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ABSTRACT

This research aims to investigate adaptation opportunities of Egyptian urban communities for climate
change by the application of green cover and its effect on domestic energy efficiency in present and future.
Coupled outdoor-indoor simulations were applied to overcome the incapability of packages to do both
jobs in one tool and to account for the effects of adaptation of urban greenery on the indoor performance
since indoor simulations tools does not consider microclimatic interactions. In addition to the three
types of urban trees which modeling parameters were measured, green roofs and facades were applied.
Present and future (2020, 2050 and 2080) microclimatic effects of the green cover of two case studies in
different climatic zones were compiled conjunctionally in a TMY2 weather files to relate ENVI-metV4.0
simulations (accounting for outdoor conditions) with indoor simulations using DesignBuilderV4.2 which
has been applied to predict sites’ energy efficiency. Results show that even if TMY3 weather files are
available, which is not for many countries including Egypt, it will not account for urban microclimate
and vegetation effects of local sites when only indoor simulations take place. Thermal comfort (PMV)
and air temperature (T,) maps’ results of both cases outdoor adapted conditions showed cool spots at
the center of communities. Those cool spots improvements decrease by 2080 due the effects of climate
change. Whole site averages of (T, ) showed increased records for the adapted cases owed to the suggested
green facade coverage which draws attention to the sensitive plantation of building walls as well as the
coverage percentage of urban trees that might traps heat. In comparison to their un-adapted cases, the
least energy efficiency result for whole site was 10.0% corresponding to 23.8% cost saving at 2080 in case
two whereas the maximum was 21.3% corresponding to 35.7% cost savings at present day. Summing
energy savings until the end of century, case one payback period was 20 years (in 2037) and case two
was 15 years (in 2032).

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

change cannot reveal but increased GHG and heat stresses specially
in urban core areas where urban heat island appears. The tone of

Energy consumption in buildings is having more attention in
Egypt after the national phenomena of electricity cuts in 2012 and
2013 [1]. And since it represents more than 42% of energy con-
sumption in Egypt, in addition to the global climate effects due to
GHG emissions, there are an increased understanding that adapting
built environment to climate change scenarios have to take place
[2,3]. The strategy of increased HVAC usage to adapt to climate

* Corresponding author.
E-mail addresses: md.fahmy@mtc.edu.eg (M. Fahmy),
hanyelhady34@gmail.com (H. El-Hady), mmahdy@mtc.edu.eg (M. Mahdy),
mabdelalim@psu.edu.sa (M.F. Abdelalim).

http://dx.doi.org/10.1016/j.enbuild.2017.08.008
0378-7788/© 2017 Elsevier B.V. All rights reserved.

international community is getting louder alarming that more envi-
ronmental disasters can be seen every year and everywhere [4,5].
In MENA areas specially the arid ones, air temperature has already
increased between 1 and 2 °Csince 1970 and is expected to increase
between 4 and 6.4 °C by the end of century [4]. From this standing
point, with respect to 70% of world population living in urban areas
by the year 2050 associated with the expected increase in air tem-
perature, the prediction of built environment thermal performance
is crucial.

In another word, passive design strategies and their applica-
tions both on building and urban scales are not an option [5].
There is no meaning to build houses and construct cities just
to accommodate people without consideration for their environ-
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mental performance specifically in hot arid regions. At the urban
neighborhood/community scale; the planning unit of cities, where
the microclimatic effects of urban canopy layer influence the build-
ings indoor environment vitally, “adaptation is not a welfare mode
of sustainability or a prosperous idea of architecture design” [6].
Adaptation for future conditions that help in reducing energy con-
sumption [7] and alleviating urban canyon temperatures [8] are
not limited to trees [9], green roofs [10] and green walls, it also
extends to the fabric of a city [11]. Furthermore, the issue is not
to apply urban passive strategies; a so called GreenSect [5,12] (a
vegetation skeleton or a green coverage for the urban form), to do
geometrical adjustments to the urban fabric or to decide housing
typologies that generate a degree of compactness and microclimate
conditions. The issue is to assess these strategies and applications
especially vegetation or the green coverage of urban forms that play
an important role in modifying microclimatic conditions through
the Albedo, shading and evapotranspiration of the foliage and its
geometry, [13]. The urban microclimatic interdisciplinary fields
and effects have complexities that prevented, applying, assessing
and connecting environmental and climatic knowledge to prac-
tice [14] with respect to urban climate scales bigger than a street
canyon; i.e. urban planning practice [15,16]. In this concern, sim-
ulation tools had increased importance as it simplify complexities
of modeling and calculations of environmental parameters. Among
these complexities, weather data used to simulate case studies’ site
conditions are having much concern both in present which revealed
many versions of weather files and in future which revealed some
methodologies to predict climate scenarios. Among the method-
ologies used to predict future weather data of climate change
scenarios, the morphing methodology published by the Chartered
Institution of Building Services Engineers (CIBSE) and its tool is the
only method that allows the generation of Typical Meteorological
Year, TMY2 (which is used to compile the weather file extension
EPW)TMY2/EPW files to predict the thermal performance of future
for any site in the world and have been used for environmen-
tal studies in Egypt [1]. It is presented by Belcher et al. [17] and
Jensch et al. to utilize a baseline for transforming current CIBSE
weather files into climate change weather files [18] by “down-
scaling” the temporal resolution of baseline local weather data to
higher ones using global circulation and regional climate algorith-
mic models. The usage of an averaging period of 30 years to define a
climate baseline for morphing is a World Meteorological Organiza-
tion recommendation. Hence, regional and global climate models
projections over each 50km x 50 km of globe were prepared for
three time slices for the 21st century; 2011-2040 (referred to as
2020), 2041-2070 (referred to as 2050) and 2071-2100 (referred
to as 2080) under climate change scenarios for greenhouse gases
anthropogenic emissions [17]. The Climate Change World Weather
Generator is the name of the tool applies this concept and can
be downloaded from the web freely [19] and climate change pro-
jections over each 50km x 50 km of globe can be downloaded to
complete setting up this tool from the Intergovernmental Panel
on Climate Change we page [20]. Nevertheless, a demerit of sim-
ulation packages is that indoor environment ones cannot assess
outdoor and vice-versa. Despite the built environment elements
of the site; fabric, network and vegetation, have a great effect on
the heat budget of street canyon [21,22] and cannot be ignored
since urban microclimate thermal performance is related in a direct
proportion to the indoor environment performance, there still lack-
ing research studies that translate this relation into measurable
parameters directly. From these standing points, Oxizidis et al.
used a non-hydrostatic weather model to simulate urban climate
of the city of Lisbon to generate climatic data used later in build-
ings energy simulations on a single building basis [23]. Fahmy
et al. suggested to couple outdoor and indoor simulations using
ENVI-met and DesignBuilder to assess the effect of urban trees

in outdoor environment on indoor thermal comfort using recep-
tor points around a selected building but only for single building
[24,25] and using empirically modeled trees canopies not measured
[13].Yang et al. applied the same methodology using ENVI-met and
EnergyPlus for the calculation of energy consumed also in a single
building [26]. Morakinyo et al., did it again in Nigeria for two build-
ings [27] and once more co-simulated for cooling demand using
green roof types for primitive urban forms [28] where all were
in present time. Morille et al. applied coupling to calculate build-
ing energy consumption considering outdoor conditions of a street
canyon “using the SOLENE thermo-radiative model coupled with
the outside airflow computed with the CFD tool Code Saturne”,
[29], but didn’t account for the evapo-transpiration effects of trees
and even without trees in another study [30]. In this study, whole
community energy efficiency in present and future is estimated
to assess the green adaptation applied on both urban and build-
ing scales which includes trees botanical effects that could have
beenignored if only single stage traditional indoor simulations took
place. It is estimated by the application of coupling methodology
using ENVI-met V4.0 for the generation of microclimatic conditions
which are used later through DesignBuilder V4.2 simulations for
two urban site case studies in Egypt. Both cases were adapted to cli-
mate change scenarios for the years 2020, 2050, and 2080 through
the application of trees in the urban context which botanical model-
ing parameters were measured rather than empirically assumed. In
addition, green roof and facade were applied on the building scale.
Eventually, adaptation cost has been calculated in comparison to
the cost of energy saved to estimate the payback year.

2. Methodology

The coupling methodology is introduced to conjunctionally con-
nect outdoor microclimatic conditions to indoor ones for many
reasons. 1) To overcome the incapability of packages to do outdoor-
indoor simulations in one tool that would, 2) account for the effects
of urban environment elements on the indoor performance since
indoor simulations tools does not consider microclimatic interac-
tions. 3) To refine with simulated local sites’ microclimatic data, the
original weather file measured data that ends at 2005 (for Egypt; as
2005 data was the latest complied data into weather files, it is used
widely in building performance simulations as present), was mea-
sured at 10 m height above ground level, with open horizon and far
from and has nothing to do with the details of the urban form at
examined site. The EPW weather data files used in Egypt were pre-
pared for the Egyptian Residential Energy Code, EREC, [31] and its
compiled Typical Meteorological Year, TMY V2.0, data ends at 2005,
and this answers one of the questions may be raised; why coupling
would be applied; to refine the 2005 data when used in energy
simulations. Same applies for many countries that don’t have TMY
V3.0 yet as Egypt. Even if there is TMY V3.0 for the last 12 years, it
won’t account for urban canopy layer details and street canyon ele-
ments. This gives an impression about how reliable are the many
simulations done for buildings every single minute [34-36], even
selecting rural or urban setting when simulating single building
will not account for urban greenery effects.

2.1. Methods

Simulations took place in two phases, firstly, the numerical
simulations for urban microclimate used ENVI-met V4.0 which is
capable of generating many meteorological parameters in addition
to pedestrian thermal comfort, [32,33]. ENVI-met is a CFD micro-
climatic model that simulates air-building-plant-soil interactions
based on the fundamentals of fluid mechanics and heat transfer.
It is capable of generating many meteorological parameters; air
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Table 1
Summery of data entry for Case one, [31,33].

Table 2
Summery of data entry for Case two, [31,33].

Parameter Value

Parameter Value

Number of main area grid x=175,y=175,2=30

boundary

Soil profile for all grids Sandy soil and asphalt for raods

Grid scale x=1,y=1,z=1

Walls material Brick wall; thickness=0.3m,
Albedo=0.4

Roof materials Reinforced concrete; thickness=0.2m,
Albedo=0.3

Simulation date 21st of July

Start wind speed at 10 m height 1m/s
Start wind direction 355° from north

Initial temperature of 27.8°C
atmosphere

Initial specific humidity of 13.5g/Kg
atmosphere

Initial relative humidity of 67%
atmosphere

Number of main area grid x=250,y=250,z=30

boundary

Soil profile for all grids Sandy soil and asphalt for raods

Grid scale x=1,y=1,z=1

Walls material Brick wall; thickness =0.3m,
Albedo=0.4

Roof materials Reinforced concrete; thickness=0.2 m,
Albedo=0.3

Simulation date 21st of July

Start wind speed at 10 m height 1m/s
Start wind direction 355° from north

flow and temperature, different types of short and long wave radi-
ations along with pedestrian thermal comfort are just examples
not to mention. ENVI-met have been acknowledged in literature
as a unique tool for urban planners and designers that puts urban
microclimate interdisciplinary fields into action [34]. An important
parameter that represents the design of a good urban form is the
pedestrian thermal comfort as it sums all design, microclimatic and
pedestrian bio-meteorology, [34,35]. It is calculated in ENVI-met
in terms of the default free pedestrian comfort index PMV (Pre-
dicted Mean Vote) or PET (Physiological Equivalent Temperature).
In this research, nevertheless, PMV is used regardless PET is more
representative (as it is measured in °C) for financial and simplic-
ity purposes as the aim of this study is the energy consumption
and cost not the comfort itself which is used only as an indicator
to compare improvements might occur for thermal conditions of
outdoor spaces of the vegetated and non-vegetated alternatives. In
ENVI-met, the outdoor PMV is modified after the research of Jen-
dritzky and Nubler in physiologically significant terms to account
for the transient conditions of urban environment including the
direct solar radiation and wind speed variations [36] and used in
previous publications [5,37]. Outdoor PMV scale differs from the
original indoor PMV scale of Fanger, [38], it can exceed the +3
points especially in arid regions. ENVI-met simulations and out-
puts were validated through the many studies applied this package
and validated its outputs [39]. Simulations of ENVI-met were cali-
brated through modeling by the longitude and latitude of the site
that define the solar position and the amount of incident radiation.
Short-wave radiation is reduced in the software at the material
and vegetation surfaces by means of the trees canopies and the
sky view factor which in turn absorbed and emitted again as a
long-wave radiation. more literature regarding ENVI-met model
architecture can be found in the published research of Toudert,
[40,41]. EPW of 2005 of the two cases’ were the baseline for mete-
orology input which data along with human bio-meteorology and
buildings materials’ properties were considered the present day
simulation data entry as indicated in Table 1 for Case one and
Table 2 for Case two. Data entry is prepared in ENVI-met by means
of configuration wizard which complete the calibration before sim-
ulation starts.

In second phase, DesignBuilder V4.2, [42], was used for indoor
estimation of domestic energy consumption of both cases as it has
an easy and simple CAD interface of the EnergyPlus core calcula-
tions. Calibration of simulation techniques is based on the thermal
comfort zone limits of each site which defines the set points and
other indoor conditions. Calibration includes modeling, building
materials assignment, lighting and HVAC systems configurations
which have been examined prior to this work in order to validate

Initial temperature of 28.8°C
atmosphere
Initial specific humidity of 11.7g/Kg
atmosphere
Initial relative humidity of 63
atmosphere
950
900 |-
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Fig. 1. The indirect validation using the pre-model flat no. 1 which achieved an
average percentage error of 8.81%.

the simulated results. The cases presented in this work have not
been fully constructed and operated and have no measured data or
bills, that is why previous accuracy percentages were considered
in the paragraph of Design Builder calibration to explain the indi-
rect validation process that took place. To attain this objective, the
monthly for annum energy consumption data for two pre-models
of different flats (in Cairo) were obtained out of the energy bills,
and then the exact energy consumption was compared with the
simulated results for each model. The average percentage error of
energy simulations reached 8.81% for one of the cases and 11.70%
for the other, Figs. 1 and 2. This reflects that the predictions are in
good agreement with the on-site measured data, thus this simu-
lation processes can be used to validate the research objectives in
the examined weather conditions, and under future climate change
scenarios. Fixed schedules for energy consumption were used in
all the different simulations (in conjunction with the cooling and
heating set points and comfort zone characteristics of each site) to
control the timing in DesignBuilder and to define certain activities
in the simulations, such as occupancy times, equipment, lighting
and HVAC operation. Following the work of Attia et al. [43], the
schedules were defined through a fixed activity template, based
on the common lifestyle for the residents of Egypt (holidays, work
hours, etc.). The cooling systems applied for the residential build-
ings were after Mahdy and Nikolopoulou [44]; a mixed mode of
HVAC systems and natural ventilation were used to benefit from
passive cooling when available and make efficient use of mechani-
cal cooling systems during extreme periods. Simple HVAC systems
setup was used in the simulations, where the heating and cooling



244 M. Fahmy et al. / Energy and Buildings 153 (2017) 241-261

Table 3
Building envelope details according to climatic zones of Egyptian Energy Code for base cases whereas adapted configuration is introduced.

Envelope surface Base and Adapted cases envelopes’ thermal resistivity

Base case R-value m2.°C/W Adapted case R-value m2.°C/W

Case one Case two Both cases
Roof 2.15 2.7 3.25 with green subsurface of 11 cm thick
North Facade 0.35-0.47 0.55-0.67 1.35 with green subsurface of
East-West Facade 0.72-1.15 0.92-1.35 11 cm thick
South Facade 0.47-0.69 0.67-0.89
950 Table 4
ggg " kwh P Land use budget for New Borg El-Arab case study.
o\
800 \ Usage Area (m?) Percentage (%)
750 7 ANN
700 yal N\ Residential 19298 45.38
650 7K Services 3499.97 8.23
600 77 \\ Green Area & Pedstrain pathes 3906.06 9.2
ggg r/ A\ Internal Asphalt road and parking 8830.24 20.76
450 // \\ Entrances and external roads 6986.7 16.43
400 Total 42020.97 100%
350 y/4 A\
300 —o— Simulated \
250 —i— Measured A
200 Table 5
150 — E— Land use budget for 6th October case study.
100 ———————— Average Percentage Error = 11.70% g v
50 [—— Usage Area (m?) Percentage (%)
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Residential 33688 44.83
Services 5662.49 7.54
Fig. 2. The indirect validation using the pre-model flat no. 2 which achieved an Green Area & Pedstrain pathes 4629.43 6.17
average percentage error of 11.70%. Internal Asphalt road and parking 15353.28 20.43
Entrances and external roads 15804.80 21.03
Total 75138 100%

systems are modeled using basic loads calculation algorithm (Ener-
gyPlus zone HVAC ideal loads). The HVAC specifications include the
use of split air-conditioning units for the whole day in the summer
when the temperature exceeds 29 °C until it drops below 25°C;
otherwise, natural ventilation was used. Building envelope details
are explained in Table 3 according the Egyptian Residential Energy
Code, EREC [31]. Materials was 25 cm red brick with 5cm plaster
for external walls, 12 cm red brick for internal partitions and glass
is single clear glass with solar heat gain coefficient of 0.71, and light
transmission = of 0.65 whereas green roofs and facades are 11 cm of
green subsurface. Green roofs where modeled following the exten-
sive green roof layers of Morakinyo et al., [28] and the green facades
were modeled following the novel vertical greenery module pre-
sented by Serra et al., [45]. In this work, the architecture solutions
for fixation and irrigation systems of suggested green envelope is
out of scope of this research, however, the latter two mentioned
references describe part of such technical installations.

Future weather files were generated by CCWORLDWEATHER
generator which uses the morphing methodology to have weather
data for 2020, 2050 and 2080, [19] and is used as data input
for ENVI-met numerical simulations of base and adapted cases in
future.

2.2. Case studies

Two urban residential communities in two different climatic
zones on the Egyptian map were selected to apply this research
on, since Egypt climate varies from hot arid/semi-arid at low/mid-
latitude to coastal Mediterranean or hot subtropical at northern
coast of the country especially at western parts of coast. First case
is part of New Borg El-Arab city near Alexandria, 30° 53’ N and 29°
42" E, and is having three types of apartment buildings. New Borg
El-Arab was inaugurated in 1988 and is seen as a natural extension
of Alexandria, as well as being one of the important industrial areas
in Egypt, [46]. It has a population of 100,000 inhabitants, which is
expected to grow to 750,000 inhabitants by 2032. Table 4 indicates

land use and total area of the first case study. New Borg El-Arab
climate is classifies as hot subtropical or Bsh according to Képpen
classification. The urban site examined as case one had a weather
data in EPW generated by METEONORM tool, [47]. By analyzing
site one weather data, the extreme summer week is 19th: 25th of
August with a maximum air temperature of 39.2 °C recorded on
the 21st of July. The typical summer week is 14th: 21st of July with
a daily average air temperature of 27.7 °C. Maximum daily global
radiation is in June with 7879 Wh/mZ2. The maximum recorded
direct solar radiation was 10141 Wh/m? on the 7th of July.

Second case study is part of 6th of October city located near
Giza, 29° 47' N and 31° 2’ E, is having also three types of apartment
buildings. The city has an estimated range of population between
185,000 — 500,000 inhabitants in the wider area. It is a satellite
town and part of the urban area of Greater Cairo, Egypt. It's 17 km
far away from the great pyramids of Giza and 32 km from down-
town capital Cairo. 6th October city climate is classifies as hot desert
or BWh according to Képpen classification. The urban site exam-
ined as case two also had a weather data in EPW generated by
METEONORM tool, [47]. By analyzing site two weather data, the
extreme summer week is 21st: 27th of July with a maximum air
temperature of42.7 °Crecorded on the 21st of July. The typical sum-
mer week is between 29th of July and 4th of August with a daily
average air temperature of 28.3 °C. Maximum daily global radiation
is in June with 7788 Wh/mZ. The maximum recorded direct solar
radiation was 9719 Wh/m? on the 8th of July. Table 5 indicates land
use and total area of the second case study. Both case studies have
same housing typologies, A, B and C, (ground + 5 typical floors) but
with different urban forms. Typologies A and C have 4 flats per floor
whereas B has 5 flats per floor. Type A has a total floor area of 330 m?
with a flat area of 72 m2; type B has a total floor area of 455 m? with
a flat area of 75 m? and type C has a total floor area of 275 m? with
aflat area of 55 m?, difference between total floor area and the sum
of flats’ areas is the services area.
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Fig. 3 shows the location of the two cases on the climatic map
of Egypt whereas Fig. 4 shows the layout and plans of both case
studies.

2.3. Simulation cycling

In all simulations; present, 2020, 2050 and 2080 urban simula-
tions prior to adaptation at each year scenario were considered
base cases of C1 and C2. In the second phase of indoor simula-
tions, DesignBuilder used the modified weather data to estimate
domestic energy consumption. After the application of urban green
coverage in both urban and building scales, the simulation called
adapted. Doing base case and adapted simulations where the mod-
ification step of weather files took place, it is so called coupling
outdoor-indoor simulations’ methodology. As a comprehensive
parameter that represents all physical characteristics of urban fab-
ric, network, vegetation and meteorology as well as pedestrian
personal factors, Predicted Mean Vote, PMV has been calculated
for outdoor spaces. In addition, air temperature T, is calculated to
represent the proposed reduction in heat transferred which affect
the cooling and energy demand. Both PMV and T, were averaged for
all ENVI-met model grids at 1.5 m above ground level (to represent
pedestrian sensation height) using the LEONARDO built in tool of
ENVI-met to account for the whole site conditions in comparison to
other scenarios. Eventually, the energy consumption and cost has
been calculated for each case site; base and adapted until the year

2080 considering 5% of inflation and maintenance from one year
to another with application of tariff categories in Table 7. The pay-
back years of adaptation cost in each site has also been calculated
in USD and compared to the Bill of Quantities, BoQ, of the greenery
used. Fig. 6 shows 3D modeling of C1 and C2 in ENVI-met and Fig. 7
shows the same in DesignBuilder.

Table 6 indicates abbreviations used for case studies. As shown
in Fig. 5 the flow chart indicates cycling different tools to execute
the methodology as following:

Table 6

Abbreviations used for both case studies. Present day refers to the year 2005 by
which the format of Egyptian Typical Meteorological Year, ETMY of the original
EPWs used is (version2) compiled using measurement data from 1969 to 2005 [31].

Title Case One Case Two
Case One (New Borg El-Arab) C1

Case Two (6th of October) 2
Present day base case C1-BCPD C2-BCPD
Present day adapted case C1-ADPD C2-ADPD
Base case 2020 C1-BC20 C2-BC20
Adapted case 2020 C1-AD20 C2-AD20
Base case 2050 C1-BC50 C2-BC50
Adapted case 2050 C1-AD50 C2-AD50
Base case 2080 C1-BC80 C2-BC80
Adapted case 2080 C1-AD80 C2-AD80
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Fig. 6. (a) Modeling C1-BC in ENVI-met V4.0. (b) Modeling C2-BC in ENVI-met V4.0.
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Fig. 7. (a) 3D model for C1 in DesignBuilder showing apartment building type A. (b) 3D model for C1 in DesignBuilder showing apartment building type B. (c) 3D model
for C1 in DesignBuilder showing apartment building type C. (d) 3D model for C2 in DesignBuilder showing apartment building type A. (e) 3D model for C2 in DesignBuilder

showing apartment building type B. (f) 3D model for C2 in DesignBuilder showing apartment building type C.
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Fig. 7. (Continued)

Table 7 ) ) B to represent the whole site meteorological parameter at a spe-

Categories of Egyptian tariff for energy (electricity only) at Dec. 2016. cific time in one value and then replace their corresponding in
Category in kWh/month Tariff in piaster (LE/100) the original EPW.
0-50 1 2) As the EPW file of weather data does not accept modifications,
51-100 19 it is converted firstly to Comma Separated Value file, CSV, to
101-200 21,5 acceptdifferent extracted urban meteorological output and then
;gi‘ggg ;‘; converts it again to a new EPW, conversion has been done using
More than 650 95 EnergyPlus conversion tool [48].

3) Among the parameters that reflect the effects of greenery, affect
human thermal comfort and energy consumption and can be
replaced and recognized in the original EPW weather data file
format, six were extracted directly from ENVI-met urban simu-
lations meteorological output. From the LEOBARDO data menu,
the map-script order is used for any meteorological data needed
to get its site hourly average. These are; dry bulb temperature,
relative humidity, global radiation, direct radiation, diffused
radiation and wind speed. Seventh modified parameter is the

1) Extract the meteorological output from the ENVI-met urban sim-
ulations at the selected hours of a selected simulation day and
write it in the weather file instead of the original ones as they
represent different site configurations at which the original data
were measured. This process has been done using the extraction
and presentation tool LEONARDO (a built in tool of ENVI-met) by
averaging the hourly meteorological outputs of the model grids
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Fig. 7. (Continued)

dew point which is calculated using ENVI-met output. Some
parameters related to local site not to the urban context were
set to typical summer conditions of local climatic zone of exam-
ined site and kept fixed as in the original EPW file. These are;
the terrestrial radiation (3 parameters), the clear sky cover (2
parameters), precipitation (set to zero value in typical conditions
of all climatic zones of Egypt’s mid-latitude semi-arid summer),
wind direction and illuminance (3 parameters). This concept
of partially modifying weather data has been applied and val-
idated in the research of Belcher et al. [17] to partially generate
future conditions from algorithmic equations for all weather
data except solar radiation kept fixed and in the research of
Radhi to partially modify weather files for Bahrain upon different
solar radiation measured data [49] to investigate the accuracy
of weather files in energy simulations.

4) After replacing those parameters in the CSV simply as a spread
sheet; CSV is converted again to a new EPW to represent the
urban context effects on the indoor environment as none of the
original file nor do the modeling options in DesignBuilder con-
sider those effects. The botanical parameters of urban trees that
affect the microclimate and in turn the indoor performance such
as evapo-transpiration and photosynthesis are just examples of
those urban context details not to mention. In another word,
ENVI-met is used as a refining generator for the simulated day
weather data through the numerical simulation of urban micro-
climate to let weather file eventually account for urban greenery
and microclimate interactions by writing these interactions in a
new EPW.

5) The new EPW is used indoors by DesignBuilder V4.2 to estimate
energy consumption before and after applying the green adap-
tion applications. Both outdoor and indoor simulations were
applied as the core of coupling for each base case (without
vegetation) and its adapted case (with vegetation). Outdoor sim-
ulations were 16 and took 36 weeks of modeling, simulation and
data extraction, whereas indoor simulations took 7 weeks for all
buildings of the two cases. Simulations took place on the 21st of
July which is the summer extreme hot day (also called design
day which had vegetation alternatives) analyzed by ECOTECT
weather analysis tool, [50].

6) One of ENVI-met limitations is the very long time it takes for
simulations so that it cannot be applied for the whole year
simulation. Unlike single building, simulating one day of neigh-
borhood/community scale takes up to 10 days of continuous run
with ENVI-met. Consequently, and to assess the influence of
adaptation of urban form on whole year community energy con-
sumption, the concept of calculating energy consumption using
cooling degree hours is applied following the research of Day
et al. who proposed that building’s energy consumption cor-
relates with degree days provided that “correct (and practical)
energy balance of the building” is considered [51]. The outputs of
energy consumption using DesignBuilder have been scaled over
the month July by cross multiplication of Cooling Degree Hours,
CDH of the 21st of July to calculate rest month days energy con-
sumption with reference to the CDH of the simulated day. In the
same manner, the whole year energy consumption was calcu-
lated using the Cooling Degree Hours, CDH of each month of the
year. USDUSDUSDUSD.

2.4. Urban and building green coverage

Despite both cases’ urban forms in terms of network plan-
ning and land use are already exist, the buildings themselves
have not been fully constructed yet. Therefore research suggested
that both urban and building scales apply vegetation as a main
passive cooling (adaptation) strategy. Urban trees as an effective
cooling application had a no doubtable role in modifying outdoor
and indoor conditions towards better performance [52,53] through
combining shading and evaporative cooling effects [54] especially
when considering the canopy geometry. Hence, the shading pro-
ducers’ trees such as Casia Nodosa and Cassia Leptophylla along
with the Ficus Nitida are used to adapt examined communities
to climate change. In this concern, application of urban trees fol-
lowed the minimum outdoor space coverage percentage according
to the Egyptian Guide for Environmental Principles in Urban Spaces
EGEPUS, 5%, to alleviate microclimates, [55]. The Ficus Nitida was
applied to the boundary of the site, whereas other trees’ types
applied in the core of urban form to mitigate the hot spots inside
each site. To model the suggested urban trees in ENVI-met, the Leaf



Table 8
Measured and geometrical parameters of urban trees used in study. The column of assumed LAI value is to compare the measured LAI and the corresponding LAD to those generated after Fahmy et al., 2010 [13].

Specifications

Tree name

Cassia Nodosa

Cassia Leptophylla

Ficus Nitida

Alternative name
Family
Landscape Uses

Foliage profile modeling in LAI2200 data analysis tool
Total tree height

Maximum LAD height at

Foliage height

Foliage Albedo

ENVI-met default Albedo

Measured Albedo

LAI (Leaf Area Index)
m?/m?

LAD(Leaf Area Density)
At 1.00m

At 2.00m

At 3.00m

At 4.00m

At 5.00m

At 6.00m

At 7.00m

At 8.00m

At 9.00m

At 10.00 m

At 11.00m

At 12.00m

Pink shower

Leguminosae

Outside Shading, Parks and
street

5m

4m

3m

0.18

0.085

Assumed Measured Recomputed
1 3.499 1.61
0.0 0.0 0.0
0.0 0.0 0.0
0.24 0.86 0.39
0.62 2.19 1.00
0.74 2.623 1.20
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

Gold Medallion

Fabaceae or, bean family

Shade tree or as a decorative
specimen for the yard or street.

12m

8m

9m

0.18

0.085

Assumed Measured Recomputed
1 3.185 4,79
0.0 0.0 0.0
0.0 0.0 0.0
0.038 0.12 0.182
0.055 0.17 0.264
0.080 0.25 0.384
0.114 0.36 0.547
0.153 0.48 0.734
0.176 0.56 0.843
0.172 0.54 0.824
0.151 0.48 0.723
0.078 0.25 0.376
0.000 0.0 0.000

Indian Laurel

Moraceae

Street tree, in parks, hedge tree
or in sunny interior spots

3m

2m

2m

0.18

0.090

Assumed Measured
1 3.986
0.0 0.0
0.27 1.07
0.86 3.44
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

Recomputed
3.95

0.0
1.07
3.41
0.0
0.0
0.0
0.0

192-1¥Z (2102) €51 sSutpping pub AS1aug /o 32 Awyp] "W

1sc
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Casia Nodosa

Ficus Nitida

Green roof

Casia Nodosa

Fig. 9. (a) Distribution of urban trees with in urban form of C1. (b) Distribution of urban trees with in urban form of C2.
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Fig.10. C1 urban thermal environment slices extracted examples at pedestrian level PD and 2080 scenarios.
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Fig. 11. (a) Outdoor PMV of C1 all scenarios 6am-6pm LST. (b) T, of C1 all scenarios 6am-6pm LST.

Area Index, LAI, and Albedo had to be measured. LAl defines the Leaf
Area Density, LAD, slices introduced to ENVI-met modeling plants
database following Lalic and Mihailovic [56]. LAI for urban trees
was measured by LAI2200 plant canopy analyzer which is manu-
factured by LI-COR company [57]. Concluding LAI value includes
a recomputing step for the measured LAI value by the geometry
of the tree using FV2200, the data processing tool ofLAI2200 plant
canopy analyzer. In previous work for the authors, LAl was empir-
ically assumed to equal 1 which is the least value to generate a
ground solid shade at peak time. Table 8 indicates initial measure-
ment of LAI and its generated LAD in comparison to the assumed
and recomputed (final measured) ones as well as geometry and
Albedo used for modeling urban trees numerically. Albedo of urban
trees foliage was measured using two secondary standards CMP21
pyranometers manufactured by Kipp&Zonen [58]. Fig. 8 shows the
devices used. Fig. 9 shows the distribution of urban trees within
both case studies along with the green roofs and facades applied.

At the urban simulation phase, green roofs, green facades and
urban trees were modeled. At the building simulation phase, only
green roofs and green facades were simulated as DesignBuilder
does not consider the evapotranspiration and thermal effects of
trees, however, which microclimatic effects were compiled within
the modified weather files generated after coupling. Green facades
were applied at all facades’ solid parts. The green roof and green
facade applied to buildings were selected in compliance with the
thermal resistivity (R-value) of the Egyptian Energy Code in resi-
dential buildings as indicated in Table 5, [31].

3. Results and discussion

It can be said that in both cases energy consumption and energy
cost of adapted urban forms have been reduced tremendously
in comparison to base cases associated with improvements in
pedestrian thermal comfort but with questionable air temperature
conditions considering the green facades covering all walls of build-
ings. After presenting the results of both cases, a final subsection is
introduced to statistically investigate the confidence of results.

3.1. New Borg El-Arab

3.1.1. Urban environment performance

Fig. 10 presents a comparison for the microclimatic conditions
in terms of thermal slices examples for T, and PMV at different
Local Solar Times, LST, for PD and 2080.

In All AD scenarios, PMV values are improved owed basically to
the urban trees applied at the ground of urban canyons. Despite
that green facade has a role in the second phase of simulations in
terms of more heat gain reduction and energy savings in turn, the
more solar radiation it reflects to canyons, the more tendency of
air temperature to increase. This appeared in the slight increase of
outdoor air temperature curve, which hasn’t affect the pedestrian
thermal comfort as shown in Fig. 10(a and b). However, the slight
increase of outdoor air temperature curves of Fig. 10(b) differs from
those in the graphical presentation of Fig. 11, as cool spots of light
blue can be seen at the middle of community AD where large canopy
trees have been applied (Cassia Nodosa and Cassia Leptophylla) and
concluded at specific areas. In this concern, it worth mentioning
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Fig. 12. Comparison of total energy consumption of July month

that the curves and the graphical presentations cannot be compared
as the curves are site hourly averages (to represent the whole site
meteorological parameter at a specific time in one value), whereas
the graphical slices is a detailed grid by grid extracted output at a
specific time of the day. T, cool spots improvement decrease by the
end of century as shown in the last rows of graphical illustrations
in 2080. At the same time, more hot areas around the community
buildings can be seen attributed to the increase in temperature of
climate change by the end of century at the year 2080 in addition
to the lack of urban trees application as in community core.

For more explanation, in C1-ADPD, by the start of simulations
at 6:00LST urban form starts with —0.1 PMV which is less than
C1-BCPD with 0.4 APMV. Regardless this behavior of PMV which
sums all meteorological and personal parameters of pedestrian, the
curve of T, in Fig. 10(b) started at 6:00LST by 23.2 °C and reached an
increase of 0.4° AT, at 12:00LST. It can be argued that green fagcades
reflected more radiation towards urban canyons which could be
better for indoor quality and energy efficiency, but not for outdoor
spaces, in addition to the less large canopies trees applied at the
boundaries of examined community. However, as comfort in terms
of PMV depends on more than one meteorological parameter, it
can be noticed that PMV had slight improves. This draws atten-
tion to sensitively planting green facades in order to control the
reflected short-wave radiation towards urban street canyons and

at present and future climate change scenarios for C1 site.

to increase the coverage percentage applied for urban trees (5% of
canyons ground floor area) but with attention to wind blockage.

Fig. 11(a,b) shows PMV and T, curves for day time of simulated
day for all BC and AD scenarios.

3.1.2. Domestic energy efficiency and cost savings

Figs. 12 and 13 indicate comparisons of energy consumption
(electricity only) and cost for whole C1 site for the simulation
month (July) according to Egyptian residential tariff. In compar-
ison to their base cases, results show that energy savings after
green adaptation for whole urban site achieved 17.2%, 17.3%, 16.6%
and 21.3% for 2080, 2050, 2020 and present conditions which
is corresponding to 25.5%, 28.5%, 28.9% and 35.7% of cost sav-
ings respectively in July. Total energy cost reduction percentage
of C1-ADPD, 35.7% (in green) is calculated in comparison to C1-
BCPD (in pink). Total energy cost increase percentage of C1-BC20,
17.2%, (in pink) is calculated in comparison to C1-BCPD. Total
energy cost reduction percentage of C1-AD20, 28.9%, (in green) is
calculated in comparison to C1-BC20. Total energy cost increase
percentage of C1-BC50, 14.1%, (in pink) is calculated in comparison
to C1-BC20. Total energy cost reduction percentage of C1-AD50,
28.5%, (in green) is calculated in comparison to C1-BC50. Total
energy cost increase percentage of C1-BC80, 12.26%, (in pink) is
calculated in comparison to C1-BC50. Total energy cost reduc-
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Fig. 13. Comparison of total energy cost of July month at present and future climate change scenarios for C1 site.
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Fig. 14. (a) Examples of average annual energy cost for a flat in PD and 2080 of C1 site calculated using CDH of each month after Day etal. [51]. On the 1st of May 1USD = 18.0LE.
(b) Payback period is 20 years which is retrieved on (2037) of climate change green adaptation cost calculated on the plots of accumulative annual energy savings of C1 site.
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(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

tion percentage of C1-AD80, 25.53%, (in green) is calculated in
comparison to C1-BC80. The percentage of energy consumption
reduction does not match the percentage of cost saving from a
scenario to another due to the differentiated applied tariff cate-
gory corresponding to each consumed amount of kWh in each flat.
For example; Fig. 14(a) and Table 7 interprets that energy con-

for the whole site.

sumed in a flat of building type B in August of ADPD is 207.3kWh
costs 4.82USD (according to the 3rd category of tariff) and its
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BCPD consumes 357.8 kWh costs 10.89USDUSDUSD (4th category
of the tariff). The percentage of energy efficiency for this flat is
[(19.8 —11.5)/19.8] x 100 equals 42.1% whereas the percentage of
cost saving is [(10.89 —4.82)/10.89] x 100 equals 55.7%. The same
concept applies when calculating all flats in a building and applies
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Fig. 15. C2 urban thermal environment slices extracted examples at pedestrian level for PD and 2080 scenarios.
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Fig. 17. Comparison of total energy consumption of July month at present and future climate change scenarios for C2 site.
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Fig. 18. Comparison of total energy cost of July month at present and future climate change scenarios for C2 site.
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Fig. 19. Payback period is 15 years retrieved on (2032) of climate change green adaptation cost calculated on the plots of accumulative annual energy savings of C2 site. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Itis noticed that the cost savings is decreasing from present time
towards 2080 from 35.7% to 25.5% for July only owed to the increase
of heat stresses towards the end of century.

By calculating the Cooling Degree Hour for whole year months
including for July and relate it to the calculated energy cost of July;
the consumption, efficiency, bill and savings for the whole year
could be derived for a flat of each building typology, and hence
for the whole site. The values of the whole site annual bill sav-
ings from BC to AD of each time scenario is increasing because of
many reasons. First of all, it is calculated in an accumulative manner
from present (2005) to 2020, from 2021 to 2050 and from 2051 to
2080 not for one year of PD, 2020, 2050 or 2080. Second, the flats
positions in buildings, the building typology, and its position in
urban form differentiates each flat from another and each typology
consumption and saving from another. However, the point is that
the total site savings of C1 after adaptation is increasing towards
the end of century unlike the monthly savings of July which gives
a reason to calculate the payback period in comparison with the
green adaption cost. Savings reached 12727.9USD, 13587.6USD,
13893.1USD and 15083.3USD for one year at PD, 2020, 2050 and
2080 respectively. The cost of adaptation reached 5.5 million of
Egyptian Pounds according to the BoQ, of the green roof, green
facades and urban trees used. Consequently, the year at which the
green adaptation cost is retrieved is 2037, Fig. 14(b).

3.2. 6th of october

3.2.1. Urban environment performance

Fig. 15 presents a comparison for the microclimatic conditions
in terms of thermal slices examples at 1.5 m above ground level (to
represent pedestrian sensation height) for PMV and T, at different
Local Solar Times, LST, for different simulated scenarios.

Fig. 16(a,b) show all BC and AD scenarios of day time PMV and
T,. It is noticed that performance of C2 outdoor spaces is close to
what have been recorded in C1, PMV records showed improve-
ments. Knowing that values of Fig. 16 are averaged from all grid
outputs, T; showed also an increase in the AD alternative com-
pared with BC in Fig. 16(b), and difference between them increases
to reach maximum 5.5° of AT, at 14.00LST in PD which is also can
be owed to the reflected radiation from the green facade as in C1.
The increased difference of T, in Fig. 16(b) can be attributed to the
climatic zone on the Egyptian map, where C2 is located in a semi-
arid zone surrounded by desert and C1 is a coastal area located in a
moderate climate zone, refer to Fig. 3, and to Section 2.1. However,
in the graphical presentation of Fig. 15, a cool spots of light blue can
be seen at the middle of community where large canopy trees have
been applied (Cassia Nodosa and Cassia Leptophylla). Same concept
applies for 2080 despite the hot areas of increase in temperature
around community buildings due climate change.
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3.2.2. Domestic energy efficiency and cost

Figs. 17 and 18 indicate comparisons of energy consumption
(electricity only) and cost for whole C2 site for the simulation
month (July) according to Egyptian residential tariff. In compar-
ison to their base cases, results show that energy savings after
green adaptation for whole urban site achieved 10.0%, 12.3%, 14.6%
and 16.9% for 2080, 2050, 2020 and present conditions which is
corresponding to 23.8%, 16.1%, 19.8% and 26.0% of cost savings
respectively in July. It is noticed that the cost savings is decreas-
ing from present time towards 2080 from 26.0% to 23.8%. Savings
reached 18432USD, 30025.2USD, 38544.7USD and 49217.9USD for
one year at PD (2005), 2020, 2050 and 2080 respectively whereas
the cost of adaptation is calculated to be 9.4 million of Egyp-
tian Pounds according to the BoQ of the green roof, green facades
and urban trees used. Consequently, the payback period is 15
years after which the green adaptation cost is retrieved on 2032,
Fig. 19.

4. Conclusions

Thisresearch investigated the adaptation opportunities of urban
development in Egypt. Adaptation applied in terms of green cov-
erage elements for urban forms of two case studies; green roofs,
greens facades and urban trees. Urban trees foliage microclimatic
effects and in turn the indoor ones, were modeled and intro-
duced to ENVI-met through the measurements of leaf are index,
LAIL, and albedo of the canopies. EPW weather files were con-
junctionally used to connect ENVI-met microclimatic simulations
with Design Builder domestic energy consumption simulations
for the examined cases. To assess the impact of those vegetation
elements on adapting examined urban communities to climate
change, domestic energy and cost savings were estimated using
coupling outdoor-indoor simulation methodology. This is because
no single simulation package can do assessment for outdoor and
indoor environments in one tool. In addition, weather data files
don’t account for urban microclimate and vegetation effects of local
sites, even if TMY3 is available which is not for many countries
including Egypt.

4.1. Urban adapted microclimate

The research first simulated urban microclimate conditions to
generate meteorological parameters of each site using ENVI-met
V4.0, which is compiled into new modified EPW to be used inindoor
simulation by DesignBuilder in second phase. In both cases, pedes-
trian thermal comfort in terms of outdoor Predicted Mean Vote
showed slight improvements, owed to the increased air tempera-
ture which is influenced by the totally covered building walls with
green facades that reflected radiation towards urban canyons. The
slight increase of outdoor air temperature curves differs from those
in the graphical presentation of figure, as cool spots of light blue can
be seen at the middle of community where large canopy trees have
been applied (Cassia Nodosa and Cassia Leptophylla). At the same
time, more hot areas around the community buildings appeared
attributed to the increase in temperature of climate change by the
end of century at the year 2080. This draws attention to sensitively
planting green facades in order to control the reflected short-wave
radiation towards urban street canyons as well as using bigger per-
centage of urban trees coverage with respect to canyons’ ground
floor area especially at the boundaries of site.

4.2. Community energy efficiency
With regard to energy consumption, Cooling Degree Hours CDH

of the year in each site has been used after DesignBuilder simula-
tions to help calculating annual energy consumption with reference

to July consumption. In the first case, results show that energy sav-
ings after green adaptation for whole urban site achieved 17.2%,
17.3%, 16.6% and 21.3% for 2080, 2050, 2020 and present condi-
tions which is corresponding to 25.5%, 28.5%, 28.9% and 35.7% of
cost savings respectively in July in comparison to their base cases.
In second case, results show that energy savings after green adap-
tation for whole urban site achieved 10.0%, 12.3%, 14.6% and 16.9%
for 2080, 2050, 2020 and present conditions which is corresponding
to 23.8%, 16.1%, 19.8% and 26.0% of cost savings respectively also in
July. The rates of energy efficiency don’t match rates of cost savings
because each consumption category has a tariff. By calculating the
accumulative annual energy savings until the end of century and
the cost of climate change green adaptation of green roof, facades
and urban trees used, the payback period of New Borg El-Arab was
20 years (in2037) and for 6th of October, it was 15 years (in 2032).
The results proof the vitality of using green coverage as an adapta-
tion strategy to climate change on the scale of urban development
even in different climate zones in Egypt. This vitality is not only for
the newly constructed developments but also for the already exist-
ing ones, and gives an impression about how green adaptation can
invest in our built environment.

Acknowledgements

Authors are very grateful for the support they found from the
administration of the Military Technical Collage to do this research
through the provision of measurement devices mentioned in the
article. This research is part of a project funded by the Military
Technical College and the Egyptian Government.

References

[1] M. Fahmy, Climate change adaptation for mid-latitude urban developments,
in PLEA2012, in: 28th Conference, Opportunities, Limits & Needs Towards an
Environmentally Responsible Architecture 2012, Lima, Pert 7-9 November
2012, 2012.

[2] H. Akbari, Shade trees reduce building energy use and CO2 emissions from
power plants, Environ. Pollut. 116 (1) (2002) S119-S126.

[3] IPCC, Climate Change, Synthesis Report, Fourth Assessment Report of Climate
Change, 2007 (Available at: http://www.ipcc.ch/publications_and_data/
publications_and_data_reports.shtml, Accessed 5 December 2016. Valencia,
Spain).

[4] IPCC, in: N.N.a.R. Swart (Ed.), Special Report on Emissions Scenarios, Special
Report for Working Group III of the Intergovernmental Panel on Climate
Change, 2000.

[5] M. Fahmy, S. Sharples, On the development of an urban passive thermal
comfort system in Cairo, Egypt, Build. Environ. 44 (9) (2009) 1907-1916.

[6] M. Fahmy, M. Mahdy, M. Nikolopoulou, Prediction of future energy
consumption reduction using GRCenvelope optimization for residential
buildings in Egypt, Energy Build. 70 (2014) 186-193.

[7] U. Berardi, The outdoor microclimate benefits and energy saving resulting
from green roofs retrofits, Energy Build. 121 (2016) 217-229.

[8] 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.

[9] EPA, Reducing Urban Heat Islands: Compendium of Strategies; Trees and
Vegetation, 2009 (Available [Online] at; http://www.epa.gov/heatisland/
resources/compendium.htm Accessed 14 September 2009).

[10] EPA, Reducing Urban Heat Islands: Compendium of Strategies; Green Roofs,
2009 (Available [Online] at; http://www.epa.gov/heatisland/resources/
compendium.htm Accessed 14 September 2009).

[11] D. McEVOY, Climate change and cities, Built Environ. 33 (1) (2007) 5-9.

[12] M. Fahmy, S. Sharples, Extensive review for urban climatology, in: Definitions,
Aspects and Scales, in 7th International Conference on Civil and Architecture
Engineering, ICCAE-7, Military Technical Collage, Cairo May 27-29, 2008.

[13] 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.

[14] F. Ali-Toudert, et al., Outdoor thermal comfort in the old desert city of
Beni-Isguen, Algeria, Clim. Res. 28 (3) (2005) 243-256.

[15] T.R. Oke, Towards a prescription for the greater use of climatic principles in
settlement planning, Energy Build. 7 (1) (1984) 1-10.

[16] 1. Eliasson, The use of climate knowledge in urban planning, Landscape Urban
Plann. 48 (1-2) (2000) 31-44.

[17] S.E.Belcher, J.N. Hacker, D.S. Powell, Constructing design weather data for
future climates, Build. Serv. Eng. 26 (1) (2005) 49-61.


http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0005
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0010
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0020
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0025
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0030
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0035
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0040
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://www.epa.gov/heatisland/resources/compendium.htm
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0055
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0060
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0065
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0070
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0075
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0080
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0085

M. Fahmy et al. / Energy and Buildings 153 (2017) 241-261 261

[18] M.F. Jentsch, A.S. Bahaj, P.A.B. James, Climate change future proofing of
buildings-generation and assessment of building simulation weather files,
Energy Build. 40 (12) (2008) 2148-2168.

[19] CCWorldWeatherGen, Climate Change World Weather File Generator, 2011
(2011 11 Nov.; V1.4:[Available from: www.serg.soton.ac.uk/
ccworldweathergen/).

[20] IPCC, HadCM3 Climate Scenario Data Download Page, 2017 ([Online],
Available; http://www.ipcc-data.org/sres/hadcm3_info.html, Accessed: 4
December 2016).

[21] T.R. Oke, Boundary Layer Climates, Methuen, London, 1987.

[22] T.R. Oke, Street design and urban canopy layer climate, Energy Build. 11 (1-3)
(1988) 103-113.

[23] S. Oxizidis, A.V. Dudek, A.M. Papadopoulos, A computational method to assess
the impact of urban climate on buildings using modeled climatic data, Energy
Build. 40 (3) (2008) 215-223.

[24] M. Fahmy, A. Trabolsi, S. Sharples, Dual stage simulations to study
microclimate thermal effect on comfort levels in a multi family residential
building, in: 11th International Building Performance Simulation Association
Conference 2009, University of Strathclyde in Glasgow, 27-30 July, 2009.

[25] M. Fahmy, S. Sharples, Urban form, thermal comfort and building CO2
emissions — a numerical analysis in Cairo, Build. Serv. Eng. Res. Technol. 32
(1)(2011) 73-84.

[26] X.Yang, et al., An integrated simulation method for building energy
performance assessment in urban environments, Energy Build. 54 (2012)
243-251.

[27] T.E. Morakinyo, et al., Modelling the effect of tree-shading on summer indoor
and outdoor thermal condition of two similar buildings in a Nigerian
university, Energy Build. 130 (2016) 721-732.

[28] T.E. Morakinyo, et al., Temperature and cooling demand reduction by green
roof types in different climates and urban densities: a co-simulation
parametric study, Energy Build. 145 (2017) 226-237.

[29] B. Morille, M. Musy, L. Malys, Preliminary study of the impact of urban
greenery types on energy consumption of building at a district scale:
academic study on a canyon street in Nantes (France) weather conditions,
Energy Build. 114 (2016) 275-282.

[30] A. Gros, et al., Simulation tools to assess microclimate and building energy: a
case study on the design of a new district, Energy Build. 114 (2016) 112-122.

[31] HBRC, Egyptian code for reducing energy consumption in residentail
buildings, in: Egyptian Ministry of Housing, Utilities and Urban Communities,
Housing and Building Research Centre, Cairo, 2008.

[32] ENVI-met, ENVI-met V4.0, a Microscale Urban Climate Model, 2016 ([Online],
Available: www.envi-met.com Accessed 6 July 2016).

[33] M. Bruse, ENVI-met V4.0, a Microscale Urban Climate Model, 2017 ([Online],
Available: www.envi-met.com Accessed 18 October 2016.).

[34] M. Bruse, Simulating human thermal comfort and resulting usage patterns of
urban open spaces with a Multi-Agent System, in: Proceedings of the 24th
International Conference on Passive and Low Energy Architecture PLEA,
Singapore p. 699-706, 2007.

[35] M. Bruse, Assessing urban microclimate from the user’s perspective —
Multi-Agent systems as a new tool in urban biometeorology, Annu. Meteorol.
41 (2005) 137-140.

[36] G.Jendritzky, W. Niibler, A model analysing the urban thermal environment
in physiologically significant terms, Meteorol. Atmos. Phys. 29 (4) (1981)
313-326.

[37] M. Fahmy, S. Sharples, Passive design for urban thermal comfort: a
comparison between different urban forms in Cairo, Egypt, in: PLEA
2008-25th Conference on Passive and Low Energy Architecture, University
Collage of Dublin, Dublin, 22nd to 24th October 2008. Dublin, UK, October
22-24,2008.

[38] P.O. Fanger, Thermal Comfort; Analysis and Applications in Environmental
Engineering, McGraw-Hill, first published in 1970, Danish Technical Press,
Copenhagen, NewYork, 1972.

[39] M. Elnabawi, N. Hamza, S. Dudek, Thermal perception of outdoor urban
spaces in the hot arid region of Cairo, Egypt, Sustai. Cities Soc. 22 (2016)
136-145.

[40] F. Ali-Toudert, Dependence of Out Door Thermal Comfort on the Street Design
in Hot and Dry Climate, Institute of Meteorology: PhD. Thesis, Freiburg,
Germany, 2005.

[41] F. Ali-Toudert, H. Mayer, Thermal comfort in an east-west oriented street
canyon in Freiburg (Germany) under hot summer conditions, Theor. Appl.
Climatol. 87 (1-4) (2007) 223-237.

[42] DesignBuilder, Dsign Builder V4.0, 2017 (Available [Online] at; http://www.
designbuilder.co.uk/. Accessed 7 July 2016. 2016).

[43] S. Attia, A. Evrard, E. Gratia, Development of benchmark models for the
Egyptian residential buildings sector, Appl. Energ. 94 (0) (2012) 270-284.

[44] M.M. Mahdy, M. Nikolopoulou, Evaluation of fenestration specifications in
Egypt in terms of energy consumption and long term cost-effectiveness,
Energy Build. 69 (2014) 329-343.

[45] V. Serra, et al., A novel vertical greenery module system for building
envelopes: the results and outcomes of a multidisciplinary research project,
Energy Build. (2017), http://www.sciencedirect.com/science/article/pii/
S037877881731383X.

[46] NUCA, Construction Regulations in New Cairo, in Arabic, New Urban
Communities Authority, Ministry of Housing, Utilities, and Urban
Communities, Cairo, 2006.

[47] METEONORM, Global Meteorological Database for Engineers, Planners and
Education, 2017 ([Online]. Available at: www.meteonorm.com/pages/en/
meteonorm.php Accessed 22 April 2009).

[48] EnenrgyPlus, EnergyPlus Energy Simulation Software, 2016 ([Online],
Available: https://energyplus.net/downloads Accessed 4 December 2016).

[49] H.Radhi, A comparison of the accuracy of building energy analysis in Bahrain
using data from different weather periods, Renew. Energ. 34 (3) (2009)
869-875.

[50] AutoDesk, Ecotect, 2010, pp. 2010 ([Online], Available at: http://www.
autodesk.co.uk/adsk/servlet/
mform?validate=no&sitelD=452932&id=14205163 Accessed 19 April 2010).

[51] A. Day, et al., Improved methods for evaluating base temperature for use in
building energy performance lines, Build. Serv. Eng. Res. Technol. 24 (4)
(2003) 221-228.

[52] Z. Tan, K.K.-L. Lau, E. Ng, Urban tree design approaches for mitigating daytime
urban heat island effects in a high-density urban environment, Energy Build.
114 (2016) 265-274.

[53] Tana Zheng, Kevin Ka-Lun Laua, E. Nga, Urban tree design approaches for
mitigating daytime urban heatisland effects in a high-density urban
environment, Energy Build. (2015), http://www.sciencedirect.com/science/
article/pii/S0378778815300566.

[54] H. Akbari, M. Pomerantz, H. Taha, Cool surfaces and shade trees to reduce
energy use and improve air quality in urban areas, Sol. Energy 70 (3) (2001)
295-310.

[55] NOUH, Egyptian Guide for Environmental Principles of Urban Spaces, Genral
Organization for Urban Harmoney, Cairo, 2014.

[56] B. Lalic, D.T. Mihailovic, An empirical relation describing leaf-area density
inside the forest for environmental modeling, J. Appl. Meteorol. 43 (4) (2004)
641-645.

[57] LI-COR, LAI2200 Plant Canopy Analyzer, 2016 (Available: https://www.licor.
com/env/products/leaf_area/LAI-2200/. Accessed 18 October 2016).

[58] KippZonen, CMP21 Pyranometer, 2016 ([Online]. Available at: http://www.
kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_197IU Accessed 18
October 2016).


http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0090
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.serg.soton.ac.uk/ccworldweathergen
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://www.ipcc-data.org/sres/hadcm3_info.html
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0105
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0110
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0115
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0120
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0125
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0130
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0135
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0140
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0145
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0150
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0155
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://www.envi-met.com
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0170
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0175
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0180
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0185
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0190
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0195
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0200
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0205
http://www.designbuilder.co.uk
http://www.designbuilder.co.uk
http://www.designbuilder.co.uk
http://www.designbuilder.co.uk
http://www.designbuilder.co.uk
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0215
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0220
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://www.sciencedirect.com/science/article/pii/S037877881731383X
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0230
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
http://www.meteonorm.com/pages/en/meteonorm.php
https://energyplus.net/downloads
https://energyplus.net/downloads
https://energyplus.net/downloads
https://energyplus.net/downloads
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0245
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://www.autodesk.co.uk/adsk/servlet/mform?validate=no&siteID=452932&id=14205163
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0255
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0260
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://www.sciencedirect.com/science/article/pii/S0378778815300566
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0270
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0275
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
http://refhub.elsevier.com/S0378-7788(17)30851-4/sbref0280
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
https://www.licor.com/env/products/leaf_area/LAI-2200
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU
http://www.kippzonen.com/Product/14/CMP21-Pyranometer#.WBL8a_l97IU

	On the green adaptation of urban developments in Egypt; predicting community future energy efficiency using coupled outdoo...
	1 Introduction
	2 Methodology
	2.1 Methods
	2.2 Case studies
	2.3 Simulation cycling
	2.4 Urban and building green coverage

	3 Results and discussion
	3.1 New Borg El-Arab
	3.1.1 Urban environment performance
	3.1.2 Domestic energy efficiency and cost savings

	3.2 6th of october
	3.2.1 Urban environment performance
	3.2.2 Domestic energy efficiency and cost


	4 Conclusions
	4.1 Urban adapted microclimate
	4.2 Community energy efficiency

	Acknowledgements
	References


