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Abstract—We have studied the cost of health impacts of two
possible IPCC global climate scenarios (RCP 4.5 and RCP 8.5) on
mortality and morbidity related with changes in the temperature and
air pollution concentrations for years 2011, 2030, 2050 and 2100.
The health outcomes are based on dynamical downscaled information
with very high spatial resolution 50 meters. Short term health impacts
were assessed for ozone, particles, apparent temperature and heat
waves. Future changes in these environmental exposure variables as
simulated by the model system for future years and compared relative
to conditions in the 2011. Concentration-response coefficients were
taken from the recent environmental epidemiological literature. The
morbidity and mortality costs arising from climate change are then
evaluated for each health outcome separately by multiplication of the
number of cases with the respective cost estimates. For the mortality
we use the Value of a Statistical Life and for the morbidity the cost of
illness. We present the most significate results for each city. We have
results of cost attributed to the climate change every 50 meters grid
cell. 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. As summary,
Madrid will be the city more affected by the climate change with a
cost of the health of 5.35 K$/m2, the next is Milan 1.65 K$/m2 and
finally London with 0.99K$/m2. But the results have shown how the
costs could be very different from one street to other. Maps of the
spatial distribution of the costs of the climate change have showed.
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I. INTRODUCTION

ANY chronic diseases, especially those of the

respiratory and cardiovascular systems, worse during or
after a period with adverse and / or high concentrations of
pollutants weather conditions. Previous studies have shown
how air pollutants and extreme temperatures affect human
health by modifying the rates of mortality and morbidity [1].
Managing the effects of climate change on health locally in a
great challenge that should help the scientific community [2].
Changes in the global climate have complex effects in urban
areas. Urban areas are the areas where the local response to
global change is more pronounced [3], recent studies have
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suggested that global climate change will have a significant
impact on both the local climate and air quality urban [4].
Global climate models (GCMs) are increasing their spatial
resolution, but are not yet suitable for analysis of the health
problems caused by climate change to urban scales. Local
weather patterns and air pollution are heavily influenced by
topography, land use, buildings, etc. So the studies of urban
areas need information very high resolution to capture the high
spatial and temporal variability of air pollution in a city [5] . In
previous studies on climate change and human health, they
have been used projections of global climate models (GCM) or
regional climate models (RCM) [6], [7] and [8]. However, few
studies have used the results of dynamic scale reduction with
very high spatial resolution to analyse local health impacts of
climate change for cities. Global climate impacts on human
health in urban areas that combine extreme events in
temperature and air pollution are poorly understood and this
work focuses on them as well as their economic impact. Last
developments in computer science and atmospheric science,
particularly in the use of dynamical downscaling techniques
provide opportunities to investigate climate-air pollution-
related health consequences at city levels [9]. Quantifying
potential air pollution-climate related health effects requires
weather and air quality models working together to predict
future air pollution levels based on climate model results and
taking into account the feedback effects, before they can be
linked to health impacts functions and economic models.
Estimating the health impacts of air pollution and climate
change involves linking climate, air quality and health
projections. We have chosen a dynamical downscaling
process, using models of climate and air quality high
resolution both regional and urban level, including a model of
computational fluid dynamics (CFD) to take into account the
effects of buildings , ventilation effects and shade given in a
city. The atmospheric flow and microclimate on urban areas
are influenced by the urban characteristics, and improve
atmospheric turbulence, as well as modify the turbulent
transport, dispersion and deposition of air pollutants [10]. In
past research works, we have presented the impacts of the
global climate on urban meteorological conditions and air
pollution concentrations [11] and now we will use these results
as input to the health impact and economic model to assess the
potential future changes of mortality and morbidity and theirs
respective economic costs over three different cities: London,
Madrid and Milan. It is very useful to estimate the health costs
of climate change in monetary terms. Estimates of the
economic costs can be used in cost-benefit analysis for the
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comparison of adaptation strategies [12].

Il. METHODOLOGY

To estimate the economic cost of health impacts due to
climate change, the first step is to estimate future climate
change impacts on human mortality and morbidity due to
increased heat and changes in air pollution concentrations,. We
use future climate data, and air pollution concentration with
very high spatial resolution. For air quality projections, the
approach was to run simultaneously the projected climate
information and the air quality numerical model while holding
future air pollution emissions constant. We use result with 50
meters of spatial resolution and one hour of temporal
resolution for years 2011, 2030, 2050 and 2100 from a
dynamical downscaling process. We made use of a single year
of simulated meteorology and air quality in this study to
capture peak events that may have been moderated or lost
from a statistical average over successive years. The
assessments consider the projected impacts of climate change
considering three future years 2100, 2050 and 2030 against the
baseline situation 2011. The description of the dynamical
downscaling method was published already, for detailed
information; refer to publication [13]. Future projections of O3
and PM have been chosen because of their importance to
public health from the air quality point of view [14] and heat
waves and apparent temperature from the meteorological point
of view. In the simulations we have used boundary conditions
from two Representative Concentration Pathways (RCPs),
RCP 4.5 and RCP 8.5 defined by the IPCC (Intergovernmental
Panel on Climate Change) institution in the Fifth Assessment
Report (AR5). The IPCC report [15] identifies up to four
climate scenarios, from very strong mitigation scenarios (non-
realistic) (RCP2.6) to a business-as-usual scenario (RCP 8.5).
The two selected global climate scenarios are the most used by
the scientific community because they represent relatively low
and high greenhouse gas projections/radiative forcing
respectively. Also, the choice of the worst-case scenario (RCP
8.5) and the best-realistic-case scenario (RCP 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 RCP 4.5 assumes a scenario
where radiative forcing stabilizes at 4.5 W/m2 by the year
2100 [16]. This corresponds to an increase in average global
temperature of about three degrees centigrade. The RCP 8.5,
on the other hand, is an extreme (or worst case) scenario where
very little mitigation actions are taken by countries to thwart
future climate change. This corresponds to a scenario which
has the highest greenhouse gas emissions and may lead to an
increase in average temperatures up to six degrees centigrade
[17].

A. Health impacts

The first step is developing a concentration—response
function for each health outcome sensitive to the climate. This
is sufficient if a relative percent change in the health outcome
interest is to be estimated. However in this case, we want to
know the economic costs of the impacts, so the concentration-
response functions needs to be linked with the baseline
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mortality or morbidity rate and the exposed population. The
equation 1 [18] is the formula applied in this study:

AM = K*(e'BAC -D)*P (1)

Where AM is the change in the health outcome because
changes in an environmental factor(temperature or air
concentrations), K is the baseline mortality or morbidity rate,
is the log relative risk associated with a change in the exposure
to the environmental factor which can be calculated in
epidemiological studies, AC is the estimated change in the
environmental factor (future-present) and P is the exposed
population in the present (2011). Also K and B are fixed to the
2011 values to isolate only the climate impacts, so in our study
uses a constant population and mortality rate over time like
other studies [19]. We use gridded population distribution with
200 meters of spatial resolution which was generated under the
DECUMANUS EU project. This research work is part of the
project. We assume that the population will remain constant in
the future periods. Using epidemiological studies which give
us the relation between environmental factors and morbidity
and mortality, the number of cases of morbidity and/or
mortality attributed to environmental factors are determined
for each of the health outcomes separately, using specific
exposure-response functions. These calculations are made
taking into account the differences of the environmental
factors between the future and the present. The difference
between the results of future and present corresponds to the
cases of morbidity and mortality due to climate change.
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. For PM10 the exposure
indicator is the daily mean and for ozone we used the daily
maximum 8-hour average. Mortality and morbidity rates (K in
the equation 1) has been extracted from European mortality
database of the WHO and the European Hospital Morbidity
Database of the WHO by countries and the table 1 show the
rates per 100,000 people used in this study.

TABLE I: Mortality rates for Italy, Spain and United Kingdom.

Health End point Ages Italy Spain United Kingdom
All causes All 47812 481.45 423.6
mortality +65 324873  3171.04 2774.73
Cardiovascular All 159.79 132.45 125.77
Mortality +65 125658  1006.2 922.49
Respiratory All 25.57 46.03 51.77
Mortality +65 22352  363.42 403.04
Cardiovascular Al 203444  1280.96 1103.97
Hospital admission
Respiratory Al 10121 112363 946.13

Hospital admission

44

B. Monetary cost
The morbidity and mortality costs arising from climate
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change are then evaluated for each health outcome separately
by multiplication of the number of cases with the respective
cost estimates. To distinguish the value of an anonymous life
from the life of an identified person, the concept of “statistical
life” has been adopted. The willingness-to-pay method (WTP)
estimates the value of life according to the amounts that
individuals are prepared to pay to reduce risks to their lives.
Thus, the sum of individual willingness-to-pay indicates how
much value is attributed to an improvement in security or a
reduction of environmental impact by the society as a whole.
Monetary estimates of changes in premature mortality risk are
often expressed in terms of the Value of a Statistical Life
(VSL). In particular, VSL refers to the WTP for changes in the
risk of premature death aggregated over the population
experiencing the risk change. This approach yields a simple
result for researchers and policy-makers, which contributes to
assessing the magnitude of a given problem, in terms of
monetized societal value. We have available data from the
meta-analysis of VSL studies and VSL values by the OECD
Country-specific VSL (2010) in US$ are: Italy, 3.0 million,
Spain, 3.06 million and the UK, 3.55 million. 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 1liness 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 Healthcare Utilization
Project National Inpatient Sample (NIS) database (2007).

We will present the most significate results for each city.
We have results of cost attributed to the climate change every
50 meters grid cell. In case of London the worst year will be
2100. The increment of the annual cost for hospital admission
for year 2100 respect to the 2011 could be up to 9409.6$ in the
RCP 8.5 climate scenario and 7628.$ in the RCP 4.5 for an
average grid cell of the domain. For the mortality costs could
be increments of 2482.5 K$ in RCP 8.5 and decrements of -
562.7 for RCP 4.5. Heat is the environmental factor which
causes these increments in the RCP 8.5 whilst in the RCP 4.5
the health effects for O3 exposure and number of heat waves
will be decreased. A summary of the results for the year 2100,
including of outcomes analysed, is shows in the table 2.

RESULTS

TABLE Il: Monetary estimates of the 2100 annual health costs due to climate change’s effects on London for 50 meters grid cells

2100
LONDON (50 m. grid cells) RCP 45 RCP 85

Outcome Cause Factor MIN MAX AVG MIN MAX AVG
Resp. ATP90 0 44421 1362,5 0 367838 11670

Hospital Resp. PM10 0 16085,2 5153,9 -4616,4 0 -778

Cost

(2000 $) Resp. 03 -13104,7 0 -4417,7 -3054,8 6,6 -595
Cardio PM10 0 17278,1 5530,1 -5144.6 0 -888

All +65 HW -1116,8 364,1 -245 0 2189,1 411,4

Cardio HW -331,9 107 72,9 0 651,1 1228

Resp. HW -281,3 98,6 61,4 0 5484 100,7

All ATMAX 0 2786 79,8 0 3051,1 963,9

Mortality Cardio ATMX 0 139 39,7 0 1501,1 473
Cost Resp. ATMAX 0 179,6 51,1 0 1863,3 581
(2000 K$) All PM10 0 1045,7 334,8 -307,3 0 52,6
Cardio PM10 0 2452 78,5 73,5 0 12,7

Resp. PM10 0 51,9 16,6 -16,1 0 2,9

All 03 -1097,2 0 -369,9 -255,7 0,6 -49,8

Cardio 03 -699,9 0 -235,9 -160,7 0,9 -30,6

Resp. 03 -528,4 0 -178,1 -118,5 1,4 21,7

Figure 1 shows the annual total costs due to premature
mortality by changes in the apparent temperature for year 2100
under two possible climate scenarios RCP 4.5 and RCP 8.5.
Figure 1 shows the increment of the cost associated to the
heat-related mortality by the end of the century. It is 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. The costs
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calculated under RCP8.5 will be near ten times as high as
those calculated under RCP4.5. These findings illustrate the
health impacts associated with the difference between
scenarios in which greenhouse gas concentrations in the
atmosphere/radiative forcing continue to increase (RCP8.5) or
stabilize over time (RCP4.5), respectively. The figure shows
also several hot spots where the cost of the climate change
could be up to 1.2 K$/m2 and zones very close to the hot spots
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where cost is only 0.5 K$/m2 , 50% less, this situation is
observed along the for example the same street. These results

helsea DUM 100 45 -

shown that it is very important to get health impacts with very
high spatial resolution over urban areas.

(2000 K$)

Annud Total Cost rtality oll caunes ATMAX

Annual Total Cost (2000 K$)

Fig 1: Spatial distribution of the differences in annual total cost (2000 K$) mortality for 2100 respect to 2011 following RCP 4.5 (left) and RCP 8.5 (right)
scenarios with 50 m. of spatial resolution over Kensington and Chelsea.

In Milan, 2100 was not simulated. 2030 is a good year from
a health point of view for both climate scenarios, but in the
2050 the costs of the health problems due to climate change
will be increased. Mortality cost could be 488.8 K$ for RCP
4.5 and 4137,2 K$ for RCP 8.5 for year 2050 in an average
grid cell of 50 meters of Milan. The cost of the RCP 8.5 is ten

times more than the RCP 4.5, the main reason of these high
costs is the increment of the temperature over Milan with the
RCP 8.5. In the RCP 4.5 there will be small increments by
heat, ozone and particles exposure. A summary of the results
for the year 2050, including all outcomes analyzed, is shows in
the table 3.

TABLE Ill: Monetary estimates of the 2050 annual health costs due to climate change’s effects on Milan for 50 meters grid cells.

MILAN (50 m. grid cells) RCP 45 2050 RCP 8.5
Outcome Cause Factor MIN MAX AVG MIN MAX AVG
Respiratory ATP90 0 7003,1 2509,8 0 29256 11327
H((’:Spita' Respiratory PM10 15609 32085  207,6  -3951,9 97,6 -903
(2083t$) Respiratory 03 -26,6 85 10,4 -76,8 34,5 -13
Cardio PM10 -3811 7725 486,6 -9616,3 216,3 -2204
All +65 Heat Waves -2829,6 3456,1 -49 -1284,2 11265,6 649
Cardio Heat Waves -1272 1630 -14,4 -593,8 5172,3 297,1
Respiratory Heat Waves -519,4 971,1 24,2 -307 2517,5 141,6
All ATMAX 0 1077,9 364,7 0 5922,6 2281
Mortality Cardio ATMX 0 303,2 102,3 0 16701 6436
Cost Respiratory ATMAX 0 99,6 34,1 0 542,2 208,5
(2000 K$) All PM10 -96,9 1947 12,1 -243,9 52 -56
Cardio PM10 -19,3 36,9 2 -48,1 0,6 -11,2
Respiratory PM10 -7,2 15,3 1,1 -18,4 0,6 -4,2
All 03 -15,9 54 6,8 -47,4 22,1 -7,9
Cardio 03 -4,9 16,6 2,1 -14,6 6,8 -2,4
Respiratory 03 -4,1 19,2 2,8 -14,1 8,3 -2,1

Figure 2 shows the annual total costs due to cardiovascular
hospital admissions (morbidity) by changes on PM10
concentrations affected by the global climate change. It is for
year 2050 with the RCP 4.5 climate scenario over a zoom-in
area de 1km by 1km of the Milan city. Figure 2 shows how the
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cost could be incremented in some areas up to 6400% and in
very near areas the climate change will save up to 2800% in
grid cells of 50 meters of spatial resolution because the climate
will change the PM10 concentrations.
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Fig 2: Spatial distribution of the differences in annual total cost (2000 $) morbidity (cardiovascular hospital admissions) for 2050 respect to 2011 following
RCP 4.5 scenario with 50 m. of spatial resolution over 1km by 1km area of Milan.

In case of Madrid, the health impact assessment was
restricted to the heat exposure. The main problem found was
the increment of the heat waves in years 2050 and 2100. This
increment will cost in the year 2050: 3768,8 K$ RCP 4.5 and
4540 K$ RCP 8.5 and for the year 2100: -2206,3 $ RCP 4.5
and 10353,3 K$ RCP 8.5. The costs are due to mortality of
people older than 65 years in an average grid cell of 50 meters
by 50 meters. Only the scenario RCP 4.5 in the year 2100 will
be reduce the cost of mortality by heat waves respect to the
year 2011. Figure 3 shows an example how could be the
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spatial distributions of the cost of the mortality by heat waves
in year 2100 with the climate scenario RCP 8.5 over 1km by
1km area of Madrid, city center. The figure 3 shows how the
impacts of the climate change could be very different between
different streets of the city. In this case, an area of 1km by 1
km, in the populated zones, the impacts of the climate change
will cost between 1.44 K$/m2 and 0.8 K$/m2. This is a clear
example than the presented tool allows identifying “health hot
spots”.



Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 4, Issue 1 (2017) ISSN 2349-1523 EISSN 2349-1531

Madrid 50m 2100 8.5 — 2011 8.5

4476800

44764500

4476000

$475600

4475200

440400

440800

36000
34000
32000
30000
28000
26000
24000
22000
20000
18000
16000
14000
12000
10000

8000

6000

4000

2000

0

441600

Annual Total Cost (2000 K$) mortality +65y all causes HW

Fig 3: Spatial distribution of the differences in annual total cost (2000 K$) mortality of people older than 65 by heat waves for 2100 respect to 2011 following
RCP 8.5 scenario with 50 m. of spatial resolution over 1km by 1km area of Madrid.

IV. CONCLUSION

The purpose of this study was to investigate the cost of the
impact of global climate change on human mortality and
morbidity by changes of high temperatures and air pollution
concentrations for three European cities: Madrid, Milan and
London with very high spatial resolution, 50 meters. In this
study climate projections were based on two IPCC scenarios:
RCP 8.5 and RCP 4.5. Inputs to the health impact assessment
have been produced applying a dynamical downscaling
process which includes a regional and CFD model with high
demand exercise for computational resources. 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 characterized by temperature
increments. As summary, Madrid will be the city more
affected by the climate change with a cost of the health of 5.35
K$/m2, the next is Milan 1.65 K$/m2 and finally London with
0.99K$/m2. 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 environment problems
related to human health in the cities.
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