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DATA %

Areas Construidas para 1960, 1990 e 2004
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1960

SNP - Sintra Natural Park

Overall Expansion Of Built-up Areas

4

FRAGMENTATION AND DISPERSION
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GROWTH PATTERNS

FRAGMENTATION COMPACTIFICATION

SOMETHING IN BETWEEN?
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FRACTALS

B. Mandelbrot (1977) Fractals. Form, Chance and Dimension, Freeman.
B. Mandelbrot (1967) How Long is the Coast of Britain?, Science, 156(3775).

BOX-COUNTING METHOD
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Global Dy, = 1,42

Cell = Tkmx1km
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Global Dy,

= 1,61

Cell fractal dimension
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Global Dy, = 1,66
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NUMBER OF CONFIGURATIONS

How many configurations (S) of built-up area (A) can we have for a given D ?

Type 1(D<1.00)
Small and isolated built-up areas

2.0

1.0 Type 2 (1.00<D<1.26)

Dispersed built-up areas

0.0

Type 3 (1.26<D<1.54)
Metastatic growth

S & S l(x1 03)

-1.0

Type 4 (1.54<D<1.78)

Rapid growth & metastatic consolidation

-2.0

0.0 0.4 0.8 1.2 1.6 ?
D

S ———— i— —. s =

disperse compact

Type 5(1.78<D<2.00)
Consolidated compact areas

S =S(D) = log (ZU(D) Q(A, D) )

A=L(D)
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REGION TYPOLOGIES

.‘ (1) Small & isolated areas (3) Metastatic growth

' (2) Dispersed areas ' (4) Rapid growth & metastatic Q (5) Consolidated compact
consolidation areas
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TRANSITION TYPES

Q'Reverse transitions Sequential transitions
(e.g. 3—2) (e.g.2-3) (e.g. 2—4)

Transitions of non-built (0) to built areas (1)
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1960 - 1990 1990 - 2004

1—-3 1—-3
;e - -3 ;B -3
4&5in 1960 4 &5in 1990
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1960 - 1990
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1990 - 2004
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FINAL THOUGHTS

1. Type 3 displays some hybrid behavior that connects fragmentation and consolidation.

2. Planning strategies and actions should be design to meet the specificities of each

region type.

Types 3 and 4 can have a significant role in either control or promote urban sprawl.

More specifically:

If intention = promote sprawl, then:

promote new Type 3 areas & control growth in existing Type 3

If the intention = promote compact areas, then:

control new Type 3 areas & promote growth of existing Type 3



@
@

WORK IN PROGRESS
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Are there universal features in the fractal behavior of cities worldwide? %

Example: Lisbon and Tel Aviv
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WORK IN PROGRESS

What happens to the region types when we change the scale of analysis?

Example: Lisbon city, 1 meter resolution, 2006 . M
+ With Teresa Santos = gicsiova

1 meter resolution

NN
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WORK IN PROGRESS
What happens to the region types when we change the scale of analysis?

Example: Lisbon city, 1 meter resolution, 2006 . L
P y . With Teresa Santos = cicsnova

Benfica

" Madre
de Deus

Bairro Alto e o T Bairro Alto

Restelo
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@ Fractal cartography of urban areas

Sara Encarnagéo’ 2, Marcos Gaudiano', Francisco C. Santos'3, José A. Tenedério? & Jorge M. Pacheco' 4

ﬂ entropy

Entropy 2013, 15(7), 2679-2697; doi-10.3390/215072679 Open Access

Article
Urban Dynamics, Fractals and Generalized Entropy

1,5

Sara Encarna§501'2'*' , Marcos Gaudiano® , Francisco C. Santos 14 , José A. Tenedorio 2" and Jorge M. Pacheco

THANK YOU!

sara.encarnacao@fcsh.unl.pt
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. Original map digitized (built-up areas in red)

. Image segmentation (objects)

. Identification of red objects

. Classify those objects (in red)

. Delete red objects that are not built-up areas
and merge the rest + manually cleaning for
roads and other symbols

DATA GENERALIZATION (to conform all datasets)

1960 @ 1 &

» ‘\‘.! 'y L 552 1. Application of a 5m buffer to each polygon;
2. : 2. Buffer's aggregation within a distance <=to 2,5m;

;3 L; . 4 o 3. Attribute to each polygon, in each buffer, the ID code
QELQP . : of the respective buffer;

4. Apply the convex hull algorithm to polygons with the

e
Before generalization Mgy

* B Y

same |ID code;

5. Aggregation of resulting polygons within a distance of

<=50m.
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CHOICE OF CELL SIZE

1

0l 11 1. Sub-divide the fractal dimension interval into bins
0.8} 4 . of AD = 0,01

2. Partition NMAL in n matrixes of cells with

o
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i g length L (pixels)
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504l | | 3. Perform a fractal analysis for each matrix

£ '
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L1 : 4. Count the total number of fractal dimensions

0.2t :
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5. Normalize the number of fractal dimensions
by the total number of bins that exist for D

o
¥

2 2.5
log, (L)

When log,o(L) = [~ 1,25 - 2] the number of fractal dimensions is maximized and also
the number of iterations of the box-counting method.

So we chose L = 100 pixels = Tkm x Tkm (log;,(L)=2). This unit of analysis is quite
workable (not to big and not to small).
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REVERSE CHANGES 4_,

EXAMPLE 1 EXAMPLE 2

A
[ -,

- ik 1
- New built-up area in 1950 - Buil-up area in1960




