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Urban Sprawl Characterization using Landscape Metrics

Welcome back dear students. Today, we are in the 18th lecture, in module 4, where we are
going to see, how the Urban Sprawl can be Characterized using Landscape Metrics. So, in our
last lecture we had talked about landscape metrics and we had seen that there are different
types of metrics which can be used to characterize the landscape, in terms of the different

patches of land use or land cover categories that we have in an urban area.

So, we can do a characterization of those patches using this particular index which is known

as landscape metrics. So, let us see some of the applications of landscape metrics today.
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CONCEPTS COVERED

» Urban Sprawl Characterisation
+ Metrics to assess urban growth pattern
* Patterns of Urban Growth
* Urban Growth Analysis

So, today’s lecture is going to cover concepts and the very first one that we are going to talk
about is urban sprawl characterization. Now, the next that we are going to look into is the
metrics that can be used to assess the growth pattern in urban areas. We would be looking into

the patterns of urban growth and we can do a urban growth analysis using such landscape

metrics.
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Urban sprawl characterization
Metrics to assess urban growth pattern
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So, let us see first, what are the different types of metrics that can be used to characterize or
assess the urban growth pattern. Now, there are different types of metrics which can be used
to characterize the underlying spatial processes and we can determine these spatial processes, I
mean by spatial processes we mean that the land use may change, it may evolve as, | mean
compact forms into compact forms or it could be broken up into small fragments, what is the |

mean your combination of the different types of land use in a given area.

So, all these can be studied. So, first we can assess the complexity or aggregation in a urban
area, so, using this particular metrics. Then we can assess the centrality, how central this
feature is or that particular patch is, we can assess the compactness and dispersion of the

different patches in the urban area.



We can also look for parameters of porosity which basically gives us whether the your I mean
whether there are any gaps to be in the urban area, where it could be seen as pores. So, in the
first image you can see the example wherein, you can see in this particular image the form is
highly complexed, it is serrated and the edges are really complex. So, this is an example of a
complex shape of a particular patch, on the other hand you can see this is a particular very

simple shape. So, its shape complexity is low.

Talking about the centrality, you can see that these patches are very close to each other. So, in
this case the centrality measure of centrality is relatively high compared to another patch,
wherein the centroidal distance of the patch is relatively on the higher side. So, here in this
particular case, the measure of centrality as you would calculate using urban metrics would be

on the lower side.

Now, if you come back to the next image, we can see an example of compactness in this
particular figure. So, here you can see that the figures are aggregated and they have the shape
complexity simple and they are aggregated, they are not dispersed and not fragmented. So,
this compactness in this first case is high where is whereas, if we see the next image you can

see the different patches.

So, if we imagine this to be an urban area, you may have different scattered patches. So, in this
case the compactness is relatively low. The next one is the case of porosity. So, in case of
porosity we may have a particular land use, which is land use or land cover which is given by

this outer boundary and then we may have different classes within this particular class.

So, in this case you can see there are more than one classes or there are too many polygons
inside this particular class or patch. So, in this case the porosity is very high, this particular
class is porous. I mean there are other classes lying within this particular class. So, on the
other hand if you see the adjoining image, in this case you see that you have this class which is
bounded by this outer line outer edge and you have a internal polygon which belongs to

another class.



So, in this case if you do a comparison between these two images on your left and right for
this porosity assessment, you can see the porosity of this particular class that is given as white
is much less than the porosity of this particular patch. So, in this case you have more number

of pores of other class in this particular catch, patch.

So, we can do I mean study the spatial processes, depending on the complexity, depending on
the centrality of the patches, depending on the compactness of the patches and also depending

on the porosity of the patches.
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Urban sprawl CharaCterization Metropolitan Area of Granada, Spain
Urban Growth Analysis

Francisco Aguilera, Luis M. Valenzuela, André Botequilha-Leitdo, Landscape metrics in the
analysis of uroan land use pattems: A case study in a Sgarish metropolitan area,
Landscape and Urban Planning, Volume 99, Issues 3-4, 2011, Pages 226-238

So, if we I mean do a growth analysis, I mean we can use these kind of measures to assess, |
mean how the growth is evolving over time. So, let us see an example of metropolitan area of

Granada in Spain and this study has been done by Francisco Aguilera.



So, you can see that this is the your I mean the land use plan of Granada city in Spain. So, in
this particular region you can see that there is a, I mean compact centre and then you have
outlying areas and you have speckles of growth. So, we can analyse this using the different
types of metrics. So, I mean if we take images, you can see that within the image you can see
high density residential areas, you can see the low density residential areas, you can see the

commercial area and I mean industrial area and the commercial area at the bottom.

So, you can see that all these different images have got characteristic spatial I mean your

distribution of the different land use patches.
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Urban sprawl characterization Muriba Megonolian i
4 patterns of Urban Growth

Aggregated pattern -
Q Increased aggregation and generally by reduced dispersion
Q Urban growth pattern tends either to remain constant or to

decrease landscape fragmentation

Aggregated Linear

Linear pattern -

0 Urban growth around road networks, preferably industrial or
mixed industrial land use

Q From this pattern we can identify two main processes:

o increased or stable aggregation;

o decreased compaction

|— Main roads

So, these can be analysed in the using your spatial metrics. So, there are four patterns of
Urban growth in the last image we have seen the land use plan of Granada and there you can

identify four patterns of Urban growth. So, we shall try to see the Mumbai metropolitan



region and find out what are the different types of patterns of urban growth in the Mumbai

metropolitan corporation metropolitan region.

So, first is the aggregated pattern which I mean is gives an increased aggregation and it is
generally by reduced dispersion of the different patches, you can see the, result outcome as
aggregated patches. So, in this the urban growth pattern, I mean it either remains constant or I
mean there would be infill development and as a result it would reduce the fragmentation in
the landings landscape. So, we can see in this particular example that we have this aggregated

pattern.

Now, we have the next pattern we are talking about four patterns of organ urban growth the
next pattern is the linear pattern. So, these patterns generally these kind of development
generally happens along the road networks generally, these type of developments are industrial

or mixed industrial residential land use. So, these happen along the major network corridors.

So, we can identify two processes from this linear pattern. The first one is increased or stable
aggregation and the second one is decreased compaction. So, you can see this particular

image, wherein it shows a linear pattern.

So, we are talking I mean we are seeing an image of Mumbai metropolitan region, wherein
you can see that in the Navi Mumbai area along the major transportation spine you have most
of the development. So, this is the linear pattern of growth and in the Fort region or the
Colaba region you can see high dense development wherein the landscape fragmentation has

decreased over time.

So, this represents the aggregated pattern. So, the different colours gives you an idea
regarding when and how the Urban transformation has happened in a temporal way in a

timeline.
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Urban sprawl characterization eapfrogging patte
4 patterns of Urban Growth

Leapfrogging -
Q0 Appearance of urban patches with a principally residential
function
0 Predominance of low-density dispersed single-family houses,
and is dominated by the following processes:
o decreased aggregation and greater dispersion of urban
uses
decreased elongation because of the formation of more
or less rounded patches
increased dispersion Nodal pattern

e/

Leapfrogging

o

)

Nodal pattern - » |
e g a ) | |Urben extent 1973
0 Reflects existing industrial and commercial urban growth near 1 ] - urhen rowth 1990
the main transportation nodes
U Decreased aggregation along with increased dispersion and
compaction

Nodal Pattern — Nain roads.

Mumbai Metropolitan Region

So, let us see the next two patterns, the third one is the leapfrogging pattern. So, in this
pattern the urban patches of residential use appear as I mean in a dispersed fashion. So, I mean
it is low in density and generally, you would see come across a single family houses and it is
dominated by process of decreased aggregation and greater dispersion of the urban use. You
will also see the process of decreased elongation and which is result of the formation of more

or less rounded patches.

So, you would also see the process of increased dispersion in this particular case. So, here you
can see an example of your leapfrogging. So, in this case you can see the patches are
dispersed. So, the dispersion is more, the elongation is not there and the, I mean these patches

are more or less rounded in nature and there is a increased dispersion in this patches. The next



and the final pattern of urban growth that we can see which is manifested in different cities is

the nodal pattern of growth.

It reflects the existing commercial or industrial urban growth along the main transportation

nodes.

So, this leads to decrease in aggregation along the along with increase in the dispersion and
also your increase in compaction. So, this is how it happens, I mean as a nodal pattern. So,
you can see that most of this growth would be in the industrial or the commercial urban
growth centres. So, we can see this as an example in case of Mumbai metropolitan region
again. So, here you can see there are some speckles of leapfrogging pattern that we have
discussed earlier and then you have the nodal pattern of growth happening in the new nodes of

the new Bombay region.

So, again you have the temporal growth which is shown in this particular region. So, we know
that there are four different patterns of growth and by characterizing these patterns using
special metrics we know that whether it is a nodal pattern whether it is leapfrogging whether it
is aggregated pattern. So, we can assess what is the nature or the what are the processes that
is going behind in the those Urban areas, I mean which would result in a particular nature or

pattern of growth.
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Urban sprawl characterization -
Urban Growth Analysis

Land use land cover trajectories of Kathmandu Valley

Some questions that needs answers:

U sustainability implications of urban sprawl in this
fragile, mountainous landscape

U impacts of the conversion of agricultural land to
the built environment

Q socio-ecological significance of disappearing
open space

U fragmentation of habitats and important
biological corridors

Major Roeds. River ¢ Municipal Areas | Bare Grourd aff Built-up Area
ol ForestTree CoveredAna 0% Agricultunal Area
Isntiaque, A.; Shrestha, M.; Chhetri, N. Rapid Urban Growth in the Kathmandu Valley, Nepal: T oD
Monitaring Land Use Land Cover Dynamics of 3 Himalayan Cicy with Landsat Kiemdters
Imageries. Environments 2017, 4, 72.

Now, let us see I mean how we can do a growth analysis. So, this particular example is of
Kathmandu valley and this is a study by Ishtiaque, Shrestha and Chhetri you can refer to this
particular research article. So, in this particular research what the authors have done is they
have tried to identify the urban growth in Kathmandu valley and use your landscape metrics to

assess how the growth pattern is varying over time.

So, there are several questions which can be further evaluated based on this particular study
ha, which can be further I mean delved into I mean there are some research questions like, I
mean the what are the sustainably it implications of urban sprawl in a fragile mountainous
landscape like Kathmandu, then we can also explore the impacts of conversion of agricultural

land to built up areas.



Here, we can also do an analysis of the socio ecological significance of how the open spaces
are disappearing. Also, we can study the fragmentation of the habitats which are important

biological corridors where in it supports the fauna and the flora in this particular region.
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Urban sprawl characterization
Metrics to assess urban growth pattern

Spatal metric Abrrey, Description Formulae
Percent of andscape PLAND Measures the percent of the lndscape ~ PIAND =, = z+ %100 Py=proportion of the landscape
occupied by patch type (class)i;
k ay=area (m2) of parch ij; A= total
landscape area (m?)

Number of Patches NP entifies the number of patches in No=ny = number of patches in the

each of the urbanland uses landscape of patch type (class|
y

Mean patch size AREAMN  Calculates the average meansurface of  AREAMN = Z: L
patches '

Meanradiusof gyration ~ GYRATEMN ~ Mean of the GYRATE GYRATE equals  MGYRATE = Y‘ e Iy =distarce () between cell jr
the mean distance (1) between each Gl located within patch ] and the
cellinthe patch and the patch centroid centioid of patch i (the average

Tocation),based on cell center-to-cel
c nce; z=numberof cels in
" py/mopy

Mean shape index SHAPEMN  Measures the ratio between the SHAPEMN = L o Py= perimeter of pateh ijinterms of
perimeter of a patch and the perimeter | number of cell surfaces:
of the simplast patch n the same area Min = minimum perimeter of patch

ijin terms of number of cellsurfeces
W

Mean Euclideandistance— ENNMN  Measures averagedistance betvieen ~~ ENNMN = <=4 hy=cistance (m) from patch i to

neighbor two patchesina landscape nearest neighboring patch of the same

type class), based on parch

edge-to-ecge distance, computed from
cell centertocell center

We can also do the metric, I have the metrics to assess the Urban growth patterns. So, the first
one that we see is the percentage of landscape. So, it is given by the proportion of area of a
patch to the total landscape area and it is expressed as percentage, then we can count the

number of patches in of each land use.

So, you can see it is given as ni subscript i then we can calculate the mean patch size which is
the summation of all the areas of different patches divided by the number of patches. Now, we

can find out the mean radius of gyration which is the mean distance between each cell in the



patch and the cell centroid. So, I mean your hijr is the distance between cell ijr that is located

within patch 1j and the centroid of the Pi 1j which is the average location.

So, based on the cell centre to cell enter distance we can calculate this hijr and your zi t
represents the number of patches in number of cells in patch ij, then we have the mean shape
index which gives us a measure of the ratio between the perimeter of the patch and the
perimeter of the simplest patch in the same area. So, this again is a ratio and does not have any

unit, then the next measure that we come across is the mean Euclidean distance neighbour.

So, it measures the distance or the average distance between two patches in a landscape. So,
again you can find out hij which is the distance from patch i to the nearest neighbouring patch
of the same class type. So, based on the patch h to h distance I mean we can compute the cell
centre to centre distance. So, this is summed up for all the different patches and it is divided by
the number of patches of a particular class type. So, we divided by n i that gives us the mean
Euclidean distance and it could be this is measured in terms of distance metrics like either

meters or kilometres or any other units of distance measure.
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Urban sprawl characterization
Metrics to assess urban growth pattern

Indicators Abbreviation  Formuia Description
Tolang )
Area weighed mean shape AWMSI AWMS] = el x i Where 5; and p; are the area and perimeter of paich , and Nis
index Z.,‘ \' the total nuniber of patches
o
Tn02ps
Areaveighed meanpaich —~ AWMPFD ~ AWMPED = L‘; X b Where s; and p are the area and perimeter of patch i, end Nis
fractl dimension Lot the ol number of patches
N1 i
Yoty o
Centrlity Centalty  Centralty = =1 = =L Where D) is the distance of centroid of patch ito centroid of
VIS he larg Nisthe total number of patches, R is the
tadius of a crcle with arsaof s, and s is summarization avea
of all patches
Y bip N e N
Compacness index a = = Z-ﬁf\{_ 5;and p; are the area and perimeter of patch , P is the
perimeter of 4 circle with the area of 5; and N is the total
number of paiches
Compaciness index of the ciLp =TT Where s ard p are the area and perimeter of largest par,
argest pitch
Ratio of open space ROS ROS = §  100% Where s the summarization area of all “holes” inside the
of all the paiches
Density Density Density = § summarization area
Purchasing power parity PP Definition from (UNDP, 2001) Gross domestic produet per capita
. e TELP Definition from (World Bank, 2000) Nationa e lines ownership

VEHPOP

Definition from (World Bank, 2000)

Now, we have few other measures to assess the urban growth patterns which are commonly
being used. So, the first one is the area weighted mean shape index, wherein it measures the, I
mean shape complexity of a particular patch, wherein si and pi are the area and perimeter of
patch i and N capital N is the total number of patches. The second metric is the area weighted
mean patch, fractal dimension wherein we try to measure the fractal nature in the landscape,

wherein it gets repeated at different scales, si represents the area and pi again represents the

perimeter.

So, it is a we take a logarithmic function of the these ratios of perimeter to the log of your
area and we divide it by the total number of patches and it is further multiplied with the area of

the individual patch type and it is divided by the aggregated some of the different patch types.

So, it gives us that freak, fractal dimension.



So, the next measure is the centrality wherein you guess you can see we find out the centroid
distance of patch i to the centroid of the largest patch. So, I mean it is normalized and divided
by N minus 1 where is N is the total number of patches and your R is the radius of the circle or
with the area S. So, I mean sometimes your patches may not be a regular circle. So, what we

can do is we can | mean take the area S and divide it by pi and take a square root of that.

So, that this gives us a measure of the centrality of a given patch to the biggest patch with of
the same class type. The next measure is the compactness wherein we find out the area and the
perimeter, I mean we do a ratio of that and I mean your pi in this case is the perimeter of the
circle with the area si and again N is the number of patches. So, in the denominator we take

square of N, because we are I mean I mean taking the ratio of the perimeter of the circle.

So, I mean in this case, you do not have a unit for this particular measure. Next is the
compactness index of the largest patch. So, like in the earlier, I mean index we had seen the
compactness index. It is very similar to it, but we in the denominator we have the your
perimeter of the we divided by the perimeter of the largest patch instead of dividing by the

square of the number of patches, we divided by the perimeter of the largest patch.

The next metric that we are talking about is the ratio of open space. So, I mean it gives you a
measure of the porosity. So, in this case your S is the summation area of all the holes inside

the urban extracted urban area.

So, if you have a I mean built up area. So, wherever the gaps are there I mean unbuilt areas
are there that would integrate to give you the measure of S. So, this S is the summation area
of all the patches so, I mean we do a ratio of S dash by S for finding out the ratio of the open
area and it is a measure of the porosity. Next, we can measure the density which is very simple
that is we take the measure of total population of a city and S is your summarization area of all
the patches. So, I mean we can find out the overall density or we can find out patch wise

density as well.



So, we can find out the purchasing power parity which is the gross domestic product per
capita, we can measure parameters like your number of telephone lines per capita or per
thousand persons, we can also find out measures such as vehicle ownership. So, these are

some of the metrics which are used to assess the urban growth pattern.

(Refer Slide Time: 24:17)

‘PR P IHL PO BN

Urban sprawl characterization
Metrics to assess urban growth pattern in Shanghai

Spatiotemporal variation of landscape patterns and their spatial determinants in Shanghai during the
past two decades using exploratory regression and Generalized Additive model (GAM)

0 Fragmented in nearest suburban areas and more aggregated in far suburbs

O Multicollinearity was eliminated and dominant spatial factors for each landscape metric were
identified

Q Sort-order of factors and accumulation of residual deviance were applied to quantify effects
of factors on landscape patterns

0 Distances to outer-ring expressway and subway stations inside outer-ring expressway are
most influential to landscape patterns

YengiiuFeng, Yarg Liv Xieohua Tong, Spatiotemporal variatign oflandszape patterns and their
spatial determinants in Shanghei, Ching, Ecological Incicaters, Volume 87, 2018, Pages 22-32

Now, let us see another study, wherein the these metrics have been used to assess the growth

pattern in Shanghai in China. So, this is a study by Feng, Liu and Tong.

So, I mean this has been published in ecological indicators. So, this particular article studies
the spatio temporal variation of landscape pattern and the spatial determinants in Shanghai
region in the last twenty years and it uses a exploratory regression and generalized additive
model. So, we see that this particular region of Shanghai is fragmented in the sub urban areas

and in the far suburbs it is more aggregated. We also see that some of the parameters of your



metrics, landscape metrics are multi collinear in nature. There is collinearity between the

variables that we had studied if these people had studied.

So, this collinearity was eliminated, I mean those variables which were collinear and which
were give me giving similar kind of relationships, some those variables were eliminated and the

dominant spatial factor for each landscape metric had been identified in this particular study.

So, the sort order of the factor and the accumulation of the residual deviance where also I
mean studied to quantify effects of factors on the different landscape patterns. So, they also
worked on the distance, I mean this was one of the factors which the assist or that is the
distance to outer ring expressway and subway stations inside outer ring expressways which

were found to be the most influential to the landscape patterns.
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Urban sprawl characterization
Metrics to assess urban growth pattern in Shanghai

wo, o, 00, 00,
No. [Acronym |Name Purpose pasn i . o
AN
B A
. ESE
o =
o

1 [D. Distance to city center of the proximity to city

jand district centers that define the

2 |Dg Distance to district centers high-density built-up arezs

B [Dosm Distance to 1995 main rozds

B 1Dgsm Distance to 2015 main roads of the proxirity to main ©p_, oD, ®o, wa,
5 Dy, |istancets midderingopresiay Joadsanc rngerpressvaytht | e b [ =

6

7

Dye Distance to outer-ring expressway [fragment the natural landscape \D \ \ %
Dye Distance to suburban-ring expressway
Distance to subway stations insice the -
B Py louter-ring expresuay |Assessment of the proximity to subway|
tations that are distributed in the city

Distance to subway stations outside the

9 |Dso lcenter and its nearest suburban areas
louter-ring expressway o, i,
|Assessment of the proximity to ports | **** = -

10 |D, Distance to ports lthat reflect the effects of airports and
[y \deep-water ports on landscape

IAssessment of the proximity to
protected areas that reflect the effects
lof ecologically significant arzas on
landscape

Distance to protected areas




So, we can see that these are the different measures, which were used to assess the proximity
characteristics. So, the distance to the city centre, distance to the district centre, distance to
the main road in 1995 and 2005. So, these measures were used to identify the proximity to the
roads then there are measured such as D ssi and sso which gives you a proximity to the
subway station and which are distributed in the city and in its nearest suburban areas. They
also measured the distance to the ports which is measured using this particular I mean metric
D, I mean variable D pt. So, and then distance to the protected area that is ecologically seek

significant areas.

And what is the distance in terms of proximity measures, where I mean tabulated using this D
pa measure. So, you can see the how these measures are dispersed in the city of Shanghai. The
first one gives you the measure of the distance to the centre of the city which is a buffer
gradient buffer and we had already talked about creating this different types of buffer maps in
our earlier lectures, where we were talking about raster and vector data modelling and I mean

your different operations using raster and data, vector data where being I mean studied.

So, you are already familiar about it. So, these processes can be implemented to study the
distance to the city centre, you have the distance to the district centre in this case, distance to
the road in different time periods, then you have distance to the outer ring road, express road,
the suburban express road, then you have the distance to the subway stations so distance to
the ports and the protected areas, distance to the protected areas, all these factors were
studied and then what was what was done was the generalized additive model which is given

by this particular equation, where in your beta in this particular equation is a constant.
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Metrics to assess urban growth pattern in Shanghai

The Generalized Additive model (GAM) is given as :
g(M) ~ By + 51(D1) + $2(Da) + 53(D3) + 84(Dy) + 85(Ds) + &

where g(M) is a link function that represents effects of variables on metric M,
By is a constant, K

5;(D)(i = 1,...,5) is a smoothing function that describes relationships
between and the i*" variable D, and & is the model residual

Yongjiu Feng, Yarg Liu, Xiaohua Tong, Spatiotemporal variation of landscape patterns end their
spatial determinants in Shenghei, Chine, Ecological Incicators, Volume §7, 2018, Pages 22-32

And on the right hand side we have DI which is the ith variable and we have another error
term which is the model residual which could not be accounted by all these different
parameters is written as delta. So, this g M is a link function that represents the effects of
variables on the metric, on a specific metric, on the different each of the metrics we can
identify what is this what is the link function that gives you an idea regarding the impact of

these various variables that D 1, D 2, D 3, D 4, etcetera that we had just seen.
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Urban sprawl characterization
Land-use patterns of Shanghai in 1995 and 2015

(@ 1995 land use pattem )2015 land use patern

This has been identified and you can see that it was implemented for 1995 and 2015 in
Shanghai, where in you can see different land use categories and how they have been evolving
over time and you can see that slowly the low density built up areas have been permeating in
the outskirts around this nodes, where in you had high density built up areas and then you
have the core which is expanding and there is infill of the core which is getting compact. We

had talked about the four different types of urban growth models.

So, in this you can see the central core is becoming compact and it is evidenced from the study

using landscape metrics.
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Urban sprawl characterization
Landscape Metrics to assess urban growth pattern in Shanghai

Perimeter-Area Interspersion
fractal dimension juxtaposition incex

Largest patch index Number of patches  Shannon’s dversity index

So, we can do this assessment of studying the landscape, different parameters, the different
metrics. So, for 95s and 2015 the landscape largest patch index, perimeter area fractal
dimension, interspersion juxtaposition index, number of patches and the Shannon diversity

index was calculated for 95 as well as 2015 and you can see the results for the different areas.
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Urban sprawl characterization
Urban growth pattern in Shanghai

g 0 landscape patterns were aggregated in Shanghai
< center
" 0 fragmented in the nearest suburban areas but

were aggregated the most in the distant suburbs
i . 3 explained by dominant factors such as the existing
s T R A R built-up areas, and infrastructures such as the
e e L outer-ring expressway and subway stations inside
i the outer-ring expressway

0 statistical significance of each spatial variable

3 estimated in addressing these relationships

30)

D

\ P - 7 . 0 provides insights on potential impact of new
infrastructure on urban landscapes

So, this led to the relationship between the earlier model kind of a regression model that we
had talked about. So, it gives us the kind of dependence of the function factors that we had
talked about that is the distance functions with respect to the spatial metrics. So, how it varies
based on a fraction of a factor of distance can be studied over here. So, these are different
ranges of this factors and these are the mean values of this parameters, your the landscape
metric parameters with respect to the different variables, the distance function that we had

talked about earlier.

So, these landscape para patterns were aggregated in the in the shanghai centre as evidence
from the this particular study. The, if the fragmented in the nearest suburban areas this patches

are fragmented in the suburban areas and it is aggregated in the distant suburbs. So, these is



also explained by the dominant factors such as the built up area or the infrastructure that we

are | mean assessing like the outer ring road or the roads and the presence of subway stations.

So, the statistical significance of each of these spatial variables, it estimated the relationships
between these different parameters and it could be used as a measure to address the different
issues in urban planning regarding density control. So, this I mean particular study it provides
an insight, I mean using landscape metrics, it would give us an insight into the potential impact
of a new infrastructure development like you have an outer ring road or you have a suburban I
mean your M R T S corridor. So, you can get an insight on the impact potential impact on
your urban pattern due to the infrastructure that is going to come up. So, it can be used for

simulation.
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So, a recapitulation of what we had covered today. First, we had talked about the Urban
sprawl characteristics. In that we talked about metrics to assess the urban growth pattern. We
had also talked about the patterns of urban growth in this particular lecture and then we did

urban growth analysis for two or three different I mean urban regions.

So, you can read on this and there are lot of different studies doing different types of analysis
and simulation on growth, urban growth. So, I mean we shall look into, the different other

modelling techniques in our next lecture.

So, thank you so much.



