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ABSTRACT

Climate is one of the main parameters that can influence building designs in Iraq. Analysis and 
assessment of microclimatological data can aid urban architects and engineers to optimize human 
comfort through environmentally sustainable practices. The results indicated that the long-term 
measurements of total solar insolation and ambient temperatures have increased by 2.9% and 6.5% 
respectively. Albedo resulted in good correlation with heating coefficients and temperature of R2 = 
0.89 and 0.63 respectively. Annual cooling degree days and heating degree days have reduced, while 
annual mean ambient temperatures and annual solar radiation have increased.

INTRODUCTION

Climate change has become one of the central issues of in-
ternational concern (Al-Maamary et al. 2017, Butera 2014). 
Its impact may lead to drought, dust storms, floods and other 
events that will have serious effects on the sustainability of 
communities and their development (Osman et al. 2014, 
Zakaria et al. 2013). Sustainable building designers must take 
into account climatic factors such as temperature, detrimental 
weather phenomena, weather forecast, relative humidity, 
wind direction and speed, rainfall, soil temperature and sun-
shine (Zareaian & Zadeh 2013). Sustainable design involves 
promoting environmental quality by minimising the adverse 
impact on the natural environment and buildings (Waro & 
Mwasha 2013).  It involves complex interactions among 
environmental, economic and social parameters in which 
it must be analysed and treated by the various stakeholders 
involved (Nste et al. 2017). The majority of construction 
designs adopted in Iraq leaves the buildings exposed to solar 
radiation (Rashid 2014).

A large percentage of Iraqi households use cooling 
equipment and mechanical air-conditioning. However, the 
challenge arises with a lack of electrical power and the un-
affordability of privately-owned electrical generators (Roaf 
& Bairstow 2008).

Hence, minimal mechanical air-conditioning is needed 
for sustainable building designs. Climate data play an 

important role in setting sustainable construction and 
building standards, especially regarding renewable energy 
input and potential.  Based on the severe climate conditions 
found in Iraq, sustainable building is essential to face the 
challenge of climate change issues (Al-Waeli et al. 2017, 
Al-Waeely et al. 2014).

Renewable energies are important tools to support social 
and environmental energy sustainability (Langston & Ding 
2001). Climatological information is required to understand 
how to construct sustainable buildings, and assess their en-
ergy efficiency, suitable for human comfort (Rashid 2014).

Hui & Cheung (1997) and Lam (1995) have indicated that 
technical innovation is needed to optimize building design 
for climate change, especially for severe hot summers. It is 
necessary to design sustainable buildings with less cooling 
systems and equipment, to overcome the heat flow from hot 
southern winds during summer months (Hasson et al. 2013).  
To assess the risk level of climate change and allow for its 
inherent properties and weather, data limitations must be 
understood and analysed (Jaramillo-Nieves & Del-Río 2010, 
Rashid 2014). Long-term data plays an important role in solar 
energy input annual assessments.

The main objective of this research is to investigate the 
influence of heat energy on building design in the Iraqi con-
struction industry by analysing the environmental changes 
experienced over 16 years in the Baghdad region. This can 
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support designers in understanding the development of the 
local climate when designing sustainable buildings. Many 
factors such as wind direction and pattern, community popu-
lation and distribution and social matters are not investigated 
in this study (Lam 1995).

MATERIALS AND METHODS

Data Collection

Microclimatological parameters, including total solar radi-
ation (specifically incoming and outgoing radiation) and air 
temperatures, have been provided by the Iraqi Meteorological 
Service. In this study, the degree-day values in relation to 
the mean temperature of 26.9°C for the region are used for 
the last 10 years (2007-2017).

Albedo, cooling and heating degrees and correlation 
analysis are calculated based on the collected data of solar 
radiation and temperatures for the Baghdad region only 
(Al-Waeely et al. 2014, Huld et al. 2018). The relationship 
between roof albedo and the temperature is performed by 
analysing diurnal variant values of building roof albedo and 
roof temperature.

Study Area

Iraq is a country located in southwest Asia. It covers an area of 
437,072 km2 with a population of 38,988,704 million (Huld et 
al. 2018, USAID 2010). Iraq has three main climate regions: 
arid desert, semi-arid steppe and moist mountainous. The 
desert region is extremely arid and hot, with average diurnal 
temperatures in the summer season ranging from 25°C-43°C 
and falling to 4°C-17°C in the winter season (Hasson et al. 
2017, Encyclopedia 2009). The steppe region is also hot, with 
average diurnal temperatures ranging from 26°C-46°C in the 

summer season and falling to 5°C-18°C in the winter season 
(Hasson et al. 2013, Cofaigh et al. 1996). Finally, in the moun-
tain region, the climate is considered to be cooler and wetter 
than the steppe region. The diurnal temperature at summer 
can range from 27°C-44°C while in winter it can range from 
4°C-15°C (ESA 2017, Encyclopedia 2009, USAID 2010).

The Iraqi climate is characterized as arid region hot and 
dry most of the year (USAID 2010). In summer the highest 
temperatures occur in June, July and August, which can range 
between 43°C-53°C (Encyclopedia 2009, Fanack 2018), 
while in winter the temperature ranges from 1°C-8°C. The 
annual rainfall at the desert region can reach 200 mm, while 
it ranges between 200-400 mm within the steppe region from 
November to April to about 400-1000 mm or more in the 
mountain region (Omer 2011, King et al. 2003).  The impact 
of the south/south-easterly Sharqi (Eastern) and the north/
north-westerly Shamal (Northern) winds leads to extreme 
dust storms which occur in summer and autumn (Muir 2009, 
Al-Ansari et al. 2013).

RESULTS AND DISCUSSION

Based on the scientific research into the impact of climate 
change, there is a demand for data on the various microcli-
matic parameters such as air temperature, relative humidity, 
wind speed and direction, solar radiation, and orange dust, 
particularly for the Baghdad region, as information to sup-
port urban planners and engineers (King et al. 2003). This 
essential information enables designers to compare the design 
implications of these climatic relationships.

Results show a noticeable variation in each month and 
season at low solar elevations (solar altitude less than 30oC).  
Fig. 1 represents the global solar radiation to ambient tem-
perature ratio during the year.
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Fig. 1: Monthly average of daily ratios of global solar radiation and temperature. 

 

The measured data of ambient temperature, AT and actual sunshine duration, ASD, total solar radiation, Rs and 

wind speed WS relationships are shown in Fig. 2. There is a linear relation between the values. The equations 

were formed with a good confidant of correction coefficient (Fig. 2a, b and c and Table 1).   
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Fig. 1: Monthly average of daily ratios of global solar radiation and temperature.
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The measured data of ambient temperature, AT and actual 
sunshine duration, ASD, total solar radiation, Rs and wind 
speed WS relationships are shown in Fig. 2. There is a linear 
relation between the values. The equations were formed with 
a good confidant of correction coefficient (Fig. 2a, b and c 
and Table 1).  

Screening of Fig. 3 and Table 1 shows correlations in 
the slope of the regressions, suggesting that there will be 
outcomes as a result of these climatic factors. Thus, the 
influence that sunshine duration, solar radiation and wind 
speed have on ambient temperature can have consequences 
such as the presence of possible dust storms and overheat.

Fig. 3 shows that the annual average of daily ambient 
temperature means for the Baghdad region over the past 10 
years was increased by a percentage of 7.9 while the level 
of degree-days was reduced by 10.7%. 

Also, it has been found by analysing the annual heating 
and cooling degree-days over the study period (2008-2017) 
by taking into consideration a temperature of 26.6oC as a 
reference, that the Baghdad region has heated up as specified 
by the growth of cooling days and a lessening of heating 
days. This has important implications for urban climate and 
energy. The degree-day technique is used to estimate heat 
utilization in the early phase of thermal design (Yang & Lu 
2004, Chen et al. 2001).  

To assess the difference of the long-term value of 

temperatures in the Baghdad region, a degree-day set for 
the study period has been established, as shown in Fig. 3.

Albedo

Albedo is a ratio of the irradiance absorbed to the irradi-
ance reflected of a surface (Al-Ansari et al. 2014). Albedo 
plays an important role when determining climate change and 
energy budgets (Al-Ansari 2013).  Albedo values typically 
range from 10% to 50% (Bonafoni et al. 2017). It can be 
increased up to 60%, particularly on industrial and residential 
building roofs.  For a given surface under the sun, albedo can 
be found in Fig. 5 and using the following equation (Schaaf 
et al. 2009, Bretz et al. 1998):  

(1-a) I = e s (T4s – T4 sky) + hc (Ts – Ta)

     Surface temperature has a close relation with surface 
albedo (Akbari et al. 2009, Zhang et al. 2005). Previous 
studies indicate that surface temperature and albedo are 
intimately related in high-latitude regions (Li & Xiao 2007). 
However, few studies have focused on the quantification of 
surface temperature to surface albedo relationship.

Albedo plays an increasingly significant role in the 
summer season. This has happened in accordance with low 
solar altitude. Any change in solar angle combined with the 
influence of surface characteristics such as colour and type 
of the materials, can influence albedo values. High values of 
albedo denote a large amount of the incoming solar energy 
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Fig. 1: Monthly average of daily ratios of global solar radiation and temperature. 

 

The measured data of ambient temperature, AT and actual sunshine duration, ASD, total solar radiation, Rs and 
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were formed with a good confidant of correction coefficient (Fig. 2a, b and c and Table 1).   
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Fig. 2: Relationships between the annual average, monthly mean of ambient temperature and solar radiation  
(a), actual sunshine duration (b) and wind speed (c).

Table 1: The expansion coefficient in AT = aı + bx equation the correlation coefficient (R2).

Ambient temperatures Intercept (a) Slope (b) R2

Wind Speed, m/s -5.94 37.70 0.67

Total solar radiation, MJm-2 Rs 2.71 -1.80 0.78

Actual sunshine duration, hr ASD 4.92 41.79 0.79
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and solar radiation is being reflected by the surface.

Finally, when using the relationship of albedo to tem-
perature (a/T), a noticeable diurnal variation in each month 
was found. However, during low solar elevations (solar 
altitude less than 30o) there is a strong correlation between 
temperature and albedo (R2 = 0.90) as illustrated in Fig. 5.

Heating Coefficient (B)

The heating coefficient is shown between materials of the 
building surface and the atmosphere in Fig 6. 

The statistical relationship between albedo and heating 
coefficient parameters has good correlation confidence listed 
in Fig. 7, with R2 value of 0.63. 

Night-Time Net Radiation, NTNR

NTNR is the energy radiation emitted during the night hours, 
which has a significant effect on the proportion of the day-
time net radiation, DTNR.

At night time the longwave radiation values have varied 
between -0.37 and 1.73 MJ/m2 which points out that the 
monthly variation in the value of nocturnal net radiation, 
NNR, was slightly different.

Fig. 8 shows the monthly average of long-wave net solar 
radiation. After sunset high values of negative net radiation 
occurred, they then decreased progressively, as the building 
roof ambient temperature decreased during the night hours, 
running to its minimal at sunrise. The roof (or the surface 
environment) was affecting long-wave net radiation. 

Thus, the outward longwave radiation, which forms the 
factor NTNR, remains continuously throughout each month 
of the recorded period.

Construction materials are the crucial factor in meeting 
human comfort requirements while keeping sustainable 
economics to a maximum. Building design must consider 
climatic conditions, human comfort, expansion potential, 
environment and equipment maintainability.
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Fig. 3: Annual average of monthly heating and cooling degree-days.
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Fig. 4: Daily mean for monthly average albedo values.
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Design Recommendation

Based on the potential influence of climatic factors on the 
building issues discussed, we recommend as follows:  For 
architectural enhancement, fixtures such as external cladding, 
which can make the construction process more efficient while 
improving the visible impact of the project. The fundamental 
requirement for the design of sustainable buildings is that 
the buildings run at minimum cost and comply with a severe 
environment.  Parameters such as building orientation, shad-
ing, and materials appropriate for the climatic conditions of 
Baghdad must be factored in (Pike 1994, Torrance 1991).

Due to power shortages for mechanical air conditioning, 
designers have the challenge to fit replacements for sustain-
able buildings based on the tenants’ energy requirements 
and climatic conditions. A direct substitute is available plant 
materials.  The plant colour is relevant to sunlight density 
and duration.

Ventilation

Based on the severe climate especially during summer 
months, standards for ventilation and thermal comfort 
for sustainable residential and commercial buildings are 
needed. Traditional designs forming the majority of urban 
residential housing and older commercial buildings in the 
Baghdad region have had long lives are useful for long-time 
measurements. When urban engineers design sustainable 
buildings that account for the possibility of future climatic 
conditions, this will not only protect the wellbeing of occu-
pants but could also produce economic benefits in the form 
of green building and longer building lives (Chen et al. 2001, 
Prelgauskas 2003).

Fortunately, building designers are good at incorporating 
these natural forces into their style and finding out the likely 
design solutions that produce sensible conclusions (Chapin 
et al. 1966, Prelgauskas 2003, Cofaigh et al. 1996).  
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CONCLUSIONS

Based on the outcomes of the analysis of historical climatic 
information in the Baghdad region for the study period, con-
siderable alternations have taken place in Iraq. Annual CDD 
and HDD have reduced, while the annual mean of ambient 
temperature and annual solar radiation have increased. 

Building surface materials, light colours and external 
cladding are the main factors affecting heat absorbance and 
transmittance. Consequently, air passing over the surface 
becomes cooler, especially at sunset. Since most buildings 
are exposed to solar radiation, it is, therefore, essential to 
design for human comfort based on the climatic context of 
a building. Sustainability in building and urban design strat-
egies should be the focus of architects and engineers in arid 
climates. The relationship between local climatic conditions 
such as airflow and building position, orientation and shading 

must be considered in its connection to the consequent human 
comfort and integrity.  
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