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a  b  s  t  r  a  c  t

Hong  Kong  suffers  from  an intense  urban  heat  island  (UHI)  effect  of  up to 4 ◦C as  a result  of  compact  urban
form  and  highly  urbanized  land  cover.  Enhancing  the  cooling  efficiency  of urban  greenery  is  essential  for
improving  the microclimate  in  high-density  cities.  This  paper  aims  to delineate  design  strategies  for
urban  greenery  to  maximize  thermal  benefits  and  mitigate  the  daytime  UHI  effect.  Two  site-specific
design  strategies  for  tree  planting  in the urban  environment  are  proposed.  The  sky  view  factor  (SVF)-
based  design  approach  and  the wind-path  design  approach  are  evaluated  in  the  neighbourhood  scale
in  two  climate-sensitive  areas  with  different  urban  morphologies.  Observed  data  and  simulation  results
indicated  that  the  cooling  effect  of urban  trees  is highly  associated  with  SVF.  Air  temperature  reduction

◦

igh density (a  1.5 C reduction)  is the  most  profound  for the  high  SVF  scenario,  whereas  substantial  radiation  shading

(Tmrt reduced  to  34 ◦C)  is detected  in  areas  with  medium-low  SVFs.  The  modelling  study  also  showed
that  the  cooling  of air  temperature  and sensible  heat  were  twice  as  high  for vegetation  arranged  in wind
corridors  than  those  for leeward  areas.  The  study  demonstrated  that  tree planting  in conjunction  with
proper  planning  is an  effective  measure  to  mitigate  daytime  UHI.

greenery further showed that urban parks would be 1 ◦C cooler than
non-vegetated sites [15]. About 20% to 30% coverage of greenery
. Introduction

High population density and rapid urban growth increase the
ulnerability of cities to climate change [1]. As one of the world’s
igh-density cities, Hong Kong suffers from a severe urban heat

sland (UHI) effect. According to Siu and Hart [2], the annual UHI
ntensity in Hong Kong ranges from 2 ◦C to 4 ◦C. With the effect
f climate change and high-density development, increasing heat
tress would trigger health problems for the habitants [3]. A study
f Hong Kong reported a 2% increase rate in heat-related mortality
ssociated with a 1 ◦C increase of air temperature when the thresh-
ld of 28 ◦C is reached [4]. Moreover, thermal discomfort and heat
tress would be more fatal to the elderly and those with chronic
llness [5,6].

Urban greenery has been proposed as an effective measure to
itigate UHI in the city and improve the urban microclimate. Intra-

rban measurement at the macro scale showed a 4 ◦C difference in
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

he air temperature between the urban centre and a well planted
rea in the city [7]. Armson et al. [8] also showed that greenery could
ffectively cool urban surfaces by 20 ◦C, and that shading by trees

∗ Corresponding author. Tel.: +852 39438101.
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378-7788/© 2015 Elsevier B.V. All rights reserved.
©  2015  Elsevier  B.V.  All  rights  reserved.

could reduce the global temperature by 5 ◦C to 7 ◦C, thus providing a
more comfortable microclimate in cities. The environmental effects
of vegetation depend on foliage density [9] and the leaf area index
(LAI)1 and leaf area density (LAD)2 proved to be important metrics
in determining cooling outcomes [10]. A study on hot humid cli-
mates demonstrated that with maximum LAD being 1.0 m2/m3

and LAI value around 5, air temperature and surface temperature
were reduced by 1.3 ◦C and 14.7 ◦C, respectively [11]. A modelling
study for hot dry climates showed that 84% of free horizontal direct
radiation was intercepted by tree canopy with a maximum LAD of
1.8 m2/m3 and LAI value of 3 [12]. The green coverage ratio in an
urban area also significantly affected the air temperature distribu-
tion and UHI intensity [13]. A microclimate study of the building
block scale revealed that a 10% increase in the green/built area ratio
would create 0.8 ◦C cooling [14]. Observational studies of urban
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

has been proposed as a mitigation measure for newly built projects

1 LAI is defined as a dimensionless value for the total upper leaves area (one-sided)
per unit planting ground area.

2 LAD is defined as the total leaves area (one-sided) per unit layer volume of a
tree’s horizontal slices along the height of a tree [10].

dx.doi.org/10.1016/j.enbuild.2015.06.031
dx.doi.org/10.1016/j.enbuild.2015.06.031
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
mailto:tanya@link.cuhk.edu.hk
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o improve the living environment in Hong Kong [16]. Achieving
his standard greenery coverage in many urban areas is challenging
ecause of intense urban land use and compact urban morphology.
s cities continue to develop, their increasing density may  result

n environmental issues [17]. In this regard, strategies for optimi-
ing greenery design with regard to the built environment and local
limatic conditions can enhance thermal benefits of vegetation in
rban areas [18,19]. Hence, further research on context-based plan-
ing and design strategies for greenery in high-density cities is
ecessary [15]. The present study evaluated two site-specific design
pproaches for urban trees on mitigating daytime UHI in a compact
rban environment. The findings could quantify the cooling effect
f different greenery design strategies at the site-level. Urban plan-
ers and designers can employ this knowledge to maximize the
se of greenery design to improve daytime thermal comfort and
itigate the UHI effect in high-density urban environments.

. Urban thermal environment and climatic planning

.1. Sky view factor (SVF) as a thermal indicator

SVF is an important factor in morphology-related urban micro-
limate studies. Mills [20] reported that solar exposure and SVF
re two key factors that determine the daily heat balance of build-
ng structures. Holst and Mayer [21] also investigated the thermal
onditions in street canyons and observed a linear relationship
etween the mean radiant temperature (Tmrt) and SVF. Giridha-
an et al. [22] further reported that a 1% reduction in SVF would
educe the daytime UHI intensity by 1–4% under subtropical cli-
atic conditions. However, the effect of SVF on UHI intensity was

nly evaluated within a small range (up to SVF = 0.4) in their study.
SVF is also associated with intra-urban temperature differences.

real SVF average, as an indicator of the building geometry of urban
reas, is linearly correlated with temperature variations in the city
entre [23]. Chen et al. [24] reported an inversely proportional rela-
ionship between areal averaged SVF and daytime air temperature
levation in urban sites. They also found that the influence of SVF
aried with building density. In the present study, SVF is the key
ariable to provide a comprehensive description of urban geome-
ry [25,26], and the studied range of SVF is extended up to 0.8 in
rder to investigate morphology-based design strategies for urban
reenery in improving the outdoor thermal environment.

.2. Greenery cooling and wind effect

Several studies have indicated that the vegetation effect on the
rban microclimate is associated with wind. Taha et al. [27] found
hat a tree could influence the downwind air temperature up to

 distance of about five times its height. Parametric studies have
hown that proper arrangement of trees with respect to wind could
mprove pedestrian thermal comfort around buildings [28]; never-
heless, the studies focused on a relatively small scale. Alexandri
nd Jones [29] studied the influence of wind direction on the cool-
ng outcome of vegetation in street canyons, and pointed out that
he influence was  less significant when the wind speed was low.
imoudi and Nikolopoulou [14] reported similar finding that the
ooling effect in the downwind areas of an urban park was  strongly
ubject to wind direction. Bruse [30] further demonstrated that
rban greenery could generate substantial cooling in downwind
reas, though this effect was compromised if the streets were not
arallel to the wind direction. Ng [31] established planning guide-
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

ines for urban ventilation improvement and suggested combining
rban greenery with major breezeways in the city for thermal
omfort enhancement. To further study the influence of wind con-
itions on the cooling effect of urban greenery, the present study
 PRESS
ings xxx (2015) xxx–xxx

investigates the variation in cooling outcomes of trees when
arranged at different angles to the wind direction. Strategies are
also considered for utilizing the synergetic effect of greenery and
wind to optimize the environmental benefits in high-density urban
areas.

3. Methodology

3.1. Area studied and sensitivity test

This study considers two  morphology-oriented design strate-
gies for tree planting in high-density areas of Hong Kong. A
SVF-based approach is proposed for urban areas with an irregular
building layout and different building heights, while a wind-path
approach is recommended for areas with regular building block
arrays and a prevailing summer wind direction. Sensitivity test
and modelling study are conducted to evaluate these two design
approaches. Hong Kong is located at 22◦16′42′′ N 114◦09′32′′ E with
a hot-humid subtropical climate. The daily maximum tempera-
ture exceeds 31 ◦C in the afternoon during summer (Hong Kong
Observatory). The high-rise high-density urban form and decrease
in vegetation cover intensify the UHI effect [32]. The Urban Cli-
matic Map  for Hong Kong was established and the city has been
categorized into eight climatic classes based on a balanced con-
sideration of local thermal load and wind potential [33]. Tsim Sha
Tsui (TST) and Sham Shui Po (SSP) are two  waterfront districts with
high climate sensitivity. These two areas have been classified as
‘highly developed core areas with high thermal load’ zones on the
Urban Climatic Map  (Fig. 1b), and mitigation actions are essential
and required in these areas. These two  areas were selected as stud-
ied areas because of their representative urban morphology and
areal climate characteristics.

The studied TST area has mixed land uses, and the combination
of tall commercial towers and residential buildings also presents
an irregular distribution. Total building volume in the area is about
11,718,000 m3. The mean building height is 37 m with a standard
deviation of 24 m.  The SVF values at ground level vary from lower
than 0.2 to near 0.8 in the studied area (Fig. 1c). In the first modelling
study, the morphology-based method is tested with the morphol-
ogy of the selected TST area. The cooling effects of the following
design scenarios are compared:

1. Trees arranged in spots with low SVF (<0.2).
2. Trees arranged in spots with medium SVF (0.2–0.4).
3. Trees arranged in spots with high SVF (0.4–0.8).

The studied SSP area is a traditional residential district with reg-
ular block array geometry. The total building volume in the area
is 16,722,000 m3, and the average building height is 32 m with a
standard deviation of 15 m.  This area is next to the waterfront and
the main streets in the selected site are parallel or 45◦ to the pre-
vailing summer wind from the sea. A wind-orientated planning
approach for tree arrangement is tested in the studied area using
a simulation. The thermal performance of trees in the following
design scenarios is analysed:

1. Trees arranged in streets parallel to summer wind direction
(along wind path).

2. Trees arranged in streets perpendicular to summer wind direc-
tion (at sheltered position).

3. Trees arranged in streets aligned 45◦ to summer wind direction
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

(smaller wind speed).

The guidelines of urban planning and building design estab-
lished by the Hong Kong Planning Department suggest 20–30%

dx.doi.org/10.1016/j.enbuild.2015.06.031
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ig. 1. (b) Locations of the selected sites on the Urban Climatic Map  (UC-Map) of Ho
igh  thermal load; (a) and (c) building layout and spatial distribution of SVF in the 

reen coverage for individual sites in Hong Kong [34]. In the case
tudy, a green ratio of 25% was adopted. For different design sce-
arios, the influence of trees on air temperature (Ta) and surface
emperature (Ts), as well as on the radiant and convective envi-
onment, are compared to assess the performance in mitigating
aytime UHI. It has been pointed out that Tmrt is a key parameter to
ssess the outdoor thermal environment in cities with hot climates
35,36]. The comfort range for Tmrt in the tropics and subtropics
as been studied [37,38]. Hence, the cooling effect on Tmrt is also
nalysed to evaluate different design approaches.

A sensitive test with site measurement was conducted to com-
are the effect of trees under low and high SVF. The two survey
ites were located in a public housing estate with limited traffic,
ne with 0.2 SVF and one with 0.8 SVF (Fig. 2). Measurements were
erformed on a sunny day in late June 2014 during 13:00–14:00, as
he effect of trees is evident in the early-afternoon period [39]. The
tudied trees in the two sites were of the same species (Ficus micro-
arpa, 12–15 m high), and had similar solar transmissivity ratios
round 0.06–0.07 (measured by thermopile-type pyranometer, see
ig. 2). Mobile measuring boxes that contained the HOBO sensors
nd the Testo measuring instrument were set at 1.5 m high under
he canopy of the studied tree and in a nearby exposed reference
oint in the survey sites [8,40], and air temperature, relative humid-

ty, and wind speed were recorded with a 10 s sampling interval,
nd the data were averaged for analysis. Globe temperature was
lso measured at each testing point with a standard-size black-
lobe thermometer using a 5 min  mean [41]. Value of Tmrt was  then
alculated with the measured variables using the equation [41,42]:

[
4 1.1 × 108v0.6

a

]1/4
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

mrt = (Tg + 273.15) +
εD0.4

× (Tg − Ta) − 273.15(1)

here Tg and Ta represent the globe temperature and air temper-
ture, respectively; va is the air velocity, D and ε are the diameter

Fig. 2. (a) Selected site for sensitivity test; (b
ng, zones with darker colour are highly developed areas with hot temperature and
d areas of SSP (a) and TST (c). (based on Chen et al. [24]).

and emissivity of the globe. To guarantee data representativeness,
radiation record from the Hong Kong Observatory was referenced
to check that the radiation level did not largely fluctuate 30–60 min
before the measurement and during the measuring period. And
to exclude the interference of upwind signals, only data collected
under weak wind conditions (wind speed <1.5 m/s) were used for
analysis.

3.2. Model validation and simulation setting

3.2.1. Model validation
The three-dimensional microclimate model ENVI-met (version

3.1) is used to analyse the proposed planning methods for tree
planting in the two  studied areas individually. The model simulates
the micro-scale interactions among urban surfaces, vegetation,
and the atmosphere. A vegetation scheme is included in the model,
which calculates the turbulence acceleration, the additional
exchange processes around vegetation, and the reduction in direct
and diffuse radiation based on the leaf area index. A test run was
conducted to validate the vegetation model of ENVI-met 3.1 with
observed data. The data were collected between 13:00 and 14:00
on a clear sunny day in early July 2014. Fig. 3 shows the building
layout of the survey site and the locations of the three trees
being measured. It was a low-traffic residential area with trees of
different species planted along the roadside. Thermal indicators
were measured under the canopies of a F. microcarpa, a Melaleuca
cajuputi, and a Spathodea campanulata and exposed reference
points at 1.5 m high with HOBO sensors and Testo measuring
instrument. The sampling interval was  10 s and a 15 min  mean was
recorded. Tmrt was  calculated with the observed data using Eq. (1).
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

With a FLIR thermography camera the surface temperatures of the
road areas that were shaded by a tree and exposed to radiation
were also recorded (Fig. 2). A self-developed leaf area density (LAD)
profile was  established for each measured tree (Fig. 4), based on

) measuring equipment for site survey.

dx.doi.org/10.1016/j.enbuild.2015.06.031


Please cite this article in press as: Z. Tan, et al., Urban tree design approaches for mitigating daytime urban heat island effects in a
high-density urban environment, Energy Buildings (2015), http://dx.doi.org/10.1016/j.enbuild.2015.06.031

ARTICLE IN PRESSG Model
ENB-5937; No. of Pages 10

4 Z. Tan et al. / Energy and Buildings xxx (2015) xxx–xxx

Fig. 3. (a) Measuring site of small-scale survey for model validation; (b) fisheye images of the measuring trees.

Fig. 4. Leaf area density (LAD) profile was established for each measured tree based on canopy cover and vertical configuration of the tree.

Fig. 5. Correlation coefficients between measured data and simulated results on surface temperature (a) and mean radiant temperature (b).

dx.doi.org/10.1016/j.enbuild.2015.06.031
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Table  1
Input data for the modelling study.

Initial air temperature
[K]

303 Relative humidity
2 m [%]

70

Factor of short-wave
adjustment

1.2 Cloud cover 2/8
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Table 2
Observed data on tree effects in sites of low and high SVF.

Low SVF (0.2) High SVF  (0.8)

Exposed In shade Exposed In shade

Solar transmissivity – 0.06 – 0.07

Heat transmission

walls [W/m2K]
2 Heat transmission

roof [W/m2K]
2

Albedo walls 0.2 Albedo roofs 0.3

sheye lens images of canopy cover and observation of the vertical
onfiguration of the tree [43]. These profiles were then input into
he plant database of the ENVI-met model for calculation in the
est run. Records from the nearest weather station from the survey
ite on the measuring day were also input as the initial meteo-
ological setting. The simulation results are in close agreement
ith the measured data for Ta, Ts, and Tmrt. The observed ground-

urface temperatures were higher than the calculated results for
he exposed points, which could be attributed to the thermal
roperty of the surface material (dark asphalt with high surface
emperatures). Several shortcomings of the ENVI-met model as a

icroclimate analysis tool have been mentioned. One is that the
uildings in the model are not parameterized as thermal mass
nd heat storage is not calculated. Moreover, the albedo and the
hermal transmittance cannot be assigned to individual building
lement separately [44,45]. These disadvantages of the model limit
ts use to daytime situation and unsuited for nocturnal cooling and
HI analysis [46]. Despite the limitations, the strong correlation

ound between the measured values and test run results (Fig. 5)
ndicates that the ENVI-met model is a reliable tool for studying the
hermal effects of trees on mitigating daytime UHI. The accuracy of
NVI-met in modelling the urban environment under Hong Kong’s
limatic conditions was also verified by a previous study [16].

.2.2. Simulation setting
In the modelling study for the two investigated areas, the sim-

lation setting adoptes a 250 × 250 × 30 grid version for the model
omain. The grid sizes for the TST and SSP models are set to be 3 m
nd 6 m,  respectively. As the study focuses on the outdoor thermal
nvironment at the pedestrian level, denser vertical telescoping
rids (3 layers) are set within the first 2 m to achieve more accu-
ate results. Some of the input parameters are listed in Table 1. Most
uildings in the city centre of Hong Kong are decades old with dark
oloured facades; thus, the albedo values of the building surfaces
re adjusted to low values (0.2 for walls and 0.3 for roofs) in the
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

odel. The air temperature and humidity input are mean values
f the record from hot sunny days in August 2012 (SSP Station
nd TST Station, Hong Kong Observatory). Solar radiation adjust-
ent factor is set to 1.2 to simulate the intense radiation level in a

Fig. 6. (a) Summer non-typhoon wind data for the studied district (
Air  temperature 33.8 32.6 33.7 32.4
Surf temperature 47.7 31.8 52.8 34.1
Tmrt 55.3 34.0 62.1 36.2

clear summer day in Hong Kong. Subtropical regions have cloudy
summers [47]; a small amount of high-level clouds are common in
sunny weather (cloud data 2001–2010, Hong Kong Observatory).
A 2/8 fraction of high clouds is set for the simulation. Both of the
selected sites are located in waterfront areas, so sea breezes and its
directional effects are among the most essential climatic features
in the district (Fig. 6). Input wind data, including wind direction
and pedestrian wind velocity, can be extrapolated down from the
500 m height wind data of the district by using the wind profile
power law expression:

u(z)

uref
=

(
z

zref

)˛

(2)

where u(z) and uref represent the mean wind speed at height z and
at a suitable reference height, respectively. The roughness length
is represented by  ̨ and is set to be 0.1 in this study because the
upwind areas are waterfront open space with relatively low density
[48]. The tree model input in the modelling study is profiled based
on a 10 m-high F. microcarpa planted in the SSP area (see Fig. 7). F.
microcarpa is widely planted in the urban areas of Hong Kong and
has been frequently proposed in roadside tree planting plans [49].
And roadside trees 10 m high or below are commonly found in the
city due to severely constrained growth space [50]. The maximum
value in the LAD profile of the tree model is around 1.2 m2/m3. The
LAI value of the tree model can be estimated by summing up the
different LAD levels [51], which is about 4.5. The short-wave albedo
of the leaf is assumed to have the default value 0.2.

It has been shown that urban greenery provides substantial
cooling during the daytime [52]. The current study aims to eval-
uate the effect of urban trees on mitigating daytime UHI; hence,
the period of simulation is set from 8:00 to 16:00.

4. Results and discussion

4.1. SVF-based approach
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

4.1.1. Sensitivity test
Table 2 presents the measured data from sites of low and high

SVF during the early-afternoon period in summer. Ali-Toudert et al.

corrected to 500 m);  (b) sea breeze direction during summer.

dx.doi.org/10.1016/j.enbuild.2015.06.031
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ig. 7. Ficus microcarpa is popular species in Hong Kong (photo taken in the SSP are

53] pointed out that the vegetation effect on Tmrt was  more sensi-
ive to building geometry than the effect on Ta. The observed data
hows that the effect of trees on Ts and Tmrt exhibits a SVF-related
attern. Ts of the road area shaded by tree is reduced by 18.7 ◦C
nder 0.8 SVF and 15.9 ◦C under 0.2 SVF, comparing to the exposed
oint. Similarly, cooling in Tmrt is more significant under high SVF
26 ◦C) than low SVF (21 ◦C).

.1.2. Modelling study
The SVF-based planning approach of tree planting is tested in the

tudied area of TST. A base case without greenery is simulated and a
patial correlation is found between SVF and distribution of Ts and
a (Fig. 8). The contours of Ta/Ts become closer together when the
VF value changes (transforming in colour scale), indicating that
VF is a significant indicator of urban microclimate conditions.

In the first scenario, the trees are placed in the open space in the
ST area with high SVF values ranging from 0.4 to 0.8. This type of
oncentrated green matrix usually exists as small parks in the city.
s areas with high SVFs are exposed to solar radiation, the strong
hade provided by the greenery can create substantial cooling.
he before and after comparison using simulation results shows
hat for the road area shaded by trees, Ts is reduces by 10 ◦C in the

orning and 13 ◦C in the afternoon. The effect is most significant
t noon when Ts decreases from 49 ◦C to 31 ◦C – an 18 ◦C reduction.
mrt under the tree canopy is reduced by 27 ◦C compared to the
on-green scenario. These results are close to the observed values
t noon in the sensitivity test. In the ENVI-met model, the turbulent
uxes are calculated as the result of the wind shearing and thermal
tratification effect. In the base case without trees, the upward sen-
ible heat flux from the ground reaches 380 W/m2 at noon; in the
egetated scenario with the same weather condition, the sensible
eat fluxes turn negative because of the presence of trees (Fig. 9).

t indicates that the tree canopies are able to maintain the surface
ooler than the air above. Ta is cooled by 1 ◦C at the pedestrian
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

evel (1.5 m)  in the morning and by 1.5 ◦C in the afternoon.
In the second scenario, a similar number of trees are arranged

n urban spaces with medium SVF ranging from 0.2 to 0.4. This
rrangement is common in urban areas in the form of mid-size

ig. 8. Variation patterns of SVF comparing to spatial distribution of surface temperatu
nterval  is 1 ◦C for surface temperature and 0.1 ◦C for air temperature.
0 m-high F. microcarpa is profiled and input to the model for simulation study.

connected green spaces. Simulation results show that a consider-
able cooling effect is observed when trees are placed under medium
SVF. Ts of the shaded road area is cooled by 15 ◦C at 13:00 and 5 ◦C
at 16:00. Armson et al. [8] obtained similar results. The presence
of trees significantly alters the long-wave radiation budget of the
ground surface, and the emitted radiation is reduced from 20 to
40 W/m2 to below 6 W/m2 (Fig. 10) as indicated in the before and
after comparison. A reduction in Tmrt is about 23 ◦C. The effect on
Ta is less significant in the medium SVF scenario (about 0.3 ◦C). The
first and second scenarios demonstrate that for green space of cer-
tain size, the most significant cooling is found in the midsections,
which corroborates an earlier study by Shashua and Hoffman [54].

In the third scenario, the trees are arranged in urban areas with
low SVF (<0.2). This arrangement usually exists as isolated inner
gardens in high-density residential neighbourhoods or as small
green fractions in compact commercial districts. The calculated
cooling effects are similar to the medium SVF case, though mod-
ification of Ts and radiation budget are slightly lower in the low
SVF scenario because of the shading effect of compact geometry.

These case studies indicate that the effects of trees on urban
microclimate regulation are related to SVF. For urban areas
with irregular building layouts, the SVF-based method can assist
planners to cope with areal thermal stress through appropriate
arrangement of street trees. Through a centralized arrangement
of urban trees, cooling effects can be accumulated and profound
reductions in Ta can be achieved in high SVF environments dur-
ing the daytime. Ts and Tmrt are also substantially reduced. Several
studies have demonstrated that building morphology has a signif-
icant influence on the radiant environment and outdoor thermal
condition in low-latitude cities [53,55]. Therefore, the net shading
effect would be different when trees are placed in urban areas with
different SVF. Armson and Andreou [8,56] reached similar conclu-
sions in their studies on the influence of vegetation in the built
environment. The current study showed that due to the high solar
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

angle in the subtropics, a substantial reduction in Ts and Tmrt can
be achieved by arranging trees in areas with low to medium SVF
during early afternoon, which has been verified by both simula-
tion results and observed data in the present study. The finding of

re (a) and air temperature (b). The colour scale indicates SVF values; the contour

dx.doi.org/10.1016/j.enbuild.2015.06.031
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ig. 9. (a) Concentrated tree arrangement in high SVF areas. Simulation results on 

n  air temperature distribution at 1.5 m with (e) and without (d) tree arrangement

heng et al. [42] suggested that the comfortable range for Tmrt is
etween 32 and 34 ◦C in the urban environment of hot subtropical
ities. Records from the sensitivity test indicate that street trees
an create a comfortable microclimate by reducing Tmrt to around
4 ◦C in some of the heavily built areas with low SVF.

.2. Wind-path approach
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

The wind-path planning approach of tree planting is evaluated
n the studied area of SSP. The simulation result for the based case
hows that the wind speeds at the pedestrian level differ signifi-
antly among the streets at 0◦, 45◦, and 90◦ to the prevailing wind

ig. 10. (a) Connected green corridors in medium SVF areas. Simulation results on sensible
esults on surface long-wave radiation budget with (e) and without (d) tree arrangement
nsible heat flux with (c) and without (b) tree arrangement, and simulation results
00.

(Fig. 11). The wind speeds in 45◦ angled streets and leeward streets
are 13% and 10% of the wind speed in the wind paths respectively.

In the first scenario, the trees are arranged in the main streets
parallel to the prevailing wind and in the 45◦ angled streets two
blocks away. By subtracting the calculated data of the vegetated
layer from the base case layer, the analysis tool of ENVI-met pro-
vides the net effects of the tree arrangement (Fig. 12). Remarkable
cooling is obtained when the trees are placed in the wind paths
and Ta is reduced by 0.6 ◦C to 0.8 ◦C at the midsection during noon
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

time. The cool air spreads to the leeward spaces connected to the
main streets and is extended by about 30 m into the downwind
areas. Similar levels of cooling were reported by Jauregui [58] and
Crewe [59]. The cooling effect is small in the angled streets (0.2 ◦C

 heat fluxes above surface with (c) and without (b) tree arrangement, and simulation
 at 13:00.
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ig. 11. Simulated wind field in the base case of the studied SSP area. Wind speed i
n  leeward streets and angled (45◦) streets.

eduction in Ta). The synergetic effect is also detected in sensible
eat reduction when greenery is combined with wind paths. The
mount by which trees arranged in the streets parallel to wind
irection reduced the sensible heat is twice that caused by trees

n the angled streets. The cooling effects on Ts and Tmrt, which are
ensitive to the surrounding building morphology [53], show less
ependence on wind direction. The simulated cooling outcome on
mrt reaches 27 ◦C in the wind path area and 30 ◦C in the angled
treets.

In the second scenario, the same number of trees is placed in
he streets perpendicular to the wind and in the leeward angled
treets a couple of blocks away. Fig. 13 shows that reductions in Ta

nd sensible heat flux are much smaller when the trees are placed
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

n the leeward areas than in the first scheme. Ta is decreased by
.3 ◦C in the leeward streets at noon and by 0.2 ◦C in the morning
nd in the afternoon. Cooling by the trees in the leeward angled
treets is minimal. Bruse [30] has concluded that the cooling effect

ig. 12. (a) Street trees arranged in the wind paths and angled streets. Cooling magnitude
ong-wave radiation budget (e) at 13:00.
t 2–4 m/s  in streets parallel to areal wind direction; and reduces to less than 1 m/s

of green spaces was reduced with decreased wind speed. The effect
of trees on Ts and long-wave radiation remained substantial and at
a similar level to the wind-path case.

Hong Kong is a coastal city that experiences onshore winds
in the summer. In the waterfront areas where the regular block-
array layout is commonly found, the wind channelling effect would
be established in streets with small angles to the prevailing wind
[57,60]. Simulation results also demonstrate that remarkable syn-
ergetic effects can be obtained when trees are placed in these wind
paths, and the cooling effects on Ta and sensible heat can increase
by a factor of two or three.

The study demonstrates that proper tree planning can be an
effective measure to mitigate daytime UHI. Urban trees can also
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

achieve cooling levels similar to those in other passive design
strategies. According to the results of the present study, tree plant-
ing generates similar cooling outcomes to green roofs in terms of
lowering surface temperature [52,61]. For air temperature cooling

 on air temperature (b), sensible heat flux (c), surface temperature (d), and surface
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ig. 13. (a) Street trees arranged in the leeward areas and angled streets. Cooling
urface long-wave radiation budget (e) at 13:00.

ffect of trees is similar to the effect of altering the albedo value
f built surfaces in the neighbourhood [62,63]. Therefore, urban
reenery must be carefully planned to maximize its thermal bene-
ts in cities.

. Summary

In this study, optimized tree planning strategies for daytime
HI mitigation in high-density subtropical cities are investigated.
orphology-based planning approaches for tree planting are eval-

ated in two climate-sensitive waterfront areas of Hong Kong. The
tudy demonstrates that small parks in the high SVF areas with
ighly localized tree planting significantly cools down the air tem-
erature and mitigates daytime UHI effect in the urban centre. On
he other hand, mid-size green space and small green fraction under

edium and low SVF reduce the radiation load in the urban envi-
onment of low-latitude cities during the early-afternoon period.
nd a relatively comfortable mean radiant temperature is provided

n the heavily built areas. For high-density residential blocks with
ow green space provision, it is recommended to plan the trees in
he areal wind paths to enhance the cooling benefits in neighbour-
oods.

The study has several limitations. In the simulation part, the
tudy is limited to the cooling effect of one tree model. More work
s needed to reveal the thermal performance of urban trees of
arious crown density, so that systematic evaluation and recom-
endation for tree species selection can be made for tree planting

lans of the city. Moreover, analysis of the planning approaches
s only limited to the impacts of tree planting on microclimate
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

egulation. Urban trees have multiple ecological functions. Urban
reenery can provide vast ecological networks and buffer areas in
he built environment and support ecosystems in the city. Fur-
her study is recommended to investigate optimized planning

[

[

itude on air temperature (b), sensible heat flux (c), surface temperature (d), and

strategies in relation to the multi-function of urban greenery in
the built environment.

References

[1] C. Rosenzweig, W.D. Solecki, S.A. Hammer, S. Mehrotra, Climate Change and
Cities: First Assessment Report of the Urban Climate Change Research
Network, Cambridge University Press, 2011.

[2] L.W. Siu, M.A. Hart, Quantifying urban heat island intensity in Hong Kong SAR,
China, Environ. Monit. Assess. 185 (5) (2013) 4383–4398.

[3] W.B. Goggins, E.Y.Y. Chan, E. Ng, C. Ren, L. Chen, Effect modification of the
association between short-term meteorological factors and mortality by
urban heat islands in Hong Kong, PLOS ONE 7 (6) (2012) e38551.

[4] E.Y.Y. Chan, W.  Goggins, J. Kim, S. Griffiths, A study of intracity variation of
temperature-related mortality and socioeconomic status among the Chinese
population in Hong Kong, J. Epidemiol. Community Health 66 (4) (2012)
322–327.

[5] P.H. Chau, K.C. Chan, J. Woo, Hot weather warning might help to reduce
elderly mortality in Hong Kong, Int. J. Biometeorol. 53 (5) (2009) 461–468.

[6] G. Luber, M. McGeehin, Climate change and extreme heat events, Am.  J. Prev.
Med. 35 (5) (2008) 429–435.

[7] N.H. Wong, Y. Chen, Study of green areas and urban heat island in a tropical
city, Habitat Int. 29 (3) (2005) 547–558.

[8] D. Armson, P. Stringer, A. Ennos, The effect of tree shade and grass on surface
and globe temperatures in an urban area, Urban For. Urban Green. 11 (3)
(2012) 245–255.

[9] T.G. Theodosiou, Summer period analysis of the performance of a planted roof
as  a passive cooling technique, Energy Build. 35 (9) (2003) 909–917.

10] J. Spangenberg, P. Shinzato, E. Johansson, D. Duarte, Simulation of the
influence of vegetation on microclimate and thermal comfort in the city of
São Paulo, REVSBAU 3 (2) (2008) 1–19.

11] P. Shinzato, D. Duarte, Microclimatic effect of vegetation for different leaf area
index-LAI.

12] M.  Fahmy, S. Sharples, M.  Yahiya, LAI based trees selection for mid latitude
urban developments: a microclimatic study in Cairo, Egypt, Build. Environ. 45
(2)  (2010) 345–357.

13] I. Saito, O. Ishihara, T. Katayama, Study of the effect of green areas on the
thermal environment in an urban area, Energy Build. 15 (3) (1991) 493–498.
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

14] A. Dimoudi, M. Nikolopoulou, Vegetation in the urban environment:
microclimatic analysis and benefits, Energy Build. 35 (1) (2003) 69–76.

15] D.E. Bowler, L. Buyung-Ali, T.M. Knight, A.S. Pullin, Urban greening to cool
towns and cities: a systematic review of the empirical evidence, Landsc.
Urban Plan. 97 (3) (2010) 147–155.

dx.doi.org/10.1016/j.enbuild.2015.06.031
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0320
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0325
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0330
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0335
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0340
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0345
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0350
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0355
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0360
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0365
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0375
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0380
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0385
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0390


 ING Model
E

1  Build

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

ARTICLENB-5937; No. of Pages 10

0 Z. Tan et al. / Energy and

16] E. Ng, L. Chen, Y. Wang, C. Yuan, A study on the cooling effects of greening in a
high-density city: an experience from Hong Kong, Build Environ. 47 (2012)
256–271.

17] M.  Jenks, R. Burgess, Compact cities: sustainable urban forms for developing
countries. Taylor & Francis (2000). http://www.google.com.hk/
books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-
density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj
J89smW2rIahFxbMn6Y&redir esc=y#v=onepage&q=high-
density%20city%20development%20and%20problems&f=false

18] E.G. McPherson, D.J. Nowak, R.A. Rowntree, Chicago’s Urban Forest
Ecosystem: Results of the Chicago Urban Forest Climate Project, 1994.

19] L. Shashua-Bar, M.E. Hoffman, Quantitative evaluation of passive cooling of
the  UCL microclimate in hot regions in summer, case study: urban streets and
courtyards with trees, Build. Environ. 39 (9) (2004) 1087–1099.

20] G. Mills, The radiative effects of building groups on single structures, Energy
Build. 25 (1) (1997) 51–61.

21] J. Holst, H. Mayer, Impacts of street design parameters on
human-biometeorological variables, Meteorol. Z. 20 (5) (2011) 541–552.

22] R. Giridharan, S. Ganesan, S. Lau, Daytime urban heat island effect in high-rise
and high-density residential developments in Hong Kong, Energy Build. 36 (6)
(2004) 525–534.

23] J. Unger, Connection between urban heat island and sky view factor
approximated by a software tool on a 3D urban database, Int. J. Environ.
Pollut. 36 (1) (2009) 59–80.

24] L. Chen, E. Ng, X. An, et al., Sky view factor analysis of street canyons and its
implications for daytime intra-urban air temperature differentials in
high-rise, high-density urban areas of Hong Kong: a GIS-based simulation
approach, Int. J. Climatol. 32 (1) (2012) 121–136.

25] E. Krüger, F. Minella, F. Rasia, Impact of urban geometry on outdoor thermal
comfort and air quality from field measurements in Curitiba, Brazil, Build.
Environ. 46 (3) (2011) 621–634.

26] T. Lin, A. Matzarakis, R. Hwang, Shading effect on long-term outdoor thermal
comfort, Build. Environ. 45 (1) (2010) 213–221.

27] H. Taha, H. Akbari, A. Rosenfeld, Heat island and oasis effects of vegetative
canopies: micro-meteorological field-measurements, Theor. Appl. Climatol.
44  (2) (1991) 123–138.

28] B. Hong, B. Lin, Numerical studies of the outdoor wind environment and
thermal comfort at pedestrian level in housing blocks with different building
layout patterns and trees arrangement, Renew. Energy 73 (2015)
18–27.

29] E. Alexandri, P. Jones, Temperature decreases in an urban canyon due to green
walls and green roofs in diverse climates, Build. Environ. 43 (4) (2008)
480–493.

30] M.  Bruse, H. Fleer, Simulating surface–plant–air interactions inside urban
environments with a three dimensional numerical model, Environ. Model.
Softw. 13 (3) (1998) 373–384.

31] E. Ng, Policies and technical guidelines for urban planning of high-density
cities – air ventilation assessment (AVA) of Hong Kong, Build. Environ. 44 (7)
(2009) 1478–1488.

32] H. Tran, D. Uchihama, S. Ochi, Y. Yasuoka, Assessment with satellite data of
the urban heat island effects in asian mega cities, Int. J. Appl. Earth Obs.
Geoinf. 8 (1) (2006) 34–48.

33] E. Ng, L. Katzschner, U. Wang, C. Ren, L. Chen, Working paper no. 1A: draft
urban climatic analysis map  – urban climatic map  and standards for wind
environment – feasibility study. Technical report for planning department
HKSAR, Chin. Univ. Hong Kong (2008).

34] HKPD (Hong Kong Planning Department), Hong Kong planning standards and
guidelines (2010).

35] F. Ali-Toudert, H. Mayer, Numerical study on the effects of aspect ratio and
orientation of an urban street canyon on outdoor thermal comfort in hot and
dry climate, Build. Environ. 41 (2) (2006) 94–108.

36] E. Johansson, R. Emmanuel, The influence of urban design on outdoor thermal
comfort in the hot, humid city of Colombo, Sri Lanka, Int. J. Biometeorol. 51
(2) (2006) 119–133.
Please cite this article in press as: Z. Tan, et al., Urban tree design a
high-density urban environment, Energy Buildings (2015), http://dx.d

37] E. Ng, V. Cheng, Urban human thermal comfort in hot and humid Hong Kong,
Energy Build. 55 (0) (2012) 51–65.

38] K.S. Ahmed, Comfort in urban spaces: defining the boundaries of outdoor
thermal comfort for the tropical urban environments, Energy Build. 35 (1)
(2003) 103–110.

[

[

 PRESS
ings xxx (2015) xxx–xxx

39] L.V. de Abreu-Harbich, L.C. Labaki, A. Matzarakis, Effect of tree planting design
and tree species on human thermal comfort in the tropics, Landsc. Urban Plan.
(2015).

40] J. Konarska, F. Lindberg, A. Larsson, S. Thorsson, B. Holmer, Transmissivity of
solar radiation through crowns of single urban trees – application for outdoor
thermal comfort modelling, Theor. Appl. Climatol. 117 (3–4) (2014) 363–376.

41] S. Thorsson, F. Lindberg, I. Eliasson, B. Holmer, Different methods for
estimating the mean radiant temperature in an outdoor urban setting, Int. J.
Climatol. 27 (14) (2007) 1983–1993.

42] V. Cheng, E. Ng, C. Chan, B. Givoni, Outdoor thermal comfort study in a
sub-tropical climate: a longitudinal study based in Hong Kong, Int. J.
Biometeorol. 56 (1) (2012) 43–56.

43] F. Hosoi, K. Omasa, Estimating Vertical Leaf area Density Profile of Tree
Canopies Using Three-Dimensional Portable LiDAR Imaging, 9, 2009, pp.
152–157.

44] R. Emmanuel, A. Loconsole, Green infrastructure as an adaptation approach to
tackling urban overheating in the Glasgow Clyde Valley Region, UK,  Landsc.
Urban Plan. 138 (2015) 71–86.

45] M.W.  Yahia, E. Johansson, Influence of urban planning regulations on the
microclimate in a hot dry climate: the example of Damascus, Syria, J. Hous.
Built Environ. 28 (1) (2013) 51–65.

46] A. Middel, N. Chhetri, R. Quay, Urban forestry and cool roofs: assessment of
heat mitigation strategies in phoenix residential neighborhoods, Urban For.
Urban Green. (2014).

47] B. Givoni, Climate Considerations in Building and Urban Design, John Wiley &
Sons, 1998.

48] E. Ng, I. Tam, A. Ng, et al., Feasibility study for establishment of air ventilation
assessment system – final report. Technical report for planning department
HKSAR, in: Final report – Feasibility study for establishment of air ventilation
assessment system, The Chinese University of Hong Kong, Hong Kong, 2005.

49] C. Jim, A planning strategy to augment the diversity and biomass of roadside
trees in urban Hong Kong, Landsc. Urban Plan. 44 (1) (1999) 13–32.

50] C.Y. Jim, Impacts of intensive urbanization on trees in Hong Kong, Environ.
Conserv. 25 (02) (1998) 146–159.

51] The Hitchhiker’s Guide to ENVI-met Web  site. http://www.envi-met.info/
hg2e/doku.php?id=kb:lad. Updated 2013 (accessed 01.08.15).

52] N.H. Wong, Y. Chen, C.L. Ong, A. Sia, Investigation of thermal benefits of
rooftop garden in the tropical environment, Build. Environ. 38 (2) (2003)
261–270.

53] F. Ali-Toudert, H. Mayer, Effects of asymmetry, galleries, overhanging facades
and vegetation on thermal comfort in urban street canyons, Solar Energy 81
(6)  (2007) 742–754.

54] L. Shashua-Bar, M.  Hoffman, Vegetation as a climatic component in the design
of an urban street: an empirical model for predicting the cooling effect of
urban green areas with trees, Energy Build. 31 (3) (2000) 221–235.

55] R. Emmanuel, H. Rosenlund, E. Johansson, Urban shading – a design option for
the tropics? A study in Colombo, Sri Lanka, Int. J. Climatol. 27 (14) (2007)
1995–2004.

56] E. Andreou, The effect of urban layout, street geometry and orientation on
shading conditions in urban canyons in the Mediterranean, Renew. Energy 63
(2014) 587–596.

57] J. Amorim, J. Valente, C. Pimentel, A. Miranda, C. Borrego, Detailed modelling
of  the wind comfort in a city avenue at the pedestrian level, in: Usage,
Usability, and Utility of 3D City Models, EDP Sciences, 2012, pp. 03008.

58] E. Jauregui, Influence of a large urban park on temperature and convective
precipitation in a tropical city, Energy Build. 15 (3) (1991) 457–463.

59] K. Crewe, The potential of climate modeling in greenway – planning for
Phoenix, Arizona (2003).

60] J. Claus, O. Coceal, T.G. Thomas, S. Branford, S. Belcher, I.P. Castro,
Wind-direction effects on urban-type flows, Bound. Layer Meteorol. 142 (2)
(2012) 265–287.

61] A. Niachou, K. Papakonstantinou, M.  Santamouris, A. Tsangrassoulis, G.
Mihalakakou, Analysis of the green roof thermal properties and investigation
of its energy performance, Energy Build. 33 (7) (2001) 719–729.
pproaches for mitigating daytime urban heat island effects in a
oi.org/10.1016/j.enbuild.2015.06.031

62] D.J. Sailor, Simulated urban climate response to modifications in surface
albedo and vegetative cover, J. Appl. Meteor. 34 (7) (1995) 1694–1704.

63] M.  Santamouris, Cooling the cities – a review of reflective and green roof
mitigation technologies to fight heat island and improve comfort in urban
environments, Solar Energy 103 (2014) 682–703.

dx.doi.org/10.1016/j.enbuild.2015.06.031
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0395
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://www.google.com.hk/books?hl=en&lr=&id=glqRAgAAQBAJ&oi=fnd&pg=PA245&dq=high-density+city+development+and+problems&ots=qQJ3NjZlh6&sig=tnlMDJjj_J89smW2rIahFxbMn6Y&redir_esc=y
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0405
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0410
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0415
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0420
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0425
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0430
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0435
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0440
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0445
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0450
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0455
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0460
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0465
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0470
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0475
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0480
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0490
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0495
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0500
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0505
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0510
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0515
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0520
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0525
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0530
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0535
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0540
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0545
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0550
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0555
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0560
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0565
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://www.envi-met.info/hg2e/doku.php?id=kb:lad
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0575
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0580
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0585
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0590
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0595
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0600
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0605
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0615
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0620
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0625
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630
http://refhub.elsevier.com/S0378-7788(15)30056-6/sbref0630

	Urban tree design approaches for mitigating daytime urban heat island effects in a high-density urban environment
	1 Introduction
	2 Urban thermal environment and climatic planning
	2.1 Sky view factor (SVF) as a thermal indicator
	2.2 Greenery cooling and wind effect

	3 Methodology
	3.1 Area studied and sensitivity test
	3.2 Model validation and simulation setting
	3.2.1 Model validation
	3.2.2 Simulation setting


	4 Results and discussion
	4.1 SVF-based approach
	4.1.1 Sensitivity test
	4.1.2 Modelling study

	4.2 Wind-path approach

	5 Summary
	References


