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ABSTRACT: 

The future impacts of climate change on citizen health and building energy demand have been researched considering two possible 

IPCC global climate scenarios: RCP 4.5 (stabilization emission scenario)  and RCP 8.5 (little effort to reduce emissions). The 

climate scenarios have been dynamically downscaled from 1º to 50 meters of spatial resolution over three European cities: Madrid, 

Milan and London. Air quality has also been simulated up to streets levels. Climate and air pollution information are used as  input 

to the health impact and building energy demand assessment tools. The impacts are calculated as future (2030, 2050 and 2100) 

minus present (2011). The short term health impact assessment includes mortality and morbidity related with changes in the 

temperature and air pollution concentrations. The larger increase of costs of mortality and morbidity was noted in the increasing 

scenario (RCP8.5) for year 2100, because RCP 8.5 is characterized by temperature increments. Maps of the spatial distribution  of 

the costs of the climate change have showed Building energy demand simulations have been achieved with the EnergyPlus model 

using specific prototype buildings based on ASHRAE 90.1 Prototype Building Modeling Specifications and urban climate 

information by each building. .The results show an increase in cooling demand with RCP 8.5 because future will be cooler that the 

present.  

* Corresponding author

1. INTRODUCTION

The atmospheric flow and the special microclimate of cities are 

influenced by the characteristics of the urban surface (Piringer 

et al., 2007). Global climate models (GCMs) have a spatial 

resolution of approximately one degree, so we need to use 

higher resolution horizontal numerical models to obtain 

accurate data on the urban microclimate, taking into account all 

its special characteristics (Christensen and Christensen, 

2007]).Therefore, it must be carried out at a fine scale, as this 

study where climate is calculated at 50 meters of spatial 

resolution, taking into account the shape of buildings, modelled 

as 3D structures, their effects on the ventilation. 

The urban areas are the zones where the local response to the 

global change is more pronounced (Oleson et al., 2010) and 

most of the people live in cities, so it is necessary to provide 

predictions of the global climate impacts at the urban scale 

(Riahi et al., 2011). There is very high confidence that climate 

change will impact on human health directly. Climate change 

will exacerbate existing health problems. Health impacts on 

morbidity and mortality are related with weather conditions 

and air pollution concentrations. Finally the outdoor 

temperature will be modified by global climate, so the energy 

use for cooling and heating the building will be affected 

(Radhi, 2009). In previous studies (Cartalis et al., 2001), 

climate change was found to have significant implications for 

energy consumption in buildings. The past studies examining 

the consequences of climate change for the energy demand 

typically quantify the impacts at a relatively course spatial 

resolution. However, average responses have little value 

(Wilbanks and Kates, 1999), therefore, it must be conducted at 

a fine scale, taking into account the 3D shape of the buildings 

and urban local conditions. 

In case or the urban areas with building blocks, this resolution 

is not enough and we need to make Computational Fluid 

Dynamics (CFD) simulations with meters of spatial resolution. 

It is computationally very demanding but is based on physical 

laws and it produces a full suite of climate and air pollution 

outputs variables Statistical downscaling produce a few 

variables based on relationships derived from observations, 

which are applied in the future, the main advantage is that it is 

not computationally very demanding but it is very limited 

because you need observations and local feedbacks are not 

taking into account and the relation on the present could be not 

true in the future. We propose a climate and air pollution 

dynamical downscaling methodology that combines state-of-

the-art of different meteorological-air quality models, which 

objective is the transformation of global model outputs into 

high spatial resolution products. Atmospheric flow and 

microclimate over urban areas are influenced by urban 

features, and they enhance atmospheric turbulence, and modify 

turbulent transport, dispersion, and deposition of atmospheric 

pollutants (Piringer et al., 200). We propose to use a 

Computational Fluid Dynamic (CFD) model to produce 

detailed simulations of the wind flow and turbulence in the 

urban canopy. 
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2. METHODOLOGY

This work examines the climate change impacts under two 

Representative Concentration Pathways (RCP), (Vuuren et al., 

2001) currently being used to drive global climate model 

simulations for the IPCC´s Fifth Assessment Report (AR5), 

RCPs 4.5 and 8.5, across of three sectors: pedestrian comfort, 

citizen health and building energy demand for heating/cooling 

over three urban areas: Madrid, Milan and Kensington and 

Chelsea (London).  The IPCC report (IPCC, 2013) identifies up 

to four climate scenarios, from very strong mitigation scenarios 

(non-realistic) (RCP2.6) to a business-as-usual scenario 

(RCP8.5). The choice of the worst-case scenario (8.5) and the 

best-realistic-case scenario (4.5) was motivated by the goal of 

displaying extreme changes that can be forecasted at city scale 

to allow implementing mitigation and adaptation strategies. 

The 8.5 pathway arises from little effort to reduce emissions 

and represents a failure to curb warming by 2100. It is 

characterized by increasing greenhouse gas emissions over 

time and represents scenarios in the literature leading to high 

greenhouse gas concentration levels (Riahi et al., 2008). RCP 

4.5 is similar to the lowest-emission scenarios (B1) assessed in 

the IPCC AR4. It is a stabilization scenario where total 

radiative forcing is stabilized around 2050 by employment of a 

range of technologies and strategies for reducing greenhouse 

gas emissions. This can be considered as a weak climate 

change mitigation scenario (Smith et al., 2010). 

2.1 Dynamical downscaling 

Atmospheric flows and therefore the microclimate of cities are 

influenced by theirs urban characteristics, which further 

increase the atmospheric turbulence, thereby modifying the 

transport, dispersion and deposition of atmospheric pollutants. 

In order to take all these phenomena into account in the most 

realistic way possible, we have chosen a dynamic downscaling 

process using numerical models of climate and air quality at 

the regional and urban levels that constitute the state of the art 

in computational modeling (WRF/Chem) (Grell et al., 2005). 

In addition, we have included a computational model of fluid 

dynamics (CFD) to take into account the effects of buildings, 

ventilation and shading effects that are so important in an 

urban environment. Future simulations were carried out with 

current emissions to isolate the effects of climate change. 

Emissions are generated with a mixed top-down and bottom-up 

approach using specific local city data (population, traffic and 

landuses) that are included in the EMIMO emissions model 

(San Jose et al., 2007). The description and evaluation of the 

dynamical downscaling method was published already, for 

detailed information; refer to publication (San Jose et al., 

2016) 

2.2 Health impact 

The methodology to estimate percentages of climate/pollution-

related deaths and hospital admissions due to global climate 

are based on epidemiologic analysis of weather/air pollution 

and health data to characterize and quantify 

mortality/morbidity associations. The exposure-response 

relationships estimated from the epidemiological studies were 

applied to projections of climate. The short-term relationship 

between the daily number of deaths/hospital admissions and 

day-to-day fluctuations in exposure variables (temperature, 

heat waves, ozone and particles) for many cities are published 

in different scientific papers.  

The estimated percentage of mortality/morbidity attributable to 

exposure variables: temperature, heat waves, ozone 

concentrations or particles concentrations are calculated by day 

to day and them average to month and year periods. Several 

health effects or outcomes are calculated for mortality and 

morbidity: All causes mortality, cardiovascular mortality, 

respiratory mortality, respiratory hospital admissions and 

cardiovascular hospital admissions. These outcomes are for all 

ages, except in case of the heat waves where mortality + 65 

years old are calculated. The short-term health effects of the 

heat are analyzed based on two exposure variables: Apparent 

Temperature (AT) and Heat waves (HW). Only summer 

months (June-August) are considered to study the health effects 

of the heat waves days. Exposure to heat waves takes into 

account the extreme day values using the maximum apparent 

temperature (ATMAX)  and high night temperatures by the 

minimum temperature of the day (TMIN).  Heat waves days 

were defined as days with ATMAX exceeding a threshold 

value or days in which TMIN exceeds other threshold value. 

For air quality indicators we have used PM10 and O3 

pollutants. For PM10 the exposure indicator is the daily mean 

and for ozone we used the daily maximum 8-hour average. The 

health outcomes have been chosen based on data availability in 

agreement with the data uses in the epidemiological studies 

providing RRs. The relationship between the exposure variable 

and its effect on health is defined with a log-linear regression 

(Poisson) and is called exposure-response function (ER). If we 

derive this function we obtain the Equation 1 (Bell et al., 

2006), which calculates the change in mortality or morbidity by 

a change in the exposure variable. 

0
( 1)
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where  y0 is the baseline incidence rate of the studied health 

effect, β  is a parameter which define the mortality effect 

estimation from epidemiological studies, ΔC is the change of 

the exposure variable (future minus present). Our system 

calculates percentage (%) of change of the health effect, so it is 

independent from the population and the incidence rate. The 

epidemiological studies do not report the β parameter of the C-

R function, they publish the relative risk (RR) associated with 

a given change in the exposure variable. 

2.2.1 Economic model 

Estimates of the economic costs can be used in cost-benefit 

analysis for the comparison of adaptation strategies (Hutton 

2011). Monetary estimates of changes in premature mortality 

risk are often expressed in terms of the Value of a Statistical 

Life (VSL). We have available data from the meta-analysis of 

VSL studies. In the case of estimating the cost of morbidity, 

the total value to society of an individual’s avoidance of a 

hospital admission has a principal component: the cost of 

illness (COI) The Cost of Illness metric summarizes the 

expenses that an individual must bear for hospital admissions.  

The Unit values available for Hospital admissions are: 

Cardiovascular: $26,123 and Respiratory: $19,612. Unit values 

are based on ICD-code-specific estimated hospital charges and 

the opportunity cost of time spent in the hospital (based on the 

average length of a hospital stay for the illness). The 

opportunity cost of a day spent in the hospital is estimated as 

the value of the lost daily wage, regardless of whether or not 

the individual is in the workforce. These values are used in the 

BENMAP software and they are based on discharge statistics 

provided by the Agency for Healthcare Research and Quality’s 
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Healthcare Utilization Project National Inpatient Sample (NIS) 

database (2007). 

2.3 Energy demand 

To obtain the hour-by-hour energy consumption during the 

years, data for multiple climatic variables in the form of 8760 

hourly records per variable (dry bulb temperature, wet bulb 

temperature, global solar radiation, wind speed, wind 

direction, humidity, and pressure) for each year were produced. 

Weather data is used not only to drive the hour-by-hour 

response of the building to the climate, but also to size the 

systems in model, thus affecting capacities, performance 

curves, and possibly the types of systems to use. All the effects 

have an impact on the predicted energy use in the model. 

Sixteen prototype buildings have been simulated with urban 

climate atlas from the centre of domain. Building energy usage 

was estimated by simulating sixteen prototypical buildings 

with the EnergyPlus model from U.S. Department of Energy 

(DC, 2010). EnergyPlus is the dynamic building energy 

simulation engine for modeling building; heating, cooling, 

lighting and ventilating EnergyPlus is a well-known and highly 

validated model that is the industry standard model. 

EnergyPlus model has been validated in numerous tests from 

ASHRAE. EnergyPlus is a highly detailed building thermal 

load simulation program that relies on detailed user inputs. 

EnergyPlus calculates heating and cooling loads, and energy 

consumption, using sophisticated calculations of heat gain and 

heat loss including transient heat conduction though building 

envelop elements. It also accounts for heat and mass transfer 

that impact sensible and latent thermal loads due to ventilation 

and infiltration. Additionally, the model has detailed 

calculations of heat transfer to or from the ground and 

comprehensive models of solar gain through the fenestration 

and opaque envelop components. Building features needed for 

implementation in EnergyPlus, were taking from the ASHRAE 

90.1 Prototype Building Modeling Specifications. Outdoor 

ventilation air requirements and schedules are defined 

following the ASHRAE 90.1 Prototype Building Modeling 

Specifications; PNNL (2014) 

3. RESULTS

The modelling system described in the last section was used to 

assess the impacts of projected global climate conditions in 

three European urban areas: Madrid 12 km by 12 km, Milan 10 

km by 10 km and Kensington and Chelsea, 6 km by 5.3 km; 

assuming no changes in urban landuses. These three cities 

have a variety of building sizes and land cover types. The first 

level with 50 km covers the covers the whole of Europe, 1 km 

domains cover all the cities (Madrid, London and Milan). The 

simulations are run for 2030, 2040 and 2100 (future) and 2011 

(present).   

3.1 Health 

Combined  health effects of pollutants and plus climate 

(temperature effects) are showed for 2100 London, Figure 1. 

and 2050 Milan  Figure 2 with 50 m. spatial resolution under 

two possible global climate scenarios. 

Figure 1. Yearly average of spatial distribution of the 

differences (%) mortality for natural causes due to 

air pollution and temperature for 2100 respect to 

2011 following RCP 4.5 (top) and RCP 8.5 

(bottom) scenarios with WRF-Chem-MICROSYS 

over Kensington-Chelsea (London)   with 50 m. 

spatial resolution 
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Figure 2.  Yearly average of spatial distribution of the 

differences (%) mortality for natural causes due to 

air pollution and temperature for 2050 respect to 

2011 following RCP 4.5 (top) and RCP 8.5 

(bottom) scenarios with WRF-Chem-MICROSYS 

over Milan   with 50 m. spatial resolution. 

In the case of London in 2100, the mortality (%) impacts, 

increases in mortality and higher in 8.5 scenario than in 4.5 

scenario. the expected increases in temperature will cause 

increased mortality especially in the years 2050 and 2100 with 

the climate scenario 8.5 .Areas  with high density of buildings 

are the most affected. Water bodies reduce the health impacts. 

In case of Milan, the impacts on mortality changes (%) due to 

air pollution (all pollutants) together with the impact of 

temperature (climate) are higher in 8.5 scenario than in 4.5 

scenario. in 2050 it is expected to aggravate the effects on 

health, especially in the climate scenario 8.5 by strong 

increases in temperature. Scenario 4.5 slight increases due to 

increased air pollution and temperatures are expected   South 

part of the city is the most sensible.  

The next figures show the spatial distribution of annual total 

costs due to premature mortality by changes in the daily 

maximum apparent temperature for year 2100 under two 

possible climate scenarios RCP 4.5 (Figure 3) and RCP 8.5 

(Figure 4) over 2 km by 2km area of Kensington and Chelsea.  

Figure 3. : Spatial distribution of the differences in annual total 

cost (2000 K$) mortality   for 2100 respect to 2011 

following RCP 4.5 scenarios with 50 m. of spatial 

resolution over Kensington and Chelsea. 

Figure 4. Spatial distribution of the differences in annual total 

cost (2000 K$) mortality   for 2100 respect to 2011 

following RCP 8.5 scenarios with 50 m. of spatial 

resolution over Kensington and Chelsea. 

The economic cost is close to ten times greater in the RCP 8.5 

than in the RCP 4.5.  The purple areas (parks and water 

bodies) are zones where there are not people living, so nobody 

is exposed to the environmental factors Areas with a high 

density of buildings and population are the most affected by 

climate change. The figures identify also several hot spots 

where the cost of the climate change could be up to 0.88 

K$/m2 and zones very close to the hot spots where cost is only 

0.28 K$/m2 , 30% less, this situation is observed along the for 

example the same street. These results shown that it is very 

important to get health impacts with very high spatial 

resolution over urban areas. 

3.2 Energy demand 

Relative (%) spatial differences (50m of spatial resolution) of 

annual mean temperature changes between (the future) 2100 

and 2011 (present) for RCP 4.5 and RCP 8.5 in a Madrid area 

of 2 km by 2km are showed in Figure 3 and Figure 3 

respectively. The temperature has been calculated using the 

dynamical downscaling approach which was explained in the 

past sections.  
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Figure 5.   Madrid differences (%) between 2100 and 2011 

spatial distribution (50 meters of resolution) of one-

year average mean air temperature with RCP 4.5 

Figure 6.  Madrid differences (%) between 2100 and 2011 

spatial distribution (50 meters of resolution) of one-

year average mean air temperature with RCP 8.5. 

Figure 5 shows than with the scenario 4.5 we can observe a 

decrease in temperature for the year 2100 up to 16% compared 

to 2011. In Figure 6, the climate scenario 8.5 results in an 

increase of the temperature for the year 2100 up to 10.9% 

compared to 2011 in this area of Madrid where the energy 

consumption of 15 prototype building will be analyzed in the 

next section. It is interesting to observe, that between two very 

close points can be differences up to 0.5%., so the location of 

the buildings is very important from a meteorological and 

energy points of view. 

Figure 5 describes monthly average total HVAC energy 

demand variations (%) of a primary school. Fig. 3 corresponds 

with climate scenario RCP 8.5. Primary school is the type of 

building which will suffer the major increment of the energy 

demand (6.63 %). 

The table 1 compares the impact of climate change on HVAC 

annual total energy demand for fifteen types of prototype 

buildings by the 2100 respect to 2011 under the two possible 

climate scenarios.   

2100 - 2011 

Δ Total 

Energy (%) 

RCP 

4.5 

RCP 

8.5 

Apartment 25,45 0,008 

Hospital 11,81 -4,71

Large Hotel 31,67 -7,7

Small Hotel 9,87 4,93 

Large Office 21,94 -4,2

Medium Office 20,73 5,33 

Small Office 9,75 3.05 

Outpatient Healthcare 4,08 3,7 

Fast Food 30,86 -0,7

Sit Down Restaurant 26,42 1,21 

Standalone Retail 17,89 2,25 

Stripmall 25,71 2,23 

Primary School 9,41 6,63 

Secondary School 25,03 -1,64

Non-refrigerated warehouse 16,23 4

Table 1. Change in annual HVAC energy demand for 15 

different types of buildings, RCP 4.5 and RCP 8.5. 

In case of the RCP 4.5 climate scenario, the increments of the 

energy demand is clear and important for all type of buildings, 

it is mainly because they will need more gas for heating the 

building as consequence of an outdoor temperature redaction. 

For the RCP 8.5 decreases are observed in big buildings 

(hospital, large hotels, large office and secondary schools) 

because they will need less gas for heating thank you to 

warmer temperatures, but the rest of type of building will 

spend more electrical energy for refrigerating process. 
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Figure 5: Change 2100-2011 (%) in monthly energy demand 

(gas and electricity) and outdoor temperature for a prototype 

primer school building of Madrid with RCP 8.5 climate 

scenario. 

4. CONCLUSIONS

We have presented a dynamical downscaling approach to study 

the impacts of the global climate change on pedestrian comfort, 

human health and building energy demand over urban areas 

with high spatial resolution; the information can be used for 

assessment of integrated climate change adaptation and 

mitigation strategies. A nesting procedure was used to assess 

the effects of climate change on three urban areas: Madrid, 

Milan and London with very high spatial resolution under two 

IPCC RCP possible scenarios, 4.5 and 8.5.  The model chain 

included a global climate model (CESM), as well as 

mesoscale-urban (nested WRF/Chem with UCM spanning 

from 50 to 1 km resolution) and microscale (MICROSYS) 

models. The modelling system was used to simulate climate 

and air quality for present (2011) times and future (2030, 2050 

and 2100) times, using 2011 emissions inventory, because we 

were interested on knowing the impact of future climate  

The nested modelling approach proposed and used is portable 

to other cities, requiring only the adjustment of model 

parameters and inputs to suit the locality. The larger increase 

of costs of mortality and morbidity was noted in the increasing 

scenario (RCP8.5) than the stabilization scenario (RCP4.5), 

because RCP 8.5 is known by temperature increments. With 

these simulations of high spatial resolution, we have been able 

to observe that the influence of buildings is very important in 

order to detect hot spots or sensitive areas to be affected by 

global climate change.  It is important to recognize that there 

are many uncertainties in any effort to quantify the human 

health and economic impacts of climate change over the cities 

because there are model uncertainties in both economic and 

atmospheric simulations that are difficult to quantify. The 

results from this study could be usable by local authorities and 

stakeholders for assisting in developing better polices on health 

protections and balancing policy decisions. This study may 

enhance current understanding of climate change problems 

related to human health in the cities 

Heating and cooling energy consumption of fifteen prototypes 

buildings and three real buildings during 2011 and 2100 in 

Madrid were simulated by using EnergyPlus model. We have 

showed the results for assessing energy demand responses to 

climate change. Results indicate that building energy demand 

in Madrid is very sensitive to the climate. The most serious 

impacts occur with the RCP 4.5 climate scenario for year 2100.  

The scenario RCP 4.5 for 2100 project to increases energy 

demand by around 23-24%, relative to the energy demand in 

2011 for the three simulated buildings. Although part of the 

assessment is carried out for specific building prototypes, it 

demonstrates that both increase in heating energy and decrease 

in cooling energy over the RCP 8.5 can be significant due to 

climate change and the opposite results could be obtained with 

the RCP 8.5 with increments of electricity for cooling. The 

RCP 8.5 will produce climate conditions that are more 

favorable from a building energy demand point of view 

because it is characterized by temperature increments, so only 

increments for cooling are needed. The results through changes 

modelled in climate indicate that climate change (RCP 8.5) 

will not cause an increment of the energy consumption but if it 

is combatted (RCP 4.5) may increase energy consumption by 

2100. In general, decreasing heating energy compensates the 

increased cooling energy. 

The established methodology is of interest for its results and 

that can be applied to other buildings in other cities. These 

types of impacts assessments help to identify solutions that will 

both enhance the resilience of buildings to future climate 

changes. The large variations found in the relationship between 

climate change and building energy consumption highlight the 

importance of assessing climate change impacts at local scales. 
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