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“Wessel, what is Geomatics?”
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“Wessel, what is Geomatics?”
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describing the form, structure or fabric of the city

Mo York Ciky Livedon o
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Extensive research into wind flows in the urban environment
¢ influence of wind in the urban environment:
i. Energy balance
ii. Polution levels
iii. Pedestrian comfort levels
iv. Urban ventilation
v. Urban Heat Island effect
vi. Health and safety
* urban wind studies done consist mostly of:
i. Computational Fluid Dynamics simulations
ii. Scaled wind tunnel tests
iii. Real-life street measurements
e these methods:
1. are time consuming
ii. depend on computational power
iii. complex

iv. limited by scale
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wind flows from a morphological point of view (as opposed to an aerodynamic point of view)

compute morphological parameters related to wind flows
* city scale

e compare with meteorological stations
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frame of research

The research will be focused on:

e area of interest in Rotterdam

e two meteorological stations by weather.tudelft.nl initiative

* two meteorological stations outside Rotterdam, used as reference stations

(KNMI & weather.tudelft.nl)
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1. Area of Interest - Rotterdam
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Main research question:
Can we use urban morphology to automatically calculate potential increase in wind velocity?
With subquestions:

i. How do different morphological parameters relate to wind velocity?
ii. How can we develop a methodology to compute multiple morphological parameters?
iii. Is this method suitable for identifying potentially increased wind velocity situations?

iv. Can we use measurements from meteorological stations to validate the methodology?
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i. Tall buildings ii. Urban canyon iii. Wind direction iv. Terrain roughness length

Urban Morphological Analysis
for Wind Potential

by Wessel de Jongh

MSc Geomatics, TU Delft



releva nt fIOWS 8' O 2related works - 16/ 28

Wind regime when flow encouters a tall building:
e flow hits windward side of the building and a big portion is pushed i.

downward (5)

Related parameters:
e height

¢ wind- and leeward
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Wind regime when flow encouters a tall building:
e flow hits windward side of the building and a big portion is pushed i.
downward (5)

e a circulating vortex is created at pedestrian level (6)

Related parameters:
e height

¢ wind- and leeward
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Wind regime when flow encouters a tall building:

e flow hits windward side of the building and a big portion is pushed L 7
downward (5)

e a circulating vortex is created at pedestrian level (6)

e when the circulating vortex reaches the side of the building (8) it

joins the main flow (2) and accelerates (9)

Related parameters:
e height

¢ wind- and leeward

Urban Morphological Analysis
for Wind Potential source: i. Beranek and Koten, 1979. ii. Tsang et al., 2012
by Wessel de Jongh

MSc Geomatics, TU Delft



relevant flows

Wind regime when flow encouters a tall building:

e flow hits windward side of the building and a big portion is pushed
downward (5)

e a circulating vortex is created at pedestrian level (6)

e when the circulating vortex reaches the side of the building (8) it
joins the main flow (2) and accelerates (9)

e behind the building, transient wind flow patterns arise (10, 11, 12,

13) and are linked to lower wind velocities

Related parameters:
e height

¢ wind- and leeward
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source: i. Beranek and Koten, 1979. ii. Tsang et al., 2012
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Wind regime when flow encouters a tall building:

e flow hits windward side of the building and a big portion is pushed i
downward (5)

e a circulating vortex is created at pedestrian level (6)

e when the circulating vortex reaches the side of the building (8) it

joins the main flow (2) and accelerates (9)

e behind the building, transient wind flow patterns arise (10, 11, 12,

13) and are linked to lower wind velocities
The lateral high wind speed zone (9) increases with building height

11.

Related parameters:

e height

¢ wind- and leeward
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e urban canyon is defined by height (H), width (W) and —
/_\»
length (L) - T
: : : : A ~ / / /\—\
e different flow regimes depending on the ratio between A
/ C \\a / 9
them D,
i. isolated roughness flows :
ii. wake interference flow e —
iii. skimming flow ~ ¢ - > - — L
Y S NI
G <3
11. 11i.
0.20 T T . T T T r
S
0.25 % 1 1. Isolated roughness Flow 1
Related parameters: i -
° helght Eﬂ'.ﬂ' /"‘—""‘" o
e width - 11.  Wake interferance
0.50 | y
e length R ———
-
r 111 Skirmming 1
e — oo
0 1 2 3 4 5 6 7 8

Urban Morphological Analysis
for Wind Potential

by Wessel de Jongh

MSc Geomatics, TU Delft

source: Oke [1988]



releva nt ﬂOWS @ O 2 related works - 22 / 28

e high H/W ratio linked to decreased wind velocity Dimensionless longitudinal mean velocity as a
function of H/W for flow parallel to the street

|
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 height
e width
e length
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relevant flows

e high H/W ratio linked to decreased wind velocity

Related parameters:
 height
e width
e length
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Dimensionless longitudinal mean velocity as a
function of H/W for flow parallel to the street
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relevant flows

e asymetry in the urban canyon causes flows to behave

differently.

e a portal shaped vortex spans the canyon lengths

Related parameters:
 height
e width
e length

¢ wind- and leeward
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e wind direction also changes flows in the canyon

Cross-canyon
voriex

d
®) wina &

Muitiple .
Related parameters: R S R _ Channelling
WJHW
e height
e width
e length
e wind- and leeward

* angle of attack
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relevant flows

e angle between the street and the buildings

Related parameters:

¢ angle of attack
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terrain roughness length

e value to indicate roughness of terrain

e terrain material characterstics cause drag and increase
turbulance

e higher roughness length value means lower potential

wind velocity

Related parameters:

e roughness length
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@ O 2 related works - 27/ 28

Table 4.
Davenport roughness classification (revised).

2, (m) Landscape description

1: 00002 Openseaor lake (irrespective of the wave size), tidal flat,
"aea’ snow-covered flat plain, featureless desert, tarmac and concrete,
with a free fetch of several kilometers,
2 0005 Featureless land surface without any noticeable obstacles and
"Smooth” with negligible vegetation; e.q. beaches, pack ice without large
ridges, morass, and snow-covered or fallow open country.
3. 003 Level country with low vegetation (e.g. grass) and isolated
‘Open”  obstacles with separations of at least 50 obstacle heights; eq
grazing land without windbreaks, heather, moor and tundra,
runway area of airports.
4 010  Cultivated area with reqular cover of low crops, or moderately
“Roughly open country with occasional obstacles (e.q. low hedges, single
open”  rows of trees, isolated farms) at relative horizontal distances of
at least 20 obstacle heights.
S: 025  Recently-developed “young" landscape with high crops or crops of
"Rough” varying height, and scattered obstacles (e.q. dense shelterbelts,
vineyards) at relative distances of about 15 obstacle heights.
6: 05 "01d” cultivated landscape with many rather large obstacle groups
“Very {large farms, clumps of forest) separated by open spaces of about
rough® 10 obstacle heights. Also low large vegetation with small inter-
spaces, such &s bushland, orchards, young densely-planted forest.
7. 1.0 Landscape totally and quite regularly covered with similar-size
‘Closed” large obstacles, with open spaces comparable to the obstacle
h?]llgnts_: eg mature regular forests, homogeneous cities or
villages
8 22  Centresof large towns with mixture of low-rise and high-rise
"Chaotic™ buildings. Also irregular large forests with many clearings.

source: Wieringa, 1992
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height

e width

e length

e wind- and leeward
* angle of attack

e roughness length
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Methodology

tools and data

methodology
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tools and data
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]
o™ TUDelft
' :’k” 30geoinfo

£ pdok
o 2 it
\ buildings & height
neighborhood (3D BAG)
data (CBS)
BGT
QGIS

@ python

postgreSQL
offline database
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flowchart
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Height Width
Use 3D BAG for height Use voronot cell
i . properties to calculate
information

street wdith

Length

l

Merge buildings

!

Calculate consecutive
facade length

»  Wind- and leeward

—»  Angle of Attack

Use footprint geometry
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azimuth compared to
wind direction

Roughness length

QGIS Overlap Analysis
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Voronoi diagram
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Implementation

voronoi diagram

morphological parameters
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VoronOi diag ram O 4impememtation -33/47

* input Points
e creates Voronoi cells based on distance to other Points

e Edges describe the middle of two Points

Urban Morphological Analysis
for Wind Potential

by Wessel de Jongh
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VoronOi diag ram O 4impementat‘on -34 /47

e the building footprints are converted to points and used

as input for a voronoi diagram

1. buildings 2. convert to points 3. points 4. create the voronoi diagram 5. result

Urban Morphological Analysis
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VoronOi diag ram O 4‘mplememat’on -35/47
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canyon height and width 0 14 F——

 height from the buildings and add to cells

e width from the edges of the Voronoi cells

height

width

* select building

i. select intersecting edges

ii. select intersecting cells
e calculate the length of the edge —— canyon width
* add building height and canyon width to cells
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canyon length

e street network dataset

* gaps between buildings
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canyon length

e street network dataset

* gaps between buildings
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canyon length

e street network dataset
* gaps between buildings

* individual buildings
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Ca nyon Iength O 4implementatiom -42 147

* merge individual buildings into blocks
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Ca nyon Iength O 4impementat‘om -43/47

* groups similar lines based on orientation == canyon length

= individual lines
- grouped

n
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Windwa rd O 4’mplementat’on -44 /47

e depending on the wind direction, which facades are hit by wind? Vo

1. establish inside - outside relationship

OV ToIPE-
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Windward O4implementat‘on -45 /47

e depending on the wind direction, which facades are hit by wind? V2

1. establish inside - outside relationship

2. determine wind- and leeward side leeward

windward

v >

wind direction
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angle Of attaCk O4implementat‘on -46 /47

e depending on the wind direction, which facades are hit by wind? V2

leeward
3. angle between wind direction and facade

windward

0 <

wind direction

Urban Morphological Analysis
for Wind Potential

by Wessel de Jongh

MSc Geomatics, TU Delft



terrain roughness O 4implememat‘om -A47 147

[ building
v other

private property
I road for cars
[ road others
grass
"~ shrubbery
I forest

unpaved

e Dutch open data BGT dataset (Basis Grootschalige Topografie)

e assign roughness value to each material

riverbank

water
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Results

morphology
wind potential

validation
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* Point-based score system to indicate potential increase
in wind velocity

¢ threshold values from research:
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parameter /score 5 4 3 2 1
building height (H) H>=23 157<=H<23 13M<=H<157 W3<=H<133 H <103
H / W ratio (UC) HW «=005 005 <HW <=04 04 < HW <=0465 0.65 < HW <=1 HW =1
W/ L ratio (WL) WL <=007 007 < WL <=0.56 WL > 0.56
L / H ratio (LH) LH <=142 142 < LH «<=23.69 LH = 3.69
angle of attack (AoA) AcA < 18 18 <= AcA < 36 36 <= AoA < 54 M o= AoA <72 72 <= AoA <=90
windward Yes No
roughness length (zo) 0.0002 0.005 0.03 0.1 z0 <= 0.25




wind velocity potential 0557105

* Point-based score system to indicate potential increase

parameter /score 5 4 3 2 1

in wind velocity buildingheight (H) [ 157<=H<23 133 <=H <157 1W03<=H <1334 H <103
H /W ratio (UC) HW <=005 005 <HW <=04 04<HW==065 065 < HW <=1 IIINNGG

¢ threshold values from research: W/ L ratio (WL) WL <= 007 N WL > 0.56
L / H ratio (LH) LH <=142 142 < LH <=3.69 LH > 3.69

angle of attack (AoA) [ 15 <= AcA < 3% 3 <= AoA < 54 M o= AoA <72 T2 <= AoA <=9

windward S Yes No

roughness length (zo) oooo2 [T 0.03 0.1 20 <= 0.25

parameter value score

canyon height [m] 5

H/W ratio 1

W /L ratio 2

L/H ratio 1

zp [m] 4

windward 210° 2

angle of attack 210° 5

total 20)
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Do higher scores relate to an increase in potential wind velocity?
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score Validation O 5resuts -062/65

Do higher scores relate to an increase in potential wind velocity?

What is the average wind velocity at the urban weather station when the reference station measures:
i. wind velocity 1£0.1m/s

ii. wind direction 0 £ 5 degrees
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score validation 05..c e

Do higher scores relate to an increase in potential wind velocity?

What is the average wind velocity at the urban weather station when the reference station measures:

i. wind velocity 1£0.1m/s
ii. wind direction 0 £ 5 degrees
7 . 7 . 7 . 7 . ¥ . 7 .
., ; ~ id " 4, ; P =+ ; + ol ; ", g ; o
= L2
5 ) ¢ & p g 4 2 B r 2 g 3 & £ & £ £ I 7
&= £ &
Z 3 f £ 5§ § £ §f § & 5 § & 5 § 2 5§ § 2 5
g = g '3 B g g 5 g 5 5 g 5 '3 s ;' g s 5
£ £ v 8 £ b5 & £ F £ g & g F g g & g g 5
] g S § 5 r F 5 ¥ F 35 v £ F 5 & 5 ¥ s 5§ ¥ &
=] e o= x “ = T w = I i 5 b ] 4 T o = = w 5 T
centrum oude leede o 21 o083 1.00 144.0 .88 2,00 145.0  0.99 3.01 122.0 1.03 4-00 g3.0 1.21 5.01 470 1.40 5.7 3.0
centrum oude leede 30 20 o076 1.00 241.0 053 2.00 1820 045 3.00 134.0 1.12 399 107.0 1.25 4-99 66.0 1.47 6.00 14.0
centrum oude leede 60 18 o058 1.00 203.0 079 2.00 250.0 0.g8 3.00 197.0 1.13 4-00 102.0 1.29 4-99 66.0 1.46 6.00 14.0
centrum oude leede go 16 059 1.00 1000 068 2.00 68.0 0.78 3.00 §3.0 1.00 4-00 =28.0 1.15 500 21.0 1.36 B.00 9.0
centrum  oude leede 120 16 046 1.00 174.0 050 1.9 135.0 0.62 3.00 100,00 073 4.00 Bs.0 076 5.01 52.0 0.85 5.04 38.0
centrum oude leede 150 18 0.55 .99 107.0  0.65 2.00 119.0 091 3.00 147.0 110 4.00 135.0 1.32 5.00 106.0 1.55 6.00 51.0
centrum oude leede 180 20 055 1.00 289.0 1.01 1.99 218.0 1.34 3.00 273.0 1.64 400 2700 2.06 5-00 226.0 233 B.o0 202.0
cenfrum  oude leede 210 21 07 1,00 322.0 1.08 1.99 244.0  L44 3.00 251.0 178 400 273.0 2.10 5.00 310.0 2.46 B0l 172.0
centrum  oude leede 240 16 0.74 1.00 138.0 1.14 2.00 310 138 3.00 345.0 1.72 4.00 228.0 2.10 5.00 1G2.0 238 b.00 145.0
centrum oude leede 270 17 o072 1.00 104.0 1.02 2.00 58.0 1.22 3.00 57.0 1.36 4.00 75.0 1.64 5.00 50.0 1.93 6.02 1b.o
centrum oude leede 300 17 077 1.01 76.0 1.19 2.0 1050 1.42 .00 0g.0 1.68 3499 51.0 1.42 4.96 15.0 1.65 601 2.0
centrum  oude leede 330 19 040 1,00 114.0 1.02 2.00 153.0 118 3.00 177.0 L.40 4.00 97.0 1.47 5.01 8.0 1.82 600 13.0
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a. Centrum station 3D Bar plot b. Delfshaven station 3D Bar plot

[s/w] A}D0[3A puim ueaw winuaDd

[s/w] A}D0[SA puim ueaw uaneysied

c. Centrum score

d. Delfshaven score

score

score
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wind direction (azimuth)

90 60 30 O
wind direction (azimuth)
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e wind measurements are stochastic in the short-term
e too complex to just take the mean of all measurements
i. time of day; night / day
ii. seasonal
1ii. temperature
iv. relative humidity
V. pressure
e the time window of the urban stations do not overlap; direct comparison in

time is therefore not possible between urban stations
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Conclusion

research objective
discussion

future research



CO“CIUSion O6conc|us'on67/77

Can we use urban morphology to automatically calculate potential increase in wind velocity?
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conCIUSion O6conclusion68/77

1. How do different morphological parameters relate to wind velocity?

I A
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CO“CIUSion 0600m0u5i0n69/77

2. How can we develop a methodology to compute multiple morphological parameters?

. . Roughness length
Height Width Length

| | | |

Use voronoi cell
properties to calculate Merge buildings Wind- and leeward
street wdith

Use 3D BAG for height
information

QGIS Overlap Analysis
and classification

Use footprint geometry
to calculate facade
azimuth compared to
wind direction

\ 4

Calculate consecutive

facade length Angle of Attack

Voronoi diagram
Base Map

vVVYyY
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conCIUSion OGcomcusion—70/77

Score [wd=240]

M 30BAG
L_| Neighborhood polygon
’ Meteorological station
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3. Is this method suitable for identifying potentially increased wind velocity situations?
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4. Can we use meteorological stations to validate the methodology?

[s/w] AYD0IRA puim uesw wnJauad
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other morphological parameters

calculating the urban morphological parameters

morphological parameters «#% potential increase in wind velocity

scoring system
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fUtu re resea rCh O 6comcus’on -73/77

e morphological parameters ¢—> potential increase in wind velocity
¢ Computational Fluid Dynamics simulations

e other fields of research
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