR data, it is more obvious when
comparing Fig. 1 and Fig. 2, the Eastern part of the Alps is covered with clouds (in Fig. 1) and the
same area is assigned with red pixels (in Fig. 2) which are the snow pixels detected only by
SEVIRI. Thus, SEVIRI is able to detect 90% of the total SC, this is mostly because of its high tem-
poral frequency. So, it can also detect snow pixels lying under moving clouds for some part of the
day.

4.2 The correlation of SC products with elevation

An additional analyzes with the same image in order to interpret the relation of snow detection ca-
pabilities of SEVIRI and AVHRR with elevation has been done with a DEM. GTOPO DEM which
has 1 km spatial resolution obtained from Eurosat/GISCO has been used for acquiring elevation
values of classified pixels in Fig. 2. It was observed that while the mean elevation of the red pixels
(snow detected only by SEVIRI) was around 1300 m, the mean elevation of magenta (snow de-
tected only by AVHRR) pixels was below 1200 m, indicating that AVHRR has better ability to
catch snow pixels on lower elevations. On a region of interest covering only the Eastern Turkey, it
was also observed that the snow pixels detected only by SEVIRI were nearly 300 m higher mean
elevation than the snow pixels detected only by AVHRR.

It can easily be seen from Fig. 2 that the magenta pixels on Eastern Turkey are mostly located
around the mountains which are located at lower elevation zones. The reason why AVHRR SC
product detects more snow pixels than SEVIRI SC product on lower elevations (possible fractional
snow) is most probably due to its better spatial resolution than SEVIRI.
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Figure 4. Black dots representing the distribution of 54 synoptic weather stations used for validation of
NOAA AVHRR SC product of 19th January 2008 on thematic snow cover map (white=snow, cyan=cloud,
green=land, blue=water).

4.3 The validation of SC products with measurements of synoptic weather stations

Besides comparison of SEVIRI SC product with another SC product obtained from a sensor data
which has better spatial resolution, the validation of SC products (SEVIRI and AVHRR) has been
done with 54 synoptic stations distributed over Europe (Fig. 3 and Fig. 4).

Out of available 54 synoptic stations that have measured snow depth in 19th January 2008, we
were able to use 43 of them since 11 stations were falling over the cloud covered regions in 19"
January 2008. The 1.1 km spatial resolution AVHRR SC product was resampled to 5 km which is
the spatial resolution of SEVIRI SC product in order to have an agreement between pixels of two
thematic SC maps. The snow data measured by synoptic weather stations are on a point scale. On
the other hand, resulting SC maps would have 25 km” (5x5) areas for one single pixel. Having
these facts in mind, the two classes of SC products: snow and land, are processed for an accuracy
test with snow depth measurements of synoptic stations. According to the accuracy test with synop-
tic stations, 74.4% overall accuracy for SEVIRI SC product (Table 1), and 58.1% overall accuracy
for AVHRR SC (Table 2) product has been determined.

5 CONCLUSIONS

A multispectral thresholding technique has been used for snow cover mapping over mountainous
terrain of Europe domain with MSG-SEVIRI imagery. The outcome results in this paper showed
that however SEVIRI SC product has 5 times coarser spatial resolution than AVHRR SC
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Table 1. Accuracy assessment test results of SEVIRI SC product with synoptic stations

Synoptic Stations

Users Producers
if;g{i{ SC Snow Land Total Accuracy Accuracy
Snow 20 0 20 100% 62.5%
Land 12 11 23 52.1% 0
Total 32 11 43 Overall Avg. =74.4%

Table 2. Accuracy assessment test results of AVHRR SC product with synoptic stations

Synoptic Stations

Users Producers
?Z)Ijlilt{ > Snow band foul Accuracy Accuracy
Snow 14 0 14 100% 43.75%
Land 18 11 29 38% 0
Total 32 11 43 Overall Avg. = 58.1%

product, SC derived from SEVIRI shows more reliable snow detection with the advantage of its
high frequency scanning. The accuracy assessment tests made with synoptic stations also supported
this result. It was also observed that the SC product derived from AVHRR data has the ability to
detect snow pixels present on the lower elevations near snow line boundary (snow/no-snow), be-
cause of its better spatial resolution than SEVIRI. The most important contribution to the success of
snow recognition algorithm is surely having observations from geostationary satellite imagery
SEVIRI which provides a high temporal frequency measurement with spectral information required
for snow mapping. This information helped us to identify the number and location of snow pixels
which have stayed under clouds for most of the daytime.
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ABSTRACT: The availability of high resolution satellite stereopairs also for the civil users
opens new possible fields of application among which the automatic extraction of digital models
of the surface, the stereoscopic restitution, as well as the possibility to appraise changes and
transformations of areas following catastrophic events, as for instance seismic events. In this last
case, obviously, as for all the monitoring studies, it is necessary to effect a comparison with the
situation before the event.

Photogrammetry can fortunately also use older aerial acquisitions, very useful when substantial
changes have occurred in the territory; normally, such historical aerial frames are easily avail-
able at a very reasonable cost.

In this paper is illustrated an experimentation including a first series of tests to evaluate the real
possibilities of use of high resolution satellite images, acquired by the Ikonos satellite, to esti-
mate changes caused by a seismic event happened in September 1997 in central Italy, causing
relevant damages to a lot of buildings in the zone. It is interesting to evaluate the different capa-
bilities of change detection tecniques on single images and the difference of DSMs extracted by
aerial and satellite stereopairs. As reference have been assumed ortophoto maps and aerial
frames of the same zone, acquired in years antecedent to the seismic event. From the compari-
sons, it is possible to underline the variations in the urban areas as the presence of new construc-
tions, changes of the roads, areas with different use of the ground, etc.

1 INTRODUCTION

The investigated area presents higher mountains, mainly in the eastern part, hilly areas and low-
lands near Topino river and its tributary Menotre, with heights above sea level varying from 300 to
1200 meters. The area includes some small urban agglomerations, mainly constituted by buildings
of two-three floors, and some industrial zones with ample sheds. On September 26™, 1997 a seis-
mic crisis started, lasting up to the first months of 1998, and interesting different municipalities,
beginning mainly in Colfiorito and Cesi, with various replicas of notable intensity, particularly that
of October 14", 1997 that has interested the territory of Sellano and Preci. The areas interested by
this seismic event cover a big part of the regional territory of Umbria, with damages especially in
the zones of the Apenninic chain, in the municipalities of Colfiorito, Tesina, Sostino, La Franca.
Following such events a joint project of CNR/GNDT, National Italian Seismic Service and Umbria
and Marche Regional Administrations, was started also with the collaboration of the Geologists
Professional Orders of the of the involved Regions. The main goal of the project was to individual-
ize, in the town circle, areas with homogeneous characteristics regarding the local seismic re-
sponse, considering geologic, geomorphologic, hydrogeologic and sismostratigraphic conditions.
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Figure 1. Foligno Municipality map with most Figure 2. Encircled in red the study area (from
damaged areas. Google Earth©).

In this way nine different zones (E1 + E9) were individuated assigning different coefficients of
seismic amplification (Fa).

In the municipalities of La Franca, Lie, Pontecentesimo, Tesina, Sostino, Colfiorito the unstable
or potentially unstable zones has been individuated, where indeed the greatest damages have been
observed. For each of the interested municipalities, after detailed surveys, integrated programs of
recovery have been compiled, foreseeing the remaking of the destroyed buildings and the restruc-
turing of those damaged.

With such job we wanted to try to put in evidence the modifications happened in the municipal-
ity territory, urban and extra urban, following the 1997 seismic events, exploiting some different
photogrammetric techniques, particularly comparing satellite images acquired by Ikonos satellite in
2006, that represent the situation post seismic event, with aerial images of the same zone acquired
in 1977. A planimetric comparison based on change-detection techniques was performed. Then an
evaluation of the possibilities to detect the same changes comparing DSM extracted automatically
by the same image was performed.

Figure 3. Kinemtic tracks (red) and GCPs (green) Figure 4. 2006 DSM.
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2 IMAGES AND METHODOLOGIES UTILIZED

The situation of the area in 2006 has been described through the Ikonos panchromatic stereo im-
ages of part of the zone interested by the seismic event (an area of around 150 kmz), characterized
by a geometric resolution of 1 m, 11 bit of gray depth, standard geometric corrections, and pseudo
epipolar geometry. An automatic DSM extraction was performed through the rigorous photogram-
metric model implemented in the PCI Geomatica OrthoEngine software. The GCPs, necessary for
photogrammetric orientation of the images, have been measured through a GPS survey in NRTK
and rapid static post-processing modes.

The obtained DSM has been validated through comparisons with some checkpoints, with height
spot points derived from the Regional Technical Map (CTR) and with the results of some kine-
matic surveys performed during the transfers for measuring the GCPs. Such comparisons reported
an accuracy around 2-4 m in height. From the images an orthophoto map was also derived; its
planimetric accuracy is less or equal to pixel dimension, therefore inferior to one meter.

The morphology before the seismic event has been derived from 1977 archive aerial images at
1:33000 scale (grey scale), and 1:13000 scale (colour), acquired with a Wild RC10 camera (with
known calibration data), digitalized with a photogrammetric scanner Vexcel UltraScan 5000, at a
1200 dpi resolution. Using the software Socet Set by Bae System the photogrammetric model has
been estimated, then it has been possible to extract a DSM representative of the area of study as it
was thirty years ago. Using the same GCPs to orient the images and the model, an orthophoto map
was realized. The estimated accuracy of these products is around 40 cm planimetrically and 80 cm
vertically.

To check possible errors of interpretation an orthophotomap of 1999 was also studied. At that
time most of the damages caused by the aforesaid seismic events were still visible, because the de-
stroyed buildings had not been reconstructed yet.

The tests on monoscopic images have been executed through the software Socet Set, performing
a change detection between the orthophoto of 2006 (Ikonos 1 m) and 1977 (aerial 1:13000). It has
been necessary to perform a series of pre-elaborations of the two images (matching of the histo-
grams of grey scale, variation of resolution) this to make them radiometrically as similar as it was
possible. This step of the elaboration was performed in the Envi package. The change detection,
performed through Socet Set, according to its documentation, is based on an algorithm of pixel for
pixel subtraction; the most relevant changes are underlined therefore with a very clear or very dark
coloration, while what is unchanged gets an intermediate gray tone. The Ikonos DSM was extracted
using PCI Orthoengine 10.1 with the Toutin photogrammetric model (Toutin 2004), while the ae-
rial images DSM was obtained using the Socet set package. Different software may led to different
results whose effects can mask actual changes. Being this only a first test, we wanted to use the
most standard package for each sort of image. DSM differentiation was operated in GIS environ-
ment using "subtractions" DEM commands.

:'1" & e TN -

Figure 5. 1977 Orthophoto. Figure 6. 1977 DSM.



V. Baiocchi et al. / Evaluation of the damages provoked by seismic events through teledetected imagery 97

Figure 7. Detail of 1999 orthophoto with underlined changed areas.

In any case, it is important to consider that the comparisons were performed on images different
in terms of geometric and radiometric resolution and with a wide time gap, but this can be very
similar to the actual operating situation of these techniques in emergency situations.

3 RESULTS

The monoscopic change detection comparison has been the one that better evidenced changes,
both caused by the seismic event and due to the strong urbanistic expansion of the zone in study,
especially in the last ten years. In fact, as shown in the figures 8 and 9, the buildings of new con-
struction, the variations of the road tracks and the changes on the utilization of the ground are well
visible, particularly in the rural areas. At the same time buildings present in 1977 and destroyed by
the 1996 event are easily detectable (Fig. 10). The mentioned documentation released by the mu-
nicipal administration of Foligno has confirmed the results obtained by the change detection,
mainly for completely destroyed and not reconstructed buildings. As known, a similar algorithm of
change detection is very influenced by chromatic variations that necessarily point out not only true
changes in the characteristics of the territory. The different insolation, for instance, creating differ-
ent shadings can determine notable differences in the tones of grey among the two images com-
pared that don't correspond to real variations.



98 V. Baiocchi et al. / Evaluation of the damages provoked by seismic events through teledetected imagery

- i a

Figure 11. Destroyed building (in red) present on the municipality map (to the left) and on the change detec-
tion (in white to the right).
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Figure 12. “False” change detection due to different color of the soil

Also the different state of cultivation of a ground is able to trigger the algorithm as a notable
change, but in reality no change of interest has happened. Whereas the change detection doesn't no-
tice meaningful changes, can be useful to analyze the difference of DSMs. The results of the volu-
metric comparison are in this case to be considered as indicative, also because the expected preci-
sion of the 2006 DSM, obtained by satellite images with a 1-meter resolution, is of 3-6 m as on
specific bibliography. This accuracy is very similar to the height of the buildings present in the
area of study so that their detection can be masked by errors of the model. We’ve also to keep in
mind that height variations we’ll observe could be caused by other factors and not exclusively from
the event, this because the period of time passed between the two acquisitions (aerial and satellite)
it’s very wide.

It’s necessary again to remember that the two DSMs used for the comparison are very different
from each other for the different acquisition method and the elaboration with two different software
of the most standard type for the different images. Anyway, some interesting results were observed:
as an example in this urbanized area (Fig. 13) of the municipality of Colfiorito on which the change
detection didn't reveal particular changes.

Figure 13. area of Colfiorito city where change detection doesn’t reveal variations.
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Figure 16. DSM variation (red positive, blue negative, light blue unchanged) over 1977 frame, in the ellipse
changes described in the text, in the rectangles probable “false” changing.

In the same area the comparison of DSM underlines positive and negative volumetric variations,
where as positive we consider the buildings existing before the event and no longer existing after.
In the figure can be noticed the red zones that indeed represent buildings destroyed by the event,
immediately nearby to them the blue color underlines buildings constructed later. The blue colour
on existing buildings before and after the event suggests a variation of heights on the building it-
self. You can notice besides some positive variations in areas that from the photos don't seem
modified; this could be due to the observed (Baiocchi 2004) sensibility of some algorithms for ex-
traction of DSM to zones with particular chromatic homogeneity or different shadowing. The check
of the real correspondence can be however achieved only with an on site survey.

4 CONCLUSIONS

These first step experimentation showed that the algorithms of change detection individuate many
variations happened in the urbanized areas, keeping in mind that post-earthquake effects after about
10 years from the event, are not sufficiently representative of the immediate consequences of the
event; many buildings have been in fact reconstructed. The job has allowed to show however that
the variations of the urban and road tracks can be easily detected especially using the change de-
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tection algorithm on single orthophoto images. Surely better results would have been achieved, us-
ing a photogrammetric documentation of the real situation pre and post-earthquake. The same con-
siderations can be made for the DSM comparison. The comparison of DSM has allowed anyway to
easily underline variations not detectable using only the change detection algorithms. Regarding
this, it has to be investigated the influence of the different algorithms of extraction of DSM used
with the aerial and satellite images.

It’s however important to underline that it was possible to compare very different initial data,
separately elaborated with different software, getting important information on the changes hap-
pened during the years and above all following the seismic period. Surely, it has been demonstrated
that the satellite images can be used for the generation of ortophotos of wide areas, with the possi-
bility of update the existing cartography, or, as in this case, to supply an useful tool for the indi-
vidualization of not anymore present buildings.
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ABSTRACT:

“Lameiros” are ancestral semi-natural meadows, essential elements of mountain landscapes in
Northern Portugal. In the “lameiros” a traditional irrigation system is used and water is applied
all year around. They are mainly used for forage production for autochthonous bovine feeding,
but they are also important for the water and nutrients cycle regulation, erosion control and as
barrier to forest fires propagation. Although recognized for their economical, environmental,
landscaping, cultural and genetic value, the perpetuation of these “lameiros” could be at risk, at
medium term, due to human desertification in the mountain regions and to the announced con-
straints in use of water resources. To preserve these landscapes it is essential to know them better
and to better characterize them. Therefore a monitoring program using remote sensing tools is
now being developed to evaluate different patterns of “lameiros”, and their spatial extent and
evolution. Two important questions are determinant in this program: the selection of the most
appropriate spatial resolution for monitoring “lameiros”, and the availability of satellite historical
data. In this context, NDVI were compared in two selected test sites, with and without full irriga-
tion. Data were derived from several field campaigns with a spectroradiometer and using differ-
ent sensors: 1) Landsat 5 and Landsat 7 (30m pixel), ii) SPOT 4 and SPOT 2 (20m pixel), iii)
SPOT 5 (10m pixel). The NDVI temporal series produced were evaluated considering “lamei-
ros” management and weather data. Results obtained so far indicate that the SPOT images pro-
vide data at the most adequate scale.

1 INTRODUCTION

The landscape of North of Portugal is characterized by several elements typical of the mountains
traditional agriculture, in which “lameiros” present an important role. The “lameiros” are perma-
nent semi-natural meadows originated several hundred years ago (Moreira et al., 2001; Pires et al.,
1994). They mainly occur above 700m elevation, in regions with high water availability. “Lamei-
ros” are irrigated all year around, depending upon the water availability: i) in winter and early
spring the irrigation aims at promoting a thermal regulation at the soil and vegetation level, to
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avoid or minimize the freezing risks for the vegetation (Gongalves, 1985) and then irrigation is
called “lima” irrigation; ii) in summer, which is a dry season, the irrigation aims to satisfy the crop
water requirements.

In this context, these meadows can be classified as irrigated meadows, imperfect or deficit irrigated
meadows and non-irrigated meadows, according to their proximity to water streams and springs
and consequently to water availability all over the year (Pires et al., 1994; Pdcas et al., 2008a;
2008b; Teles, 1970). The traditional irrigation system is constituted by a network of earth channels
and small contour ditches that allows the water to spread over the pasture after being derived from
water courses or springs. This ingenious system increases the infiltration opportunity time and re-
duces the runoff time of concentration, consequently favouring a more efficient use of water in the
mountain fields and decreasing the peak flows downstream.

These semi-natural meadows represent the main forage resource for the autochthones bovine
races produced in the mountain regions of the north of the country. This livestock production con-
stitutes the first economical input for the local farmers and is a fundamental key for the rural devel-
opment of regions dealing with an increasing human desertification and aging of population. Be-
sides its economical, rural development and water regulation functions, several other benefits are
attributed to “lameiros”: i) prevention of erosion risks in sloping areas because the soil is perma-
nently and full covered and runoff flow is slow down when spreading over the forage crop; ii) con-
servation of the biodiversity related to a variety of plant and animal species; iii) preservation of
landscape values, creating an integration of several elements as forest, agricultural fields, commu-
nitarian pastures; iv) prevention of the propagation of forest fires because acting as buffer zones.

Despite their multifunctionality, the sustainability of “lameiros” may be compromised by the
human desertification and the population aging in the mountain regions and by restrictions in water
use. To prevent this situation, a monitoring program is being developed by remote sensing in order
to better know and understand the ecological behaviour of these semi-natural meadows, their dy-
namics in the traditional agriculture and in featuring the mountain landscapes of North of Portugal.
The information derived from this monitoring program might help improving the “lameiros” man-
agement, mainly water and irrigation management, and support the definition of economical, agri-
cultural and ecological strategies and water and land use policies in the region.

The remote sensing applicability is recognized for biotope monitoring (Bock, 2003), land use
monitoring (Margal and Wright, 1997; Margal et al., 2005; Sawaya et al., 2003), evapotranspiration
mapping (Allen et al., 2007), and crop yield forecasting (Salazar et al., 2008), among others. Vege-
tation indices computed from red and near infra-red bands are often used to quantify canopy attrib-
utes, considering their relationships with various plant biophysical parameters. The Normalized
Difference Vegetation Index (NDVI), one of the most used vegetation indices, is a sensitive indica-
tor of the vegetation cover and condition (Rouse et al. 1973).

The success on using remote sensing data for monitoring “lameiros” dynamics is, however,
conditioned by the spatial resolution adequacy due to the small size of the “lameiros” fields and the
limited availability of satellite historical data to study the evolution of these meadows in the moun-
tain landscape during the last decades, including in periods of water scarcity. This study is focused
on these two issues.

2 MATERIAL AND METHODS
Test sites
The study area was selected among the mountainous regions of north Portugal, in Salto (Montale-

gre), where the principal agricultural activity — livestock production — is sustained by “lameiros”.
Two agricultural fields were selected in this site, having different water regimes, an irrigated
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meadow (IM) and a non-irrigated one (NIM). Each selected field was divided in three plots, thus a
total of six plots are considered: IM1, IM2, IM3 and NIM1, NIM2, NIM3.

For the evaluation of the most appropriate spatial resolution for “lameiros” monitoring, the follow-
ing data were used: i) reflectance measurements obtained at field level using a spectroradiometer
and ii) satellite image data, from SPOT and Landsat sensors.

Ground field radiometric measurements

To obtain reflectance measurements at field level, a portable spectroradiometer FieldSpec
UV/VNIR was used, with a conic IFOV around 25° and a reflectance data capture between 325 nm
and 1075 nm of the electromagnetic spectrum.

In each plot, measurement points representative of the field conditions were established: 1) four
measurement points in the IM1; ii) three measurement points in NIM1, NIM3 and IM2; iii) 2
measurement points in NIM2 and IM3. At each measurement point, the spectroradiometer was set
to an integration time of 136 ms and ten reflectance files were saved. These reflectance files were
automatically compared with a white reference measurement taken over a reference panel (in
which the reflectance all over the electromagnetic spectrum is close to 100%).

Seven campaigns of reflectance measurements were carried out in the period July-December
2007, sampling different vegetation stages — maximum vegetation development, vegetation cut
(hay cut), and the initial development after cut, and vegetation dormancy. All measurements were
performed in sunny days — 10 July 2007, 20 July 2007, 8 August 2007, 11 September 2007, 20 Oc-
tober 2007, 23 November 2007 and 27 December 2007 — between 11-13 hours.

Satellite data

For the evaluation of the spatial resolution adequacy for the “lameiros” monitoring, images from
SPOT and Landsat sensors were used. Data relative to the images used are presented in Table 1.

Table 1 — Satellite images used: sensors, spatial resolution and acquiring dates

Sensors Spatial Resolution Red band Infrared band Acquiring Dates
4 July 2005
SPOT 2 20m 0,61 - 0,68um 0,78 — 0,89um 8 August 1991
SPOT 4 20m 0,61 - 0,68pum 0,78 — 0,89um 8 July 1998
31 July 2002
SPOT 5 10m 0,61 - 0,68um 0,78 — 0,89um 20 August 2003

6 September 2006
15 September 1998

Landsat 5 30m 0.63-0,69um 0,76 —0,90um 20 October 1997
25 December 1994
Landsat 7 30m 0,63 - 0,69um 0,78 — 0,90um 24 June 2000

21 November 2001

The satellite images were processed with the PCI Geomatica v8.2 software. The processing in-
cluded geometric correction, calibration and radiometric correction, and atmospheric correction.
The geometric correction was based on the manual identification of Ground control points (GCP).
The GCP were identified in each satellite image using a 0.5 m spatial resolution georeferenced da-
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tabase (ortophotomap 1/10000). Georeferenced satellite images with 5x5m pixels were created for
the study area, using a first order polynomial transformation and bilinear resampling

The meadows fields of interest were identified in the ortophotomap and then converted to Sm
pixel resolution, in order to match the georeferenced satellite images.

The digital numbers of the georeferenced Landsat images were converted to spectral radiance
using the following equation (Chander and Markham, 2003):

L/l = Grexcale X Qcal + Bre.yca/e (1)
where L, is the spectral radiance at the sensor’s aperture (W/(m2 st um)), Grescate aNd Biescale
(W/(m® sr um)/DN) are band specific rescaling factors (sensor gain and offset, respectively), and
Q.. is the quantized calibrated pixel value in digital numbers.

The digital numbers of the georeferenced SPOT images were converted into spectral radiance,
according to

L, = (DN - offset)/Gain ()

where L, is the spectral radiance at the sensor’s aperture (W/(m**sr*um)), DN is the digital num-
ber, Gain represents the sensor gain and Offset is the sensor offset (equal to zero).

The spectral radiance data were then converted into reflectance at the top of the atmosphere
through the following equation (Chander and Markham, 2003):

p=(r-L, -d*)/(ESUN, -cos,) 3)
where p is the planetary reflectance (dimensionless), d is the earth-sun distance in astronomical
units, ESUN;, is the mean solar exoatmospheric irradiance, and 0y is the solar zenith angle (de-
grees). The assumption that the water reflectance at the near infrared (NIR) band should be around
zero was used to establish a simplified atmospheric correction process. The reflectance values over
a water surface measured in the NIR band were assumed to be the contribution of atmosphere, and
subtracted from the reflectance values of all image bands.

Data analysis

NDVI data were computed with the reflectance data obtained in field measurements, considering
the red and near infrared band widths of the sensors SPOT2, SPOT4, SPOTS5, Landsat5 and Land-
sat7 (Tablel). The NDVI is computed as

NDVI = PR ~ Prea. (4)
Prir T Prea

where pnir is the reflectance at the near infrared wavelength band and p,q is the reflectance at the
red wavelength band. The mean NDVI values calculated for each measurement point were there-
fore obtained, and a mean NDVI value was computed for each agricultural field (IM and NIM) and
each plot (IM1, IM2, IM3, NIM1, NIM2 and NIM3)

A one-way ANOVA was applied to the NDVI data in order to evaluate the potential of
the different sensors to distinguish between irrigated and non-irrigated meadows. Results
are expressed as F values and significance level (p value).

The Pearson correlation was applied to evaluate the correlation between the NDVI results ob-
tained through satellite images and spectroradiometer. However, since the NDVI data obtained
through the different sensors represent different years, with variable weather conditions, it was
necessary to correct the NDVI values to eliminate the weather variation effect. In order to set that
correction a NDVI corrected was defined (NDVIcorr sensory) as
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ETr,

sensor 2
ETr,

NDVI = NDVI )

corr sensor 1

where ETry is the relative evapotranspiration, for the spectroradiometer measurements and satellite
image dates (1 and 2, respectively). The relative evapotranspiration was calculated using the ratio
between the reference evapotranspiration at a 10-days period covering the dates of satellite image
or the spectroradiometer measurements (five days before and five days after the date of the spectro-
radiometer measurement and satellite image) and the 17 years (1991-2007) mean reference
evapotranspiration for the same dates. The reference evapotranspiration, which represents the cli-
mate effect over a crop, was computed using the FAO56 methodology (Allen et al., 1998).

3 RESULTS AND DISCUSSION

In each satellite image 787 pixels in the irrigated meadow and 690 in the non irrigated meadow
were used, distributed for each plot according to field conditions of vegetation development, water
distribution and slope and aspect variation — 285 pixels in IM1, 329 in IM2 and 173 in IM3, and
176 pixels in NIM1, 297 in NIM2 and 217 in NIM3.

The mean NDVI values were set for each pair “satellite image — spectroradiometer measure-
ment” — and analysed, as presented in Table 2.

In the three first months of the period considered (July - September) all the satellite sensors used
in this study were able to distinguish between irrigated and non-irrigated meadows. The results of
the October-December period did not distinguish meadows with different water regimes. These re-
sults on the last 3 months reflect the generalized water availability due to precipitation, over both
study fields.

Table 2 — Comparison of mean NDVI values (n=3), obtained by different satellite sensors and
spectroradiometer (Sp), in irrigated (IM) and non irrigated meadows (NIM).

Sensors
SPOT(10m) SPOT20m Landsat5 Landsat7
Month Sp D1 D2 Sp D1 D2 Sp D1 Sp D1
M 0,82 0,84 0,76 0,83 0,71
Ju NIM 0,64 0,61 0,56 0,59 0,50
Sig 0,000 0,000 0,000 0,001 0,004
M 065 068 063 0,65 0,61
Aug NIM 0,27 037 045 027 0,38
Sig 0,003 0,015 0,001 0,003 0,001
M 0,70 0,72 0,71 0,77
Sep NIM 049 0,49 0,48 0,43
Sig 0,001 0,000 0,008 0,000
™M 0,77 0,69 0,77 0,73
Oct NIM 0,60 0,66 0,59 0,64
Sig 0,046 0,173 0,008 0,021
™M 0,44 0,59
Nov NIM 0,50 0,65
sig Sig 0,542 0,180
M 043 0,62 0,65 0,66 0,42
Dec NIM 043 0,63 0,60 0,64 0,41
sig 0928 0,818 0,313 0,748 0,942

Sig. - significance of F test performed by ANOVA



L. Pégas et al. / Remote sensing monitoring to preserve ancestral semi-natural mountain meadows landscapes 107

The Pearson correlation was computed for each pair “satellite image — spectroradiometer meas-
urement”, considering the corrected and non-corrected NDVI values over the “lameiros”, as pre-
sented in Table 3. When compared with the results at field level (represented by the spectroradi-
ometer), both SPOT and Landsat images showed a very interesting behaviour for the monitoring of
the studied “lameiros”, as reflected by the correlation values. The results for November and De-
cember were less consistent than those from the other months, probably reflecting the unfavourable
light conditions during this period, which affect the NDVI measurements.

Although SPOT images with higher spatial resolution (10m) presented better results, it seems
that the 20m and 30m spatial resolution images are also relevant for “lameiros” monitoring. This is
of particular interest because it allows the use of a broader historical archive of satellite images to
characterize the spatial evolution and distribution of these meadows since 1977.

Table 3 — Pearson correlation (r) between spectroradiometer and different satellite sensors for
NDVI and NDVIcorr values for each month.

Month SPOT (10m) SPOT (20m) Landsat5 Landsat7
(30m) (30m)
NDVI 0,74%** 0,94%**
Jul NDVIcorr 0,83%** 0,73*
Obs. number 12 12
NDVI 0,95%%* 0,95%%*
Aug NDVIcorr 0,96%** 0,79*
Obs. number 12 6
NDVI 0,79* 0,77*
Sept NDVIcorr 0,77* 0,60
Obs. number 6 6
NDVI 0,60 0,78*
Oct NDVlIcorr 0,78* 0,90**
Obs. number 6 6
NDVI 0,04
Nov NDVIcorr -0,62
Obs. number 6
NDVI -0,64** -0,15
Dec NDVIcorr -0,40 0,73*
Obs. number 12 6

Correlation coefficients significance: *p<0.10; ** p<0.05; ***p<0.01

4 CONCLUSIONS

The results revealed very interesting perspectives for the use of SPOT and Landsat sensors for
monitoring the “lameiros” dynamics, particularly for the July-September period. However, the
study was not conclusive about the potential of both sensors to distinguish between irrigated and
non-irrigated meadows all year around. The study described is to be continued, with spectroradi-
ometer measurements performed during 2008, and with satellite image acquisitions planned.

An important aspect of this investigation was the fact that the 30m resolution Landsat images
are adequate to monitor “lameiros”, which opens good perspectives in terms of historic coverage
using the Landsat thermal band, which might be useful for evapotranspiration mapping to support
assessing water management issues for these semi-natural mountain meadows.
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ABSTRACT: Methods of estimating vegetation biomass are invaluable, as they allow the fore-
cast of potential bioenergy production, the assessment of carbon sequestration and the sustaina-
ble planning of natural resources. Traditionally, biomass estimation procedures have been em-
ploying in situ measurements of plant characteristics, which accurately determine the current and
predict potential biomass production. As remote sensing platforms and sensors evolve, earth ob-
servation is developing in a reliable source of information that can be used towards the same

purpose.

Each European member-state, and particularly those in Eastern Europe and the Balkan peninsula,
employ a variety of individual or combination of biomass estimation methods. This study focus-
es on the differences in the present status of terrestrial methods and earth observation techniques
for biomass estimation in Greece and Europe. Information regarding the methods of biomass es-
timation was acquired through personal interviews with the directors of regional Greek Forest
Service departments and supplemented by a thorough review of scientific and ‘gray’ literature. A
comparison was also made with the state-of-the-art terrestrial and earth observation methods, ap-
plied in other European countries, for the same purpose. Recommendations on harmonizing re-
mote sensing techniques to terrestrial methods, in order to achieve low cost and increased accu-
racy of biomass estimation, are finally proposed in this article.

1 INTRODUCTION

The increasing demand for energy on a global level, is putting pressure on the nations to turn their
attention to alternative sources of fuel. With the supply of oil short of the worldwide requirements,
biofuel produced from vegetation biomass appears as a viable alternative. Extracting fuel from ve-
getation biomass turns almost any type of biomass into a renewable source of fuel.

In 2008, the European Council has proposed to increase the share of renewable energy con-
sumption in Europe to a level of 20% to 30% by the year 2020 (EC, 2008). The aim for this pro-
posal was to increase energy security for the European Union and reduce its dependency on im-
ported oil and gas, as well as reducing the cost of those imports. This requires the orientation of
each member-State towards the production of biomass, for use as an alternative energy source. For
the long term reliance on the production of bioenergy from vegetation biomass to cover a substan-
tial portion of a country’s energy requirements, it is essential to develop a management plan of ve-
getation species that can be used for biomass production.
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Some European countries are already very active in the exploitation of biomass for the produc-
tion of fuel and energy. The methods of assessing biomass production potential and future yield
vary greatly, depending on the vegetation type used in each case. The development of such me-
thods within a country, are based on previous scientific research, usually conducted within that par-
ticular country. As a result those methods are focused on particular vegetation species, and are op-
timised for the environmental and socio-economic conditions of that country.

Traditionally, methods of estimating biomass and biomass potential relied on field data collec-
tion through sampling. Recently, with the advent of remote sensing, earth observation data acquired
from a distance have been shown to be able to provide information regarding the amount of bio-
mass present, as well as make estimates on future biomass production. The extent to which, metho-
dologies falling under those two categories are employed, is also a characteristic that varies be-
tween the European Union states.

In a pan-European effort to achieve greater degree of energy independence, it is imperative that
information exchange regarding biomass estimation methods is promoted, concurrently with the ef-
forts for the development of biomass production. Harmonisation of the methodologies of biomass
potential estimation across the European Union, employing either or both field and earth observa-
tion measurements, is a necessity.

This study is initially identifying the current status of biomass estimation methods, using either
or both terrestrial and earth observation data, at a scientific level. Having established the potential
methods that can be employed, the results of a survey of the Greek national authorities involved in
biomass estimation for bioenergy, is presented. The survey concerned the data and methods used
by those bodies, with respect to monitoring, assessing and predicting current and future biomass
potential.

2 CURRENT METHODS OF BIOMASS ESTIMATION FOR BIOENERGY

The initial methods of measuring the biomass of vegetation relied on visual observations and quan-
titative measurements of certain vegetation properties. The number and type of those properties de-
pended on factors such as the vegetation species, the amount and area covered and the quantitative
model that those measurements were used as input. Such methods are still used today in many oc-
casions and are accepted as reliable and producing estimates of adequate accuracy.

The introduction of remote sensing as a source of earth observation data for a large variety of
applications, has led to the proposal of the use of such data in the estimation of biomass and bio-
mass potential. Remote sensing has certain advantages and disadvantages over the traditional terre-
strial measurement methods and the performance of methodologies employing earth observation
data varied greatly between cases. Having been evaluated comprehensively in the recent years,
such methodologies have gradually moved from a pure scientific to the application level, in some
countries and to a certain extent. On the other hand, development of new sensors able to provide
data of higher quality, are opening doors for the formulation of more elaborate methods of biomass
estimation, initiating a process requiring laborious testing and evaluation before their value is de-
termined.

2.1 Terrestrial methods of biomass estimation

Vegetation biomass is produced in the form of woody and green biomass of forest trees species, as
well as agricultural crops, residues and byproducts. According to the Terminology of Forest Sci-
ence (1971), biomass is generally defined as “the total quantity, at a given time, of living organisms
of one or more species per unit area (species biomass) or of all species in a community (community
biomass)”.

Direct determination of forest biomass by destructive harvest of all trees growing in a specific
area is a time consuming and labour intensive procedure and has rarely been implemented (Brown
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and Iverson, 1992). Thus, the following three approaches have been developed for indirect estima-
tion of forest biomass:

1) The regression analysis, which is the most widely used method and requires destructive har-
vest of sample trees. The obtained empirical model is subsequently applied to the stand scale
and predictions of biomass are therefore obtained. Detailed information on the procedures was
reported by Ogawa and Kira (1977), Parde (1980), and Satoo and Madgwick (1982).

2) The mean tree method, where some ‘average’ trees are sampled and the mean biomass of these
trees is determined. Thus, the stand biomass is calculated as the product between the number
of the trees and the obtained mean value (Ovington, 1956).

3) The unit area method where the total biomass of sample plots is determined and the average
biomass per unit of ground area is determined. Finally, this value is multiplied by the total for-
ested area and the stand biomass is obtained (Satoo and Madgwick, 1982; Chave et al., 2001).

Recently, aboveground biomass expansion factors (ABEF) values have been developed for es-
timating forest biomass from readily available datasets of forest inventories (Lehtonen et al., 2004).
ABEF is calculated as the ratio between aboveground biomass and stem volume. Living branch
biomass expansion factors (BBEF) and leaf biomass expansion factors (LBEF) could also be esti-
mated by dividing the leaf and branch biomass by stem volume, respectively. The main drawbacks
in this approach are mainly two: i) the values of the expansion factors change according to species,
site and ontogenetic stage and ii) wood density is usually used as parameter which relates stem vol-
ume values to biomass estimates. Wood density fluctuates both within the same tree as well as be-
tween different trees in a stand and hence, using wood density to estimate expansion factors inevi-
tably increases the variability of BEF values within a stand, and in turn within a forest.

Undoubtedly, the most commonly used mathematical model for estimating tree biomass is the
allometric equation (obtained through approach 1 above) with the following power form:

Y=aX’ ()

where a and b are scaling parameters that vary with the variables under investigation; Y is the total
tree biomass or one of its components (foliage, branches, roots, etc) and X a tree dimension vari-
able (i.e. D, D?, D*H, DH, etc; D stands for stem diameter measured at 1.3 m above ground and H
is the tree height).

The standard method to obtain estimates for a and b values in the allometric equations is by the
least-square regression of log-transformed data of Y and X pairs measured from destructively sam-
pled trees that represent the size range of the stands under investigation (Ter-Mikaelian and Kor-
zukhin, 1997; Eamus et al., 2000; Zianis and Mencuccini, 2004; Zianis et al., 2005). This method
has been applied to either one species (e.g., Bartelink, 1996; Bartelink, 1997) or to different tree
species growing at the same site (e.g., Martin et al., 1998). Additionally, generalized equations that
were developed by Pastor ef al. (1983/1984) for six tree species growing in northeast U.S.A., for
beech trees growing in Europe (Zianis and Mencuccini, 2003), and for several species growing in
European forests (Muukkonen, 2007) may be used to estimate forest biomass at regional or nation-
al level. Most of the published allometric equations use D as the only independent variable while
introducing a second independent dimension variable (e.g., H, crown length, crown radius, diame-
ter at crown base, efc) leads to the multicollinearity problem and unequivocally to biased biomass
estimates. Parresol (1999) developed new statistical techniques and procedures to estimate woody
biomass at the stand scale and reviewed several statistics for evaluating and comparing biomass
models. Cannell (1983) has compiled biomass and production data from forest ecosystems across
the globe for different tree compartments, while Parde (1980) thoroughly reviewed several aspects
of forest biomass studies. In their textbook, Satoo and Madgwick (1982) presented a quite exten-
sive methodology for biomass estimation while an effort was made to focus on the major ecologi-
cal variables affecting primary productivity and standing biomass of forest resources.
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2.2 Biomass estimation using earth observation data

Remote sensing is already being used in many countries for the recording of national forest inven-
tories, instead of or in conjunction with field measurements, as a fast, accurate and cost efficient
method of data collection. Data from remote sensors are used for the calculation of the forest area
or canopy volume, as well as mapping of the forested arecas (McRoberts & Tomppo, 2007). There
are two type of remote sensors employed in the estimation of biomass. The passive sensors, dealing
with the 400 — 2500 nm region of the electromagnetic spectrum and relying on the sun to provide
the energy, and the active sensors, which produce the electromagnetic signal themselves before re-
cording the response.

Passive sensors usually employ vegetation indices, derived from specific wavebands related
with vegetation spectral characteristics. Early studies developed empirical relationships between
vegetation indices extracted from remotely sensed data and physiological or biochemical properties
of the vegetation in question, which could be related to biomass (Dong et. al., 2003; Todd et. al.,
1998). Alternatively regression analysis is used to select the optimal wavebands that can be used
for biomass estimation, employing high spectral resolution sensors. The impediment of these par-
ticular relationships is the lack of broad applicability to landscapes other than those from which
they were developed. On the other hand, non-parametric methods also show some degree of suc-
cess in estimating canopy volume and have the advantage of being generally more applicable, as
the parameters of the exact quantitative relationship are not pre-defined and are calculated for each
individual case. An example of non-parametric method is the k-Nearest Neighbour (k-NN), the ef-
ficiency of which increases if followed by empirical optimization (Chirici et. al., 2008). Vegetation
indices have been used for the estimation of both forest species and agricultural crops (Christensen
& Goudriaan, 1993; Gilabert et. al., 1996; Leblon et. al., 1991; Zheng et. al., 2004).

Two of the issues that the estimation of biomass through remote sensing has to face, are those of
scale and homogeneity. These two factors define the spatial resolution and area coverage require-
ments of the imagery. For large scale applications, a high degree of spatial resolution is not re-
quired. In those cases, such as global biomass estimation studies, simple indices like the NDVI, or
combinations of red and near-infrared bands in regression models, perform with a satisfactory de-
gree of efficiency (Dong et. al., 2003; Muukkonen & Heiskanen, 2007). Smaller scale studies how-
ever, require finer resolution and imagery from satellites such as Landsat or ASTER are essential.
Muukkonen and Heiskanen (2005 and 2007) have used ASTER data, employing multiple regres-
sion and neural networks methods of analysis, estimating standwise biomass with relatively high
accuracy with the red and near-infrared bands.

Active sensors used for biomass estimation primarily include lidar and radar sensors. Lidar is an
instrument that measures distance at a very high spatial resolution. This instrument can be used on
an airborne platform to derive canopy height, or even on the ground to capture the canopy profile
and canopy metrics (tree height, crown size), which can be accurately related to above-ground
biomass (Drake et. al., 2002; Kimes et. al., 2006).

Synthetic Aperture Radar (SAR) data capture the manner that forests scatter the emitted pulse
and that signal can be used to make estimates on the canopy volume and hence, above-ground bio-
mass. Previous studies have suggested that the choice of waveband depends on the species in ques-
tion, but propose the use of longer wavebands (P- and L-band) with cross-polarization (Kasischke
et. al., 1997). Others have taken advantage of the effect that vegetation moisture has on the scatter-
ing of the microwave signal and have used radar to estimate total canopy moisture as a parameter
that can indicate the amount of biomass present (Wigneron et. al., 1999).

Some of the principles of radar can also be applied to certain passive sensors, with the capability
of collecting data at an off-nadir view angle. Prime example is the Multiangle Imaging Spectro-
Radiometer (MISR), which can provide data at nine different angles, but only in four bands in the
visible and near-infrared region (Diner et. al., 1998). The capability of multi-angle data collection
can be used in conjunction with geometric models to provide fractional crown cover, mean canopy
height and predict the vertical structure of forest canopies, leading to the estimation of above-
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ground biomass, in addition to the use of the red and near-infrared bands that supply valuable vege-
tation-related information (Chopping et. al., 2008; Kimes et. al., 2006).

3 BIOMASS ESTIMATION FOR BIOENERGY IN GREECE

Despite the fact that a voluminous amount of biomass allometric relationships has been developed
for different tree species growing in several European countries, a limited number of empirical
equations were built for trees growing in Greece. Tsiouvaras (1978) developed allometric models
which relate the dry biomass of Kermes oak (Q. coccifera L) shoots to their diameter and/or length,
in order to study forage productivity in northern Greece. Alifragis ef al. (2001) estimated above-
ground biomass for Aleppo pine (P. halepensis Mill.) trees growing in Chalkidiki peninsula in
northern Greece, to estimate the effect of stand age on nutrient allocation. Allometric equations for
several tree components for beech species (F. moesiaca Cz.) were built by Zianis and Mencuccini
(2003) to study productivity potential across an elevation gradient in northern Greece. Recently,
Mitsopoulos and Dimitrakopoulos (2007) estimated the crown fuel weight of Aleppo pine in cen-
tral Greece through allometric equations built from 40 trees. All of these endeavours were made at
a scientific level.

From interviews with the Forest Directors, it emerged that wood products of Greek ecosystems
are estimated through the use of volumetric measurements units, since forest managers are only in-
terested in tree stem production. Silvicultural residues either remain on the site or are removed by
rural population for heating purposes. Forest management plans are based on stem volume estima-
tions and standard statistical procedures are followed (usually systematic sampling on several plots)
to acquire the appropriate datasets. The Forest Directorate is based on remotely sensed data and
digital image processing techniques in order to produce ortho-photomaps (scale 1:20000), which
describe the vegetation type and ground coverage for the majority of Greek forests. Based on field
surveys ortho-photomaps are amended with stand density and standing volume values but the accu-
racy of the provided estimates is questioned since these maps are rather ‘static’ in time and are not
very often updated. No other remote sensing product appears to be used in the domain of forest
biomass estimation.

In the domain of agricultural crops, Greece is slowly beginning to cultivate crops for their ex-
clusive use of producing biodisel. These efforts were initiated following a directive of the European
Union, which states that by 2010, 5.75% of the annual diesel and petrol consumption of each EU
state, must originate biological sources. This corresponds to a total of 370,000 hectares being used
for bioenergy crops. Sunflowers and rape will be used on approximately 55% of those fields, with
the remaining being used for sorghum, sugar, wheat and corn for the production of bioethanol.

However, no methods seem to be in place for the estimation of biomass of those crops and early
and accurate estimation of the yield. Currently the estimations are made based on the size of the
plots used for the cultivation of the crop and the variations of these estimates are between +15%
and £35% of the mean (personal communication).

4 HARMONISING REMOTE SENSING AND TERRESTRIAL TECHNIQUES

Terrestrial methods of estimating biomass are accepted as the most accurate and reliable. In order
for remote sensing data to be used towards the same goal, it must be shown that such data can in-
deed improve on these accuracies.

The weakness of the terrestrial methods of estimating biomass, lie within the statistical extrapo-
lations made from the samples to the plot/field and the bias in the selection of representative sam-
ples. These statistical errors are known and are considered as acceptable. However, this is the area
where remotely sensed data can assist in the improvement of the accuracies of those biomass esti-
mations. The synoptic view provided by remote sensing provides average unbiased measurements
of the plot or field in question. The use of vegetation indices and the employment of appropriate
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bands (Lu, 2006), can provide with accurate estimations of biomass. The choice of such indices
must however, be made carefully, since many are weakly or insignificantly correlated with biomass
(Foody et. al., 2001). Terrestrial methods are by no means replaced, as they provide invaluable
ground information that can be used to calibrate and validate the models employing remotely
sensed data. Regression methods, whether parametric or non-parametric will still form the back-
bone of the methodology.

Even though terrestrial measurements will still form an integral part of a biomass estimation
methodology, remote sensing can provide an immense amount of data at short temporal intervals
and at a comparably lower cost. The final obstacle that remains, is the identification of the appro-
priate remote sensing data, in terms of spatial, spectral and temporal resolution, that can be used for
biomass estimation of a particular vegetation type, in specific environmental conditions and geo-
graphic location.

5 CONCLUSIONS

Science has provided with methods for estimation biomass of vegetation that can or will be used
for the production of biofuel. Depending on the case a combination of terrestrial and earth observa-
tion data can supply relatively accurate estimates of biomass. The technological evolutions of re-
mote sensors and platforms is promising that in the future data availability will allow the improve-
ment of the current methods and the development of new ones, that will provide even more
accurate estimates.

As it is evident that the reliance of humanity on mineral fuel must be restricted, the extraction of
bioenergy from biomass appears as a viable solution. Appropriate management of the cultivation of
crops or forests, requires methods of estimating biomass at en early stage, prior harvesting. Some
European countries are already routinely employing methods for mapping and monitoring the areas
covered by vegetation with potential for use for bioenergy. In Greece, such monitoring is very
scarce and in biomass estimation is almost non-existent. However, this is a situation that will soon
change, as the European Union is promoting and enforcing the use of crops for the extraction of
biofuel.
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ABSTRACT: ASTER-satellite data provide useful information for a soil erosion risk model ap-
plication. An orthorectified FCC and a DEM are the results of a digital photogrammetric restitu-
tion. An elevation model can be used to calculate slope angles and the drainage area of each lo-
cation. So the sensitivity for erosion due to the topographic situation is estimated. In the
Mediterranean, rainfall is often of an orographic origin. A linear regression equation taken from
literature with the height above sea level as independent variable, and the mean annual rainfall as
dependent variable has been adapted for the Chios island. Then the erosivity of the rainfall is es-
timated. The orthorectified bands are used to make a LULC-classification by means of the max-
imum likelihood classifier. Before classifying, the image is corrected for differential illumination
effects to improve the classification. The different LULC classes have a different sensitivity to-
wards erosion. One non-satellite based information source has been added to the dataset, namely
a generalised lithologic map. This map allows tracking of the parent material, which is an impor-
tant factor determining the soil formation. Different lithologic formations have different erodibil-
ity characteristics. When the rainfall erosivity and the sensitivity for erosion due to the topo-
graphic situation and the lithology are combined, the potential soil erosion risk is estimated. The
potential soil erosion risk is the erosion risk in a virtual world without vegetation. When the sen-
sitivity for erosion of the land cover is taken in account, the actual soil erosion risk is estimated,;
this is the current soil erosion risk like. At the island of Chios a high potential soil erosion risk is
prevalent for most of the land. However the actual soil erosion risk is relatively low for most
parts of the island. Vegetation tempers soil erosion. Nevertheless the Mount Epos area is badly
degraded and has high actual soil erosion risks.

1 INTRODUCTION

In the Mediterranean land degradation has been recognised as an important environmental problem
(Thornes 1996; Geeson et al. 2002). Land degradation has several definitions. An appropriate defi-
nition is “the reduction and loss of the biological or economic productivity caused by land use
change, from a physical process, or a combination of the two (Thornes 1996)”. In the Mediterra-
nean the subject has been labelled “Mediterranean Desertification” (Brandt and Thornes 1996;
Geeson et al. 2002). In Mediterranecan Europe soil erosion due to water erosion (especially sheet
erosion) is the main erosion process. This is a consequence of the Mediterranean climate characte-
ristics: dry and hot summers alternated with wet winters.

Although soil erosion models have been constructed for a long time, each model has some specific
limitations. Wischmeier and Smith (1978) were the first who constructed a soil erosion model
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(Universal Soil Loss Equation USLE) by combining various factors that influence erosion. Their
model is designed for plot scale measurements. CORINE (1992) and Kosmas (1999) used the
USLE principle for the suite in Mediterranean climate conditions.

Remote sensing can offer opportunities for data gathering in and monitoring of land degradation
(e.g. Cannizzaro et al. 2002; Harrison et al. 1996). Its synoptic nature makes it a consistent and
continuous data source. ASTER-data provide topographic information (after photogrammetric res-
titution of the nadir and backward near-infrared bands) and information of terrain features (e.g.
land use, vegetation) that can be used in a soil erosion model.

2 STUDY AREA

The Greek island Chios is situated in the east of the Aegean Sea. It lies off the Turkish coast and
south of the Greek island Lesbos (Figure 1). The climate is typical Mediterranean with a total an-
nual rainfall average of 543 mm and most of the precipitation falling in the winter months (Hellenic
National meteorological Service, unpublished data).
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Figure 1: study area (www.maproom.psu.edu)

3 METHODS

3.1. DEM and orthoimage

The near-infrared band of the ASTER-sensor is acquired nadir and backward in an along-track ste-
reomodel. A digital photogrammetric restitution is performed using VirtuoZo software. The rela-
tive orientation runs fully automatically in VirtuoZo. Ground control points were collected in Au-
gust 2006. Absolute orientation was performed using 34 ground control points. When the epipolar
images are resampled, the image matching algorithm calculates the height value. In doing so the
DEM and the orthoimage are created.

3.2. LULC classification

Differences in terrain illumination can result in differences in reflectance values of similar terrain
features, leading to a possible misclassification. To overcome this problem a topographic correction
for differential illumination effects is applied.
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3.2.1. Topographic correction for differential illumination effects
The correction method that has been chosen is C-correction. The basic C-correction formula is
(McDonald et al. 2000):

In=Lx COS(@xz)"‘ c
cos(i)+ c

Where Ln is the radiance observed from horizontal surface (corrected image value), L is the ra-
diance observed over sloped terrain (uncorrected image value), ®s: is the sun’s zenith angle and i
is the sun’s incidence angle in relation to the surface normal direction, ¢ is the estimated C-
correction coefficient. The value of cos(i) is derived using the following equation (Law and Ni-
chol 2004):

cos(i) = c05@n X c0sOs: + 5inOy x 5in@s: x cos(Ds - ch)

Where i is the sun’s incidence angle in relation to the surface normal direction, ®» is the terrain’s
slope angle, ©s: is the solar zenith angle, ®s is the solar azimuth and ®. is the aspect of the ter-
rain.

The C-value is derived by linear regression with the radiance value L as the dependent variable
and the cosine of the sun’s incidence angle cos(i) as independent variable (McDonald et al. 2000):

L=mxcos(i)+b

The parameter C is then defined as (McDonald et al. 2000):

3.2.2. Multispectral image classification

After their correction for differential illumination effects, the green, red and NIR ASTER-band are
used in a multispectral image classification in order to classify the land use and land cover of the
island. The maximum-likelihood algorithm was chosen to perform the classification. The different
classes that were spectrally distinguishable are: river bank vegetation-irrigated agriculture, phryga-
na, maquis, pine forest, polyculture olives-grain, naked rock, fire spot, phrygana on fire spot.

3.3. Soil erosion model application

Modelling is always done by simplifying the reality. The model that is applied here is an empirical
grey-box model. That implies that the model is based on statistical significant relationships, though
not all details of the system are fully known (Morgan 2005). The results of the model application
are expressed on an ordinal scale. The model application has as goal to estimate soil erosion by wa-
ter, more specified sheet erosion. Wischmeier and Smith (1978) were with the Universal Soil Loss
Equation the first who combined various erosion influencing factors to estimate erosion. The USLE
is constructed for use in North American conditions on plot scale. This is an important difference
than when using satellite raster data.
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3.3.1. Erosion influencing factors

The erosivity of the rainfall R, the sensitivity for erosion due to the topographic situation T, the
sensitivity for erosion due to the lithology L and the sensitivity due to erosion of the land use and
land cover are taken in account. For the factors R, T and L a scaling between 1 and 2 is conducted.
The factor LU is scaled between 0.1 and 1 (more information about the scaling in 3.3.2.). These
factors are all partly correlated; however their influence on erosion is modelled separately.

The relation between annual rainfall and altitude, expressed in a linear regression with altitude,
expressed in a linear regression with altitude as independent variable and mean annual rainfall as
dependent variable, was found for Crete (Naoum and Tsanis 2003) and modified for the Chios isl-
and using climate records. Then the erosivity of the rainfall R is estimated using the formula of Re-
nard et al. (1995):

ER =0,0048P"""

Where ER is the erosivity of the rainfall and P is the mean annual precipitation. The value is then
rescaled between 1 and 2 resulting in the value of the factor R.

To estimate the sensitivity for erosion due to the topography T, the slope angle as well as the drai-
nage area for each location is taken in account. The resulting formula is (Warren et al. 2005):

T = A" (sin B)"

Where A is the drainage area and f is the slope angle. For sheet estimating sheet erosion, the pa-
rameters m and n are set on 1. Finally the factor T is rescaled between 1 and 2.

The sensitivity for erosion due to the lithology L is determined after Yassoglou (1995) and Kosmas
et al. (1999) (Table 1).

Table 1: Sensitivity for erosion for the different lithologies and deposits of Chios (after Yassoglou
1995 and Kosmas et al. 1999)

Lithology or deposit Index
Alluvium, colluvium 1
Basic volcanic rocks, flysch 1.5
Sands and gravels, sandstones 1.7
Marl, carbonate rocks, acid volcanic rocks 2

The sensitivity for erosion of the land cover is determined after Kosmas et al. (1999) (Table 2).

Table 2: Sensitivity for erosion for the different land uses and land covers of Chios (after Kosmas
et al. 1999)

Land Use Land Cover Index
Maquis 0.1
Pine forest 0.2
River bank vegetation-irrigated agriculture 0.4
Polyculture olives-grain 0.6
Phrygana 0.8
Naked rock 1




S. Veraverbeke et al. / Use of ASTER-data for a soil erosion risk model application, Chios island (Greece) 121

3.3.2. Potential and Actual Soil Erosion Risk
An overview of the methodology is given in Figure 2.

Rainfall erosivity R —

Sensitivity for erosion Potential Soil Erosion
due to Topography T Risk PSE

Sensitivity for erosion

due to Lithology L Actual Soil Erosion

Risk ASE

Sensitivity for erosion
due to Land Use Land
Cover LU

Figure 2: Methodology of the application of the soil erosion model

The potential soil erosion risk PSE is calculated as the soil erosion risk in a virtual world without
vegetation. The factors R, L and T are taken in account. The factor LU is not taken in account.
Where the other factors are relatively stable on a long term, vegetation processes are more dynamic
(Aforestation, forest fires, overgrazing,...). The PSE is calculated by:

PSE =3/RxTxL

The resulting PSE values are in the range between 1 and 2. Values near 2 indicate a high potential
soil erosion risk, whether values near 1 indicate a low potential soil erosion risk.
By calculating the Actual Soil Erosion Risk ASE the factor LU is taken in account:

ASE = LUXPSE = LUXYRxT x L

The resulting ASE values are in the range between 0.1 and 2. Normally the ASE value should be
less than the corresponding PSE value as vegetation tempers erosion. Only by the class “naked
rock” the potential soil and actual soil erosion risk are equal. A class discretisation is performed to
visualise the results.

4 RESULTS

4.1. DEM and orthoimage

Hirano et al. (2003) consider a RMS-deviation between 7 and 15 meter as a good result when
working with ASTER-data. The resulting RMS-deviation of the study is 11.4 m. A resulting height
map is displayed in Figure 3.

4.2. LULC classification

In order to make an evaluation of the correction for differential illumination effects, a test spot of
pixels of the same land cover, consisting of both illuminated pixels and “shadow” pixels has to be
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defined. By regressing the cos(i) -values as x-values against the DN-values as y-values for the un-
corrected and for the corrected image bands two regression equations are obtained per band (one
for the uncorrected image band and one for the corrected image band). The DN-values of uncor-
rected image should normally vary more than the DN-values of the corrected image band. As a
consequence the slope of the regression equation should have a lower value by the corrected image
band. An ideal correction for differential illumination effects should result in a slope value of zero
(McDonald et al. 2000). The regression equations of the green, red and NIR band are given in Ta-
ble 3. The results of the correction for differential illumination effects are satisfying. Though in
some areas the C-correction method seems to overcorrect.

Table 3: Regression equations for the uncorrected and corrected image bands ( cos(i ) as x, DN as
Y

Green band Green band | Red band Red band | NIR band NIR band

corrected corrected corrected
y=0.1704x + | y = -0.0209x | y=0.2236x+ | y = -0.0078x |y = 0.209x + | y=10.0203x +
66.491 +63.794 45.16 +44.001 29.179 32.21

The result of the LULC-classification conducted on the for differential illumination effects cor-
rected image bands is presented in Figure 4.
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Figure 3 (Left): height map of Chios
Figure 4 (Right): Land Use Land Cover Classification of Chios
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4.3. Soil erosion model application

The resulting Potential Soil Erosion risk map and the resulting Actual Soil Erosion risk map are
presented in respectively Figure 5 and Figure 6. The classes high and very high soil erosion risk are
abundant in the potential soil erosion risk map. This is normal because the potential soil erosion
risk considers the situation of maximal erosion. This map shows which areas that are more sensible
for soil erosion. When the Actual Soil Erosion risk is calculated, the role of the vegetation as an
erosion restraining factor is emphasized. Most parts of the island have a relatively low actual soil
erosion risk. Nevertheless the Mount Epos area (location on Figure 6) is an area with high actual
soil erosion risks. This is because the Mount Epos area is locked in a vicious fire circle (Grove and
Rackham 2001). Shepherd set fires to use the burned areas as rangeland for their animals (Margaris
en Koutsidou 2002). These activities make the Mount Epos area a degraded spot.
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Figure 5 (Left): Potential Soil Erosion Risk map
Figure 6 (Right): Actual Soil Erosion Risk map

5 CONCLUSIONS

ASTER-data provide useful information to monitor soil erosion risk. ASTER-data provide topo-
graphic information and information about the terrain features. This information can be used to
construct a relative simple soil erosion model by combining different data layers. It was not the
purpose of the paper to suggest an elaborated methodology for soil erosion modelling. Though the
use of satellite data combined with the existing knowledge of soil erosion modelling, gives oppor-
tunities for soil erosion monitoring in areas where other datasets are not existent or difficult to
access.
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The soil erosion model application was constructed for the Greek island Chios. A digital photo-
grammetric restitution provided a DEM. The LULC classification was improved by correcting the
image bands for differential illumination effects. On most parts of the island the actual soil erosion
risk is relatively low; nevertheless the Mount Epos area has high actual soil erosion risks.
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ABSTRACT: There are several data fusion methods widely used to produce a high resolution
multi-spectral image from a pair of images - a panchromatic high resolution and a multi-spectral
lower resolution image. Although the fused images can be visually satisfactory, it is not clear
whether they provide additional information for quantitative measurements made from satellite
images. A methodology to evaluate data fusion algorithms is proposed, based on the production
of synthetic images that reproduce real satellite images. An experiment was conducted testing
the performance of six data fusion methods in the production of NDVI values for land parcels
from SPOT HRG and Landsat TM data. The fusion methods evaluated were: Brovey, IHS Hex-
cone, IHS Cylinder, PCA, Wavelet IHS and Wavelet Single Band. The best data fusion method
overall was found to be Wavelet IHS, although better results were obtained by using directly the
lower resolution multi-spectral data instead. The software tools developed and a number of test
images datasets are freely available at the SITEF website (www.fc.up.pt/sitef).

1 INTRODUCTION

The number of satellite sensors acquiring high and very high resolution images of the Earth has
been steady increasing in the last few years. Most of these sensors use two complementary image
modes — a multi-spectral image (M) and a higher spatial resolution panchromatic image (P). Exam-
ples of such sensors include IKONOS (multi-spectral image with 4m pixel and panchromatic image
with 1m pixel), QuickBird (2.4m / 0.6m) and SPOT (10m / 5m, or 20m / 10m). The objective of
data fusion in this context is to generate a multi-spectral image with both high spatial and spectral
resolutions (Ranchin & Wald 2000). The effective application of a data fusion algorithm produces
a high resolution multi-spectral (fused) image that is usually satisfactory for visual perception or
cartographic applications. However, it is not clear whether the fused image provides valuable addi-
tional information when the aim is to make quantitative measurements from the satellite image.

The purpose of this work is to investigate if the use of data fusion improves the information
provided by satellite images for quantitative measurements in a practical application (agriculture
monitoring), and to evaluate the most widely used data fusion methods using synthetic images.

2 DATA FUSION

There are several well established image data fusion methods, such as Intensity Hue Saturation
(IHS), Principal Components Analysis (PCA), Brovey and Wavelet (Wang et al 2005b).
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One of the simplest methods is the Brovey fusion. The fused image is simply obtained by a
normalization of M, which is then multiplied by P (Wehrmann ez a/ 2005). In the ITHS method, a
RGB color composite produced from M is mapped to the IHS color space. The I component is then
replaced by P, after histogram matching, and the resulting IHS image converted back to the RGB
color space. There are three IHS models — cylinder, triangular and hexcone - providing slightly dif-
ferent results in the RGB colors produced. The IHS method is simple and effective, but it can only
be applied to multi-spectral images with 3 bands. An alternative is to use the PCA method, which
can be applied to images with any number of bands, and works in a somehow related way. Initially
the principal components of M are computed. The first component (which has the most informa-
tion) is replaced by P, after histogram matching, and then the principal components are converted
back to the initial space (Wald 2002). The wavelet method is the most recent one and harder to im-
plement. Four images are produced from P: one of rough detail and three of high resolution corre-
sponding to the horizontal, vertical and diagonal components. The rough image of P is replaced by
a histogram matched version of M, after which the inverse transform is computed to produce the
final fused image (Balcik & Sertel 2007). The wavelet fusion can be used in one of three models:
Single Band, IHS and PCA.

The quality of the fused image depends on the method used and on the data itself. The evaluation
is usually based on visual analysis, or sometimes on statistics that examine the similarity or the dis-
crepancies between the fused and original products, on a pixel by pixel and band by band basis.
The quantitative evaluation of an image produced by data fusion is not a straight forward task, as
there is usually no reference (high resolution multi-spectral image) to be used for comparison. The
common approach is to degrade the fused image to the spatial resolution of M, and to compare it
with M (Meenakshisundaram & Couloigner 2005). Several parameters have been used for this task,
such as Euclidean Distance (Wang et al 2005a), Coefficient of Correlation (Scheunders & Backer
2001) and Root Mean of Square Error (Wehrmann et al 2005). All these evaluation parameters fo-
cus on the differences between individual pixels and bands. However, for many remote sensing ap-
plications the objective is to extract information based on a combination of bands for areas with
several pixels. One common example is the production of Normalized Difference Vegetation Index
(NDVI) values for land parcels (Jensen 2000).

The NDVI is computed using the reflectance values in the red (p,) and near infrared (p,,)

bands, using (1). Two NDVI ranges were used: -1 to 1 and 0 to 1, by setting to zero all negative
values. The interval 0 to 1 was used as the standard range.

NDVI = max{O, pN’R_p’*} (1)
Par T Pr

The calibration of image band i to reflectance ( p, ) is done using (2), where R; is the radiance,
Eo; the equivalent solar spectral irradiance and ¢ /¢, are the solar/viewing zenith angles (FIFE

2004). The radiance is obtained directly from the recorded Digital Numbers (DN) using a linear re-
lation R, =, DN + 3, where ¢, and f, are the calibration coefficients (FIFE 2004, GAEL 2003).

p, =— @)
" E,, cos(9,)cos(®,)

A suitable evaluation of the quality of a data fused product would be to compare the value of
NDVI computed using the data fused image (nypy7. ) with the NDVI obtained directly using a

FUS
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high resolution multi-spectral image (npy1,,, ). The absolute error in NDVI (8) is thus computed

from (3). However, this approach is difficult to implement using real satellite images, as there is
usually no high resolution multi-spectral image available to use for validation of the fused image.

8 =|NDVI,,, = NDVI,| 3)

3 METHOD

The data fusion evaluation was done using synthetic images produced with the Synthetic Image
Testing Framework (SITEF).

3.1 Synthetic Image Testing Framework (SITEF)

The SITEF provides images with controlled spatial and spectral characteristics, which simulate real
multi-spectral satellite images by making use of a reference image where training areas are identi-
fied (Marcgal & Rodrigues 2008). The SITEF software is freely available at www.fc.up.pt/sitef,
where some test images datasets are also available. The objective is to simulate land parcels of var-
ious sizes with different land cover types. Initially, the number of land cover types (c), the size of
the smallest unit (u), the range of sizes (s) and a repetition parameter (r) are used to produce a base
image. As an example, figure 1 shows four base images, all with u=4, s=4, r=2, and with c=4, 5, 6,
7. The smallest squares on the top left section of these images have 4 by 4 pixels, while the largest
ones on the lower right have 16 by 16 pixels (s=4). In this case there are 4 parcels of each size
(r=2). The whole images are 80 by 80 pixels, with a total of 64 parcels. There are 4 single unit par-
cels (4 by 4 pixels), and generally 4 parcels of i by j units, with 1,j=1,2,3,4. The classes are assigned
to parcels assuring that two neighboring parcels always belong to different land cover types.

Figure 1. Synthetic base images with c=4, 5, 6, 7 (left to right), all with u=4, s=4, =2

The base image and a reference satellite image are used to produce a multi-spectral synthetic im-
age. Reference areas are previously established in the multi-spectral satellite image, one for each
land cover class considered (1, ..., ¢). The multi-spectral synthetic image produced (MH) will have
the same number of bands as the reference satellite image, with the pixel values of each class in the
base image replaced by random vectors from the reference areas. A lower resolution version (ML)
of this image is also produced (reduced in size by a factor of 2), as well as a high resolution pan-
chromatic image (PAN). The process is presented schematically in figure 2.
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Figure 2. Schematic representation of the data fusion evaluation experiment: MH - multi-spectral high
resolution, ML - multi-spectral low resolution and PAN - panchromatic high resolution.

3.2 Test images

Two satellite images, from Landsat and SPOT, both covering a mountainous area around Montale-
gre (Portugal) were used as reference. The SPOT 5 HRG image was acquired in 2005 and the
Landsat 5 TM image in 1997. Two test images were produced using the SPOT (TIS) and Landsat
(TIL) satellite images as reference. A total of six land cover classes were considered: irrigated (1)
and non-irrigated permanent semi-natural mountain meadows (2), evergreen forest (3), deciduous
forest (4), communitarian pastures (5) and annual crops (6).

The multi-spectral synthetic images TIS and TIL were created with u=3, s=8, r=5 and c¢=6, corre-
sponding to an image size of 540 by 540 pixels. Although both SPOT HRG and Landsat TM sen-
sors provide multi-spectral images with more than three bands, the synthetic images were both pro-
duced with three bands, as only the red and near infrared bands are used to compute the NDVI and
the spectral coverage of the images only overlap three bands. Three versions were prepared for
each test image: MH - multi-spectral high resolution, ML - multi-spectral low resolution and PAN -
panchromatic high resolution. The MH synthetic images are presented in figure 3, with histogram
linear enhancement. The lower resolution multi-spectral images were created by averaging every 2
by 2 pixel block into a single pixel. The panchromatic versions were created by combining the
three bands with weights that reproduce the spectral response of the satellite sensors. For SPOT 5
HRG these weights are 0.617, 0.383, 0.000 for bands 1,2,3. As Landsat 5 TM does not have a pan-
chromatic band, the characteristics of ETM panchromatic band were used instead. The relative con-
tributions from Landsat 5 TM bands 2,3,4 to reproduce the ETM panchromatic band are: 0.333,
0.335, 0.332. Alternative versions of the test images used here are available at SITEF
(www.fc.up.pt/sitef) with 8 and 5 classes — the Montalegre dataset.
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Figure 3.Base image (left) and syntheticl test images TIS (c;nter) and TIL (right), with histogram linear
enhancement.
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An evaluation of the spatial resolution degradation process was also made. A Gaussian filter of
size 19 and standard deviation 5 was applied to the SPOT MH image, resulting in an image without
high frequencies (MHGauss). From the MHGauss image two versions were created: MLGauss and
PANGauss.

4 RESULTS

The data fusion experiment was performed using PCIGeomatica (PCI Geomatics 2005) and ER-
DAS Imagine (Erdas Imagine 2007) software. The versions ML and PAN of the test images were
used as input for the data fusion methods tested, resulting in six fused images: (1) Brovey, (2) PCA,
(3) IHS model Cylinder, (4) IHS model Hexcone, (5) Wavelet model IHS and (6) Wavelet model
Single Band.

A total of nine NDVI images were produced for each test image using the original MH and ML
images (two versions), and using the six fused images. These NDVI images are all high resolution
except one of the NDVI image produced from ML. The overall process is illustrated schematically
in figure 2.

4.1 Evaluation of data fusion methods

The average NDVI was computed for each of the 1600 parcels of the base image, for all seven high
resolution NDVI images. The NDVI of each parcel obtained from the fused images was compared
with the NDVI computed with the original MH data. As an illustration, figure 4 shows a plot of all
NDVI values obtained from the Brovey (left) and Wavelet IHS (right) fused data versus NDVI val-
ues obtained from the original MH data, for TIS. The plots for the other fusion methods exhibit
roughly the same behavior, both for TIS and TIL.
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Figure 4. Average NDVI values for all 1600 parcels, computed with Brovey (left) and Wavelet IHS (right)
fused data versus the original MH data, for SPOT test image (TIS).

The average absolute errors in NDVI (8) were computed for all parcels and for all fused images.
Average values of 6 were calculated for parcels of the same size within each image. These results
(6x1000) are presented in table 1 for the square parcels of TIS. In bold is the best result for each
scale tested. Overall the best methods were Brovey, Wavelet IHS and IHS Hexcone, all with low
average absolute errors (6.5, 6.7 and 7.2). The values of & tend to become smaller with the increase
of parcel size, as the influence of neighboring parcels becomes less important.
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Table 1 — Average absolute error in NDVI (8 x1000) for six data fusion methods for SPOT test image (TIS).

Parcel size Brove IHS IHS PCA Wavelet Wavelet
(units) Y Cylinder Hexcone IHS Single Band
1 14.0 30.7 13.9 31.2 13.8 32.8
2 17.3 37.4 15.4 31.0 16.2 36.5
3 7.7 25.1 6.9 259 7.7 16.0
4 0.8 19.7 4.3 21.8 2.6 6.2
5 2.4 19.5 3.8 23.5 2.1 10.1
6 5.9 25.9 4.5 24.2 5.6 17.3
7 3.2 21.0 3.8 23.5 3.0 10.2
8 1.0 20.3 4.6 22.6 2.2 6.2
All 6.5 25.0 7.2 25.5 6.7 16.9

A similar experience was carried out with the synthetic data for Landsat (TIL). The results ob-
tained from the fused data are presented in table 2. In bold is the best result for each scale tested.
There are four fusion methods that provide NDVI values with low errors (IHS Cylinder, PCA,
Wavelet IHS and Wavelet Single Band) while the others two methods (Brovey and THS Hexcone)
do not provide satisfactory NDVI results for all parcel sizes tested.

Table 2 — Average absolute error in NDVI (3 x1000) for six data fusion methods for Landsat test (TIL).

Parcel size Brove IHS IHS PCA Wavelet Wavelet
(units) y Cylinder Hexcone THS Single Band
1 131.5 30.6 66.2 22.9 242 24.8
2 109.3 29.3 55.8 22.6 234 23.8
3 122.1 14.6 60.0 12.6 12.2 13.6
4 123.5 7.2 58.2 6.9 9.9 11.2
5 128.3 9.8 59.4 11.7 11.8 133
6 118.4 11.2 57.1 11.7 9.9 14.7
7 124.8 8.8 57.8 11.0 10.6 12.3
8 132.2 7.0 58.1 7.7 10.2 11.8
All 123.8 14.8 59.1 13.4 14.0 15.7

An alternative approach is to obtain the NDVI values of each parcel directly from the low reso-
lution multi-spectral image (ML). As the parcels are located in the base image, which is only avail-
able in high resolution, this can be achieved by one of two modes: (I) reducing the resolution of the
base image, to match the lower resolution multi-spectral image, or (II) increasing the resolution of
the ML image to match the resolution of the base image (see figure 2). Each of these modes pro-
vides estimates of the NDVI values for each parcel, which can be compared with the reference
NDVI obtained directly from the high resolution original test data (MH). The results for TIS and
TIL, presented in table 3, are about the same as the best ones from the fused data, with a very slight
advantage of mode II. The values of 6 are again generally much lower for large parcels.
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Table 3 - Average absolute error in NDVI (8 x1000) using the original lower resolution TIS and TIL.

Parcel size TIS TIL
(units) Mode I Mode T Mode I Mode T
I 13.9 13.6 2838 218
2 19.4 17.1 26.1 21
3 6.1 75 7.7 9.6
4 0.8 0.8 5.4 5.4
5 2.7 22 10.2 8.0
6 6.1 5.9 9.4 8.5
7 3.0 2.9 5.1 6.2
8 1.0 1.0 5.1 5.1
All 6.6 6.4 122 10.8

A similar analysis was performed using the evaluation parameters Euclidean Distance (ED),
Coefficient of Correlation (R) and Root Mean of Square Error (RMSE) instead of 8. The results ob-
tained for TIS are almost identical to the evaluation based on 6. For TIL, the IHS Cylinder is less
rated with these parameters than it was for §, particularly for R. Otherwise the results for TIL are
also consistent with the evaluation based on 9.

4.2 Evaluation of the spatial degradation process

The image pairs MLGauss / PANGauss and MLGauss / PAN were used to produce two fused im-
ages (fusGauss and fusNew), using the IHS Hexcone fusion method. Average values of & were cal-
culated for parcels of the same size within each image. The results obtained for the two fused im-
ages based on MLGauss were compared with those obtained with the fused image obtained directly
from ML and PAN, without using a Gaussian filter (FUSED). Figure 5 shows the values of 6 for
the NDVI images produced from these three fused images, using a range of 0 to 1 (left) and -1 to 1
(right) for the NDVI. The use of a Gaussian filter in the degradation stage results in better NDVI
values in the fused images. The range -1 to 1 was found to be better for all methods and scales.

18 qesssemmsorieamains Sewristases Seeeinedansieed sesisEe
161 =T 12 qreresesnmn e e e
- ——FUSH
14 < LB el ; H LB M st
fusGauss 0 3= : 5 fus Gauss
24 +— fushew 8. ) —— fusNew

o x1000
& x1000

0 T T T T T T 1
1 2 3 4 5 6 7 8
Parcel size (units) Parcel size (units)

Figure 5: Average absolute error in NDVI (8 x1000) obtained from the fused images with a NDVI range
of 0 to 1 (left) and -1 to 1 (right)
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5 CONCLUSIONS

The methodology proposed, based on the production of synthetic images reproducing real satellite
images, proved to be effective for the evaluation of data fusion results. The test images were pro-
duced with the Synthetic Image Testing Framework (SITEF), which is available at
www.fc.u.pt/sitef. The SITEF software and test datasets can be used to test not only data fusion
methods, but also image segmentation and image classification.

The experiment carried out performed an evaluation of six data fusion methods with simulated
SPOT HRG and Landsat TM data. For SPOT HRG, the best fusion methods were Brovey, Wavelet
IHS and IHS Hexcone, while for Landsat TM the best results were produced from PCA, Wavelet
IHS and IHS Cylinder. For the two test datasets combined, the best fusion method was found to be
Wavelet IHS. This is in line with the results reported by various authors, such as Vijayaraj et al
2004, Karathanassi et al 2007 and Zhou et al 1998, for pixel and bands based tests. Overall, both
the best fusion methods and the lower resolution multi-spectral images produce NDVI average val-
ues that are very close to those obtained from the high resolution multi-spectral images (differences
in NDVI below 0.02), except for the very small parcels. However, all the evaluation parameters on
all images indicate that the smallest error in the computation of NDVI average for land parcels is
obtained using the lower spatial resolution multi-spectral image directly, with the parcel location by
mode II. This indicates that for quantitative measurements, such as NDVI, there is no benefit from
using fused data instead of the original lower resolution multi-spectral data. It is nevertheless worth
noting that the best results from the fused data are only marginally worse than those obtained from
the lower resolution data.

The evaluation of the spatial degradation process indicates that the use of a Gaussiam filter and
the range -1 to 1 for NDVI provides better results when using the fused data to compute average
NDVI values per parcel. The spatial degradation mode could be further improved, by using a Mod-
ulation Transfer Function filter (Aiazzi et al 2006). Other fusion methods, besides the six tested
here could perhaps produce better results, such as the modified version of the IHS method proposed
by Tu et al 2004, and Context-Based Decision which was voted as the best fusion method in a re-
cent contest (Alparone et al 2007). However, even with these improvements the best results would
still likely be obtained using the low resolution multi-spectral images, as data fusion methods are
not intended to improve spectral information but rather the visual interpretation.

ACKNOWLEDGMENTS

This work is part of the FCT LameSat XXI project (PTDC/AGR-AAM/67182/2006). The authors
wish to thank the OASIS programme (n°307) for providing the SPOT satellite image, and Isabel
Pogas for the identification of land cover types.

REFERENCES

Aiazzi, B., Alparone, L., Baronti, S., Garzelli, A. & Selva, M. 2006. MTF-tailored multiscale fusion of high-
resolution MS and Pan imagery. Photogrammetric Engineering and Remote Sensing, vol.72, no.5, 591-
596.

Alparone, L., Wald, L., Chanussot, J., Thomas, C., Gamba, P. & Bruce, L. 2007. Comparison of Pansharpen-
ing Alghorithms: Outcome of the GRS S Data Fusion Contest. IEEE Transactions on Geoscience and
Remote Sensing, vol.45, no.10.


http://www.fc.u.pt/sitef.

A.S. Rodrigues et al. / Evaluation of data fusion methods for agricultural monitoring 133

Balcik, F.B. & Sertel, E. 2007. Wavelet Based Image Fusion of Landsat ETM Images: A Case Study for Dif-
ferent Landscape Categories of Istanbul (Presented Conference Paper style). Conference on Information
Extraction from SAR and Optical Data, with Emphasis on Developing Countries. Istanbul 2007.

Erdas Imagine. 2007. http://gi.leica-geosystems.com/default.aspx . Consulted in 2007-12-19.

FIFE. 2004. http://dac.ornl.gov/FIFE/guides/Satellite SPOT Extracted Data.html#4.1. Satellite SPOT Ex-
tracted Data. Consulted in 2007-12-12.

GAEL 2003. http://earth.esa.int/pub/ESA_DOC/landsat FAQ/. Inventory of Landsat product anomalies, 1s-
sue 1, Revision 0, 5-11. Consulted in 2007-11-07.

Jensen, J.R., 2000. Remote Sensing of The Environment — An Earth Resource Perspective. Prentice Hall.

Karathanassi, V., Kolokousis, P. & loannidou, S. 2007. A comparison study on fusion methods using evalua-
tion indicators. International Journal of Remote Sensing, vol. 28, no. 10, 2309-2341.

Margal, A.R.S. & Rodrigues, A.S. 2008. A Framework for the Evaluation of Multi-Spectral Image Segmenta-
tion. Submitted to the Proceedings of GEOBIA 2008, August 2008, Calgary, Canada.

Meenakshisundaram, V. & Couloigner, 1. 2005. Quality assessment of Fusion Methods for High Resolution
Images. 3™ International Symposium Remote Sensing and Data Fusion Over Urban Areas. USA 2005.

PCI Geomatics. 2005. http://www.pcigeomatics.com/ .Consulted in 2007-12-19.

Ranchin, T. & Wald, L. 2000. Fusion of High Spatial and Spectral Resolution Images: The ARSIS Concept
and its Implementation. Photogrammetric Engineering & Remote Sensing, vol. 66, no.1, 49-61.

Scheunders, P. & Backer, S.De. 2001. Fusion and merging of multispectral images using multiscale funda-
mental forms. Journal of the Optical Society of America A, vol.18, no.10, 2468-2477.

Tu, T.M., Huang, P.S., Hung, C.L. & Chang, C.P. 2004. 4 Fast Intensity-Hue-Saturation fusion technique
with spectral adiustment for IKONOS imagery. IEEE Geoscience and Remote Sensing Letters, vol.l,
no.4, 309-312.

Vijayaraj, V., O’Hara, C. G. & Younan, N. 2004. Quality analysis of Pansharpened Images. Geoscience and
Remote Sensing Symposium. IEEE International, vol.1, 85- 88.

Wald, L. 2002. Data Fusion: Definitions and Architectures — Fusion of images of different spatial resolu-
tions. Paris: Les Presses de 1'Ecole des Mines.

Wang, L., Zhang, Y. & Feng, J. 2005a. On the Euclidian Distance of Images. IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol.27, no.8, 1334- 1339.

Wang, Z., Ziou, D., Armenakis, C., Li, D. & Li, Q. 2005b. 4 Comparative Analysis of Image Fusion Me-
thods. IEEE Transactions on Geoscience and Remote Sensing, vol. 43, no.6, 1391-1402.

Wehrmann, T., Colditz, R.R., Bachmann, M., Steinnocher, K. & Dech, S. 2005. Evaluation of Image Fusion
Techniques. Remote Sensing & GIS Environmental Studies, vol.113, 296-302.

Zhou, J., Civco, D.L. & Silander, J.A. 1998, 4 wavelet transform method to merge Landsat TM and SPOT
panchromatic data. International Journal of Remote Sensing, vol. 19, no. 4, 743-757.



http://gi.leica-geosystems.com/default.aspx
http://earth.esa.int/pub/ESA_DOC/landsat_FAQ/.
http://www.pcigeomatics.com/

134 Remote Sensing for a Changing Europe
D. Maktav (Ed.)

10S Press, 2009

© 2009 The authors and 10S Press. All rights reserved.

doi:10.3233/978-1-58603-986-8-134

Improved classification of urban areas with pixel-based measures of
object size

Rik Bellens & Sidharta Gautama

Ghent University — TELIN — IPI — IBBT

St. Pietersnieuwstraat 41, B-9000, Ghent, Belgium
Email: rik.bellens@telin.ugent.be

Keywords: urban classification, shape, morphological profiles

ABSTRACT: Meter to sub-meter resolution satellite images have generated new interests in
extracting man-made structures in the urban area. However, classification accuracies for such
purposes are far from satisfactory. Spectral characteristics of urban land cover classes are so similar
that they cannot be separated using only spectral information. As a result, there is an increased
interest in incorporating geometrical information. In current literature, this is achieved by using an
object-based approach. This requires a segmentation process. However, the complex objects in
urban remote sensing images make this process very difficult. In this paper, we propose a method
to measure the minimum and maximum dimension of an object, without however performing a
segmentation. This method is based on morphological profiles (MP). Previous work on MP’s have
shown the potential for improving classification results. However, an MP contains many values for
each pixel, which can lead to problems of dimensionality. Feature extraction algorithms could
reduce the dimensionality, but the resulting features are no longer interpretable. In this paper we
use MP’s to derive a measure of minimum and maximum object dimension. These two measures
allow to differentiate between long (roads) and more compact objects (buildings). We show that
these new features improve the classification substantially.

1 INTRODUCTION

Recent advances in earth observation technology have led to an increased availability of data
products at very high spatial resolutions. These may open up new areas in the application of
satellite imagery. Land-use mapping in complex settings such as urban and suburban environments
is one of the domains for which the new Very High Resolution (VHR) data will offer new
possibilities. Of particular interest herein is the detection and identification of a variety of man-
made structures such as roads and buildings. The difficulty of using VHR imagery such as
IKONOS and QuickBird is that the classification accuracy for such purposes is far from
satisfactory (Zhang and Couloigner, 2006). Spectral characteristics of urban land cover classes such
as road surfaces, parking lots and open areas are so similar that they cannot be separated using only
spectral information. As a result, there is an increased interest in incorporating geometrical
information in image classification.

Automated land-cover classification can be accomplished using either pixel-based or object-
based approaches (Liu et al., 2005; Marangoz et al., 2004; Hofmann, 2001). Pixel-based methods
classify each pixel individually, while object-based methods first group together pixels in
a meaningful way by image segmentation. The object-based approach provides a straightforward
method to incorporate geometrical information. Different shape characteristics of objects can easily
be calculated on the segments. However, the segmentation process is a very difficult task. Good
parameters for the process highly depend on the image data and the classification task (Hofmann,
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2001). In pixel-based approaches, it is less straightforward to incorporate geometrical information.
Consequently, most pixel-based approaches only rely on spectral and possibly textural information.

One possibility to incorporate geometrical information in pixel-based methods is the use of
mathematical morphology (Serra, 1982; Soille and Pesaresi, 2002; Soille, 2003). Image features
defined by their morphological characteristics are reportedly useful to improve accuracies in urban
classifications using VHR data. In Chanussot et al. (2006); Benediktsson et al. (2003) a multiscale
approach is used. Morphological profiles (MP) are generated from a panchromatic image. A
morphological profile is a composition of morphological openings and closings with increasing
size of the structuring element. Each opening and closing results in a transformation of the original
image in which objects smaller than the structuring element are deleted. As such, the
morphological profile carries information about the size and the shape of objects in the image. In
Bellens et al. (in press) this approach is extended to a directional morphological profile, which
contains information about the maximal dimension of objects.

To improve the classification of satellite images in urban areas, we can include morphological
profiles as extra bands in the classification process. However, an MP typically consist of more than
10 values for each pixel. This might cause problems of dimensionality. In Benediktsson et al.
(2003) two approaches to reduce the dimensionality are discussed. The first method uses feature
extraction algorithms. This leads to a reduced set of features with high information content.
However, these features are not interpretable. Therefore, it is not easy to analyse and/or fine-tune
these features. Moreover, feature extraction algorithm can be computationally intensive. The
second approach is an attempt to extract the size information from the MP. However, the method
used is very sensitive to different parameters and does not result in a good classification. In this
paper we will propose a more robust method to derive a measure of minimal and maximal object
size from the regular and the directional MP. We will show that these features will improve the
classification of man-made objects substantially.

2 MORPHOLOGICAL PROFILE

Mathematical morphology (Serra, 1982; Soille, 2003) is a popular tool in image processing and can
be used in very diverse tasks such as feature detection, image segmentation, image denoising,
image sharpening and many more. Successful applications of mathematical morphology have been
reported in remote sensing image processing as well(Soille and Pesaresi, 2002).

Many morphological operators exist. Two are of particular importance for this paper: opening
and closing. Here we will give an informal description of these operators. For a formal definition
we refer to Serra (1982); Soille (2003). Basically, a morphological opening (resp. closing) removes
objects from the image which are brighter (resp. darker) than their background and which are
smaller than a certain structuring element (SE). An object is smaller than the SE if the SE does not
fit into that object. The SE can have different sizes and shapes. Figure 1 shows two closings with
disk shaped SE’s of different sizes. With the smallest sized SE none of the objects are removed,
with the larger SE, the smallest objects have disappeared. We use the term object to clarify to the
reader the behaviour of morphological transformations. Note, however, that openings and closings
are local operations with no explicit notion of objects and object boundaries. As a result, objects do
not only disappear, but also the shape of objects are changed. This is an unwanted side-effect which
could be solved by using morphological reconstruction. However, as shown in Bellens et al. (in
press, 2007), this often leads to worse results.

Besides disk shaped SE’s, also other shapes can be used. Figure 2 shows three closings with
linear SE’s with different orientations of the line. This time objects are removed if their length in
the orientation of the line is shorter than the length of the line. Taking the maximum over different
orientations but with the same length results in images like shown in Fig. 3. Here objects are
removed if their maximum dimension is smaller than the length of the line.

By increasing the size of the SE, more and more objects disappear. We will use the term scale of
an opening or closing to refer to this size. The vector containing the pixel values of pixel x in



136 R. Bellens and S. Gautama / Improved classification of urban areas with pixel-based measures of object size

| [ ]
(a) original b)R=3 (c)R=6

Figure 1. An image (a) and its closings with disk shaped SE’s of size R = 3 (b) and size R = 6 (c). Objects
with a width smaller than 2 ‘R are deleted from the image. As a side effect, borders of objects are smoothed.
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Figure 2. Three closings with linear SE’s of length L and different orientations. Dark objects with small

dimensions in all directions are removed in every closing. Dark objects with a large dimension in at least one
direction remain visible in some closings.

(@L=15 (b)L =25 (c)L=35
Figure 3. The minimum of closings with linear SE’s for three different lengths. Objects are filtered out if

their maximum dimension is smaller than L. Rectangular objects with length smaller than L and diagonal
size larger than L are partly removed.

openings and closings of different scales is called the morphological profile (MP). The differential
morphological profile (DMP) is the vector containing the differences between subsequent values in
the MP. A large value in the DMP at scale s is an indication of the presence of an object of size s.
The DMP thus contains information about the size of objects.

An MP based on disk shaped SE’s(Pesaresi and Benediktsson, 2001; Chanussot et al., 2006;
Benediktsson et al., 2003) gives information about the minimum dimension of objects, while an
MP based on linear SE’s (or a directional MP)(Bellens et al., in press) contains information about
the maximum dimension of objects. Together they are able to distinguish between compact objects
like buildings and elongated structures like roads. In these papers it is shown that the MP’s are able
to improve the classification substantially.

3 MEASURE OF SIZE

The morphological profile is an indirect indication of the size of objects. It consists of a large
number of dimensions which makes it very impractical to analyse and could lead to problems of
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Figure 4. An IKONOS image of a suburban area in Ghent, Belgium (a) and the scale of maximum change in
the MP (b).

dimensionality when classifying. Therefore, Benediktsson et al. (2003) proposed the use of feature
extraction algorithms. However, this leads to uninterpretable features, which makes it difficult to
analyse and are computationally intensive. In the same paper these features were compared to a
size feature derived from the MP. This size feature equals the scale in the MP at which the highest
change occurred. However, this feature is very sensitive to different imperfectons and properties of
the image as we will see later. In this paper we propose a method to derive a stable and relevant
measure of object size.

Let us first have a closer look to how the pixel value changes in openings and closings as the
size of the SE increases. Suppose we are dealing with a pixel in a bright object with a darker
background. In this case the relevant information is in the openings. For dark objects in bright
backgrounds, the behaviour is analogously, but now the relevant information is in the closings. For
small SE’s, smaller than the object, the pixel value in the opening will be almost equal to the
original pixel value. A small decrease can occur due to variations within the object and possibly
noise. When the size of the SE increases, the MP will remain almost constant until the SE reaches
the size of the object (this can be the minimum dimension for disk shaped SE’s or the maximum
dimension for linear SE’s). At that point, the MP will show a substantial decrease in pixel value.
This decrease might be sudden or more gradual in case of blurry edges. The value of the MP at this
scale will be the intensity value of one of the neighbouring objects. We could say that the object is
fused with that neighbouring object. If we further increase the scale, the MP remains constant for a
while, until it reaches the size of this joined object. At that point, the MP decreases again to the
intensity value of another neighbouring object. This process repeats until you decide to stop
investigating larger SE’s or until there are no more darker objects.

When using the maximum difference between subsequent scales as an indication of the scale of
objects, as in Benediktsson et al. (2003), it can easily be seen that this will not always lead to the
desired result. For example, when edges are blurry, the change in the MP at the scale of the object
might be gradual, while due to some noise or other effects, the change in the MP at other scales
might be larger. Especially, when using a dense sampling of scales, this might be problematic.
Also, we are interested in the first scale where the MP changes substantially as this is the scale
of the object and not that of joined objects. However, the change might be larger at the second,
third, ...change. Figure 4(b) illustrates this problem. The figure shows the size feature for a
suburban area with disk shaped SE’s. Most of the houses in this image are assigned a value which
is in relation to the object size. However, some whole areas are covered with much higher values.

In this paper we introduce a method to derive a more stable measure of object size from the MP.
A disk based MP will lead to a measure of minimum dimension (width), while a directional MP
leads to a measure of maximum dimension (diagonal length). First, the MP, consisting of a number
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of openings at different scales and a number of closings at different scales, is transformed in a new
vector with one value for each scale. This value is equal to the difference between the original pixel
value and the pixel value in the opening or closing at that scale, whichever is highest. This value is
thus an indication of whether or not the pixel belongs to an object that is smaller or larger than the
SE. When this value is small, it is likely due to some variation within the object. Once this value
becomes larger, the size of the SE is probably larger than that of the object. If it becomes even
larger, this does not give any more information about the size of individual objects. We now
translate this qualitative reasoning into a fuzzy membership function. This membership function
takes the difference (d,) between opening or closing at scale s and the original pixel value and
translates it into a number between 0 and 1, indicating how true it is that the size of the object is
smaller than the size of the SE. We can choose different functions as long as for small values of d,
the function value is small and increases when d; becomes larger. Once d; is larger than a certain
limit, the function value should be very close to 1 and only increase slightly as d; further increases.
In this paper we use the following function:

&2
pts =1 — exp(— 5 =) (1)

-0

This function has one parameter a that has to be set according to the typical contrast between
objects. We now are able to take the weighted mean of the scales, where the weights are equal to
the difference between the fuzzy membership values at subsequent scales. This weighted mean will
be the measure of size. Besides the weighted mean, it would also be possible to derive other
measures indicating the quality or uncertainty of the measure.

4 EXPERIMENTAL RESULTS

Figure 5 shows the results on an IKONOS image. For the minimum dimension, roads and houses
have similar values, while larger buildings and fields have much higher values. For the maximum
dimension roads clearly have much higher values than houses. Also the fields and the larger
buildings have high values. Both measures of size now allow us to differentiate between roads and
other objects. By simply thresholding on the minimum and maximum dimension we get the result
in Fig. 5(c). This could be further improved by also using the spectral information, using more
advanced classification algorithms or doing some postprocessing.

A second test area consist of a QuickBird image of a more difficult area in the city of Ghent,
Belgium (Fig. 6). Here we are interested in classifying each pixel in one of nine classes. Table 1
shows the accuracies of this classification. If only using spectral information, the classification of
man-made objects are far from satisfactory. Also shadow is not well classified. By also including
the size measures, the overall accuracy increases by almost 5%, but especially the improvement on
the man-made classes and the shadow classes are apparent.

5 CONCLUSION

Past research has showed promising results for including geometrical information in the
classification process using morphological profiles. However, including the full morphological
profile in a classification could lead to problems of dimensionality. In this paper we propose a
method to derive a relevant and meaningful feature from a morphological profile which is easy to
calculate. This feature is a measure of the minimum dimension of an object when using regular
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Figure 5. The measure of minimum (a) and maximum (b) dimension and a road detection result (c) obtained
by simply thresholding both measures of size.

Table 1. Comparison of producer’s accuracies when only using spectral information or using both spectral
information and the measures of size.

class| spectral only spectral and shape features
water 92.62 96.75
grass 71.41 64.96
trees 83.42 87.35
dark roof 37.80 54.33
red roof 52.57 60.68
white roof 86.43 83.91
road 55.48 71.93
other
man-made 54.05 52.57
shadow 41.03 61.81
Overall
Accuracy 72.15 76.93
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(b) minimum dimension (c) maximum dimension

Figure 6. A QuickBird image located in the city of Ghent, Belgium and the measures of minimum (b) and
maximum (c¢) dimension.

MP’s or a measure of the maximum dimension when using directional MP’s. Experimental results
have shown that these features are relevant and are able to substantially improve classifications in
urban areas.
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ABSTRACT: Modern remote sensing technologies for Land Use/Land Cover applications rely on
the integration of a big variety of data from both airborne and ground-based instruments. The final
product highly depends on the proper and successful exploitation of as much data as possible. This
is the reason why a unified data integration and management system should be at the disposal of
researchers from different science fields. One possible approach is to develop an information
system (IS) based on an open source technology providing an easy data access. Also a standard
way of seamless addition of new data should be considered. The approach adopted in this research
study is based on a distributed database management system with simple web interface to the data
and models. A single cluster contains the following components: a subsystem for data archiving
and exchange; a subsystem for specific data preprocessing and calibration; a subsystem for
metadata management and integration; a subsystem for the whole catalogue management; a
subsystem in support of external users.

The above-described IS was developed in the framework of a joint Russian-Bulgarian project
for distributed system infrastructure for aerospace and in-situ data. The system consists of a set of
archived data and is supported by hardware/software facilities allowing the exchange of catalogue
and ancillary information in an on-line mode. The infrastructure allows to carry out general and
detailed data search and to prepare orders for data delivery. The focus at this stage of the work was
put on the refinement of the system specification, details of interchange protocols and archive
formats, the development of software prototypes ensuring metadata exchange between the system’s
clusters and access to the information resources of the system. Along with a description of the IS
the paper presents a detailed operational scheme of a single standard cluster.

1 INTRODUCTION

In the last years the need for geoinformation services raises at different levels from municipality
administration to ministerial officers. This information has various uses — decision making in urban
and agricultural planning, elaborating ecological strategies for water basins management,
atmospheric conditions estimation and much more. The data needed for producing it come from
diverse sources having its own geographical coordinates and file formats. At that step data
integration, also called data synergy, becomes vital but not an easy task. For this reason some
standard must be set up and all data must follow it otherwise the integration is not possible.
Another key element of this structure is the manner the end user receives and interprets the
processed data. Our experience has shown that this should be done in the most general and
common way the end user got accustomed.

Having in mind the abovementioned researchers from IRE CPSSI and STIL BAS initiated
creation of distributed Earth observation information system (EOIS) providing data access to both
scientific and national authorities. Besides admission of the preprocessed data in the EOIS data
manipulation and modeling is also foreseen. This system is in full relevance with the strategy of the
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EC for development of shared environmental information system (SEIS) whose aim is to bridge the
gap between several initiatives such as GMES, INSPIRE, WISE, EIONET.

2 METHODOLOGY

During the development phase the team decided all software tools to be open source thus widening
the scope of potential users. The main components of the EOIS include distributed database for
data archiving and access; set of server-side scripts for data processing, visualization data exchange
and modeling; web server for user interaction handling. Special care is paid on every part of EOIS
since it has to have high level of reliability of data storage and efficiency in providing users with
space/air borne data products and supporting services. Along with data processing, archiving, and
cataloguing facilities, EOIS provides the end users with simple, comfortable, and easy-to-learn
interface that conforms all user requirements concerning geodata search, select, order, and
procurement.
The basic integrated system integrates the design of:

space data archive,

catalogue system,

user access interfaces,

data distribution and exchange system.

O O O O

Key element is the practical implementation of the physically distributed database between both
contributors to the project. One of major achievements is that the database could be filled up
simultaneously and independently with data by all members of the team thus providing more data
(space/air borne, field, and laboratory) for one specific area of interest on the earth surface. Here
should be mentioned that databases synchronization mechanism which runs on specified time
intervals is also included. For this purpose special authentification mechanism has been elaborated
for user identification on the system entry. Based on the user rights given by the administrators of
EOIS every single user is allowed set of specific actions to be taken. For instance a group of
regular users is assigned the right to list the archive of images and other auxiliary data while other
group of users can run simple operations on those data such as building graphical (graphs)
representations for single dates or whole periods.

On the figure below is described one possible scenario for using EOIS in joint use of data from
multiple sources (optical and thermal imagers, passive radar together with field and laboratory
data) in the decision support and decision making for regional planning of agricultural test sites
located in the central part of Bulgaria.

After successful fusion of the raw data several objects corresponding to different LC classes are
created and then they are inserted in the database. On the nest step the decision-maker could
require more data (in our case multispectral images) of the same area, but from other dates thus
receiving more information on historical development of the region. This is helpful in
determination of the best soil-vegetation performance thus cost effective farming.

One of the users’ priorities is the reduction of time consume on data searching, selecting,
ordering, and receiving operations. To fulfill these requirements user access subsystem included
into EIOS provides users with friendly designed interfaces that help to select and order data sets in
the most convenient and well-guided way. To this end our data access subsystem is equipped with
user interface which central benefit in the provision of the end users with integrated interface that
allows to search, select, browse, and order data from single access point. In addition the data access
subsystem is designed in way that reveals actual distributed archive content, i.e. despite physical
location of data the end user receives information on products available in the EOIS. This
functionality is provided by a powerful search engine (which composes the core part of user access
subsystem) that addresses directly to catalogue systems of both IRE CPSSI and STIL BAS parts of
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regional geoinformational databases with access control
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Figure 1. Information flow in the decision making process.
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Figure 2. User interface for data search and ordering.

the EOIS. As well catalogue system is equipped with metadata exchange which used to
synchronize common part of catalogues once per day.

3 CONCLUSIONS

Presented was the prototype of an EOIS developed mutually by IRE CPSSI and STIL BAS which
is in full relevance with aims of the creation of shared database for environment data initiated by
European Commission. Its main features are end user interaction easiness and environmental
modeling based on multiple source data. Given is a practical implementation of this database into
decision making process for precision farming purposes.
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ABSTRACT: Mining plants are one of the factors having major negative impact on the area
where they are situated. In the case of Mirkovo floatation plant, located in the outskirts of Stara
Planina Mountain in the middle of Bulgaria, the pollution comes from two major sources — dust
from milling shop and waste water from floatation shop. The investigations are carried out deal
with determination of the impact on the soils and vegetation in the neighborhood areas using ref-
lectance information from multispectral data and supporting hyperspectral in-situ measurements.
During the research preliminary information about mineral content of the ore material coming
from the mine and soil type is also considered.

Numerous studies have analyzed the variance of spectral reflectance of rocks, soils and vegetation
in response to their cover using remote sensing. The goal of the study is to show land cover
changes detected through vegetation indices as NDVI, RVI, SAVI and the soil line concept in re-
mote sensing. On the next step change detection methods are used to support local authorities in
preparation of short-term reclamation plans and as well to recommend farmers in planting suitable
vegetation spices in assisting the rehabilitation of the top soils. In this research the data from
Landsat TM/ETM+ combined with in-situ measured data are used. The obtained results show that
the analyzed data and the implemented approach are useful in environmental monitoring and eco-
nomically attractive for the company responsible for the ecological state of the region.

1 INTRODUCTION

Traditional classification techniques are “hard” in the sense that a single pixel is assigned to a
single land cover class. At coarse resolutions pixels predictably become mixed. For these mixed pix-
els “soft” classifiers can be used, which assign a pixel to several land cover classes in proportion to
the area of the pixel that each class covers.

Several researchers have addressed this sub-pixel mixture problem. Among the most popular
techniques for sub-pixel classification are mixture modeling (Kerdiles and Grondona, 1996) and su-
pervised fuzzy c-means classification (Foody,, 1994).

These techniques aim at estimating the proportions of specific classes that occur within each pix-
el. The result is a number of fraction images, one for each land cover class concerned. This informa-
tion describes the class composition, it does not provide any indication as to how this is spatially dis-
tributed within the pixel. The result is thus quite different from the classic classification algorithms,
where a single land cover map, containing all classes, is produced. One way to go from fraction im-
ages to a classic land cover map would be to use "hardeners", where rules can be formulated to de-
termine which class dominates the pixel. The main disadvantage is that information is lost much in
the same way as happens with classic hard classifiers. Atkinson (1997) has formulated an idea for an
alternative approach. It consists of converting raster data to vector data by threading the vector
boundaries through the original image pixels (instead of between pixels, as classic raster-to-vector
conversion algorithms would do). This process is called sub-pixel mapping. The key problem is de-
termining where the relative proportions of each class are most likely to occur.
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2 METHODS

2.1 Sub-pixel Classification

The spectral unmixing technique that will be applied is based upon Linear Mixture Modeling.
The basic hypothesis is that the image spectra are the result of mixtures of surface materials and that
each of these components is linearly independent of the other. The mixtures in the image are ex-
pressed as linear combinations of their respective spectra in the image. Spectral response of each im-
age pixel in every spectral band can be considered as a linear combination of the response of each
component (end-member) present in the mixture. Therefore, every pixel contains information about
the proportion (or fraction) and spectral response of each component.

Hence the spectral reflectance r, for every image pixel in any band, can be modeled as follows:

r3(A)=piri (M) Fpara(As). .. T pmlm(Ai) He=Zpjri(Ai)+e 1)

where p = fraction cover,
r for pure component reflectance
A is wavelength
and g is an error term.

This equation can become a linear system of n equations and k unknowns in two ways:
e applying the equation to every pixel in a single band (n pixels)
e applying the equation to every band of a single pixel (n bands)

In order to solve this set of equations, the number of unknowns cannot be larger than the number
of equations. In case the linear mixture model is applied to every pixel in a single band, this condi-
tion is not likely to be limiting, as the number of pixels will normally largely exceed the number of
end-members. In the other case, where the model is applied to every band for a given pixel, this con-
dition is much more likely to be constraining. Thus the spectral dimensions of the image data set will
limit the total number of end-members. In hyperspectral remote sensing this limitation generally is no
restriction. In multispectral image analysis however this is a serious difficulty. The problem can be
addressed by using a multitemporal data set, where the maximum number of end-members equals the
number of spectral bands multiplied by the number of dates for which images are available. The first
application has been widely used to calculate pure end-member reflectance, given the end-member
fractions, while the second application is typically being used to derive end-member fractions, given
the pure components reflectance.

In "soft" classifications the estimated variables (the fractions or proportions of each land cover
class) are continuous, ranging from 0 to 100 percent coverage within a pixel. Consequently the
above mentioned technique is not suitable for accuracy assessment. Nevertheless it is possible to ap-
ply statistical techniques that use a comparable approach and yield similar results.

Purposely dividing the known land cover proportions derived from the data with high spectral
resolution into two data sets — the first one is used for unmixing model creation and the second one is
for validation.

The validation could be achieved by calculating the sample correlation coefficient R, which is the
estimator of the correlation coefficient p, between the known land cover proportions from the valida-
tion set and the soft classification output. In the case of perfect agreement, the correlation coefficient
would be 1 and the linear regression line would have a zero intercept and 45 degrees slope.

2.2 Sub-pixel Mapping

The major challenge in sub-pixel mapping is determining the most possible locations of the frac-
tions of each land cover class within the pixel. Creating unmixing model from data with high spectral
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resolution can solve this. A simple representation of the problem and a possible solution is given in
Figure 1 (adapted from Atkinson, 1997).
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Figure 1. A raster grid of 3 by 3 coarse pixels, each discretised into 5 by 5 sub-pixels

3 STUDY AREA AND DATA

The geological exploration of the copper-bearing rocks in the Sredna gora region, located in the
middle of Bulgaria, started in the late 50-ies of 20-th century. As a result the mining plant “Elacite”
was built who started its production 1986. The main activity of this plant is production of copper
concentrate from chalcopyrite. Two dump sites from the flotation process were established near vil-
lage Benkovski. They are considered as a main source of contamination of neighboring agricultural
areas.

As a source for airborne data with moderate spectral resolution for the spectral reflectance of the
land cover was used data sets from Landsat TM/ETM+ instrument (GLCF, 2005). The acquisition
data is in first decade of June which guarantees good illumination conditions.

From this dataset the two target areas (two open dumps) were extracted by their visual discrimi-
nation from the surroundings. This way the dataset necessary for sub-pixel procedure was created.

Laboratory measurements of ore minerals were performed with laboratory spectroradiometer.
The instrument provides data in the spectral range 0,5 — 2,55 um with bandwidth less than 0.01 um.
The statistic reliability is guaranteed by integrating 10 spectra per sample per measurement. The ob-
tained spectral reflectance of the samples from the dump sites were compared with similar ones taken
from spectral library (Clark, 2003)

4 RESULTS

Since in our case the number of mixed pixels (which is the case for pixels from the borders of the
areas) is not very big but it is crucial to find every correct pixel. This was achieved by implementing
the methodology of the unmixing theory on the data from the dump slag. We also found a correct
proportion for the boundary pixels between the slag and the water and between the slag and the sur-
rounding agricultural areas. This helped us to map correctly (determining the surfaces of the dumps)
the dump areas thus assessing their environmental impact. The surfaces determined this way allowed
us to monitor the rate of reclamation activities for the older dump. These activities are summarized
in the Table 1.
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Table 1. Reclamation activities in Elacite mine plant dump sites
Reclama- Reclama-
Activities tion tion
as planne as identifie

Pilot reclamation of 50 30
dump boundary (m**1000)
Reclamation of dump
boupdary and neighboring 180 150
agricultural areas
(m**1000)
Biological purification of
the water (NTUs) 80 140
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Figure 2. DN corresponding to red and NIR for open mine and slag dump areas

In Figure 2 the minor overlapping of two areas (open pit mine and slag dump) show that two end-
members are easily recognized. The values for dump slag were used in process of unmixing before
the sub-pixel mapping was done.

If the ground resolution for the Landsat data is considered to be 28.5 m instead of 30 m and
above sub-pixel unmixing is applied on the data the discrepancy between the calculated (see Table 1)
and in-situ measured surfaces is less than 2%. This proves that the applied methodology for surface
determination of the slag dumps is suitable for similar type of applications.
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5 CONCLUSIONS

The above results prove that methodology for sub-pixel classification is capable of estimating the
end-member fractions quite accurately.

The main advantage of the presented technique is that mixed pixels are used during the training
phase. Compared to these other techniques, the present one is simple, cheap and objective.

The results of the sub-pixel mapping exercise indicate that the technique can be useful to increase
the resolution while keeping the classification accuracy high.
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ABSTRACT: Remote sensing is an established technique in environmental studies. First of all,
this concerns soil-vegetation ecosystems where the availability of means for vegetation monitor-
ing, stress detection and state assessment is of great importance. A significant amount of re-
search has been performed to develop efficient methods for monitoring of vegetation dynamics.
A prevailing part of the works is devoted to the use of multispectral data transformations (vege-
tation indices) such as spectral bands ratios and linear combinations in order to estimate vegeta-
tion parameters. The dependence of vegetation spectral features in the visible and near infrared
bands on plant biomass, chlorophyll content, canopy cover, etc. lies at the root of this approach.
In this paper we report some results of the colorimetrical analysis of vegetation spectral data.
The work was conducted in order to reveal plant senescence effects due to plant growth or stress
factors and the impact of the soil background on vegetation reflectance. One of the goals of the
study was to evaluate the potential of various colorimetric features for vegetation assessment.
Another objective was to compare this approach to the results of the implementation of vegeta-
tion indices for plant bioparameters retrieval from multispectral data. The integration of both me-
thods was examined as well showing good predictive capabilities.

1 INTRODUCTION

The problem of mixed classes is essential in remote sensing and concerns most aspects of data
processing and interpretation. It is associated with spectral mixture decomposition and classifica-
tion. Soil-vegetation covers are a typical example and a most common case of mixed classes where
the determination of the components’ proportions is of a particular interest. The objective of the
paper is to study the influence of different soil background and plant senescence on vegetation re-
flectance and color features as well as to reveal the potential of colorimetric analysis technique for
mixture decomposition focusing on the accuracy of green cover estimation which is related to
vegetation state assessment.

2 MATERIALS AND METHODS

In-situ and green-house reflectance measurements of various vegetation types (alfalfa, wheat,
spring barley, peas, carrots, grass) with different soil background and degree of senescence were
performed in the spectral range 400-820 nm.

The soil diversity was presented by dark soils (black, brown, reddish laterite) and light soils
(grey forest, alluvial, meadow) with different properties (mineral composition, organic and mois-
ture content, surface roughness and salinity). The spectral reflectance curves of some of these soils
are given in Fig.1 illustrating the large range of soil reflectance signatures.

The variety of green and dry vegetation amounts (the latter related to chlorophyll decrease in
mature plants or plant stress conditions) was achieved during plant development as well as simu-
lated from bare soil and vegetation full-canopy cover reflectance using the theory of mixed classes
(Mishev 1991):
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1 (2) =2 pri(A) (1)

where 7;(4) are the spectral reflectance signatures of the mixed class, 7,(4) - the reflectance of the

components (classes) composing the mixture, p, - the relative amounts of the pure classes in the
mixture.

In the case of soil and green vegetation mixtures, for instance, considering that z p,=1:

1

r,=p,(r,—r)+r, )

The spectral reflectance curves of pasture with different vegetation cover are shown in Fig.2
where the impact of the soil type (dark black soil — 1 and light alluvial-meadow soil — 2) is illus-
trated. As seen, this impact is much stronger in case of sparse vegetation cover (la and 2a).
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Figure 1. Reflectance spectra of different soils Figure 2. Soil-vegetation mixture reflectance

Colorimetric characteristics such as tristimulus values X, Y,Z, chromaticity coefficients x,y,z and
dominant wavelength A, of the measured objects and simulated mixtures were computed in the
spectral range 450-750 nm according to the CIE1964 methods and Dy;s light source.

In correspondence with the theory of mixed classes (the same being true for Y, Z and
W=X+Y+Z) (Mishev 1992, Kancheva & Borisova 2003):

st = ZDGS[pV(rv _rs)+rs]]_CAl
* 3

st:pv(Xv_Xs)+Xs (4)
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N PV(W _W)+W (5)

Some spectral ratio indices (Table 1) commonly used in vegetation studies were calculated in
the green (G)-550 nm, red (R) — 670 and near infrared (NIR) — 800 nm bands.

Table 1. Vegetation indices

Ne | VI Ne | VI Ne VI Ne VI
1 ND (NIR,R) 3 ND (G,R) 5 (NIR-R)/R 7 TVI(NIR,R)
2 NIR/R 4 G/R 6 (G-R)/R 8 G+NIR-2R

Statistical data processing was carried out to investigate the variance of vegetation reflectance
and color features due to different soil background and plant canopy (green and dry) fraction. Cor-
relation and regression analysis was applied to the experimental and simulated data sets to reveal
the relationships between soil-vegetation reflectance (in terms of V7), color characteristics (pre-
sented here in terms of 4,) and the proportions of mixture components (p).

3  RESULTS AND DISCUSSION

Strong correlations were found between the green canopy cover p,, the dominant wavelength A,
and the VI values of the soil-vegetation mixtures. The correlation coefficients are given in Table 2
separately for dark soils (black and wet brown) and light soils (alluvial and dry grey forest) as well
as for all soils. The vegetation samples include wheat, barley, peas, grass and alfalfa.

Table 2. Correlation matrix of the green vegetation cover (p,), dominant wavelength (4,) and spectral
indices (V1) for dark and light soils

VEGETATION INDICES
Ad 1 2 3 4 5 6 7 8
Ad dark soils -0.91 -0.91 -0.97 -0.93 -0.91 -0.94 -0.9 -0.94
o -0.96 0.95 0.91 0.93 0.88 0.91 0.88 0.94 0.94
Ad light soils ~ [-0.93 -0.89 -0.95 -0.91 -0.89 -0.91 -0.92 -0.92
Py -0.93 0.98 0.88 0.94 0.85 0.88 0.85 0.98 0.94
Ad all soils -0.7 -0.76 -0.89 -0.85 -0.76 -0.85 -0.68 -0.87
pv -0.88 0.92 0.88 0.92 0.86 0.88 0.86 0.91 0.94

In Fig.3 the green vegetation cover fitting models by A, are presented. The correlation and the
accuracy of p, retrieval appeared to be higher for dark soil mixtures (standard error of estimation
0.07 and 0.09 for the dark and light soil case respectively). An explanation could be the greater 4,
range for mixture samples with dark soils. Fig.4 shows the relationship between V7 I and the green
canopy fraction (SEE=0.073).

If the soil non-differentiated model is applied the green fraction values p, (1) are overestimated
for light soil mixtures and underestimated for dark soils (Table 3). Just the opposite is the situation
with VI where p, retrieval from models developed. regardlessly of the soil type lead to underesti-
mating of green vegetation fraction in case of light soils. This provides a possibility for verifying
the p, values estimated through A, and/or V1. The accuracy of mixture colorimetric decomposition
through a soil-combined model increases with increased density of the vegetation cover. One rea-
son is the smaller difference between A4, of mixtures with equal p, and different soil type (light or
dark) component (Table 4).
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Table 3. Relative errors of green cover prediction using the soil non-differentiated p,=f (4,) model

green estimated error estimated error
cover (light soils) % (dark soils) %
0.2 0.4 100 0.1 -50
0.4 0.54 37 0.32 -20
0.6 0.67 11 0.53 -11
0.8 0.80 0 0.80 0
1.0 0.95 5 1.0 0

for py

0

0.2

0.4

0.6

0.8

1.0

A)g, nm

5.5

4.4

33

2.2

1.0

0

Table 4. Differences between A, for dark and light soil-vegetation mixtures

Using two- or three-factor inverse dependencies of canopy cover p, on A, and V7 a very good
correspondence was achieved between the actual and estimated vegetation fraction. The SEE and

MAE (mean absolute prediction error) are lower than any of the V7 and A, green cover-fitting mod-
els (Table 5).

Table 5. Correlation and errors of green fraction (p,) retrieval using A, V7 and joint models

y (x) model r SEE MAE
Py atbly 0.93 0.078  [0.062
Py a+bVI 3 0.94 0.088  {0.073
Py atbigtcVI3 0.95 0.066  [0.05
pv atbhgtcVI3+dVI8 | 0.98 0.054 [0.044

The studies did not reveal significant model differences associated with the vegetation type.
This is explained by Fig.5 where the narrow full-vegetation canopy cluster on the color locus is
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seen (565.5-568 nm) as well as the wider band of bare soils (light and dark including dry and wet
samples with smooth and rough surface) location (575-580.5 nm). This is another reason for the
worse accuracy of sparse vegetation cover assessment, especially when using not-differentiated
models. The wider 4, range of the soil cluster within the color locus and the narrower one of differ-
ent full-cover green canopies suppose bigger errors in assessment of sparse vegetation covers if soil
type and properties are not taken into account.

y y
0.60r 0.60r
0.54F 0.54F
0.48F 0.48r
042 Tl 0.42} 5
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Figure 5. Dominant wavelengths of various soil types Figure 6. Dominant wavelengths of 2- and 3-
and full-cover vegetation canopies component mixtures

One important thing to point out in Fig. 5 is that dry vegetation canopies and their soil mixtures
lie within the soil A, band and have an average dominant wavelength of 577 nm which is the same
as the average 4, of the soil cluster. The senescence effects on vegetation reflectance are quite simi-
lar to the soil impact. This means that the senescence influence on plant spectral and color features
can be consider similar to a proportionally increased soil impact. Evidence is Fig.6 where the posi-
tion on the color locus of two and three component mixtures of soil (dark or light), green and dry
vegetation is presented.

4 CONCLUSIONS

High correlation was found between the dominant wavelength A4 of soil-vegetation mixtures
and plant canopy cover. Regression models describing this relationship were derived using large
data sets from different soil and vegetation types. Green cover retrieval by the calculated from ref-
lectance measurements A4 values has satisfying accuracy with mean absolute error 0.06. What
should be further done is to verify the predictive potential of color models over various vegetation
types and growth stages, and to test the models sensitivity toward varying external factors (illumi-
nation conditions). In this respect some vegetation indices have a proven stability although in our
experiment most of them showed a big variance to soil surface structure, humidity and especially
color as a whole. Best results were obtained by the use of multiple regression models for retrieving
green fraction values. These results provide grounds for considering the idea of wider experimental
study of plant color characteristics and their potential in vegetation monitoring.

The advantage in using color features is that the visible spectral range is closely related to bio-
physical parameters of the objects and that the whole reflectance curve is used normalized on the
spectral distribution of the incident radiation. Besides, 4, allows the comparison of slightly differ-
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ing color stimuli. A disadvantage is the sensitivity of the regression coefficients in p,=f (4, retriev-
ing models. But as a whole the obtained results are an encouraging confirmation of the potential of
mixture analysis for vegetation state monitoring using both techniques - spectral reflectance trans-
formation and colorimetric analysis. Future work is intended in precising the dependences of
VIand A,on green canopy cover by using larger data sets and different experiment conditions in-
cluding airborne spectral data.
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ABSTRACT: Remote Sensing is an important technique for mapping land use and land cover in
the vast acreages. In this sense, the fusion of optical and radar remote sensing data offers the op-
portunity to combine complementary sensors with different features. In this study, beside the ca-
pability of the combined multi source imagery, the contribution of SAR images to the optical
images for identifying land use/cover types was investigated. For this purpose, using the synergy
between SAR and Optical data, the improvement in the classification accuracy was analyzed.
The study area, covering urban and agricultural areas, lies in the Menemen Plain to the west of
Gediz Basin in the Aegean Region of Turkey. The satellite data used in this study are multispec-
tral SPOT, ENVISAT-ASAR, and ALOS-PALSAR images. The 3-2-1 band combination of a
SPOT-2 image was fused with C band ASAR imagery and with the new mission L band PAL-
SAR imagery. The land use/cover types were defined from both of the fused images. In this case,
since the SAR images have different bands (C band and L band) the penetration property is the
key factor to see the affects on extracting information from fused images. Before the fusion ap-
plication, the speckle reducing filter techniques were used for the preprocessing of SAR images.
For the filtering of SAR images, kernel windows with different size were tried. Then the SPOT
image was registered to SAR images. For the registration of SAR images, image to image regis-
tration method was used with a root mean square error of less than 1 pixel. A pixel based fusion
method was carried out. Both of the fused images (SPOT-ASAR and SPOT-PALSAR) were
classified to determine the land use/cover map. The results were compared with a classified
SPOT image, which is commonly used to define land cover types. While processing the classifi-
cation, the training areas were selected covering a large portion of the individual fields and were
away from the field boundaries to reduce the mixed pixels. The ground truth data were used for
the accuracy assessment process.

1 INTRODUCTION

Remote Sensing is an important technique for mapping land use and land cover in the vast acreag-
es. In this sense the fusion of optical and radar remote sensing data offers the opportunity to com-
bine complementary sensors with different features. Since the response of radar is more of a func-
tion of geometry and structure while optical wavelengths occur as surface reflection, their role in
landuse cover mapping can be viewed as complementary.

Usually conventional multispectral classification methods, which make use of spectral response of
ground objects, are used for thematic mapping. Basically, the spectral vector of a pixel is used to
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classify the pixel by using a classifier. These per pixel classification approaches often result in
mixed pixel classification for low resolution images such as Landsat and Spot ones. Since a wide
spectrum of data can be available for the same site observed, additional sources may provide com-
plementary data, and fusion of different information can produce a better understanding of the ob-
served site. Information provided from an individual sensor can be incomplete, imprecise and in-
consistent. Therefore fusion of multispectral, multipolarization and multitemporal data may
decrease the uncertainty related to the single data sources (Simone et al. 2003).

In this study, we aim to see the influence of fusion approaches on classification accuracy using dif-
ferent algorithms and different images for the same area. For this purpose, contribution of SAR
images to optical images in defining land use types (natural products and textures) was investi-
gated. The 1,2,3 band combination of SPOT-2 images were fused with each PALSAR and ASAR
SAR data. The fusion results were classified using Maximum Likelihood Classification method.
Classification results were compared with the classified SPOT images.

2 STUDY AREA

The study area is situated on the Menemen (Izmir) Plain to the west of the Gediz Basin, and covers
about 400 square km. The Aegean Sea lies on the west side of the study area, and Manisa Province
lies to the North. The area is bordered by Bakircay Basin in the North, and Izmir Bay in the South
(Fig. 1). On the Menemen Plain, a semi-dry and low humidity mesothermal climate is dominant,
and the main period for rain (which is 616 mm / m2) is the winter season. Thus, the summer season
is drier, with excessive sun light and evaporation. Relative humidity is around 50%. Although all
crop types can be grown on the plain, the main products are cotton, corn, wheat, barley, cereals and
viniculture. The coastal areas which have become very salty due to poor drainage conditions are
used as pastures. The texture of the soil is mostly medium and the soil profile is very deep. Gediz
river floodings have created plain fields, levees and geomorphologic depression formations in its
surroundings. Soil texture and distribution of the soil moisture on the Menemen Plain is coherent
with these geomorphological formations. While clay texture is dominant in depression fields, levee
lands are sandy and the flood plains have a loamy texture. The area has a smooth micro relief with
an approximate slope of 1 %. In the large part of the study area, where the fields were prepared for
cotton and corn farming, the actual planting (seeding) started at the beginning of May 2006. The
study area was unplanted except for winter crops which are wheat and barley. The surface rough-
ness of the study area is homogeneous. In this season, since the area had not received enough rain
until the beginning of May, the soil moisture levels varied usually according to its water holding
capacity.
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Figure 1. Location map of the study area
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3 DATA USED AND METHODOLOGY

3.1 Data

In order to validate the above concept, the image data used in this study were acquired by the EN-
VISAT-ASAR, ALOS-PALSAR and SPOT-2. SPOT-2 satellite image of 14 May 2006, ENVI-
SAT-ASAR satellite image of 11 June 2006 and ALOS-PALSAR satellite image of 10 June 2006
that include agricultural fields of Menemen Plain were used. The ASAR (Advanced Synthetic
Aperture Radar) operates in the C band. It can acquire images in both single and dual polarizations
as HH, HV, and VV. The incidence angles vary between 15 ° and 45° (Baghdadi et al. 2006). For
this study a VV polarized image with the resolution of 12.5 m x 12.5m was selected. The PALSAR
(Phased Array L-band Synthetic Aperture Radar) operates in L band and acquires images in five
observation modes (Fine Beam Single (FBS), Fine Beam Dual (FBD), Direct Transmission (DT),
ScanSAR and Polarimetry). The incidence angles range between 18° and 55°. It can acquire data
in four polarizations (Rosenqvist et al. 2004). Fine beam mode with 6.25m x 6.25m resolution was
selected from the five different beam modes. The detailed description of the SAR data used is giv-
en in (Table 1).

ASAR PALSAR SPOT-2
Date 11/06/2006 10/06/2006 14 /05/2006
Sensor ASAR/IM PALSAR/FBS [ HRV/HRG
Pixel Spacing 12.50 m. 6.25 m. 20m
Orbit 2384 2010
Flight direction | Ascending Ascending
Processing PRI L1.5
Polarization VIV H/H
Swath I1S3-82 km 80 km 60 km
Incidence angle | 26-31.4 41.5 L29.6

Table 1. Properties of the SAR data

Cadastral maps in 1/5000 scale and topographic maps in 1/25000 scale were used for the rectifica-
tion of SPOT-2 data as the ancillary data. The orthorectified SPOT image and SRTM data were
used for the orthorectification of the SAR data.

3.2 Methodology

3.2.1 Image Fusion

Image fusion is an application dependent framework for making use of two or more complementa-
ry images/spectral bands of the same or different sensors for the same area, to get more information
which is not achieved using each image/band alone in order to enhance the quality of image inter-
pretation. Hall (1992), Genderen & Pohl (1994), Pohl (1996), Pohl & Genderen (1993, 1995,
1998), Wald (1998) and Simone et al. (2003) describe image fusion and its techniques in detail and
Kuplich et al. (2000) and Sun et al. (2003) assess the contribution of fusion techniques to rural and
urban land use classification.

In this study, two fusion methods have been examined for gamma filtered SAR images namely In-
tensity, Hue and Saturation (IHS), and High Pass Filter (HPF).
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IHS method separates the Intensity, Hue and Saturation components of a RGB image. Three bands
of an MS image are converted from RGB colour to IHS colour. Spatial frequency related I compo-
nent is replacing the high resolution image and back transformation IHS to RGB is required (Pohl
& Van Genderen 1998). The HPF fuses both spectral and spatial information with the band-
addition approach. Edge information is extracted from high resolution image and added pixel by
pixel basis to the low resolution one. High frequency component of the high resolution image is
concerned to spatial information. High pass filter of the high resolution image corresponds to the
high frequency component. In conclusion adding filter to the low resolution band, spatial informa-
tion content of the high resolution image replace and will be seen in the fused image (Bethune et
al., 1998).

In this study pre-processed images were fused. Three bands of SPOT images were merged with
each ASAR and PALSAR images. Resulting fused images were resampled to the resolution of
SAR images, i.e 8m. x 8m. for PALSAR and 25m. x 25m. for ASAR.

3.2.2 Statistical comparison of fused images

In order to evaluate the advanced spectral quality of the fused images, SPOT XS image is com-
pared with the produced fused images. Assessment analyses for each of the PALSAR-SPOT fused
image and ASAR-SPOT fused image were performed. Performing the increased interpretation ca-
pabilities, the spectral relationship between the original SPOT image and each of the fusion results
were compared to see the advances in the spectral quality. Correlation coefficient (CC), Standard
deviation (SD) and mean values were computed and compared in Table2.

Table 2. Statistical Comparisons of the fusion results

Image | Mean I SD | cc

SPOT

Bl 96.8084 | 37.2656

B2 76,9506 | 21,4078

B3 106,549 | 19.7607
THS-(PALSAR +SPOT)

Bl 71.1392 | 61.5873 0.576661
B2 50.802% | 51.6274 0.240118
B3 759.5988 | 50.0148 0.188911
THS-ENVISAT +5POT)

Bl 103.24 | 56707 0.675132
B2 82.3085 | 47.7533 0.486662
B3 111.423 | 45,9042 0.275237
HPF-(PALSAR +SPOT)

Bl 96.234 | 347693 0.956516
B2 76,4308 | 20,1752 0.950098
B3 106.016 | 18.5624 0.949144
HPF-(ENVISAT +SPOT)

Bl 96.2826 | 36.6429 0.976182
B2 76.4424 | 21.097% 0.973563
B3 106.037 | 19.4426 0.972617
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3.2.3 Land cover classification

Classification is the process of grouping pixels of images into patterns of varying gray tones or as-
signed colors that have similar spectral values to transfer data into information for determining
earth resources (Jansen 2004). In this study, supervised classification is applied to each fusion re-
sult using maximum likelihood classification. Intentionally, only the spectral information was used.
Same training areas were applied on each fusion result. It is aimed to see the spectral differences
caused by SAR images influencing the classification results. Additionally, 450 test samples for
each classified image were collected and treated separately. Due to the characteristics of the study,
fifteen landcover classes were defined, including wheat, summer crop, built-up, road, well devel-
oped (WD) pasture, weak pasture, scrub land, shadow scrub land, water surface, salt crust, moist
soil, dry soil, shallow sea, deep sea and meadow.

4 RESULTS

4.1 Accuracy Assessments of Classifications

The overall classification accuracy and the overall Kappa statistics results of the classified fusion
results and SPOT are given in Table 2. For the accuracy assessment process, 30 samples were cho-
sen for each land cover categories. The overall accuracy assessment of the images for SPOT,
SPOT-PALSAR fusion and SPOT-ASAR fusion were 67.11 %, 72.89 % and 64.89 % respectively.
Kappa statistics were calculated as 0.65, 0.71 and 0.62 respectively for the above order (Table 3).

The mixing of classes is considered to be the main implementation problem affecting the accuracy
of the classification process. As clearly seen from the variety of the land cover categories, this
study area has a heterogeneous structure (Table 3).

Although the salt crusts are classified with higher accuracy from the SPOT image, the borders of
the saltpans are recognized better in the PALSAR fused image.

The heights of the newly seeded summer crops are about 5-10 cm. These fields were classified bet-
ter in the fused images. The PALSAR fused image gave better results (about 10 %) than that of the
others.

In all the classification results, it was observed that well developed pasture areas were mixed with
the meadow and summer crops. Weakly developed pasture areas having low coverage percentages
were mixed with the bare soil in all the classified images. In both fused images, weakly developed
pasture areas were classified better (about 7 %) than the SPOT image. Scrublands not lying on the
hilly and shadow areas were classified about 14 % better with the PALSAR fused image than the
SPOT image.

In this study, the best classification was achieved using the fusion results of the PALSAR image.
The main contribution using the fused PALSAR image is in the recognition of the parcel borders
such as roads, canals, salt pans etc. Although road and built—up areas were mixing, both classes
were better defined in the PALSAR fused image. In addition, these objects were better recognized
by visual interpretations.

While the meadow which grows in wetlands was classified with the same accuracy using the SPOT
and PALSAR fused images, the water surfaces having different depths were classified better in
both PALSAR fused and ASAR fused images (i.e., 100 % and 87 % respectively).
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The soil was classified in the two groups depending on the moisture content. Both the moist and
dry soils were classified better with the fused images. Due to the L band of PALSAR image, PAL-
SAR fused images give best results for soil classes.

Class Hame Reference Classified Humb er Correct Producers Users
Acouracy Acouracy
Wheat 53 30 29 5472% 96.67%
Summer crop 20 30 14 7000% 46.67%
Weak Pasture 21 30 20 9524% B6.67%
WD Pasture 31 30 20 64 52% B6.67%
Serb 18 30 17 24 44%, 56.67%
Shadow scrub 23 29 23 100.00%% 79.31%
Road 16 30 10 6250% 33.33%
Bult-up 18 30 16 8889 53.33%
Meadow 25 50 16 54 00% 53.33%
Water aurface 14 30 12 B571% 40.00%%
Shallowr sea 39 30 25 64.10% 83.33%
Deep sea 23 30 22 I565% 13.33%
Moist soil 62 50 26 41 94% B6.67%
Dry soil 41 30 24 5854% 80.00%
Salt crust 46 30 28 B087% 93.33%
Total 450 450 302
S5POT Owerall Classification Acouracy = 67.11%
Overall Kappa Statistics = 0.6477
Wheat &0 30 29 4233% 96.67%
Sumumer crop 21 30 17 8095% 56.671%
Weak Pashire 24 30 22 ENE 73.33%
WD Pasture 29 30 20 6897% 66.67%
Scrub 26 30 21 B80.77% 70.00%
Shadowr scrub 16 30 16 100.00% 53.33%
Foad 22 30 12 Bl B2% 60.00%
Built-up 21 30 16 T6.19% 53.533%
Meadow 25 30 16 54 00% 53.33%
Water surface 39 50 30 T6S2% 100.00%
Shallow sea 32 30 24 7500% 80.00%
Deep sea 23 30 21 9130% 70.00%
Moist soil 45 30 28 6222% 93.33%
Dry soil 40 50 26 6500% B6.67%
Salt crust 27 30 24 EEEER 80.00%
Toatal 450 450 328
PALSAR+SPOT Owerall Classification Accuracy = 72.89%
Overall Kappa Statistics = 07085
Wheat 56 30 28 s000% 93.33%
Summer crop 21 30 16 TE19% 53.33%
Weak Pasture 24 30 22 EIEES 73.33%
WD Pasture 35 30 12 5143% 60.00%
Serab 14 30 12 B571% 40.00%
Shadow scrub 21 30 20 9524% 66.67%
Foad 20 30 13 6500% 43.33%
Built-up 19 30 13 B2 42% 43.33%
Meadow 26 30 10 3846% 33.33%
Water surface 45 30 26 5778% 86 .87%
Shallowr sea 33 50 22 BE AT 73.353%
Deep sea 20 30 20 100.00%% 66.67%
Moist soil 49 30 27 5510% 90.00%
Dry soil 36 30 22 B111% 13.33%
Salt crmst 30 30 23 TERTY T6.61%
Toatal 450 450 292
ENVISAT+SPOT Owverall Classification Acouracy = 64 .89%
Overall Kappa Statisties = 06239

Table 3. Accuracy assessments of classifications
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4.2 Visual comparisons

Among the three classification results, the fusion of PALSAR and SPOT gives better visual inter-
pretation results which also contribute to the accuracy of classification. Roads and built-up areas
are recognized better. Especially canals and roads between the agricultural fields are observed bet-
ter (Fig. 2). In the PALSAR fused image, classification of the parcel borders were defined accurate-
ly (Fig. 3). Although the salt crusts are classified with higher accuracy from the SPOT images, the
borders of the saltpans are recognized better in PALSAR fused image (Fig. 4).

| PALSAR #SPOTH
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'II -~ i : F )
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PALSAR + SPOT ENVISAT + SPOT

Figure 3. Parcel borders in classified images
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SPOT PALSAR + SPOT ENVISAT + SPOT

Figure 4. Recognition of salt crust in classified images
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5 CONCLUSIONS

In this study, we aimed to see the influence of fusion approaches on the classification accuracy us-
ing different algorithms and different images for the same area. For this purpose, contribution of
SAR images to optical images in defining land use types (natural products and textures) was inves-
tigated. Since HPF fusion technique gave better result statistically and visually than IHS, HPF fu-
sion technique was chosen. Than 1,2,3 band combination of SPOT-2 images were fused with each
PALSAR and ASAR SAR data. The fusion results were classified using the Maximum Likelihood
Classification method.

The results showed that the PALSAR fused image gave better classification accuracy among all.
Roads, canals and built-up areas were classified with a higher accuracy which is useful for defining
parcel borders. In addition, water surface was classified with 100% accuracy with the PALSAR
fused image. These are important contributions since they help defining agricultural inventories.
Furthermore, both the moist and dry soils were better classified with the fused images. Due to the L
band of PALSAR image, PALSAR fused images gave best results for the soil classes.
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ABSTRACT: Didim peninsula is the fattest growing urban area in the Aydin province, Turkey.
Since 1990, the Town of Didim has changed significantly after discovered by domestic and in-
ternational tourist. In spite of the recent rapid LULC change, Didim has not been spoiled com-
pared to other big touristic towns of Turkey. Didim has been announced as “Tourism hot spot” in
2000, thus its planning is overseen by the Ministry of Culture and Tourism. Monitoring of the
Didim’s development is necessary to guide the Ministry in promoting sustainable planning
guidelines. The present work aims to determine the characteristics and the amount of urban
growth in Didim by using remote sensing and GIS technology. Already rectified Aster (dated
04/27/2005) and Spot 2X (03/02/1994) images were used as well as the population information,
aerial photographs, city plans and thematic maps from previous studies. Object oriented classifi-
cation technique is employed. Some complementary information is extracted from aerials and
maps by on-screen digitization. Total of 16 LULC categories are defined. After, putting all in-
formation in the GIS database, the pattern of landscape change in Didim is described by using
selected landscape metrics. The case study of the Town of Didim offers a good example of the
impact of national policies on land use dynamics at local landscape scale. The findings indicate
three simultaneous key trends: loss of coniferous forests, the thinning of the maqui vegetation
cover, and intensification of urban areas on valuable class II type of soils. Identified trends have
significant consequences in terms of the response that ecosystems have given to these anthropo-
genic landscape alterations. A strategy to promote sustainable land use management should be
generated timely manner.

1 INTRODUCTION

The present work aims to understand the urban growth pattern of Didim and its ongoing effects on
the local landscape characteristics by using remote sensing technology. Surrounded by very sensi-
tive ecosystems, the Town of Didim is the fastest growing urban area in the Aydin province, Tur-
key. Monitoring of its growth is necessary to take actions to mitigate the adverse effects on these
ecologically important areas.

Examples of using remote sensing technology to understand the land use /land cover dynamics are
gaining popularity among the scientists in Turkey. Doygun (2005) investigated the consequences
of the urban development in the fourth biggest metropolitan area of Turkey, and found out that
Adana and its surroundings experienced 107.58% urbanization between 1984 and 2000, and agri-
cultural lands decreased 34% due to this development. Another research on the coastal areas of the
same geography displayed that the expansion of agricultural practices over ecologically sensitive
natural areas was evident, and urban settlements continued to grow mostly at the expense of prime
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agricultural land in their close vicinity (Alphan & Yilmaz 2005). In a rapidly developing; heavily
industrialized city of Bursa, Aksoy & others (2004) found out that 3006.1 ha of agricultural land
was converted to urban uses corresponding with a 73.9% change between 1984 and 1998.

Maktav & others (2002) investigated the urban growth in the Buyukcekmece, Istanbul area be-
tween 1984 and 1998 by using satellite images, ancillary data and remote sensing technology.
Their results indicated approximately 288.2% overall population increase in 14 administrational
units of the central district. In this period, due to the migration that is triggered by industrialization,
the urban area expanded approximately 20% as a detriment of the open systems and agricultural
lands.

There has been no previous attempt to understand the landuse/landcover (LU/LC) change dynamics
of rapidly growing Didim area. Obviously, remote sensing and GIS technology could be an effec-
tive tool in this endeavor. Spreading to almost 300 square kilometers, Didim is shaped as a penin-
sula surrounded by Mugla and large inlet of Akbuk on the east, Aegean Sea on the west and south,
and legally protected Bafa Lake Nature Park on the north east, and the Big Meander Delta National
Park on the north (Fig. 1).
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Figure 1. Study area, Town of Didim

Didim was a small village for a long time whose economy relied on agriculture that was conducted
on relatively unfertile soils of the peninsula. Since 1990, Didim has changed significantly after
discovered by international tourists who seek a modest vacation in nice climate and beaches. The
blue flag holder Altinkum beach, various ancient remnants such as Temple and Oracle of Apollo,
and comfortable weather especially soothing for asthma patients are some of the major reasons why
Didim became an attractive place for tourists.

When the Altinkum beach has started to be famous around the country in 1980s, people mainly
from Ankara and other Anatolian cities rushed here to have summer houses. When Turkey's econ-
omy started to decline those people found very hard to survive in the big cities, most of the summer
house owners, who were mainly retired people, have decided to move into Didim. This has initiated
the development. Subsequently, agricultural lands have gained development status, whilst more
people from larger cities hunted for opportunities to settle. Summer houses, hotels, resorts, restau-



H. Esbah et al. / Urban growth pattern of Didim 167

rants and bars mushroomed. In late 1990s, after the regulation which enables foreigners to own
property in Turkey became effective, a great number of Europeans (British mostly) started to buy
houses and land in Didim, thus the real estate sector grew significantly. In 2000s, Didim has been
registered as a “Cultural and Tourism Protection and Development Region” by the Ministry of Cul-
ture and Tourism, which means the Turkish Government has designated it as an investment area
and there are plans for a fully operational marina, golf courses, sports centers and 5 star holiday vil-
lages. Today, Didim has a bed capacity of 15.000 in 200 facilities either certified by the Ministry
or by the Municipality. Not only, are property values rising dramatically as foreign buyers follow
the lead, but also the urbanization is escalating. This is changing the social, ecological, and eco-
nomic characteristics of the town. Understanding and monitoring of the Didim’s development is
necessary to guide the Ministry in promoting sustainable planning guidelines.

2 MATERIALS

This study utilizes 1:25000 scale topographic maps and soil maps. Existing GIS data from the For-
est service and other institutions are also used along with paper maps obtained from the Munici-
pality. Already rectified Quickbird (dated March 05, 2006), Aster (dated April 27, 2005), and
Spot2X (dated March 03, 1994) images are used for the classification and the accuracy assessment.
Also, 1: 35000 scale, August 1993 dated black and white aerial photographs are used for the visual
interpretations and guiding the accuracy assessment of the Spot data.

3 METHOD

Overall workflow of this study is five fold: Literature review, site studies, analysis of population
change, objects based classification, and analysis of landscape structure. Population is a land re-
source impact indicator. Population analysis reveals information with regards to the density of new
urbanization. Data obtained from the state statistical institute is utilized for the analysis. Also, on
site interviews with the officials and the inhabitants generated further understanding of the popula-
tion characteristics.

Before starting the object oriented classification, based on the literature review, site visits and scru-
tinizing the existing material 16 landuse/land cover (LU/LC) classes are defined: 1- Conifer (Con-
iferous forest), 2- Maquis 1 (dense and tall maqui cover), 3- Maquis 2 (moderately dense, %60
coverage), 4- Maquis 3 (maqui formation with %10-60 coverage), 5- Garique (discontinuous, low,
bushy associations), 6- Young forest (naturally growing new forest), 7- Sparsely vegetated
(steppes, tundra and badlands), 8- Croplands, 9- Groves (Olive, Citrus, Plum plantations), 10- Ar-
tificial surfaces (buildings and impermeable surfaces), 11- Salt marshes (salines), 12- Coastal vege-
tation (vegetated areas above the high tide line), 13- Grassland (Grasslands, moors and heath lands)
14- Bare rock, 15- Water, 16- Cloud .These classes do not represent functional meanings (as in the
case of industrial, open space, park and so fort), but rather physical attributes. This approach in de-
fining the classes seems more reasonable because information stored in the remote sensing data is
about the physical characteristics (spatial and spectral) of the earth

3.1 Object based classification

Object based classification focuses on homogeneous image objects (the group of pixels) rather than
individual pixels (Baatz et. a/ 2001, Platt R. V. et.al. 2008). It not only uses spectral information (as
in the case of pixel based supervised or unsupervised classification approaches) but also utilizes
spatial information. Three major steps exist during the procedure:

1- Segmentation: It is also called multi resolution segmentation. For the classification, 3
bands of VNIR in Aster data and 3 bands of Spot 2X are used along with DEM and Aspect layers
First, the scale parameters, and then, the homogeneity criteria and shape ratio are identified. Scale
parameter is important as it affects the size of the object polygons. Scale factor for this study is de-
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termined as 10 and 20. Attributes such as color, shape, area and so on are included in the attribute
table.

2- Defining the training samples and applying classifier: Based on the ground data gathered
by GPS, and Quickbird images sets of training samples are defined for each LU/LC type of the
study. Standard nearest neighbor classifier has been chosen for describing the training samples.

3- Classification: After segmentation and obtaining training samples, a very straightfor-
ward classification procedure is run in the Definiens Professional 5.0 software. The preceding two
steps were repeated few times with minor modifications until the acceptable accuracy (defined as
80% at the beginning of the study) was attained.

An accuracy analysis was performed by using reference data. In addition to ground data,
Quickbird image and the black and white aerials were used to test the accuracy of the classifica-
tions from Aster and Spot images, respectively. An equalized random sampling method was used
to generate 800 random points (50 points in each class) in the Erdas Imagine 8.7 software. Error
matrices that describe the patterns of mapped class relative to the reference data were generated,
from which the overall accuracies, users and producers accuracies, and Kappa statistics were de-
rived. 81.68% (Kappa: 0.8029), and 80.14% (Kappa: 0.7857) overall classification accuracy is ac-
quired for 1994 Spot 2X and 2005 Aster data, respectively.

3.2 Landscape structure indices

In order to further understand the characteristics of the landscape change two levels of landscape
structure metrics are utilized: Class and Patch Level. At the class level, which is dealing with
attributes of the each LU/LC class, Proportion of Landscape metric is utilized. Proportion of Land-
scape measures the proportion of a certain LU/LC type in the landscape. At the patch level, which
is dealing with the patch dynamics in a certain LU/LC class, Number of patches and Mean patch
size metrics are used. Size is an important parameter for species richness and survival; more avail-
able the suitable habitats, higher the chances for populations to persist in altered habitats (Groom et
al. 2005). ArcGIS 9.2 software was used for the landscape structure analysis.

4. RESULTS
4.1 Population change

The population of the town tripled between 1985 and 2007 (Table 1). Today, Didim’s population
is 39549. In Batikoy, population has declined continuously and dramatically. Because most of the
land in this district is within the borders of the national park, any kind of development is restricted
hence leading people to move out to other areas of the region. Population decrease has also oc-
curred in Balat and Akkoy districts within a 22 year period, probably due to the same reason. How-
ever, further the national park and closer to the central business district Didim, lower the rate and
amount of decline.

Table 1. Population change in Didim

DISTRICT POPULATION

1985 1990 1997 2000 2007
Balat 1664 2002 1367 1673 1259
Akkoy 1281 1459 1233 1749 1116
Yenikoy 2066 2374 2425 2442 2522
Akbuk NA 2046 1994 2965 2657
Batikoy 1037 940 244 578 249
Didim 5063 11378 20797 25699 31746

Source: State Statistical Institute (DIE) Reports, 1985 and 2008
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On the other hand, the district of Didim has experienced a significant population growth accele-
rated after 1997. This population lives there year around, hence generating demand for different
sectors such as service, government, health etc. The second major developed urban area, Akbuk,
does not follow the Didim’s trend, because most of its facilities are used seasonally. The popula-
tion of Akbuk has increased slightly between 1990 and 2007 with ups and downs in different pe-
riods. Yenikoy is a relatively rural district with a slight but steady population increase. Here,
people engage in agricultural activities more than tourism, though since 2004, the bed and breakfast
type of establishments has emerged. When the marina and other investments proposed in the Min-
istry’s plan is finished, a major population increase (almost 1000%) is anticipated.

4.2 Landuse/Landcover changes

In 1994, the landscape was dominated by garigue cover on the central part of the study area. Con-
ifer forests and tall maqui (Maquis1) habitats was mostly on the eastern part, in the Akbuk vicinity.
Agricultural areas were mostly on the northern part of the study area, where the soil is relatively
more fertile and irrigation is possible from the Big Meander River.

By 2005, the garigue cover has changed to maqui cover (mostly Maquis2 and Maquis 1). This vi-
sually significant change is attributable to a major fire took place in the peninsula few decades ago:
the recovering landscape had developed more of a garigue structure by 1994 and this cover evolved
to be maqui type of cover by 2005. Also, to some extend, the time of the satellite data could contri-
bute to this change. On the east part of the study area, the decline of the conifer forests is evident
and the transformation from forest to garigue is striking. Fires and the edge effects generated by
the urban development and lack of sustainable planning in Akbuk are the main cause of this
change.
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Figure 2. Distribution of artificial surfaces in relation to soil classes.

In fact, an unsustainable development prevails in the study area in general. For example, the major-
ity of the Town of Didim is on class VI and VII soils, nevertheless, the recent development mostly
has took place on the agriculturally important II class soils, which is already very scarce (corres-
ponding only to the 5.84% of the soils in the study area) (Fig. 2).
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In 1994, the landscape matrix was very heterogeneous (Table 2). Crop fields covered %18,86 of
the landscape. The second biggest LU/LC was garigue followed by Maquis 1 and Maquis 2.
Grasslands, which experienced the highest amount of decline by 2005, were the fifth major LU/LC
class in the landscape. Other land cover classes constituted the rest of the landscape (28.06%). In
this, the share of the artificial surfaces was only 3.03%.

Table 2. Proportion of landscape

LU/LC 1994 2005
(%) (70)
Conifer 2,01 1,75
Maquis1 13,80 9,19
Maquis2 13,76 27,88
Magquis3 5,31 6,43
Garigue 14,36 10,23
Young Forest 0,01 0,36
Sparsely vegetated 1,59 1,59
Crop Land 18,86 20,76
Groves 3,12 1,48
Artificial surfaces 3,03 6,30
Salt Marshes 4,72 4,05
Coastal vegetation 1,92 2,87
Bare Rock 3,37 0,14
Water 2,00 1,97
Grassland 11,17 5,01

In 2005, Crop lands were no longer the leading LU/LC type (Table 2). Instead, Maquis 2 type of
habitats became the most dominant in the matrix. This is due to decline in the Maqui 1 and garigue
habitats. A 33.38% and 28.76% decline has occurred in the Maquil and Garigue categories, re-
spectively. Maquil areas, which comprise very dense and tall maqui vegetation, has turned into a
less dense maqui cover during time, thus looking more like Maquis 2 type. This thinning of vege-
tation cover has occurred especially on the areas close to urban developments. This is a very clear
sign of edge effects. Garigues, that was generated after the fire in 1980s, changed its structure as
the vegetation formation became more continuous. These areas turned predominantly into Maquis2
and Maquis 3 habitats, some of them are also converted to artificial surfaces. In fact, the share of
artificial surfaces doubled with in an 11 year period.

Class level analysis has showed increase in the Maqui2 type areas, not only the total area of such
habitat has increased but the number of its patches and mean patch size. Even though, the share of
the agricultural land has increased in the overall landscape, a slight decline occurred in their patch
number but the mean patch size increased (Table 3). In the total landscape, the most fragmented
habitats were Maquis3 and sparsely vegetated areas indicated by increasing numbers of patches but
decreasing patch size. By looking at the numbers we can say that the shrinkage and attrition stages
of land transformation are in effect for these habitats. The priority should be given to their preser-
vation.
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Table 3. Patch number and patch size
Number of Mean patch size

patches (ha)
TYPE 1994 2005 1994 2005
Conifer 84 50 9,28 13,51
Maquisl 409 141 13,07 25,26
Maquis2 338 434 15,77 24,90
Maquis3 167 253 12,32 9,84
Garigue 349 396 15,96 10,01
Young forest 1 12 5,05 11,69
Sparsely vege- 75 129 8,21 4,75
tated
Cropland 263 256 27,78 31,43
Groves 201 96 6,01 5,96
Artificial  sur- 115 227 10,22 10,76
faces
Salt marshes 82 65 22,32 24,14
Coastal vegeta- 155 219 4,80 5,08
tion
Cloud 17 0 22,25 0,00
Bare rock 214 39 6,10 1,36
Water 453 414 1,70 1,84
Grassland 407 185 10,63 10,49

5. CONCLUSION

This study attempted to display the LU/LC change as a function of urban growth in the Town of
Didim between 1994 and 2005. Within an 11 year period, the population has changed almost 1.4
times, but the artificial surfaces associated with urban growth doubled. Current growth pattern dis-
plays unsustainable use of the resources: Most of the development takes place in ecologically and
economically important and also vary rare Class II type of soils; forest and dense maqui vegeta-
tions loose their structure transforming to a thinner cover. Fragmentation process also may be in
effect in the study area as indicated by the patch number and mean patch size values.

The case study of the City of Didim offers a good example of the impact of national policies on
land use dynamics at local landscape scale. Land conversion and increase in population density
have been accompanied by sprawling urban pattern and fragmentation in open systems. Identified
trends have significant consequences in terms of the response that ecosystems have given to these
anthropogenic landscape alterations. A strategy to promote sustainable land use management
should be generated timely manner.
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ABSTRACT: Due to the complex spatial structure of the earth surface, obtaining a detailed and
accurate land use/land cover (LULC) classification results with satellite data have still been
problematic. The overall goal of this research is to compare the pixel based and object oriented
image classification approaches in terms of the overall accuracies and robustness of the final
classification product. An Aster image, dated 4/27/2005, with 3 bands from spectral regions of
VNIR is used to perform the LULC classification for 16 different LULC classes. Ground truth
data are collected from field surveys, available maps and Quickbird images.In pixel-based image
analysis, supervised classification is performed by using maximum-likelihood classifier in Erdas
8.7. Object-oriented image analysis is conducted by utilizing Definiens Professional 5.0: The
segmentation algorithm does not solely rely on the single pixel value, but also on shape, texture,
and pixel spatial continuity. During the implementation, several different sets of parameters were
tested for image segmentation, 20 was selected as a scale parameter and nearest neighbor was
used as the classifier. At the end, the performance of pixel based and object-oriented classifica-
tions are compared based on the accuracy assessment results.

1 INTRODUCTION

Land use and land cover maps are very important data for landscape planners analyzing landscape
dynamics. Remote sensing techniques are valuable tools to get efficient information about different
LULCs. However, attaining an accurate and reliable results are challenging due to the complex
structure of the earth’s surface. In this paper, we compared the performances of more traditional
pixel based and relatively recent object oriented classification techniques in a very heterogeneous
Mediterranean landscape.

Pixel based approach is a classic approach that is based on conventional statistical techniques, such
as supervised and unsupervised classification. The basic unit in the pixel based approach is a single
pixel that has spectral information (Matinfar et al. 2007). Generally, earth objects like vegetation,
water, buildings etc. have different spectral properties that can be assigned by this approach. But
pixels within an image can represent more than one land cover on the ground. Therefore, mixed
pixels problems in the images has been major handicap for obtaining accurate classification result
(Thornton et al. 2006).

Object based classification classifies homogeneous image object (the group of pixel) rather than
individual pixel (Baatz et al. 2001, Platt R.V. et al. 2008). The basic step of an object-oriented ap-
proach is the segmentation procedure, or grouping of neighboring pixels into meaningful, homoge-
neous patches (i.e. image objects). These objects might be agricultural parcels, roads, houses, water
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bodies, conifer cover, saline surfaces, and so on. Scale parameter is a unit-less index that describes
the level of aggregation. They carry also reflectance, texture, size of object, form (spatial features)
and topology information in a common attribute table (Manakos 2001, Pillai 2005, Mathieu 2007).
These two approaches have been applied and compared by utilizing different satellite images (Mitri
& Gitas, 2004), urban mapping (Thomas 2003, Chen et al., 2007), forest type classification (Sha-
taee et al. 2004), mapping vegetation communities (Mathieu 2007), bare soil brightness mapping
(Brodsky 2006), and coal fire research (Yan, 2003). In general, object based classification method
yielded better results in comparison to pixel-based classification method. Matinfar et al., 2007 ap-
plied the object-oriented and pixel-based classification methods on Landsat ETM data for mapping
LULC. The results showed that the object-oriented approach gave more accurate results compared
to pixel based classification method. In this study we aim to test the performances of pixel and ob-
ject based classifications by using Aster data. This work is a part of an ongoing research on under-
standing the LULC dynamics in the two legally protected areas and its surrounding landscapes in
western Turkey

2 STUDY AREA

The study area is located in the south-west part of Aydin province, on the western coast of Turkey.
It comprises Dilek Peninsula- Big Menderes Delta National Park and Bafa Lake Nature Park and
their 10 km surrounding areas. It covers an area of approximately 152800 ha The major land cover
types includes forests, shrublands, agricultural areas, olive plantations, urban areas, coastal wet-
lands, water bodies, etc. (Fig. 1).

|

I Bafa Lake

| | Bata Protected Area

| Dilek Peninsula Maticnal Par
L] Study Area

Figure 1. Study Area

3 DATA

Ortho-rectified Aster image, dated 4/27/2005, with 3 bands from spectral regions of VNIR is used
to perform LULC classification. Normally, Aster has tree sensor system which is Visible Near
Infrared (VNIR), Short Wave Infrared (SWIR), Thermal Infrared (TIR). VNIR band with 15 m.
resolution provides information on common land cover features such as water, soil, and vegetation.
On the other hand, SWIR bands, which have 30 m spatial resolution, are especially advantageous
for discrimination of rocks and minerals and TIR bands, which have 90 m spatial resolution, are
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advantageous for detecting different kind of rocks such as limestone and sandstone (Yan 2003).
Furthermore, Digital Elevation Map (DEM) and Aspect layers are taken into consideration to ob-
tain better classification results. Ground control points and ground truth data are collected using
Magellan GPS. For accuracy assessment, Quickbird images are used as the reference image.

4 METHOD

Main procedures of our work include; image pre-processing, image classification; maximum like-
lihood supervised classification for pixel based classification, and nearest neighborhood classifica-
tion for the object base classification, and accuracy assessment.

4.1 Pre- processing:

In order to obtain more accurate results, before the classification procedures, ortho-rectified Aster
image was atmospherically corrected using dark pixel subtraction method. The Aster VNIR (1, 2,
3) bands, DEM and Aspect layers are added.

4.2 Classifications

4.2.1 Land Use and Land Cover Classes

Before classification, land cover types have been defined referring to CORINE land cover nomen-

clature. The details of the classes are given in Table 1.

Table 1. Defined LU/LC classes in the study

No | Land Use/ Land Cover Corine Explanation
Classes
(1.1.) Urban fabric (1.1.1.), Continuous urban fabric surfaces
P (1.1.2.), Discontinuous urban fabric (1.2.), Industrial, commer-
1| Artificial surfaces 1.0 cial (1).2.1.), Industrial or commerciag uni)ts and transport units
(1.2.2.), Road and rail networks
2 Agricultural areas 2,1 Arable Land (Cotton, Corn, Wheat, etc...)
3 | Permanent crops 2,2 Species; Citrus, Peach , Fig, Olive Species.
4 Coniferous forest 3,1,2 Pinus brutia and Pinus nigra are intensive in the area.
5 Na.t ural grassland vege- 3,21 Grasslands, moors and heath lands.
tation
Dense Maquis, the species are about 2m height and with 70%
coverage, rarely pinus species have been seen. Species; Pistacia
6 | Maquisl 323 1 terebinthus,Q. coccifera, Arbutus unedo, A.andrachne, Caste-
neum ipsicum, Ceratonia siliqua, Cercis siliquastrum, Laurus
nobilis, ...
Moderate dense; The species are lower than 2 m height, with
7 | Maquis2 3232 60% coverage. Species; Q.coccifera, Juniperus phoenica, J. Oc-
cicedrus, Olea europe, Phyleria latifolia.
Less dense; The species are lower than 2 m height, with 10 to
8 | Maquis3 3233 60% coverage. Species; Q.coccifera, Sparteum junceum, Cistus
parvifolia.
Discontinuous bushy associations of the Mediterranean calca-
9 | Gariques 323 a reous plateaus. Species; Q. cerris, Sarcopoterium sipinosum,
Thymus , Cistus sp.
. Bushy or herbaceous vegetation with scattered trees. Can
Transitional woodland . .
10 shrub 3,2,4 represent either woodland degradation or forest regenera-
tion/colonisation.
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11 Open spaces with little 33 Rocky and bare areas.
or no vegetation

Scree, cliffs, rocks outcrops, including active erosion, rocks and

12| Bare rock 3,3.2 reef flats situated above thlz, high-watefr; mark.

13 | Sparsely vegetated areas | 3,33 Includgs steppes, tundra and badlands. Scattered high-altitude
vegetation.
Vegetated low-lying areas, above the high-tide line, susceptible
to flooding by sea water. Often in the process of filling in, grad-

14 | Salt marshes 4,2,1 ually being colonised by halophilic plants..Species in the area;
Salicornia sp., Tamarix sp, Juncus acutus, Arundo donax, Scir-
pus sp....

15 | Salines 4,22 Salt-pans, active or in process of abandonment.

16 | Water 5,0 Sea, lake, coastal lagoons, river.

17 | Cloud*

4.2.2 Pixel Based Classification
In pixel-based image analysis approach, supervised classification was performed using maximum-
likelihood algorithm (Figure 2). ERDAS 8.7 was used for the procedure. Supervised Classification
is based on a set of user-defined spectral signatures to classify an image. In our research, the spec-
tral signatures are derived from training areas, which are evaluated according to data from land
surveys such as ground truth points, photos and higher resolution images such as Quickbird images.
After specifying the spectral signatures, the maximum likelihood supervised classification was per-
formed. Maximum Likelihood (ML) is a standard pixel based approach that classifies pixel accord-
ing to the multivariate probability density functions of the classes of interest (Lillesand & Kiefer
1994). To overcome the salt-pepper effect, supervised classification map has been filtered with 3x3
kernel size.

ASTER VNIR I
2005

| v ]
| Pre processing of the image [
Selection of training areas Multiresolution segmentation

Creating spectral signature Selection of the training areas

¥

¥

UONEIYISSEPD 9SEQ [9XI] e

Supervised Classification
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uonedISSe[D Paseq 18[00 g

¥
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Classification
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4

Map of Land use/landcover

Figure 2. Flow diagram of the classification procedures
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4.2.3 Object based classification

Object-oriented classification has at least four components (Figure 2). The first step is a multi-
resolution segmentation of the image. The segmentation was applied to the 3 spectral bands and 2
extra bands including DEM and aspect information in order to create pixel based objects. After
testing some parameters for segmentation, suitable two levels are applied for our study using the
following parameters: for the level 1, for scale factor 10, 0.8 for color, 0.2 for shape, 0.2 for com-
pactness, 0.8 for smoothness, for the level 2, for scale factor 20, 0.7 for color, 0.3 for shape, 0.5 for
compactness, 0.5 for smoothness and a diagonal pixel neighborhood. According to spatial and
spectral properties of the image, homogenous polygons are created by segmentation with given pa-
rameters.

In the second and third steps, training samples were selected according to the ground control points
and the standard nearest neighbor classifier was applied. Finally, a straightforward classification
was performed by the software.

4.3 Accuracy Assessment

An accuracy assessment of the classification results was performed using reference data created
from visual interpretation of the Quickbird image data. The ASTER VNIR data were also ex-
amined during the assessment process to minimize reference dataset error. An equalized random
sampling method was used to generate the random points in the software of Erdas Imagine 8.7. A
total number of 850 random points were sampled, with at least 50 random points for each class. Er-
ror matrices that describe the patterns of mapped class relative to the reference data were generated,
from which the overall accuracies, user’s and producer’s accuracies, and Kappa statistics were de-
rived to assess the accuracies of the classification maps (Table 2).

5 RESULT

Final LULC maps are presented in Figure3. An evaluation of the overall results of the accuracy as-
sessment clearly shows the advantage of using object based classification method: The overall ac-
curacy for the object based classification (77.06%) is higher than that of the pixel based classifica-
tion 73.06%. Also, The Overall Kappa Statistics are also higher for the object based classification
7562%).

With regards to the evaluation of each individual class, the Kappa statistics yields better results
with OBC for artificial surfaces, agricultural areas, maquisl&2, Garique, Open spaces, sparsely
vegetation, salt and marshes. On the other hand, PBC gives better results for permanent crops, con-
iferous forest, natural grassland, maquis3, and bare rock.

The result of the user’s and producer’s accuracy also varies by individual classes. Producer’s accu-
racy of pixel based classification has been higher in artificial surface, coniferous forest, natural
grasslands, bare rock and salt-marshes. However, it is lower in permanent crops, coniferous, Ma-
quis1&2, open spaces, salines. Additionally, the producer accuracy of the agricultural land has
been too low for both classification methods.

User’s accuracy of pixel based classification has been higher in permanent crops, coniferous for-
est, natural grassland, maquis3, bare rock and salines, however, it is lower in artificial surfaces,
agricultural areas, maguisl &2, Gariques, open spaces, sparsely vegetated areas. Generally, user’s
accuracy of permanent crops, young forest and salt- marshes have been too low for both methods.
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Figure 3. Pixel based classification map (A), Object based classification map (B)
Table 2. Accuracy assessment results.
Pixel Based Classification Object Based Classification
No Land Use/ Land Cover | Producers | Users Kappa | Producers | Users Kappa
Accuracy | Accuracy Accuracy | Accuracy
1 Artificial surfaces 77.78% | 56.00% |0.54 73.91% | 68.00% |0.66
2 Agricultural areas 39.47% | 90.00% |0.88 41.82% | 92.00% |0.91
3 Permanent crops 91.43% | 64.00% |0.62 92.00% | 46.00% |0.44
4 Coniferous forest 100.00% | 92.00% |0.92 100.00% | 84.00% |0.83
Natural grassland vegeta-
5 tion association 84.62% | 88.00% |0.87 75.00% | 66.00% |0.64
6 Maquisl 60.94% | 78.00% |0.76 74.14% | 86.00% |0.85
7 Maquis2 50.00% | 68.00% |0.65 70.49% | 86.00% |0.85
8 Maquis3 71.15% | 74.00% |0.72 65.38% | 68.00% |0.66
9 Gariques 68.85% | 84.00% |0.83 68.18% | 90.00% |0.89
Transitional ~ woodland
10 shrub 86.36% | 38.00% |0.36 96.77% | 60.00% |0.58
Open spaces with little or
11 no vegetation 53.49% | 46.00% |0.43 95.12% | 78.00% | 0.77
12 Bare rock 85.42% | 82.00% |0.81 83.72% | 72.00% |0.71
13 Sparsely vegetated areas 78.72% | 74.00% |0.72 81.63% | 80.00% |0.79
14 Salt marshes 96.55% | 56.00% |0.54 87.18% | 68.00% |0.66
15 Salines 88.89% | 80.00% |0.79 94.59% | 70.00% |0.69
16 Water 100.00% |100.00% | 1.00 100.00% | 98.00% ]0.98
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5 CONCLUSION

Attaining a high overall classification accuracy is challenging, when we are dealing with very hete-
rogeneous landscape characteristics. Object based classification method is promising in this endea-
vor, if the most appropriate segmentation parameters are applied. Pixel based classification method
has clear advantages when classifying coniferous forest, natural grassland, low density maquis and
bare rock cover. A hybrid (supervised and unsupervised) classification method would yield more
satisfying results, however this is left to the future research. Regardless of the method, the success
of any classification relies on detailed knowledge of the satellite data and characteristics of the
landscape in hand.
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ABSTRACT: Oil spill discharges have serious biological and economic impacts upon the marine
environment. One of the most hazardous land-based threats with an estimation of 110,000 barrels
of oil discharges was occurred in the Lebanon coast of the eastern Mediterranean Sea recently.
Because of not enough cleaning activities, the oil pollution has spread 100 miles along the coast
and effected also to Syria’s shoreline. Depending on the wind and current condition, the spilled
oil could also be a big threat to other neighborhood countries such as Turkey, Greece, and
Cyprus.

It is necessary to identify some features such as the type, areal extent, position, (nearest ship
position if any), the possibility percentage for the oil spill analysis. For this purpose, satellite-
based oil pollution monitoring systems are being used to take precautions and even to determine
the possible polluter. Today, Synthetic Aperture Radar (SAR) satellites are often preferred to
optical sensors due to the all-weather and all-day capabilities and being used to detect the oil
spills discharged into the sea with sufficient accuracies.

In this study, Radarsat-1 images covering Lebanon coasts acquired by ITU-CSCRS (Istanbul
Technical University — Center of Satellite Communication and Remote Sensing) during the event
were employed for oil spill analysis. After some required image enhancement and transformation
techniques such as spatial filtering and extraction of textural features based on gray level co-
occurrence matrix (GLCM), the oil spill areas were determined by supervised classification
using Generalized Linear Model (GLM). Genetic Algorithm (GA) was used to optimize the
parameters of the GLM.

1 INTRODUCTION

The increase and development in the marine transportation began to be an important factor for the
oil pollution of maritime environment both socially and economically. The amount of oil spilled
annually worldwide has been estimated at more than 4.5 million tons (Bava et al. 2002). Illegal oil
spills at sea occur during tanker and cargo ship operations, where ballast waters, tank washing
residues, fuel oil sludge and machinery space bilge deliberately are discharged into the sea (Maar
et.al. 2003; Harahsheh ef al. 2004). The %30 of international marine trade takes place among the
ports of Mediterranean and nearby seas. As the world’s %28 of the petroleum transport passes
through Mediterranean, the %50 of the total transportation is considered to be risky and dangerous.
Every year nearly 20.000 tons of petroleum leaks to Mediterranean from the surrounded 60 oil
refining plants as a result of consciously or unconsciously accidents (Giinel 2004).

Therefore to detect and monitor oil spills at sea is becoming increasingly important due to the
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threat that such pollution poses to marine ecosystem. Today, remote sensing technology is being
used for this purpose over the past decade. Synthetic Aperture Radar (SAR) satellites are often
preferred to optical sensors due to the all weather and all day capabilities and being used to detect
the oil spills discharged into the sea with sufficient accuracies (Solberg et al. 2007). Oil-Spill
detection procedures in SAR data generally comprises segmentation, feature extraction and
classification stages (Solberg et al. 2007; Brekke & Solberg 2007). The backscatter energy level for
oil-spilled areas is too low since the oil dampens the capillary waves of the sea surface. But, there
is a serious problem that the other natural phenomenas also dampen the short waves and create dark
areas on the sea surface (Solberg et al. 2007). Thus, the dark image regions of which the
probabilities of being either oil spill or alike are high are segmented. These segmented parts of
original images are used to obtain the features of shape, contrast and textural characteristics. In
terms of these features, some classification algorithms based on statistical, neural, fuzzy, rule
based, boosting algorithms etc. are used for identification of the dark areas in a manner of binary
classification, i.e. oil or alike (Fiscella ef al. 2000; Frate et al. 2000; Solberg et al. 1999;
Keramitsoglou et al. 2006; Ramalho & Medeiros 2006; Ozkan & Sunar 2007). In this study, as a
different approach, GLM was used to model the relation between features and binary classes. GLM
provides a general unified conceptual and  methodological framework to many of the most
commonly used applied statistical techniques for the analysis of both continuous and discrete data
(Khuri et al. 2006). The unknown parameters of GLM are conventionally solved by Iterative
Weighted Least Squares (IWLS) algorithm (Lindsay 1997; Dobson 2002). For parameter
estimation, in stead of IWLS, GA can be employed effectively. GA is a highly efficient stochastic
global optimization algorithm for problem solving. GA emulates the natural evolution process and
maintains a population of potential solutions to a given problem, which are evaluated by a problem-
specific fitness function. This population is evolved by selecting relatively fit members and
performing genetic operations (Pham & Karaboga 2000).

In this study, oil pollution occurred recently in the Lebanon coast was examined. Due to not
enough cleaning activities carried on, the oil pollution has spread 100 miles along the coast and
effected also to Syria’s shoreline. Depending on the wind and current condition, the spilled oil
could also be a big threat to other neighbourhood countries such as Turkey, Greece, and Cyprus.
Radarsat-1 images covering Lebanon coasts acquired by ITU-CSCRS (Istanbul Technical
University — Center of Satellite Communication and Remote Sensing) during the event were used
to test the usage of the GLM for identification of the oil-spill areas. The general methodology in
this study consists of image filtering, segmentation of the dark areas, feature extraction, setting
GLM, parameter estimation by GA and performance analysis. In order to be able to show the
effectiveness of GLM algorithm, Bayesian Maximum likelihood and Artificial Neural Network
Multi Layer Perceptron classification methods were also employed.

2 STUDY AREA AND DATA USED

As one of the East Mediterranean countries, Lebanon, neighboring Syria and Israel, has 225 km
coastline (Fig.1). The most recent oil pollution, occurred due to the bombing of a power plant at
Jieh, has approximately affected 1/3 of the whole Lebanese coastline. Depending on the weather
conditions, it could be also a serious threat to the neighboring Mediterranean countries such as
Turkey, Cyprus and Syria. Among them, Northern Cyprus, 162 km away from Lebanon, has a
length of approximately 330 km coastline with up to 12km nautical miles of territorial waters
(Sunar et al. 2007; Ozkan & Sunar 2007).
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Figure 1. Map and satellite image of the study area.

In this study, as an active sensing system, 5 of total 20 Radarsat -1 images acquired by ITU-
CSCRS were used in the analyses (Table 1).

Table 1. The characteristics of the radar dataset used.

Spatial

Satellite g‘act%ul sition Ezgz gﬁ;)lution Band Xg‘;elength Pol. gzvlj;?)g e
2006-07-21 Fine 8 50x50
2006-08-09 Standard | 25 75x75

RADARSAT-1 | 2006-08-17 | Wide 30 C 5.3 HH | 150x150
2006-08-23 Standard | 25 75x75
2006-10-01 Fine 8 50x50

3 METHODOLOGY

Oil slicks on the sea surface can be detected because of the dampening effect of oil on capillary
waves. Therefore radar images have an advantage for oil spill detection at this point where oil can
be detectable as black patches on images. In general there are three different techniques for oil spill
detection; i) manual detection; i) semi-automated detection; and iii) fully-automated detection. In
this study, semi-automated method was used and for this purpose ML, ANN MLP and GLM
methods were tested.

3.1 Artificial Neural Network (ANN)

Artificial neural networks are computational systems based on the principles of biological neural
systems, i.e. it is a mathematical model composed of many neurons operating in parallel. These
networks have the capacity to learn, memorize and create relationships amongst data. They have
some advantages such as their non-parametric and non-linear nature, arbitrary decision boundary
capabilities, easy adaptation to different types of data and input structures, and good generalization
capabilities over classical statistic and analytic approaches. Although the network design as a
classifier is a hard task despite the increment in the performance of classification, an approach for
oil spill detection based on a Multilayer Perceptron (MLP) neural network are described in recent
research studies (Frate ef al. 2000; Topouzelis ef al. 2005).

3.2 Generalized Linear Models (GLM)
Linear models that describe a linear relationship between a response and one or more predictors
can be written as (Eq.1);
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EX)=p=xB ; Y,~N(u,c?) M

Where responses are independent and normally distributed with x,.T B mean and ° variance.
But generally the underlying relationship between independent and dependent variables are
nonlinear. As a special class of nonlinear models, generalized linear models employ linear
approaches (Matlab, 2008). There are three main parts of GLM: (i) a distribution function of the
response (Y;), (ii) linear predictor (xl.T B) and (iii) a link function.

Due to some mathematical requirements, the distribution function of the responses follow any
probability distribution from the exponential family of distributions such as Normal, Binomial,
Poisson, Multinomial, Gamma, Negative Binomial, etc. with parameters including a mean p. In that
case, the expected value of a response Y; (i) is linked to the linear predictor through a monotone
and differentiable link function as follows (Eq.2):

g(:u,) = xtrﬂ (@)

The link function relates the probability distribution of responses to the linear predictor of the
model. The canonical link functions can be any of identity, log, logit, reciprocal, probit, loglog etc.
(Table 2). So, a general linear model is a special type of the generalized linear model with a normal
distribution for response and an identity function for link.

The parameters (B) of linear predictor are generally estimated by IWLS method in the manner of
maximum likelihood estimation (Hardin & Hilbe 2007).

Table 2. Some link functions.

Identity pu=xp

Log log(u)=xp

Logit log(u/(1-p))=xp
Probit norminv(p)=xp

Loglog log(-log(u))=xp
Reciprocal 1/p=xp

3.3 Genetic Algorithm (GA)
The essential idea of Genetic Algorithms was put forward by Holland in 1975 (Holland 1975) as a
directed random search technique. GA is a highly efficient stochastic global optimization algorithm
which can find the global optimal solution in complex multi-dimensional search spaces. Two main
advantages of GA are (i) it is not easy to slump into a local optimized region and (7i) it can be
realized by a parallel computational method. GA has been applied to many computer vision fields,
medical image registration, image segmentation, model based matching, camera calibration, object
recognition (Bhanu ez al. 1991; Grefenstette & Fitzpatrick 1985; Hill & Taylor 1992; Tsang 1997,
Ji & Zhang 2001).

GA emulates the natural evolution process and maintains a population of potential solutions to a
given problem through a problem-specific fitness function by performing common genetic
operators such as selection, crossover and mutation (Pham & Karaboga 2000).

4. APPLICATION and RESULTS

In general, SAR data are subject to speckle which is a natural phenomenon generated by coherent
processing of radar echoes. Therefore the radar images were firstly filtered by a 3x3 median and
5x5 low-pass convolutions, respectively for speckle noise reduction. After filtering, co-occurrence
texture measurements were computed. Because of the coherent nature of SAR imaging, these



184 C. Ozkan and F. Sunar / Oil-spill detection using generalized linear model and genetic algorithm

measures are more suitable for classification instead of using individual pixel brightness values. In
contradiction to the pixel intensity itself, texture provides information about the spatial correlation
among neighboring pixels. From these measures, homogeneity, angular second moment
(Assilzadeh & Mansor 2001), variance and mean were found effective in discrimination of oil
spills from other features at the sea surface (Ozkan & Sunar 2007).

The patterns from which these textural values computed were totally collected from the
RADARSAT-1 images used. The training areas were determined by taking into consideration both
the meteorological conditions (weather state, wind etc.) and manual visual inspection (Ozkan &
Sunar 2007).

Afterwards, the training patterns were sampled randomly for a reasonable number of patterns to
reduce the computational burden from training areas. For each class, 5000 training and 5000 test
patterns were collected separately (Ozkan & Sunar 2007).

From artificial neural network structures, Multilayer Perceptron was employed. The training
algorithm used for updating the synaptic weights and bias values was selected as Resilient
Backpropagation (Reidmiller & Braun 1993). This learning algorithm was found as the best from a
test sequence of different learning rules such as standard gradient decent with momentum,
conjugate gradient methods and one-step secant. Only one hidden layer and 50 neurons in this
hidden layer were used (Ozkan & Sunar 2007).

In GLM application, binomial distribution was chosen for the response distribution since the
response is binary categorical data. Loglog function was used as the link function because it gave
better results than the others. For loglog function, the linear equation would become as follows

(Eq.3):
log(—log(1,)) = By + BiX, + ByXiy + Byxis + Bix,y A3)

The estimation of parameters was done by both IWLS and GA. Both algorithms were evaluated
in Matlab platform. In the evaluation of GA, the selection, crossover and mutation functions are
stochastic uniform, Scattered and Gaussian respectively.

The classification results of the test data from ML, ANN and GLM were given in Tables 3, 4, 5
and 6. In these tables, the abbreviations of PA, UA and OA mean producer accuracy, user accuracy
and overall accuracy. In addition to overall accuracy, the test of hypotheses based on Z-test was
done with respect to the Kappa and Z statistics values (Congalton & Green 1999). The significance
level was considered as 0.05. In the first test, Kappa statistics was individually tested for evaluating
the difference of the algorithmic classification from a random one. The second test was done to see
how well the classification methods differ from each other. The Kappa and Z statistics values were
given in Table 7 and 8, respectively.

Test 1:
Hy:Kappa,;=0 , H;:Kappa,#0 and the rejection region R: |Z[>z,»

For a significance level of 0.05, R: Z> <-1.96

The test statistics, Z = Kappa, / \/Var(Kappa,)

Test 2:

Ho:(Kappa,;-Kappa,)=0 and H;:(Kappa;-Kappa,)#0 and the rejection region R: |Z[>z,,

For a significance level of 0.05, R: Z>1.96 or Z<-1.96
The test statistics, Z = (| Kappa, — Kappa, |)/ \/ Var(Kappa,) +Var(Kappa,)

Table 3. ML classification.

Oil Alike UA

Oil 2714 733 78.7

Alike 2286 4267 65.1
PA 543 85.3 0A=69.8
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Table 4. ANN classification.

Oil Alike UA

Oil 3311 521 86.4

Alike 1689 4479 72.6
PA 66.2 89.6 0A=T77.9

Table 5. GLM classification through IWLS.

Oil Alike UA
Oil 2918 1085 72.9
Alike 2082 3915 62.3

PA 584 78.3 0A=68.3

Table 6. GLM classification through GA.

Oil Alike UA
Oil 2535 587 81.2
Alike 2465 4413 64.2

PA 50.7 88.3 0A=69.5

Table 7. Kappa and Z statistics.

Kappa(%) | Z-statistic
ML 39.62 45.40
ANN 55.80 69.16
GLM (IWLS) 36.70 40.21
GLM (GA) 38.96 45.64

Table 8. Pair-wise Z statistics.

ML | ANN | GLM (IWLS) GLM (GA)
ML - 13.61 2.35 0.54
ANN 13.61 - 15.72 14.34
GLM (IWLS) | 235 | 1572 - 1.84
GLM (GA) 054 | 1434 1.84 -

For a selected oil spilled region excluding the test patterns, totally 194376 dark patterns of
textural features were extracted (Fig.2). The classification images of ANN MLP, ML and GLM GA
were given in Figure 2. The cross-coherence matrixes of these classifiers through these patterns
were given in Table 9 and 10.

Table 9.Cross coherence matrix for oil class.

MLP ML GLM GA
MLP 193470 | 192277 181991
ML 192277 | 193024 182182
GLM GA | 181991 | 182182 182251

Table 10.Cross coherence matrix for alike class.

MLP ML GLM GA
MLP 906 159 646
ML 159 1352 1283

GLM GA 646 1283 12125
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(d)
Fig 2. Classification of dark areas (a) Raw image; (b)ANN MLP (c¢) ML (d) GLM GA. (Red and green colors
are showing oil and alike, respectively).

(b)

The classifiers are supposed to produce only oil class for these patterns. So, the table 10 can be
somewhat considered as error. As GLM has lower performance, it gives low coherence with both
MLP and ML for oil class. But for alike class, GLM has low coherence with MLP and high
coherence with ML. The accordance between GLM an MLP for alike class is higher than ML.

5. CONCLUSIONS

Remote sensing and satellite data are effective tools for man-made hazards like illegal oil spill
discharges that need a synoptic view when there is an emergency status and where on site
surveying is not possible. Another very important aspect of remote sensing is the production of the
near-real time data by operational satellite-based systems so that authorities can quickly and
directly use it. One of the most critical data to be supplied is the position of the possible oil spill
and its probability level (i.e., low, medium or high). Since this information will be used for the
response crews in a short enough time following an oil spill incident, the accuracy of the detection
has an importance.

In this study, ML, ANN, MLP and GLM classifiers were compared for capability of oil spill
detection. As shown in the test 1, the classification matrixes of all classifiers are better than
random, i.e. rejection of null hypothesis with respect to the significance level of 5%. ANN MLP is
found far and away the winner of this competition. The performance of GLM through GA is
comparable to the ML. This situation is also proved statistically by the second test, i.e. null
hypothesis can’t be rejected and substantiated. But, although overall accuracy of GLM GA is
superior to the accuracy of GLM IWLS, statistical tests in the second group show that there is not
adequate evidence to substantiate the alternative hypothesis between GLM GA and GLM IWLS,
i.e. there is statistically no difference between GA optimization and IWLS parameter estimation
with respect to the significance level of 5%.

Despite being a new method as a classifier, these results should encourage to use GLM for oil
spill detection. Since GA intelligent optimization depends on selection, crossover and mutation
functions, the effectiveness of GA will be deeply examined with different compositions in future.
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ABSTRACT: The purpose of this paper is to provide an update on a program, referred to as
NEXTMap® to create a single uniform DEM (Digital Elevation Model) for Western Europe and
similarly for the USA using the airborne InSAR (Interferometric Synthetic Aperture Radar) tech-
nology. The program is well advanced and completion of this program is slated for the end of
2009. The database is being populated country by country and is available under commercial li-
cense to the user community. The characteristics of this DEM are intermediate in detail between
those provided over wide regions by satellite technology and the more localized technology of li-
dar and airborne photogrammetry.

The NEXTMap® program aims at being able to provide DSM (Digital Surface Model), DTM
(Digital Terrain Model) and ORI (Orthorectified Image) products in a seamless fashion on a na-
tional and regional scale. This paper addresses three potential market areas that would benefit from
the NEXTMap coverage (as listed below) and compares the products so created with existing solu-
tions, as applicable.

o Intelligent Transportation Systems (ITS): This includes predictive adaptive lighting, bird

view navigation systems and use of 3D road vectors to improve fuel efficiency.
e Flood Risk Solutions: Changes in the insurance market has increased the demand for the
GIS solution to develop forecast estimates for natural hazards.

e Personal Navigation Devices (PNDs): Information ranging from 3D routes to cell coverage
can be made available in PNDs with a very simple user interface, to serve navigation and
safety as well as recreational purposes.

1 INSAR PRINCIPLES

The interferometric process has been widely discussed in the literature, (e.g. Zebkor and Villsenor
(1992), Bamler and Hartl (1998), Rodriguez and Martin (1992)). The geometry relevant to height
extraction, ‘h’, is illustrated in Fig. 1.

If two antennas, separated by baseline ‘B’, receive the back-scattered signal from the same
ground pixel, there will be a path difference ‘5’ between the two received wave-fronts. The base-
line angle ‘8, is obtainable from the aircraft inertial system, the aircraft height is known from dif-
ferential GPS and the distance from antenna to pixel is the radar slant range. Then it is simple
trigonometry to compute the target height ‘h’ in terms of these quantities as shown in equations
1-3.
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Figure 1. Schematic of Airborne InSAR Geometry.

Table 1. Selected System Parameters of Intermap’s Airborne InSAR Systems (STAR Series only)

System / Parameter STAR-3i STAR-4 STAR-5 STAR-6
Operational year (Initial) 2002 2004 2007 2007
(1996)
Platform Lear 36 King Air 200T King Air 200T Lear 36
Typical speed (km/hr) 720 430 430 720
Wavelength / Polariza- 3cm/HH 3 cm/HH 3cm/HH 3 cm/HH
tion
Bandwidth (MHz) 135 135/270 135/270 135
Baseline length (m) 0.93 0.96 0.93 0.94
Look direction Left or right Left or right Left or right Left or right
Platform altitude (km) 6-—12 4-8.5 4-175 6—12
Swath width* 815 6-11 815 6-11
sin (80— 0,) = o/B (1)
h=0/2*m)+n 2
H=H - rscos (0y) 3)

The path difference ‘6’ is measured indirectly from the phase difference ‘¢’ between the received
wave fronts (eqn. 2).Because the phase difference ‘¢’ can only be measured between 0 and 2x (mod-
ulo 2m), there is an absolute phase ambiguity (‘n’ wavelengths) which is normally resolved with the
aid of relatively coarse ground control. A “phase unwrapping” technique completes the solution. Thus
the extraction of elevation is performed on the “unwrapped” phase. Often the InSAR is operated in a
so-called ping-pong mode which effectively doubles the value of the geometric baseline B. These eq-
uations become the basis for sensitivity and error analysis (e.g. Rodriguez and Martin, 1996). For
‘single-pass’ InSAR airborne systems as described in this work, the signals are received almost si-
multaneously so that errors induced by temporal-decorrelation are not a factor as is the case for satel-
lite systems such as ERS and Radarsat which operate in a ‘repeat-pass’ mode. Provided the baseline
length, position (from DGPS) and attitude (from coupled GPS/inertial) are adequately controlled
and/or measured, the dominant noise-like error source arising out of these sensitivity equations is
‘phase noise o,,’ so that the signal-to-noise ratio, a function of flying altitude among other system-
related factors, becomes a means of (partly) controlling height error specifications. That is, other pa-
rameters being fixed, the height noise will increase as a function of flying altitude. For example,
DEMs created from the STAR-3i system (Table 1), when operated at approximately 9 km altitude,
have a height-noise level of about 0.5 m (1 sigma, 5 m sample spacing) at the far edge of the swath.
Systematic errors, with reference to STAR-3i DEMs, are usually slowly varying and arise from a va-
riety of sources but are limited through calibration, operational and processing procedures.
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Figure 2. Clockwise from upper left: STAR-3i, STAR-4, STAR-5 and STAR-6.

Table 2. Selected Intermap Core Product specifications for INSAR DSMs and DTMs

Product ORI/CORI DSM DTM
Type Pixel size RMSE Spacing RMSE Spacing RMSE
horizontal vertical* vertical*
1 1.25m 2.0 5.0m 0.5 5m 0.5
11 1.25m 2.0 5.0m 1 5 m 1
111 1.25m 2.0 5.0m 3 — -

*RMSE vertical accuracy is with respect to terrain that is moderately sloped, bare (DSM) and unobstructed.
DTM specifications apply to areas for which the forest or other above ground cover is ‘patchy’ to a
maximum scale of about 100 m. Details of these specifications can be found at www.intermap.com.

The schematic idealization of Fig. 1 is replaced of course by many factors in the practical imple-
mentation of InSAR. For example a complex image containing phase and magnitude information is
created from the signal received at each antenna. Subsequent operations on the complex images allow
three ortho-rectified products to be derived: DEM, Magnitude and Correlation. The DEM, as noted
earlier, is usually referred to as a DSM in recognition that the received signal relates to the scattering
surface which may be the terrain or could be an object upon the terrain, natural or otherwise. The
magnitude is often referred to simply as an Ortho-Rectified Image (ORI). The ORI is fused with multi
spectral imagery to create a Color Ortho-rectified Image (CORI). In relatively open urban or forest
situations, it is possible to create a DTM (Digital Terrain Model) from the DSM (Wang, et. al., 2001)
and is offered as a core product along with the DSM and ORI (Table 2).

2 CURRENT INTERMAP AIRBORNE INSAR SYSTEMS
Intermap has developed five airborne InSAR systems and currently operates four of them. Current

specifications of the four STAR systems used in the NEXTMap® program are summarized in Ta-
ble 1 and the platforms are shown in Fig. 2.
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In principle, the acquisition rate for a single system could reach about 7,000 sq. km/hr for the Lear
Jets. In practice, however, the effective acquisition rate is considerably reduced by turning times at
end-of-line, side lap (terrain-dependent, so is the swath width*) and the requirement for partial re-
flights due to factors which would otherwise drive the data outside specification.

3 PRODUCT SPECIFICATIONS

The core products available from Intermap’s online store include ORI, CORI, DSM and the bare
earth DTM. X-band images are available at 1.25 m resolution with similar horizontal accuracy. DSM
and DTM are posted at 5 m spacing. The elevation products are available in three standard vertical
accuracy specifications as illustrated in Table 2. It is worth noting that all four of the STAR family of
sensors is able to achieve these product specifications despite the nuance of individual system design
or platform specifics. Apart from these CORE specifications, other accuracies and image/DEM reso-
lution can be supported to meet specific requirements. Optical/radar merged products are now also
becoming available. Varying flying altitudes and operating modes enable different accuracy specifi-
cations to be achieved which may be reflected in cost.

4 OPERATIONAL FLOW

The operational flow consists of four major stages:

(1) Planning and acquisition

(2) Interferometric processing

(3) Editing and finishing

(4) Independent Quality Control (IQC)

Following the final acceptance from IQC, the data sets are delivered to the data base repository
(the ‘Intermap-Store’). The operational concept has evolved to accommodate the requirements im-
posed by the current NEXTMap® goals as well as custom projects. The NEXTMap® Europe and
USA objectives alone require the data acquisition for an area incorporating more than 10 million sq.
km, to be completed by the end of 2008. All aspects of production are managed with rigorous QC
checks throughout and within the framework of the companies’ ISO9000 certification.

Planning and Acquisition: Typically blocks of 1200 km x 400 km in size are planned. Within these
blocks, parallel flight lines are planned according to the terrain. Sufficient overlap is incorporated into
the plan to ensure there are no gaps in coverage between imaged swaths. Thirteen tie lines per block
are flown, orthogonal to the main data passes. The tie lines are required to assist in the removal of
systematic errors during the processing stage. Radar reflectors are postioned on the ground at the ends
of the tie lines prior to imaging and surveyed in precisely. These ultimately fix the DEM and ORI to
the reference ellipsoid.

Navigation and certain other data are processed and analysed after each mission in order to deter-
mine whether the quality limits, for the particular data type specified, have been satisfied. Data must
be re-acquired if it fails to meet quality criteria. Normally this quality check is performed before the
flight and ground crew demobilize.

Interferometric Processing: The production process is very complex as it accomodates multiple
platforms, high data volumes, differing product specifications, dynamic schedule priorities and de-
mand for high throughput. This part of the process, now performed in a single processing centre, has
been automated to a considerable extent with internally developed software and procedures. The sys-
tem is PC-based and much of the processing power comes from the 64-bit blade hardware. In particu-
lar, the processing architecture has been developed to be scalable in order to accommodate the in-
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creasing data volume as acquisition efficiency and platform numbers have increased. The process in-
gests the raw signal data (“phase history’), ancillary data and navigation data. Following ingestion,
the system performs the interferometric processing to ultimately create strips of image and elevation
data. Systematic errors are reduced through an internally-developed adjustment process using the
controlled orthogonal tie lines that run across the data block. Output products in the form of 7.5’x7.5’
tiles are created for editing.

Editing and Finishing: A digital mapping system referred to as Interferometric Editing System (IES)
was developed, incorporating a feature rich set of editing tools within a stereo-viewing environment.
The input data tiles (images and DSMs) are ortho-rectified so false stereo is created to enable the im-
age to be viewed and manipulated in three dimensions. The operator uses the tool set to address hy-
drological features (e.g. flatten water bodies, ensure rivers run down hill), edit transportation features
(roads, railways, airports, etc) and radar artifacts. A set of editing rules determines a consistent appli-
cation of the IES tools across different geomorphological units and across different editors. Editing is
the most labor intensive component of the operational activity and incorporates many quality control
steps within the process. At the end of the process, 7.5°x7.5’ tiles of DSM, DTM and ORI are deliv-
ered to IQC.

IQC (Independent Quality Control): IQC is an autonomous group, separated from the production
team. The mandate of the IQC group is to review the IES output tiles for editing completeness and
accuracy. The accuracy checks are usually with respect to publicly-available GCP data such as the
NGS (National Geodetic Survey) network in the USA. Tiles judged incomplete at the 95% level, or
whose accuracy checks are outside specification are returned to the production side for re-processing
as required. The IQC approved tiles are forwarded to the Intermap-Store, for ingestion into the data-
base. Subsequent to this stage, the data are available to the public under license. A global interface
tool allows regions of interest to be displayed for availability and detail, including thumbnail presen-
tations.

5 NATIONAL MAPPING PROGRAMS: NEXTMAP®

NEXTMap® is a registered trademark to describe Intermap’s InSAR based national and regional
mapping programs. Specifically the concept is to make DSM, DTM, ORI and CORI products gener-
ally available in a seamless fashion over national and trans-national regions where multiple applica-
tions and markets may benefit.

Forecast dates for product availability of NEXTMap® USA and of NEXTMap® Europe areas are
shown in Fig. 3. Two factors will likely impact these forecasts: (1) the time it takes to obtain over-
flight permits vary from country to country, and (2) priorities are subject to market forces.

At the time of this writing, acquistion has been completed for NEXTMap® Europe and process-
ing is well underway while the NEXTMap® USA acquisition is 65% complete. The data acquisi-
tion phase for Germany was completed in a 3-month period of 2006 and the completed products are
available in Intermap-Store, since November 2007.

6 APPLICATIONS

Intelligent Transportation Systems

Intermap is building a countrywise 3D road vector database by adding the height extracted from the
DSM to the 2D road vectors. Rapid growth of the Intelligent Transportation Systems (ITS) market
has been triggered by nationwide coverage. Prototype results from NEXTMap® Germany data meet
the auto industry accuracy standards for 3D road vectors in North America and Europe.
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Figure 3. Forecast Dates* for Product Availability of NEXTMap® Europe and NEXTMap® USA Areas.
* This forecast may change subject to operational and other priorities.

The 3D road vectors can not only improve the accuracy of existing routing data but also provide
accurate information about the 3D characteristics of the road ahead and hence serve as a ‘sensor’ in
driver assistance systems — headlight steering, lane departure warnings, curve notification, throttle
management, to mention a few. An example of headlight steering and 3D road vectors overlaying
image and terrain is shown in the bottom left and right parts of Fig. 4, respectively.

Flood Risk Solutions

Figure 5 illustrates the importance of accurate and detailed elevation data for modelling applications
such as a flood induced by a storm surge. In this example, a Katrina like event is applied to Miami.
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Figure 4. Predictive Adaptive Lighting (bottom left) and 3D road vectors (right).

Note the differences between simulations based on NEXTMap® data compared to the prediction
prepared by FEMA based on the elevation data from another source. One area (parts of it indicated by
red circles in the Figure) of the FEMA prediction overestimates the inundation by 50% while it also
misses an entire area that would be inundated through the channel at the bottom of the image (yellow
circle in the Figure), resulting in an unpleasant surprise for the insurance company.

Risk management solutions offer gecoding and 2D as well as 3D visualization (with house based
coordinates), risk data assessment tool (for natural hazards like flood, windstorm, hail, earthquake
etc.), portfolio analysis (for eg, report on what percentage of the areas are in a 50 year, 100 year or
200 year risk zones), exposure modeling (influence of exact geo location on optimum calculation of
reserves to meet legal and strategic requirements) and maintenance services (for e.g., regular updates
of the address database) and hence can prove to be viable candidates in the insurance market.

Personal Navigation Devices

Using the NEXTMap® USA data products enables the PNDs to be far more robust; providing
uniformly reliable map information where data does not exist, while significantly improving the
accuracy of the existing data. Users have access to clearly identified trails, paths and roads, overlaid
on a 3D model. They can virtually elevate from their location to an elevation they choose. They can
even navigate across the touch screen to view in 3D the surrounding terrain, public and private land
boundaries, and cell-phone coverage grids, as shown in Fig. 6. While the left part of the figure depicts
the GPS tracking mode, the right part shows the cell phone coverage with the gold color overlay.

CONCLUSIONS

The NEXTMap® program, based upon airborne InSAR, is in the process of creating a 3-dimensional,
homogeneous, seamless database comprising DSM, DTM and ORI products, for eighteen countries
of Western Europe (in addition to Britain that is already available) and for the USA (excluding
Alaska). The DSM is specified at 1 m RMSE vertical accuracy for 5 m sample spacing, while the
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Figure 6. Examples of PND features: 3D view of route and cell coverage.

ORI is specified at 1.25 m resolution with better than 2 m RMSE horizontal accuracy. For many ap-
plications the combination of detail provided, national and trans-national availability and shared pric-
ing through license arrangements should produce an attractive user opportunity. The creation of the
datasets for both areas is well underway and scheduled for completion in 2009. With respect to many
market applications such as ITS, flood risk solutions, PNDs and visualization these products should
occupy a solid niche, relative to alternative technologies.
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ABSTRACT: Preparation of land cover / land use maps for large areas, based on automatic clas-
sification of high-resolution satellite data is the objective of many application programmes, e.g.
GSE Land Monitoring Services. The crucial point for this kind of activity is to apply optimal
classification approach, which will ensure high class recognition accuracy and classification re-
peatability. Among different approaches object-oriented approach seems to give the best results,
as it allows to use various spectral and non-spectral features in the classification process and
enables to have more control of the final map accuracy.

The presented paper demonstrates the method, developed within object-oriented approach, called
rule-based classification. In this method SPOT satellite image with 20-meter resolution was ana-
lyzed in eCognition environment, assuming that Standard Nearest Neighbour classifier, based on
selected sample objects, will not be applied. Instead of it, contents of SPOT satellite image was
characterized by various spectral / texture parameters describing directly particular land cover /
land use classes, as well as by pre-defined functions, determined on the basis of graphical analy-
sis of feature space constructed for particular terrain objects.

The classification process begins with recognition of water class, whose objects were delineated
using multi-resolution segmentation. For the remaining land cover classes new segmentation is
prepared. In turn, general forest class and urban class are discriminated; in the next stage both
classes are divided into more specified categories. Consequently, broad agricultural and grass-
land classes are determined, being next divided into more detailed information classes. In total
13 land cover / land use categories were discriminated in the presented work. Final classification
map has been prepared using aggregation procedure, in order to obtain map resolution fulfilling
4ha size of Minimum Mapping Unit. Overall accuracy of all classes checked through verification
process reached 89.1% with Kappa statistic 0.87.

1 INTRODUCTION

Concept of division of image contents into so-called objects is not new (Gonzalez & Wintz, 1977).
However, only 8 years ago, when new eCognition software appeared, rapid development of object-
oriented methods of image classification can be observed. New possibilities of object recognition
are clearly visible, while observing improvement of tools offered to users in subsequent software
versions. In many scientific centers research works aimed at preparation of optimal object-oriented
methods for classification of satellite data were undertaken. These works were concentrated on
two principal aspects: multi-resolution image segmentation, which would allow to delineate homo-
geneous land cover classes, and on comprehensive class characteristics, taking into account both
spectral and textural features, as well as relation between objects. Authors of the works used multi-
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source satellite data (Whiteside, 2005), as well as high-resolution images (QuickBird, Tkonos),
which enable to apply texture and shape features more effectively (Wei et al., 2005, Kressler et al.,
2005). Standard Nearest Neighbour classifier, which is based on using training areas for particular
land cover classes, was the most commonly applied method of classification (Yuan & Bauer,
2006, Hajek, 2005). Recently, taking advantage of development of eCognition software, research
works on new object-oriented approach were undertaken. This approach is based on using parame-
tric spectral / texture values for the determined classes and hierarchical classification. which applies
decision tree method. Mostly these works were concentrated on the selected urban or natural land
cover categories (Ehlers et al., 2006, Lucas et al., 2007). The presented work is a new proposal for
preparing land cover map based on satellite data with 10 —30 meter resolution, using parametric
approach for object-oriented classification.

2 STUDY AREA AND SATELLITE DATA

Methods of object-oriented classification were studied using multispectral SPOT 4 satellite image
characterized by 20 meter spatial resolution. The image was collected on July 16, 2007. It covers
area in central-north Poland, comprising Kujawy region.

Arable land is predominant type of land cover within this region; large areas of grasslands, as
well coniferous and deciduous forests also appear here. There is also quite extensive drainage sys-
tem (canals, lakes, Notec and Vistula rivers), as well as large urban agglomeration (Bydgoszcz).

SPOT satellite image prior to object-oriented classification was pre-processed. This stage in-
cluded image rectification and atmospheric correction of raw satellite data. While rectifying Near-
est Neighbour algorithm was used, whereas for atmospheric correction ATCOR module working
within PCI software environment was applied.

3 METHODICAL APPROACH

The assumed scheme of classification is presented in figure 1. Hierarchical process starts with rec-
ognition of objects representing land cover class “water”. Next, general classes of forest, built-up
land, meadows and agricultural land are discriminated. These general land cover categories are di-
vided into subclasses in subsequent stages of classification. Then the objects, which are recognized
through relations with previously discriminated classes, are classified. These are the following sub-
categories: green urban areas, construction sites and deforestations.

Classification flowchart starts, as usually in object-oriented approach, with segmentation. The aim
of first segmentation is to create objects representing solely class “water”. This segmentation,
based only on SPOT 3 band, is multistage; in the course of subsequent five cycles scale coefficient
changes from 5 to 25. The assumed approach enables to delineate objects, which describe ade-
quately shapes of lakes and rivers with various lengths and sizes. Next class “water” is recognized
using threshold values in SPOT 3 and SPOT 4 bands, taking into account shape parameters, which
help in identification of elongated river beds.

While recognizing class “water” image area represented by all non-classified objects was seg-
mented once again; this segmentation was used in discrimination of the remaining classes. All four
SPOT bands were applied in segmentation process; scale parameter was set to 10.

At the next stage on the basis of segmented image general forest class is delineated. (without di-
vision into sub-classes). In order to do that, non-typical solution was applied; it is based on defining
equation of straight line, which separates forest objects from the remaining objects in two-
dimensional space formed by SPOT 3 and SPOT 4 reflectance values. Coefficients of equation
were determined on the basis of graphical analysis of scatterplot formed by SPOT 3 and SPOT 4
bands. This approach is not complicated but it requires to select appropriately not large subset of
image, which includes forest areas and their surroundings. The example of above mentioned scat-
terplot with the defined straight line is presented in figure 2; forest areas are represented by points
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located above the line. In addition, in order to limit number of objects threshold values in SPOT 1,
SPOT 3 and SPOT 4 bands were applied. At the next phase forest class was divided into 3 sub-
classes: deciduous, coniferous and mixed forests To do that brightness parameter, representing
mean values of objects in all four SPOT bands was utilized. Such an approach is similar to that
presented in de Kok et al. works (2000) and Lewinski work (2006), where forest sub-classes were
discriminated on the basis of analysis of reflectance values in panchromatic band.

SEGMENTATION
level 1

| WATER |

SEGMENTATION
level 1

_>| DECIDUOUS FORESTS |

—| FORESTS }——pl CONIFEROUS FORESTS |
—>| MIXED FORESTS |

—>| CONTINUOUS |

INDUSTRIAL
BUILT-UP LAND ]— —P
-I or COMMERCIAL UNITS MOWN GRASSLANDS
—>| DISCONTINUOUS | BARE FIELDS I
MOWN + FIELDS NON-MOWN GRASSLANDS |——.
| GRASSLANDS

i NON-MOWN + FIELDS VEGETATED FIELDS |_>
BARE FIELDS |_ BARE FIELDS |—.>

VEGETATED FIELDS

v

| GARDENS |

vy >9< \/

| GREEN URBAN AREAS |

SEGMENTATION
| CONSTRUCTION SITES | below level 1

CLEAR-CUTS

| ARABLE LAND

| DEFORESTATIONS |

Figure 1. Classification flowchart of SPOT satellite image
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Figure 2. Principle of recognizing forest class with the use of straight line equation

At the next stage of classification non-classified objects are analyzed in order to recognize
classes of built-up land . As in case of forests first general class of built-up land is defined and next
it is divided into sub-classes. It was found as a result of analyses, that Haralick texture measure
GLCM Contrast (Haralick et al., 1973) will be the basic classifier. However, texture values were
not calculated on the basis of original spectral bands, but using specially transformed image, name-
ly SPOT 2 band filtered with the use of Laplacian Edge Detector (Type 1) offered by PCI Geoma-
tica software. This approach is similar to that proposed for forest recognition at de Kok et al. work
(2005) . The applied transformation enhanced edges of objects representing built-up land; the trans-
formed image is shown in figure 3. In addition, in order to increase accuracy of class recognition
the following class parameters were utilized: GLCM Homogeneity texture measure based on SPOT
2 band, ratio SPOT 3/ SPOT 2 as well as threshold values in SPOT2, SPOT3 and SPOT 4 bands.
Next, general class of built-up land was divided into 3 sub-classes: continuous built-up land, dis-
continuous built-up land, industrial or commercial units. The division was done using ZABUD2
criterion, which is based on combination of SPOT 1, SPOT 2 and SPOT 4 bands;

ZABUD2 = 10*(SPOT 2 -2*SPOT 3 + SPOT 4).

After recognizing classes of built-up land grasslands and arable land are classified. In order to do
that, as in case of forests, equation of straight line was applied. The line was determined in a fea-
ture space formed by SPOT 4 reflectance values and NDVI values. Objects located above this line
were attributed to general class “grasslands”, while below it to general class “arable land”. In turn,
grasslands were divided into 2 sub-classes: mown grasslands + fields and non-mown grasslands +
fields; SPOT 3 / SPOT 4 ratio was the basis of this division. At next step, from subclass “mown
grasslands + fields” final subclasses “mown grasslands™ and” bare fields” were discriminated, us-
ing threshold values in SPOT 4 band. Second subclass “non-mown grasslands” was delineated ap-
plying difference of mean reflectance values in SPOT 2 and SPOT 1 bands, as well as threshold
value in SPOT 4 band. The remaining objects existing within subclass “non-mown grasslands +
fields” were divided into vegetated fields and bare fields, utilizing threshold value in SPOT 4 band.

Objects classified preliminarily as arable land were attributed to sub-classes “bare fields” and
“vegetated fields”, applying threshold values in SPOT 1 and SPOT 4 bands.

At this stage of classification all objects existing on satellite image were already classified. Fur-
ther action was aimed at re-classification on the basis of direct object properties and relations
among particular classes.

Class “gardens” was derived from sub-class “vegetated fields”. The following parameters were
used for its delineation: texture measure GLCM Contrast based on SPOT 1 band, SPOT3 / SPOT 4
ratio, mean reflectance value in SPOT 4 band, standard deviation in SPOT 3 band. Also informa-
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tion on distance from straight line dividing SPOT 4 / NDVI feature space into grasslands and arable
land was here utilized Application of quite a large number of parameters was indispensable due to
spectral heterogeneity of the class and its diversified texture. In Poland class “gardens” includes
clusters of small plots, ca 300 m’ in size, incorporating holiday cottages, garden houses or out-
buildings. Vegetation within these plots can be very diversified, mainly composed from fruit trees
and shrubs.

s YN, i LAY 5

Figure 3. Example of applying Laplacian Edge Detector (Type 1) for filtering SPOT image with built-up
land.

“QGreen urban areas” were the next class defined on the basis of already classified objects. Fo-
rests, grasslands and vegetated fields were taken here into analysis. Degree of adjacency to built-
up land was the basis classification criterion in this analysis. Similar criterion was applied in case
of delineating class “construction sites”, which was initially classified as bare fields.

According to classification flowchart deforestations were the last class taken into consideration.
Its recognition is quite complex process, which implies application of additional segmentation of
satellite image. It is created below the main classification level in such a way, to be able to obtain
small objects, which potentially could be clear-cuts. This segmentation was done on the basis of
SPOT 4 band, using small scale coefficient. Clear-cuts were identified assuming, that they have
higher reflectance values in SPOT 3 and SPOT 4 bands than the surrounding objects. Next re-
classification of forest class was performed, using relation with layer where clear-cuts and small
objects surrounded with forest were identified

Classes recognized separately, but representing the same (or similar) land cover category, were
joined. Class “grasslands” was created from joining mown and non-mown grasslands. Similarly, in
case of arable land this class was formed through joining objects representing vegetated and bare
fields. In total 13 classes were discriminated; they were presented in table 1.

4 FINAL MAP PREPARATION AND DISCUSSION OF THE RESULTS

Getting information about land cover / land use with a pre-determined degree of spatial resolution
was one of the assumptions of the presented work. To achieve this goal area of 4 ha was assumed
as a Minimum Mapping Unit (MMU); it corresponds to 100 SPOT pixels. Size of MMU was
carefully justified. While making visual interpretation 4 ha, i.e. square 200 x 200 m is practically
the smallest area, which can be delineated at a scale of 1:50 000; at this scale 4 ha corresponds to
2 x 2 mm. Size of minimum mapping unit is also justified by classification principles, which in-
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clude information derived from Haralick texture measures. These measures are reliable, when cal-
culations are based on high enough number of pixels. De Kok (2002) found, that objects, which
will be analyzed through texture measures, should have at least 30 pixels.

In order to achieve the assumed spatial resolution the classification raster image was genera-
lized. Standard PCI Geomatica functions were used for this purpose. It was assumed, that group of
pixels with the same values smaller than minimum mapping unit is incorporated into adjacent, the
largest homogeneous group of pixels. Analysis of size of pixel groups was done in multi-stage
process, owing to this approach number of possible “non-logical” changes of classification was mi-
nimized. Table 1 includes areas of particular land cover classes and their percentage contribution to
total classified area.

Table 1. Class areas after generalizing process with the use of 4ha MMU.

Class No class name ha %

1 continuous built-up land 14323 0.40
2 discontinuous built-up land 4772.8 1.32
3 industrial or commercial units 4.6 0.001
4 construction sites 71.9 0.02
5 green urban areas 561.9 0.16
6 arable land 206 097.8 57.01
7 grasslands 52 633.7 14.56
8 gardens 18573 0.51
9 coniferous forests 49 899.1 13.80
10 deciduous forests 13 487.8 3.73
11 mixed forests 23 548.1 6.51
12 deforestations 487.6 0.13
13 water 6 674.6 1.85

total 361 529.5 100

At the next stage accuracy assessment of the obtained classification was carried out. 1400 points
were distributed randomly within the classification image, proportionally to the area of the recog-
nized classes. Results of accuracy assessment in the form of error matrix, including producer’s and
user’s accuracy, are presented in table 2.

Overall accuracy of classification was 89.1 %. Taking into account number of classes and total
area covered with classification (over 3600 km” ) the obtained result can be found as satisfactory.
This conclusion is supported by high Kappa coefficient (0.87).

The best results were achieved for class “water”. Accuracy of the largest class “arable land”
reached over 90 %; similar result was achieved for class “grasslands”. Analyzing forest classes,
coniferous forests were classified with the highest accuracy, influenced by precision of classifying
mixed forests. Some objections one can have for classification of deciduous forests, reaching ca.
80 %. Main misclassifications are due to confusion with two classes: mixed forests and arable land.
In first case accuracy is dependent on precise definition of mixed forests, while arable land cov-
ered with vegetation is sometimes mixed with deciduous forests due to spectral similarity of both
classes.

Quite good results were obtained for three classes of built-up land. However, it must be consi-
dered, that after generalization class “industrial or commercial units” is represented only by one
object having area over 4 ha. Smaller objects were incorporated to two remaining classes of built-
up land.
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Table 2. Accuracy assessment of classification of SPOT image.

Class No Reference data Sum
1 2 3 4 5 6 7 8 9 10 11 12 13
1 37 1 3 5 46
2 46 4 51
3 46 46
4 5 1 31 1 7 45
5 7 1 38 46
6 7 1 498 11 2 11 4 1 535
7 12 145 1 1 159
8 1 17 4 17 1 40
9 156 1 2 1 160
10 1 2 1 56 10 1 71
11 10 1 80 1 92
12 1 3 2 1 33 40
13 1 2 1 65 69

Sum 37 66 52 32 40 544 164 17 174 72 100 35 67 1400
Accuracy %
Producer’s 100 69.7 88.5 969 950 915 884 100 89.7 77.8 80.0 943 97.0
User’s 804 902 100 689 82.6 93.1 912 425 975 789 87.0 825 942
Overall accuracy 89.1%, Kappa coefficient 0.87

* Full class names are given in table 1

Results of accuracy assessment obtained for discontinuous built-up land are characterized by
significant differences, while analyzing producer’s and user’s accuracy. Classification image
should comprise more objects attributed to this class. Good results were achieved for classes “green
urban areas” and “construction sites”; the last one was recognized excessively. The same applies to
class “deforestations”. The lowest accuracy was reached for class “gardens” ; although producer’s
accuracy is 100 %, user’s accuracy reaches only 42.5 %. It means, that too many objects were at-
tributed to this class; it can be found in table 2 that some objects representing class “arable land”
were misclassified as “gardens”. In case of this class the applied classification approach proved to
be not sufficient. It is caused by spectral heterogeneity of class “gardens” and spatial resolution of
SPOT image, which is not adequate for recognizing texture features formed by relatively small ob-
jects.

5 CONCLUSIONS

The presented work demonstrates object-oriented approach, which assumes recognition of land
cover classes based solely on spectral / textural / relational parameters, without applying Standard
Nearest Neighbour classifier. Using tools of eCognition software (version 5) land cover / land use
classes are recognized in subsequent processes, applying principle of decision tree. At first stage
five general classes are discriminated: water, forests, built-up land, grasslands and arable land.
Next, they are divided into sub-classes and in turn the successive classifications are performed us-
ing relations existing between already recognized objects.

Innovation in this approach is to apply, beside threshold values of spectral / textural parameters
describing objects, parameters defined on the basis of equations of straight lines. Owing to these
lines objects are divided into classes in two-dimensional feature space. Coefficients of equations
are determined on the basis of visual analysis of scatterplots.
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The applied approach enabled to obtain overall accuracy of classification image of 89.1 %. This
result should be considered as satisfactory, taking into account large area of the whole SPOT scene
(60 x 60 km), which implies high diversity of land cover forms within particular thematic classes.

The presented approach was verified through its application for two other SPOT satellite scenes.
They covered eastern and western part of Poland, different in fragmentation of land cover forms.
In each case, in order to achieve high classification accuracy, modification of parameters used for
identification of particular classes, was necessary. However, it did not change the principles of the
proposed method. In all three cases the achieved classification accuracy was ca. 90 %; it confirms
the correctness of the applied approach.
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ABSTRACT: This paper describes a method for monitoring the implementation of the REDD (Re-
ducing Emissions from Deforestation and Degradation) process for a pilot project in Cameroon. A
method was developed and tested in a test area in the transition zone between tropical evergreen
forest and savannah in Cameroon. The method developed involved a series of processing steps
which can be divided into three groups: (1) pre-processing steps including cloud masking, geomet-
ric and radiometric adjustment as well as topographic normalization; (2) forest masking including
segmentation, classification and manual correction and finally (3) land cover classification includ-
ing spectral signature analysis and training. The last part showed the most crucial problem encoun-
tered in this test phase: due to shifting cultivation, it is difficult to differentiate cropland in the
stage, where it is left to bush fallow and natural bush land and secondary forest. The method and
results were compared to similar studies already performed in Bolivia and Vanuatu and the differ-
ences are discussed. The results gained in the Cameroon test area showed, that 529.786 km?
(equivalent to 3.45% of the forested area) was deforested between 1990 and 2000, further
88.547 km? (3.44% of the forested area) between 2000 and 2005. Further investigations will in-
clude more detailed studies on the issue of degradation and the applicability of the method for the
roll-out on the whole country of Cameroon as well as on other countries in the Congo region.

1 BACKGROUND & OBJECTIVES

At the UNFCCC and Kyoto Protocol Conference of Parties (COP) meeting in Montreal, 2005, the
governments of Papua New Guinea and Costa Rica, supported by Latin American and African
countries, submitted a proposal for the consideration of reducing emissions from deforestation and
degradation in developing countries (REDD) as a mechanism for the post-Kyoto reporting. Avoid-
ing deforestation is considered to be a contribution to the reduction of green house gas (GHG)
emissions. Parties agreed to a two-year process of evaluation of the issue by initiating REDD pilot
projects to better understand the REDD process. Under the auspices of the European Space Agency
(ESA) GMES Service Element on Forest Monitoring a pilot project was developed for REDD im-
plementation and testing in Bolivia and Cameroon with user consultation and endorsement. The
overall aim of the REDD pilot in Cameroon is to establish baseline projections of emissions caused
by deforestation (using Earth Observation) combined with regional projections of degradation
nested in a wall-to-wall approach. In order to assess deforestation and degradation at a national lev-
el a two tier remote sensing analysis to provide forest area maps and forest cover change maps at
specific time periods of 1990-2000-2005 using high resolution data for the whole country was pro-
posed.
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Several methodological studies for the REDD process are currently underway in tropical rain-
forest countries. An example of a study that also uses high resolution satellite data is the one being
undertaken in the pacific island state of Vanuatu (Herold et al. 2007). In this study, the deforesta-
tion between 1990 and 2000 was assessed using Landsat, Spot and Aster data. The approach con-
sists of several pre-processing steps such as co-registration, image mosaicking, water and cloud
masking and image normalization. The main procedure is a wall-to-wall deforestation approach on
a pixel basis with manual interaction.

The second similar work has been done in Bolivia (Steininger et al. 2001; Killeen et al. 2007)
also based on Landsat imagery. The time span was from the mid-1980ies until 2005 with a focus on
the Santa Cruz department and thus was not a full country wall-to-wall mapping. Also, the map-
ping is restricted to the forest zone with a precipitation of more than 1000 mm per year. The proce-
dure was a pixel-based mapping with a common pixel size of 60 m. A classification of different
forest types and also other land cover classes was performed. Training and evaluation was based on
field trips and aerial surveys. A study dealing with the topic of selective logging, a type of forest
degradation has been carried out in Brazil (Souza et al., 2005). The authors used a contextual clas-
sification algorithm (CCA) to assess logging and fire-derived canopy damages.

2 DATA

For the REDD pilot project in Cameroon data for national coverage from three time periods was
obtained. For 1990 and 2000, Landsat data (Landsat 5 and Landsat ETM+ respectively) was pur-
chased. Due to the SLC (Scan Line Corrector) failure (Markham et al. 2004) of Landsat ETM+ in
2003, for 2005 Landsat data is not available without significant data gaps. DMC (Disaster Monitor-
ing Constellation, http://www.dmcii.com/) data was used alternatively, since it provides a similar
geometric resolution (32 m compared to 28.5 m from Landsat) and also the Near InfraRed (NIR)
spectral band. The advantage of DMC data can be seen in its large swath width (600 km) and thus a
reduced number of images was needed to cover the whole area. In order to cover the whole area of
Cameroon, 32 Landsat scenes from 1990 and 2000 respectively were necessary. In addition, 14
partly overlapping DMC scenes have been purchased to cover the time slot of 2005.

3 METHOD

In order to develop the forest mask a semi-automatic processing chain was developed in this pro-
ject. It consists of three types of processing steps: pre-processing steps, processing steps related to
forest masks and processing steps to derive the land cover parameters for the deforested areas. The
order and connection of all steps is depicted in Fig. 1.

3.1 Pre-processing

The application of optical remote sensing data in tropical areas often faces the problem of high
cloud coverage. Large parts of the data sets used in this study were covered by clouds, haze or
cloud shadows. From the 1990 Landsat coverage, about 26% of the image was cloud covered. In
the 2000 Landsat imagery, it was approximately 16% and the DMC data had the highest cloud
cover with 28%. In order to deal with the cloud cover a semi-automatic approach was chosen ow-
ing to the patchy appearance of the clouds. In the first step, the clouds were classified by spectral
thresholding. In the second step, the cloud mask was treated with a morphological dilation algo-
rithm in order to integrate also the spectrally fuzzy border areas of the clouds. In a third step, the
mask was duplicated and geometrically shifted in the direction of the cloud shadows (opposite to
the sun position) to cover the cloud shadows. This is necessary, because cloud shadows are not dis-
tinguishable from ‘normal’ land cover types based on their spectral properties. In a final step a
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Figure 1. Overview of the developed procedure.

quality control was done by manual interaction, where cloud and cloud shadow masks are corrected
and hazy areas are added. The result of these steps was a mask of all areas which cannot be used in
the further processing. For these areas, other data have to be found to generate the required infor-
mation, such as lower resolution optical data like MODIS or SAR data (Mayaux et al. 2002).

Strong topography causes different illumination of the north- and south-facing slopes. This ef-
fect has to be corrected by normalization procedures in all areas with mountainous terrain. The
Minnaert correction (Colby 1991, Meyer et al. 1993) was used to correct this illumination differ-
ences. The Minnaert correction was chosen, because it has proven to deliver good results in earlier
studies, e.g. Tottrup 2007.

The original geo-referenced scenes were overlaid to assess their geometrical congruence. Shifts
of up to four pixels, especially in W/E direction could be observed in the test area. A deforestation
mapping based on this data, especially of areas with a lot of small structured (riparian) forest,
would result in severe erroneous deforestation on one side and wrongly classified afforestation on
the other side. Therefore, the data sets have to be adjusted to ensure congruence and thus correct
results. Two different fully-automatic approaches were tested to perform the geometrical adjust-
ment: (1) Coarse registration and (2) Fine registration. The main difference between the two proce-
dures is that fine registration performs local correction. This is important, if the images are inter-
nally distorted. For each area, the shifts between the images are calculated and then applied. During
the investigation of the test site, it turned out that with the coarse registration the images could not
be fitted into a congruent geometry. Therefore, the fine registration was performed resulting in a
stack of three geometrically congruent image data sets.

For national coverage of Cameroon, it is more time and cost effective not to treat each of the 78
images independently. Therefore, neighboring images from similar acquisition dates were com-
bined into blocks and made radiometrically comparable. For this radiometric adjustment, two ap-
proaches were checked in the test site: (1) Adjustment based on linear regression and (2) Histo-
gram-matching. The results of both approaches were statistically evaluated based on the
comparison of different land cover classes in the overlap area of the two neighboring images, called
image A, and B,y,. The same land cover area was selected in these images (Ayig and Byyi,) and in
both adjustment results being linear-regression adjusted image B (Biine) and histogram-matching
based adjusted image B (Bhpisunaen)- The deviation in terms of digital numbers between the image A,.
rig and Borig; Aorig and Biinreg; Aorig and Bhistmaich respectively was evaluated. The average difference
for each band calculated based on 14 reference areas located in the overlap is given in Table 1. The
lowest difference for each band is highlighted in red color. Except for the fifth band, the results of
the histogram-matching based adjustment performed best and thus, histogram-matching was used.
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Table 1. Results of the radiometric adjustment tests

Band Difference between Difference between Difference between
Aorif.: and Bori,\z Aorig and Blinreg Anrig and Bhistmatch
1 4,04 3,17 1,21
2 1,94 1,62 0,84
3 3,54 3,79 1,49
4 7,75 5,77 4,42
5 11,71 5,67 7,52
6 4,15 2,75 1,58

3.2 Segmentation

Pixel-to-pixel change detection has widely been used in the past, often with limited success only.
Many different factors influence the final pixel value even if the area is mapped with the same sen-
sor: slightly different viewing angle, geometric shifts, atmospheric effects, phenological effects
and sun-position, to name a few of them. In addition, if images (pixels) from different sensors
should be compared, there are yet more influencing factors: different geometric resolution (Land-
sat = 28.5 m, DMC = 32 m), different spectral resolution (e.g. Landsat ETM+ NIR = 0.775-0.9,
DMC NIR = 0.77-0.9), different swath widths with the associated properties (Landsat swath
width = 185 km, DMC swath width = 600 km). All those factors, together with still small geomet-
ric inaccuracies remaining despite the fine-registration of the images, lead to the fact that most
pixel values in question are not directly comparable.

Different illumination, atmospheric effects, phenological properties or spectral resolution of the
sensor cannot be changed. However, slight shifts resulting from different viewing angles, different
geometric resolution etc. can be taken care of by using a segmentation approach. Segment-based
approaches deliver more reliable results in this context. In addition, there are three more advantages
of the segment-based approach compared to the pixel-based method: first, the object’s information
(e. g. area and shape) can be used to suppress objects with a size below the minimum mapping unit
or very long and thin segments, which can be attributed to remaining geometric inaccuracies. Sec-
ond, the scattered appearance of pixels, commonly known as “salt-and-pepper-effect” is avoided.
Third, segments can easier be modified than single pixels; this saves considerable time in the con-
trol phase applying a manual correction. The segmentation procedure consists of a series of pre-
processing and processing steps. These are:

a) Layer stacking

This step is necessary to include all three time frames into the segmentation. In order to avoid
the Landsat data with their 7 bands to have a stronger influence than the DMC data, only three
spectral bands (NIR, red and green) of the Landsat data were used. The selection of the bands goes
along with the spectral properties of the DMC data.

The main advantage of using all multi-temporal data as inputs for the segmentation is that only
one set of segments is used for each analysis.

b) Auto-scaling

Auto-scaling is used to scale the gray values of each band (from all three input data sets) to the
same minimum and maximum (or alternatively mean and standard deviation) values. This step is a
linear transformation, which changes the pixel values, but maintains the general characteristic (e.g.
the relationship in gray levels between different land cover classes) of the image. This step is nec-
essary to ensure equal conditions for each band and time. Otherwise, one band or one time frame
would affect the segmentation more than another.

¢) SNN (Symmetric Nearest Neighbor) filtering

The SNN filtering algorithm maintains the edges, while smoothing the area between edges. This
is a very useful procedure, which allows the following segmentation algorithm to more easily find
the correct edges.
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d) Region growing segmentation

This algorithm is a standard region growing algorithm with a local and a global threshold to be
set by the operator. With the thresholds once defined, it is expected, that they can be transferred to
other regions, which show similar land cover patterns.

e) Spatial merging

After segmentation, very small regions are merged with their most similar neighbors. In the cur-
rent test site, the minimum size was set to be very small (8 pixels, which is equivalent to an area of
6498 m?). The reason for this small minimum size can be found in the forest pattern: the transition
zone between the actual rainforest and the savannah which is characterized by thin and long-
patches of forest along the rivers. These forests would not be adequately mapped with a larger
minimum size in this processing step.

3.3 Classification forest/non-forest

For each region, the mean values for each time period and also the NDVIs are calculated. Based on
this information, for each time, forest/non-forest thresholds are defined and preliminary forest
masks are generated. The generated segments including their preliminary information about forest
or non-forest was converted to vector format, because vector data is more efficient for manual in-
teraction. First, all segments smaller than the defined minimum mapping unit (MMU) of 5 ha with
a long and thin shape, mostly only one pixel width (shape index = area/perimeter < 18) are ex-
cluded from the manual correction step, because they are predominantly caused by different image
structure (LANDSAT vs. DMC data) or by remaining geometrical inaccuracies. Therefore, no ac-
tual change is assumed and the automatic classification results from the 1990 images were used for
all three time slots. All other segments of the preliminary forest mask were manually checked for
each time and corrected if necessary.

3.4 Land cover classification of deforested areas

The results obtained in this study serve as inputs for a modeling phase using models which take
into account a variety of different factors such as economic, social and policy driven factors. One
important input is the land cover class in which the former forest had been turned into. In order to
train the model (training phase is 1990-2000), it was necessary to obtain the land cover information
for the deforested areas in 2000. For the validation of the model, also the land cover information of
2005 was necessary. Therefore both images (2000 and 2005) were classified using two different
sources for the derivation of the training data: First, very high resolution (VHR) satellite data
(geometrical resolution around 1m) and second, data from a field survey. This classification con-
sists of a series of processing steps:

1. Preparation of data (maps) for field work in the country.
2. Selection and ordering of Quickbird data for deriving additional training data and for the veri-
fication of the classification results.
3. Selection of training data from the Quickbird imagery, their transfer to the DMC data (images
2005) and integration in the signature analysis.
Integration of the field measured data in the signature analysis for 2005.
Signature analysis of all data (Quickbird and field) — iterative adjustment in order to avoid
mixed pixels in the training data set.
Classification of the DMC (2005) data.
7. Spectral adjustment of the Landsat 2000 data to the DMC 2005 data. This was again performed
used the histogram-matching tool.
Transfer of the signatures from the DMC 2005 data to the Landsat 2000 mosaic.
9. Test of the transferability and eventually adjustment (signature analysis and iterative adjust-
ment).
10. Classification of the Landsat 2000 data.

A

o
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11. Eventually post-classification processing steps such as majority filtering, neighborhood-based
corrections, etc.

12. Intersection of the deforestation maps with the respective land cover classification (change
1990/2000 with Landsat2000 classification and change 2000/2005 with DMC classification).

4 RESULTS FOR THE TEST AREA

In the first stage of the pilot study, a test site was defined to develop the methodology and to test its
feasibility. The test site is located in the center-east part of the country and comprises an area of
45.000 km?2. The area is in the transitional vegetation zone between closed evergreen forests in the
south and savanna in the north. The data used in the test area are two Landsat images from 1990
and 2000 respectively and one DMC image from 2005. From the test area, about 8.5% is covered
by clouds, cloud shadows or haze in at least one of the time slots. These parts are not yet substi-
tuted by neighboring scenes, which is foreseen to be done in the roll-out step. Topographic adjust-
ment was not necessary in this area, because the region is rather flat or hilly. Geometric adjustment
was performed according to the fine registration procedure described above. Histogram matching
was used for the radiometric adjustment of the images. The manual correction step of the forest
masks turned out to be more time-consuming than estimated. This can be explained by the very
small structured riparian forest in this region. The effort of the corrections was about 100 hours in
total for the test area. It is expected, that the effort is less for areas either in the tropical rainforest
zone as well as in the dry areas of the northern territory. However, this still has finally to be con-
firmed within the roll-out phase.

Based on the corrected forest masks, two change masks considering both de- and reforestation
were derived. The change masks showed a deforested area between 1990 and 2000 of 529.786 km?
and a reforested area for the same time span of 441.239 km?2. From 2000 to 2005, the deforested
area is 524.925 km? and the reforested area amounts up to 583.111 km?2. Between 1990 and 2000,
these figures lead to a net loss of 88.547 km? and between 2000 and 2005 to a net gain of
58.186 km?. These net change values have to be interpreted with care, as already mentioned by
Grainger (2008). Trends can be misinterpreted and a prognosis for the future is very unstable based
on such data. A further critical point in GHG budgeting based on net changes only is, that secon-
dary forest might not be binding as much green house gases as the original forest. This can be
caused be lower biodiversity, lower plant density or simply a lower average tree size. Therefore, re-
forestation areas are mapped individually and have to be further analyzed for its contribution to
REDD.

A field work campaign was initiated for the ascertainment of training data and additionally
training data were collected from the interpretation of Quickbird data. Consequently, the required
main classes (grassland, cropland, wetland, settlement and other land) could be successfully ex-
tracted. Grassland and settlement areas are rather easy to distinguish. However, there are still some
topics to be looked at in more detail. Scrubland is a dominant class in this vegetation zone and
therefore it had to be included as a separate class. A mayor spectral confusion was found between
the three classes ‘open deciduous scrubland’, ‘riparian forest’ and ‘cropland’. This confusion was
noted in the field as well. It could be explained by the dominant agricultural system in this area: the
shifting cultivation. According to FAO & World Bank (2001), in the so-called ‘Forest-based Farm-
ing System’, people are “/...] clearing a new field of forest every year, cropping it for 2 to 5 years
[...] and then abandoning it to bush fallow for 7 to 20 years.”

Based on the procedure just described, the deforested areas were classified into the categories
Grassland, Cropland (including burnt areas), Scrubland, Wetland (in the vicinity of water bodies
only), Settlement, Other land (including bare soil, water) and Forest. The classification result
was evaluated on a segment by segment basis. The majority of land cover class with a majority
fraction of more than 50% was taken, the remaining segments are considered to be segments of
mixed land cover under the heading “other”. This leads to the percentage given in Table 2. Be-
tween 10 (1990-2000) and 20% (2000-2005) of the deforested areas still show a significant
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Table 2. Deforested areas by land cover classes (segment-based evaluation on the principle of majority with
more than 50% of the segment belonging to the majority class)

Land cover class Deforestation 1990-2000 Deforestation 2000-2005
(segment — majority) (segment — majority)

Settlement 0,12% 3,06%

Grassland 0,93% 2,30%

Other (incl. water and mixed classes) | 37,76% 31,38%

Shrubland 3,51% 12,71%

Forest 10,26% 19,25%

Cropland 47,40% 31,30%

Wetland 0% 0%

(a) Segment in 1990 (b) Segment in 2000 (c) Classification 2000

Figure 2. Example of an area largely deforested between 1990 and 2000 and the result of the land cover clas-
sification in 2000 data.

amount of forest. The reason can be found in the segment-based approach. Some segments are only
partly deforested leading to remaining forest patches in the deforested segments. An example of
such an area is depicted in Fig. 2. The forest patch in 1990 has been largely deforested, however,
some patches of forest remained and there seems to be already secondary vegetation. These two
factors influence the classification results from the 2000 images. Still more than 50% of the pixels
are classified as forest. This example shows why it is important to keep these areas still as defor-
ested areas, because otherwise large parts of deforestation and forest degradation would be sup-
pressed. These areas can also be seen as candidates for further degradation studies.

5 DISCUSSION AND CONCLUSION

In conclusion, it can be stated that the first phase of the REDD pilot study Cameroon has been suc-
cessfully completed. For a test site involving 5 satellite scenes, a methodology was developed and
its applicability was tested. Compared to both t