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•	 decreased wind speed,

•	 increased radiative trapping,

•	 increased heat absorption in 
urban surfaces,

•	 decreased evapotranspiration 
(reduction in green spaces 
and pervious surfaces),

•	 added anthropogenic heat,

•	 increased long-wave radia-
tion due to polluted urban air.

Causes of the urban heat island
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Generalized cross-section of a typical urban heat island Urban heat island intensity
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UHI magnitudes for Vancouver during a nighttime traversesUHI magnitudes for Vancouver during a nighttime traverses
(4 November 1999) (March 2008 and 2010)

aims & objectives field measurement future directionsnumerical simulation
form trees scenarios

introduction

Stewart,	I.D.,	Oke,	T.R.,	and	E.S.	Krayenhoff.		2014.		Evaluation	of	the	‘local	
climate zone’ scheme using temperature observations and model simulations.  
International Journal of Climatology,	34,	p.	1072.

Stewart,	I.D.,	Oke,	T.R.,	and	E.S.	Krayenhoff.		2014.		Evaluation	of	the	‘local	
climate zone’ scheme using temperature observations and model simulations.  
International Journal of Climatology,	34,	p.	1070.



The vertical structure of the urban boundary layer 
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aims & objectives

The objectives of the study are: 

1) to compare the summertime microclimatic performance of typical, high density 
urban block typologies of Budapest,

2) to evaluate the effectiveness of common heat mitigation strategies,

3) to assess the microclimatic differences within the urban blocks experimentally

Google Maps. 2010. [Urban blocks from Budapest, Hungary]. Retrieved March 15, 2010, from http://maps.google.com



Numerical simulation study
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T4T3
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Budapest’s metropolitan blocks

The idealized models

T1 T2 T3 T4

The 3-by-3 model layout with the analyzed area (indicated by hatching)
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A typical July day in Budapest
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Urban canyonArray of cubes
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The areal median approach
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T1 T0 ∆ = T1-T0

potential temperature

mean radiant temperature
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The influence of built form



T1 T2 T3 T4

potential temperature relative to baseline (T0)

mean radiant temperature relative to baseline (T0)
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Shade trees
The effect of canopy cover ratio



10% canopy cover

30% canopy cover

40% canopy cover

20% canopy cover

form

T1 T2 T3 T4

18 m tall London plane trees
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form

20 % canopy cover

40 % canopy cover

T1 T2 T3 T4

mean radiant temperature relative to baseline (T0)

introduction aims & objectives field measurement future directions
form scenarios
numerical simulation

trees



  0% canopy cover
10% canopy cover
20% canopy cover
30% canopy cover
40%	canopy	cover

mean radiant temperature relative to baseline (T0)
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T1 T2 T3 T4

form

20 % canopy cover

40 % canopy cover

potential temperature relative to baseline (T0)
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  0% canopy cover
10% canopy cover
20% canopy cover
30% canopy cover
40%	canopy	cover

potential temperature relative to baseline (T0)
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Shade trees 
The role of tree distribution



standard shade sun

40%

  0%

20%

  0% canopy cover
20% canopy cover
20% in the shade
20% on the sun
40%	canopy	cover
40%	in	the	shade
40%	on	the	sun

canopy cover

introduction aims & objectives field measurement future directions
form scenarios
numerical simulation

trees



  0% canopy cover
20% canopy cover
20% in the shade
20% on the sun
40%	canopy	cover
40%	in	the	shade
40%	on	the	sun
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standard facade even

40%

  0%

20%

canopy cover

  0% canopy cover
20% canopy cover
20% at the facade
20% evenly distributed
40%	canopy	cover
40%	at	the	facade
40%	evenly	distributed
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  0% canopy cover
20% canopy cover
20% at the facade
20% evently distributed 
40%	canopy	cover
40%		at	the	facade
40%	evently	distributed	
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•	 Increasing the tree canopy cover decreases air 
temperatures in the UCL and prolongs the cool-
ng	effect	of	trees	(both	in	space	and	time) 

•	The	effectiveness	of	shade	trees	as	daytime	heat	
mitigation	measures	is	strongly	influenced	by	the	
shape of the built environment 

•	Spatial enclosures, such as courtyards, intensify 
the	cooling	effect	of	trees 

•	Trees	are	most	effective	in	reducing	mean	radiant	
temperatures in urban canopies were shading is 
sparse (i.e. where large open spaces are present) 

•	The	influence	of	tree	layouts	on	UCL	air	and	ra-
diant	temperatures	is	greatest	in	open	configura-
tions with low building surface fraction
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The combined influence of shade trees and high albedo surfaces



The scenarios are the combinations of cool 
roof, cool road and two  
canopy cover schemes. 

The shade tree schemes evaluated the ef-
fect of 15% and 30% canopy covers, utilizin 
18 m tall shade trees.

The evaluated scenarios are: 
     (1) base cases; 
					(2)	high-albedo	roofs	(0.4	>>	0.65);	
					(3)	high-albedo	roads	(0.3	>>	0.55);	
					(4)	high-albedo	roofs	+	roads;

     (5) 15% canopy cover; 
     (6) 15% cc & high-albedo roofs; 
					(7)	15%	cc	&	high-	albedo	roads;
					(8)	15%	cc	&	high-albedo	roofs	+	roads;

     (9) 30% canopy cover; 
   (10) 30% cc & high-albedo roofs; 
   (11) 30% cc & high- albedo roads;
			(12)	30%	cc	&	high-albedo	roofs	+	roads.

T1 T2 T3 T4
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  0% canopy cover
		0%	cc	+	high	albedo	roof
		0%	cc	+	high	albedo	road
		0%	cc	+	high	albedo	roof	&	road
15% canopy cover
15%	cc	+	high	albedo	roof
15%	cc	+	high	albedo	road
30%	cc	+	high	albedo	roof	&	road
30% canopy cover
30%	cc	+	high	albedo	roof
30%	cc	+	high	albedo	road
30%	cc	+	high	albedo	roof	&	road

mean radiant temperature relative to baseline (T0)
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  0% canopy cover
		0%	cc	+	ha	roof
		0%	cc	+	ha	road
		0%	cc	+	ha	roof	&	road
15% canopy cover
15%	cc	+	ha	roof
15%	cc	+	ha	road
30%	cc	+	ha	roof	&	road
30% canopy cover
30%	cc	+	ha	roof
30%	cc	+	ha	road
30%	cc	+	ha	roof	&	road

mean radiant temperature relative to baseline (T0)
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roof roof & roadroad

mean radiant temperature change
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  0% canopy cover
		0%	cc	+	high	albedo	roof
		0%	cc	+	high	albedo	road
		0%	cc	+	high	albedo	roof	&	road
15% canopy cover
15%	cc	+	high	albedo	roof
15%	cc	+	high	albedo	road
30%	cc	+	high	albedo	roof	&	road
30% canopy cover
30%	cc	+	high	albedo	roof
30%	cc	+	high	albedo	road
30%	cc	+	high	albedo	roof	&	road

potential temperature relative to baseline (T0)
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  0% canopy cover
		0%	cc	+	ha	roof
		0%	cc	+	ha	road
		0%	cc	+	ha	roof	&	road
15% canopy cover
15%	cc	+	ha	roof
15%	cc	+	ha	road
30%	cc	+	ha	roof	&	road
30% canopy cover
30%	cc	+	ha	roof
30%	cc	+	ha	road
30%	cc	+	ha	roof	&	road

potential temperature relative to baseline (T0)
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roof roof & roadroad

potential temperature change
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•	shading—both from buildings and from trees—has a decisive role 
in governing the climate within the urban canopy layer

•	 increasing	tree	canopy	cover	is	the	most	effective	heat	mitigation	
strategy for the evaluated cases

•	high-albedo surfaces that aim to reduce near surface tempera-
tures by decreasing surface temperatures have their reduced ef-
fectiveness when: 
1. they are shaded, and/or 
2. when their surface ratio is relatively small compared to other 

surfaces (e.g. roofs in the case of T3). 
•	when applied jointly, certain heat mitigation strategies can dimin-
ish	each	other’s	mitigation	potential,	hence	the	effect	of	various	
approaches are not necessarily cumulative
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Field experiment



Weather stations maintained by the Hungarian Meteorolog-
ical Services in Budapest: (1) Újpest, (2) Kitaibel Pál Street, 
(3)	Lágymányos	and	(4)	Pestszentlőrinc.

Measurement sites within ÚjlipótvárosWeather stations of the Hungarian Meteo Service
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Measurement type  
 Parameter   Instrument   Frequency  Accuracy
Continuous
	 Air	temperature		 	 GT	HT10	Logger		5	min/rec	 	 	 0.4	C
 Rel. humidity   GT HT10 Logger 5 min/rec   ±3%
Instantaneous
	 Air	temperature		 	 KESTREL	4500	 	 1	min/rec	 	 0.5	C
	 Rel.	humidity		 	 KESTREL	4500	 	 1	min/rec	 	 3%
	 Wind	speed	 	 	 KESTREL	4500	 	 1	min/rec	 	 >	of	3%	of	reading,	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 least	significant	digit	
               or 0.1 m/sec

Instrumentation
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T1 down

T1 down
T2 down

T1 up T2 up
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T3
T3
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The period from the 5th to the 9th of September with clear anticyclonic conditions was selected for analysis.

The aggregate temperature data from the six loggers between the 3rd and the 16th of September 2013
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T1

T2

T3 & T4

T1-4 up
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•	 in	the	courtyard	conficurations	(T1,	T2)	inversion	de-
veloped during the daytime

•	as a result, T1 and T2 remained coolest during the 
day	(the	cool	islad	reached	reached	6-7	ºC	on	the	
hottest day)

•	nighttime heat island was greates in the non-vegetat-
ed	T1	configuration	(up	to	6	ºC)

•	conditions	in	the	open	configurations	(T3,	T4)	fol-
lowed most closely the background climate, as mea-
sured at the Upest station

•	afternoon anomalies observed in the case of T3 are 
the	results	of	solar	irradiation	(lack	of	aspiration,	influ-
ence of radiated surfaces)

•	sensors located close to the canopy top registered 
similar	conditions,	diffrences	observed	were	as	fol-
lows
1. afternoon peaks at T3 due to sensor location
2. 1-3	ºC	lower	daytime	peaks	in	the	vegetated	

courtyard (T2)
3. 1-3	ºC	higher	nighttime	lows	in	the	case	of	the	

non-vegetated	courtyard	configuration	(T1)
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Given limitation of the numerical simulation progtam 

•	 further studies are needed to understand the microclimate implications of 
thermal mass in exterior walls,

•	 detailed radation measurements are needed to access the model’s accu-
racy with regards to radiative environment predictions.

 
Given the limitations of the measurement campaign 

•	 follow-up study is needed to access the microclimatic behavior of various 
urban block typologies before, during and after heatwaves.

 
These studies would shed further light on the thermal behaviour of our buildt 
environment and hence would aid the future work of architects, urban plan-
ners	and	public	health	officials	in	their	attempt	to	adopt	effective	heat	mitiga-
tion strategies in the future.
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