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ABSTRACT:

The GIS based analysis of the land use changéaritisl delivers a huge and comprehensive datahatedn be used for further
analysis. Trend analysis and scenarios enablenatai¢he future that highlights the needs for goergplanning. Also the
understanding via comparison to other cities asgisbrder not to copy errors from other citiesS@ combination with ancillary

data open a wide field for managing the futurestdmbul.

1. BACKGROUND

A number of megacities have been analysed to dyathiir
growth in various international research proje@ae of them
was the “Moland” (Monitoring Landuse Dynamic) Prdijelts
aim was to compare more than 30 urban areas ofpEuto
understand common and specific key-actions thaiente the
how’s and why’s of the urban growth. The use dfemdardized
legend with more than 60 classes and the seleofi@nsimilar
times window enabled a direct correlation of thsutes. Also
the city of Istanbul has been selected for a ptdjecdetect and
understand the growth of the city within the laBty@ars. The
years 1945, 1968, 1988 and 2000 were selected andl a
photographs, satellite photographs and satellita daaluated
in combination with ancillary data as maps, stassand many
more.

To achieve these results, image georeferencingowattifi-
cation, pansharping and many other tools of phatognetry
where used to get a geometric reliable data bagisuracy
investigations are part of the quality manageméihe final
extraction of homogenise land use pattern was tyrmaanual
digitizing and interpretation. However, also auttima
classification methods have been tested and couhpeith the
manual interpretation. A difficult task was the dmnation of
spatial land-use data with ancillary data sources eensus
information. Some interesting additional resultsevgenerated
from this step.

The results show both, the sprawl in common andclhss
specific changes within the city. In combinationttwcensus
data and other data, a complex special and sentiatpe
understanding of the reasons for Istanbul's spraves
performed.

As a first result, Istanbul is compared with otleéres within
the Moland Project. This shows how different Euapeities
developed within this period. Then also a widerlygsis was
done to compare Istanbul in a worldwide contextt Net the
validation of the analysed data, also scenariosvet®rfrom
trend analysis are made in order to compare Istanbaiworld
wide context of mega cities.

Te results, however, must become part of decisiakimy and
planning and management of Istanbul’'s future. Fhatwcan
these information and data be used?

First of all, as followed on the derived spatiatadease in GIS
environment, city planning with
sustainable master plans is the logic next stepe frend
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the establishmenf o

analysis and the estimation of sprawl axis assisprevent
Istanbul against an uncontrolled grow.

But also infrastructural development especially sport
facilities is extremely important. Still, the consttion of a
public transport is far behind the actual needs ffand of the
urban sprawl gives information where and when stftectural
facilities are needed.

As a social aspect, the development inside theigitpportant
to prevent Istanbul against social conflicts likeetios, high
contrast of poor and rich areas and slope of tkekbalance.
We already can detect social mishalance in therusbaicture.
Istanbul is placed on a tectonically risky zonetleguakes and
tsunamis can hit the city and therefore a Disadgl@nagement
System is to be established. The actual urban tatejcthe
information of the infrastructure, social aspectgstnbecome
part of a crisis preparedness plan, a well traidisdster alert
system and the final disaster management.

To have a good urban climate in Mega cities is @Gbl@matic
task today. As a part of a sustainable developmerust
industrial plants have been moved to the suburésat@owever,
they are again surrounded today by residentialsanetih high
buildings that hamper the exchange of fresh aire Th
development trend, the urban structure in comimnatiith
meteorological models can assist to better theatsitn in
future.

Cultural heritage is an important factor of Istardbuburist
business. The urban sprawl influences the enviromnod
cultural heritage sites and can increase the fisuch objects.
Changes of the silhouette already shows negative alearly
but also infrastructural facilities and air pollti create a
negative influence on such objects. The risk thaidings
create to damage on cultural objects due to badtagtion in
combination with earthquakes is another importaotdtr.

There are several more applications that can bsepted to
show, how GIS analysis on urban dynamics assishterstand
the mechanism of urban sprawl and their influencevarious
activities of the cities development.

2. LANDUSE DYNAMIC OF ISTANBUL

The project MOLAND for Istanbul has been a co-ofiera
between the technical university of Istanbul (ITthe company

GGS in Germany and funded by the European commissio

through the JRC in Ispra / I. The first goal was dle&ction of
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the land-use of Istanbul in 1945, 1968, 1988 an@d028s the
reference year. To reach this goal, the sateltitagery of the
reference year 2000, satellite photographs of 1888 aerial
photos of the years 1968 and 1945 had to be preepsed to
get them properly georeferenced. The second stefpden the
digitisation and interpretation in GIS environmeimt.the final
step the interpretation took place. Istanbul isagng enormous
and the change is really dramatic. In relationtteen European
cities, Istanbul as a gate to the east and thmisleorld has a
bridge function and a very specific development.eTh
development went not homogenous. Especially bet&eand
88, grow has been the biggest. However the populaiowth
has been high on a homogenous level, which meatsttie
population density grew. The increase of urbaniéabowever
needs to be compensated by other area, in theofdstwanbul
similar to other big cities, by the loss of agricwdl land. This
will be pointed out in this paper. The total prdjecea was
3100 km2,

3. DIGITALISATION AND
INTERPRETATION
All digitisation and interpretation work was donamually on-

screen. Automatic processes for feature extractiorurban
areas fail if such a detailed legendary is recontadn

Line-Layer: First the linear elements (lines and polylines),

such as transportation (road and rail) and rivartsmnal
network, have been mapped according the MOLANDrdgey

on screen by using TOPOL GISystem. topological -data

structure has been used. Limit was given by thidility in the
satellite-imageries. More wide linear features haveen
digitised by a middle line and as far as they heégger width
than 25 m, they have been mapped in the area-dayeell. The
attribute database was opened after the line wasrdrThen
the topological structure by creation of nod-poihts been
established. These lines are often boundaries rima-abjects.
So far they have been copied to the file with theaalatabase
of the processed year.

Area-Layer: The lines and polylines of the line-layer have
been used as basement for the area-layer (polygtbnlabel-
point). All other areas with a homogeneous useraicg to the
legendary have been defined by the boundary-ling te
labelling-point with the attached database in iisidie. Also
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here topological mapping was required to reducentbek and
the risk, which can appear, by redundant lineso Ale snap-
mode has been set to lines and vertex points uitalde radius
to fill entire project area without macro rest mpyns. The
database was filled during defining the label-paimdide the
boundary. An additional area-layer, a so-calledi&3&r, was
added to take area objects into account, whichrcotrer area
objects. These are namely big bridges and highwayeis.
These elements are on one side connected corregtlthe

middle-line in the line layer and further on by dredt

neighbourhood to a related object in the area lajke snap
mode has been enabled to snap to other, non-defjees as
well to keep a semi-topological structure.

Temporal analyses have been undertaken by down-dating the

land-use-classes of the 3 layers by going back-svirdl988,
1965 and 1945. Finally 4 line layers, 4 area layerd 4 3d
area-layers have been developed. Using datababsemand
GlS-intersections the changes can be detected aantified.
Fist the entire line layer had to be down-datedthoy older
images. Additional line-objects have been added atiers
been erased. The database had to be checked ibhijeet
attributes still fit to the legendary. Then the doedated lines
and the lines of the newer area layer have beeoriexg into a
new empty layer.

Figure T Example of the digitised transportation network o
the left (Highways in red, other road in pink) athe lad-use
data set on the right with the legendary of thessga (red =
residential, pink = business)

To import the database just for information, onhe tlabel
points with attached area database have been cdpied also
here the lines have been corrected as boundary. likefar as
the area and the use was the same, the area hadcteeted
automatically and the attributes taken from thenpdatabase.
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4. RESULTSAND INTERPRETATION
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Figure 2:
The land-use change by groups of MOLAND Classes.

The following chapter will give some glance of fessibilities

of statistical operations done on the land-use dstahe

different years. The figure 2 shows the main cleanin

different legendary-groups. Grow of residential aar@irban

fabric) is strong, mainly between 1968 and 1988 $ame can
be detected at the business area. In the same ttime
agricultural area lost space. Interesting is, thatforest shows
an increase since 1988 after the loss before.
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Figure 3:Grow of the different groups by linear time-scated
trend-graphs

Figure 3 shows the change from the agriculturad{ase to the
urbanised area of Istanbul. In the graphic has lmeade the
time-scale linear to enable trend-analyses by upolgnomial
function of second degree. The trend however mighbver-
sized but even an effective visualisation of theurfe. To
combine this data with demographic ones, gives harot
indication.

In this graphic 4 the populations grow and the éase or
residential area has been compared. Very integestnthe
extreme growing between 68 and 88 of the residestidace.
In the detailed study can be seen, that a big aineas in less
dense residential areas, might be legalised Gedekarea. The
population grew as well but not as strong, the dinovate is
smaller. After 1988 the situation changed. Bothdiggll have a
strong increase, but at the residential surfacslotvs down
meanwhile the population rate increases. This tffachigher
density of the citizens in Istanbul.
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Figure 4:Growth of population and residential surface.

More big buildings with bigger density have beeiiltbThese
types of residences grow strong, similar to the utetpn
increase. By interpretation of the CHANGE-Data, kesaa of
specific change can be detected and analysed.&eah have a
role for the development of the entire city andythee result of
some specific human impact. A number of environment
indicators will be used to measure the sustairtshif areas.
They will be related to political keys, such as Jeestrictions.
Especially in Istanbul some change (road-conswotinitiated
the increase of “Gecekondu” areas.
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Figure 5:Length of the transportation network in km on the
Asiatic and European side of Istanbul.

The difference in the increase of the transpomati@twork
shows the stronger development of the Asiatic eidistanbul.
The main initiation can be detected the bride-aoiesion in the
year 1972 and 1987. Also when the bridge is notlyethe
development already starts. Finally scenarios dutrend-
analyses can be undertaken and a virtual groweo€itly can be
animated. Such scenario is going to visualise tloblpms of
the city of Istanbul, where increase is dramatjchlf. Data of
this project could be also a suitable base for gerey
planning. The output of the project can be used itarge
variety of applications, not only by the city ofdabul, but also
by the ministry for regional development and thenistry of
environment. The project could also contain somkialde
information for the development of tourism and five
potential investors. It also could be a part in theional
earthquake management program. In this frame tegetfith
the ancillary data sets (i.e. geological maps)kmaiit up a good
base for this theme.
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LY
Figure 8 Example of a costal area at the Marmara Seadide S

of Istanbul in the year 1945 (left) and in the Y2@00 (right)

5. TRENDSAND AXESOF THE
DEVELOPMENT
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Asian Side
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European Side
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1985
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2005

2015

Population | % of Total Population % of Total Population

Inrinsstrial, rammerrial £ feansport servies

Matural areas (forests, wetlands, etc))

(GrEen urban areas

Waler buddies (wilhoul ey

(x1000)  Population (x1000)  Population ~ (1000)  (%p.a)
1990 [2699  [|3641  [4776  [63,89 7475|456
2000 14075 40,31 6,035 59,69 10,110 [3,07
2010 [5455 43,35 7,129 56,65 12,584 |2,
2020 |6 659 45,35 8,024 54,64 14,683  [1,56
2030 [7489 46,46 8,631 53,54 16,120 0,94
2040 |7 986 47,08 8,977 52,92 16,963 0,51

Table 1: The population grow estimated by the water-
management institute (ISKI 1999)

Figure 7: Estimated development up to the year 2020 by

combined polynomial and linear regressions with Gimiog
and balancing to the total size

The shown trend analyses up to the year 2020 aedban a
combination of a polynomial regression and a liregression.
Like seen in the past, the development of the 3t mloanging
groups, agricultural land, residential and busirmssace, did
not went linear. The calculated values have bektect to the
size of the project area and to the more lineamumggolike
forestry and water bodies. The trend however ipetgation
but shows quite impressive the future of Istankiuits also to
the estimated trends of published statistics fer plopulation
grow. 14.5 Mio inhabitants are estimated from thatew
management Institute, that's about 45% more thatihényear
2000.
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Figure 8:Development up to the year 2020 out of the trend
analysis

If we compare the population grow of 45.2% from Q0@
2020, grow of urban fabric is with 44.3% similamrever if we
increase also the population density, it could ess.| The
growth of business areas counts 38%, which isstalilf we
think where the development goes, the table 1 a@idiclearly
that the Asiatic side will have a bigger increabant the
European one.
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Figure 9:The directions, where the increase might be
orientated. The length of the arrows shows thengite.

6. ISTANBUL AND THE MOLAND-

CITIES
As mentioned before, the study on Istanbul was gfaatwider

project. All 25 “Moland” cities have reached duritihge study
period their highest growth-rate within the lashtted years.
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Figure 10:urban sprawl of “MOLAND"-Cities within the last
50 years.

Figure 10 clearly points out, how Istanbul’s growghates to
these cities. The difference is enormous. Theivelarowth is
shown, measured on the urban surface between weshand
oldest year. With a sprawl of 680% and the biggestvth in
absolute space, Istanbul is the “number one” dV@ILAND-
cities.
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Figure 11:absolute values within the last 50 years.
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The reasons for Istanbul’s growth have been alrelé&bussed.
All other cities are placed in a good developedremment and
do not profit as much as Istanbul from the courd/sThe
contrast of a country placed at the threshold gtligment is
one of the important reasons for its developmegbimparison
to the others. So far, Istanbul should be comptredher cities
with similar situation, but only for the MOLAND-dés the data
are comparable by this method.

Finally, we should try to compare more in detad ttbsolute
and relative changes among the cities’ developménfigure
11, the absolute values are shown with the sodone by the
business areas. So far, Istanbul seems to be tesbuaity in
the MOLAND context. Indeed, this interpretatioroisly based
on the used area but gives an idea on the finapoiaér of
such an area. The change also is of interest ¢ika sn the
values for the 50ies. Brussels was of this timentlmaber one
and Istanbul on the"place. Also in residential surface
Istanbul is the number one in the 90ies meanwhithé 50ies
Istanbul is ranking on place 11. Regarding the chamgl the
trend visible in the figure, Istanbul does not be&hso much
different than other cities, only the absolute deis at a
higher level. Based on this fact we should haveok to the
changes relative to the urbanised areas in thgsethlyears to
point out the internal structure of the cities tonpare them.

DFResidential Area 50'in % of Urhan Area

I |

mResidential Area 80'in % of Urban Area

Bilhao
Dublin
Talinn
Pragus
Munich
Helsinki
Lyon
Istanbul
Dresden
renoble
Wien
Oporte
Iraklion
Hgarve
Marseile
Palermo

Setubsl
Ruhroehiet

Copenhagen

Padua-Mestre

Figure 12:values on “MOLAND"-Cities for residential areas
related to the urbanised area.

Figure 12 shows interesting changes in the intestnattures of
the MOLAND-cities. 14 cities lost residential suréa for

business areas or infrastructure while 11 stillchavgrowth in
residences — means a change more to a living lstignbul is

ranking in the middle and can be compared by itscairal

dynamic and the relative values with Dresden — dferdnt

absolute level of course. The smallest residepgatentage can
be detected at Bilbao with an ongoing trend to tes&ential

area. On opposite Palermo has residential areaigin lavel

also with an ongoing trend. The most extreme changities

towards to more residential are Nicosia and Iraklia the case
of loosing residential percentages it is Bilbao, Bfava,

Prague Helsinki and Oporto. | am not able to amalysre the
details in such an overview, there is of course tiead to

suburban growth in residences and the use of d¢didsusiness.
Istanbul seems to change its internal structuresalramatic as
other cities.
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Figure 13:loss of agricultural land in “MOLAND”-cities

Regarding the urban growth, we have to comparedtteareas,
which in most cases are taken from the agricultlaad. An

overview is given in figure 13, which points outalsbul on a
high level of agricultural loss. The percentagedsnputed by
the lost area in relation to the size of agricitdand in the

50ies. So far the absolute size in the oldest dei® an

important fact for this result. Strongly agricultirstructured

areas and the size of the study area influence ttessilts. If we
regard the absolute values, Istanbul has with 2d6$62 ha in
average 5 times higher level than the others. inesother cases
the loss was also compensated by natural areandieygewhat

is available for urban development in the analysea.

Figure 14 points out more clearly where the urbegaavas
placed in. In nearly all cases the agriculturabllavas the main
source for the urbanisation. There are only a feveptions like
Setubal in a growth from urban structures into agdtiure area
and parallel from nature land to agriculture aslwdight be

that agriculture in this area was given up duenmlk parcel

sizes. This reason might be in other cases ashaslk for the
strong loss of agricultural land. Lyon as an exanimsed the
urbanisation fully on agricultural land. Urbanisatibased only
on natural area cannot be found here. There isitgpwhere

agriculture was not touched anyway.
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Figure 14:land-use transformation in “MOLAND"-cities
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7. ISTANBUL IN RELATION TO
TURKISH AND NEIGHBOURING CITIES
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Figure 15:Growth of inhabitants of neighbouring
agglomerations on logarithmic scale, based on Ditlae
World Urbanisation Prospects - Revision 2003

Many of the selected cities have a similar grovahpecially
Istanbul and Cairo correlate on similar absoluteslle¥thens
stopped its growth at the end of the 70ies whilesBaloniki
decelerates the population growth at the same tifeeevan,
Sofia, Baku and Thilisi show the collapse of sosialiin their
countries since end of 80ies as a negative trerdtdua re-
privatisation of the agricultural lands and a flighom the
cities. The cities in Israel stop their internabgth at the end of
the 80ies, but they profit from the socialistic dtedown in the
former Soviet-Union and received a new impulse of
immigrants, clearly to be seen in the graphic. &fwe, these
cities are excluded from the further analyses. @iy the
cities related of the state of development woulsuitein the
statement that many of these cities can be seinligator for a
threshold country. But first a look at the growthesaof these
cities should be done to compare the results ingra from
their absolute size.
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Figure 16: Annual growth-rates of the neighboured

agglomerations, based on Data of the World Urbéboisa

Prospects - Revision 2003

This graphic shows the actual growth-rates per.yistanbul
with an annual rate of 1.32 in 2015 moves closehéolevel of
Greece cities while all the other Turkish cities afill growing.
This will be analysed separately. Since the 1980&anbul has
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a relatively constant development, which documents
sustainable change. Compared to the internationgbMéies’
growth, (see Figure 15 and 16), the annual groaté-iis
smaller in average.

There can be found strong changes in the growthfoatnearly
every city initiated by political or social impagtshich cannot
discussed in detail in this study. For Istanbwliit be done in
the Turkish context, for some others it was mermtbalready.
Surprising, however, is the growth of Mosul/lragjthwa
homogeneous rate-change in the last decades arughest-
level forecasted for 2015. For Egypt-cities and former
Soviet-Union cities an increase in the annual issexpected.

It can be said that in the prognosis, all the sitbserved will
become more similar with an average annual groath-of
about 2%. Exceptions are Thilisi, Sofia, Yerevarthehs,
Thessaloniki and Baku. Except of the two cities sraél that
grow by ongoing immigration, all analysed cities gart of the
Islamic world in the near east and developing talwato
become industrialised and well developed.

What is the situation like in Turkey itself anddsbul as its
business centre? Figure 17 shows, based on theofldte
World’s urbanisation Prospect 2003, the 6 biggéséscin
Turkey. Referring to figure 9 and 10 of the introtioe of this
study, these cities belong to the most densely latguliregions
in Turkey. They are centres for immigration of thiaterland,
mainly of the eastern and northern Anatolian regidthile
Istanbul, Bursa and Izmir in the western part of KEyr are
relatively close to each other, Adana and Gaziandep
neighbours in the southern Part of the MediterranBarkey.
Ankara is placed in the western part of the cenfi@tolian
plateau.

Adana Populetion
Gaziantep Population
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Figure 17:Annual growth-rates of Turkish agglomerations,
based on Data of the World Urbanisation ProspeRisvision
2003

During the last 50 years, Istanbul’'s growth-rateswa similar
level as all cities are and this seems to contiikee this in
future. Between 1960 and 1975, strong changes iratineial
growth-rate of all the cities can be detected.

industrialisation in Izmir was strong and lead tbigh growth-
rate around 1965. Istanbul and Bursa had a similzrease in
this time. The first economical problems around8.8%opped
this effect, after 1980, it again started. Bursaitetiped most
from the second step of industrialisation with timgpulses in
1980 and 1990. Close to Istanbul, Bursa is in a kifd
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competition due to foreign investments. Like thisere is a
kind of changing trends to one of the cities arawiersa.

Adana, as a strong developing industrial but moteuaistic
region, has been profiting from foreign investmesitee 1980.
Gaziantep however does not show such extreme chatige
city develops with small industry and agricultupabduction on
irrigated land, supported by state water managemihtdams.
Ankara as the most Turkish administrative city, figgoonly
indirectly from industrialisation and shows thents in a
smoothed way.

The strongest growing city, prognosticated for thare, is
Bursa. Since 1995, it has been the fourth biggésirciTurkey.
Of all the analysed six cities, Istanbul will hatree smallest
annual growth in the year 2015.

ISTANBUL AND THE WORLD
BIGGEST URBAN AREAS

8.

Figure 18 Population growth in the 25 biggest cities (excep
Tokyo) or agglomerations in the world with includéend-
analyses. (Data from UN 2004 in: UN - World Urbaatian
Prospects)

The data in figure 18 are based on the World Usdaitin
Prospect of the United Nations. They include reghdrom the
year 2003 and estimate the population for the 26@5. The
years 2010 and 2015 are calculated using the pibquigrowth
index. To keep the overview in the graphic, Tokyasw
excluded from this graphic due to its extremelyhhipimber of
inhabitants of more than 36 million people. The aerimg top
25 agglomerations are listed in this figure while bther cities
mentioned in a previous period have been one skthap 25.
One difficulty in such data is the fact that theaw of the
demographic data are not precisely defined. In soases the
city is taken into account, in other cases a wiegion is used
for the analyses. In some cases, net of big ditidsded in one
study object was used as basis. On the other widefind
Istanbul relatively small to the data used in thevpus
chapter. In the graphic only the city is analyseat,the Istanbul
district. As already discussed, the urban areatahbul crosses
the district border but does not fill the entireméistrative

Thedistrict in the north and west. Due to such adriiats/e

divergences, especially between different countrassolute
values have to be interpreted carefully. Neverdglthe change
of the population highlights the dynamic of citiasdeveloped,
underdeveloped and threshold countries.

Analysed on such a base, Turkey is not a develmoeahtry

neither an underdeveloped one. Compared to othies aiif

threshold countries, Istanbul has a continuing gnowhich
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represents the lack of administrative activitiesicts impact
from the administrative side can be seen in theecof Chinas
cities. To extract the population growth, the anmgapulation
growth rate was extracted from the data shownguaré 18.
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Figure 19: The population growth rate of the biggest and |

strongest growing agglomerations. (Data from UN4200 UN
- World Urbanization Prospects)

The main intention is to compare the trends. Aresdysf the
absolute values are difficult due to different neeth used and
their related data. Even in summarised analyseéheofvorld’'s
Mega cities development, bigger agglomerations @ezed
beside single cities. This makes absolute evaloatibthose
sources impossible.

Figure 19 shows the relation of Istanbul to ottagid growing
cities using the annual growth-rate. If, what iméamften by
demographic studies, the growth-rate is relatethéodegree of
development, Istanbul is similar to South American
agglomerations and the cities of Teheran, Calc@tiro and
Manila. This might be a mirror image of the city asocio-
economic object. Istanbul is able to compete bynendc
means with South American cities. Of course, itlificult to
balance this precisely; many other facts influegoewth too.
Istanbul is definitely a threshold-city by demodrap means
with a good step forward to become a developed d@we.
already seen in the chapters before, there are maong
economic developments in Istanbul, but there It atiack of
administrative management to do the final step.

9. RISK-MAPPING

As one example, how ancillary data in combinatiathvilS
might assist in crisis preparedness, the followisg map was
extracted from the existing data source. To baldinedinal risk,
data of the geoscientific survey and research, digdical
models and land-use data must be combined witBEhdata to
achieve a spatial risk-estimation. The combinatiaith
demographic data or at least the modelled disiohudf such
information with urban structural analysis gives gmod
approximation of a Tsunami Risk-Level as shown below

The map above was generated using data of the klqeoject
in combination with demographic data and terrain nm®del
classified for Tsunami run-up simulations. Even sthe
estimations are relatively simple and not very {@e&cit makes
the risk level clearly visible. Like that, the areaf
Buyilkcekmece covers residential areas on low-leyetkerain
that finally can affect 30,000 people by a Tsunamce they
live in the red coloured zone as shown in Figur&éch risk
maps easily can indicate city planners where rakefrs must be
taken into account or at least to define clear srufer
constructing objects in these risky regions.
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Maps as shown above also support the Crisis Managehsam
to detect sensitive parts of the city and assestitin defining
ways to access these areas for helping the people.

Figure 20:areas of a certain run-up risk for Tsunamis ovwerla
with land-use data and population density of regidéareas.

Many scientists in our discipline use GIS in conattion with
remotely sensed data and/or aerial photos to extradand-use
and analyze them, commonly in combination with ighadr
non-spatial ancillary data. Terrain-models are u$ed the
orthorectification process but as shown above, tbay do
more. There are various possibilities to contribtite risk
mapping out of such data-sources. Risk-maps alsp tred
decision makers to understand the needs for a isabte
planning and support an integrated Crisis managen@ngis
Management and the needed reorganisation of acaityfind
acceptance in the population more easily by presgrihese
risk-maps than any other arguments can do. Like, thase
maps have a big importance to transport politicatiglons
which are needed for a successful crisis managerettso
finally for a better help for the people.
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