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Context 

 Increased intensity and frequency of heatwaves in a changing climate 

poses an increased hazard to human health 

 

 The European heatwave in 2003 was responsible for around 27.000-

70.000 deaths in 16 countries (Robine et al., 2008). 

 Heatwaves are among the most 

dangerous of natural hazards, but 

rarely receive adequate attention. 

They often lack the spectacular and 

sudden violence of other hazards, 

such as tropical cyclones or flash 

floods. Even the related death tolls 

are not always immediately obvious.  
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Why it is important? 

 Urban settings particularly vulnerable due to heat island effect 

 Vulnerable population 

 Heat watch warning systems are 

cost-effective measures 

 How Tcrit varies over time and 
space will influence the cost-
effectiveness of heat alert systems 
and the success of future plans 

 Periodical assessment  
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Objetives 

Methodology for assessing costs and benefits 
of heat warning plans (HHWWS) 

 Support decision making for prevention of 
heatwaves impacts on health in a climate 
change context 

 Recommendations to update and improve 
heat warning plans over time 
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Methodological steps 

Projections 
 max daily temp 

under CC 
scenarios 

Health impacts of 
heatwaves  

Benefits of 
HHWW and 
valuation of 

mortality 

Costs of HHWWS Evaluation model 
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Critical temperature for daily mortality attributable 
to heatwaves – natural causes  (2000-2009) 

Critical temperature Madrid  

Critical temperature:  
epidemiological lit - Díaz et al. (2015 ) 

City Tmax avg Tcrit Percentile AR 

Madrid 38.6C 34C 82 4.24 (all causes) 

Choice of critical temperature for Madrid 
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Tcrit initial = 36.5ºC 
Climate criteria  
(95 percentile) 

N. deaths (2009) = 43 
 

Tcrit updated = 34 ºC 
Epidemiological criteria 
(82 percentile) 

N. Deaths (2009) = 263 
 

Number of deaths which could be 
avoided are higher with the Tcrit 

estimated with epidemiological criteria 
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Step 1.  

Temperature projections  

RCP4.5 and 8.5 

 

Data analysis  

Frequency, intensity, ndays 

 

Projections 
 max daily temp 

under CC 
scenarios 

Health impacts of 
heatwaves  

Benefits of HHWW 
and valuation of 

mortality 
Costs of HHWWS Evaluation model 

Projections of heatwaves days Madrid (2020-2100)  
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Projections 
 max daily temp 

under CC 
scenarios 

Health impacts of 
heatwaves  

Benefits of 
HHWW and 
valuation of 

mortality 

Costs of HHWWS Evaluation model 
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Assessment of heat-related impacts 

Expected mortality 

𝐸𝑀𝑡 = 𝜇 ∙ 𝐴𝑅 ∙ 𝑝𝑜𝑝(𝑡) ∙ ∆𝑇𝑒𝑚𝑝𝑡 ∙ 𝑁𝑑𝑎𝑦𝑠𝑡 

𝐷𝑀𝑡 = 𝐸𝑀𝑡 ∙ 𝐷𝑀𝑅 

𝑃𝑀𝑡 = 𝐸𝑀𝑡 ∙ (1 − 𝐷𝑀𝑅) 

Displaced deaths or YLL 

Premature deaths or YLL 

∙ 𝛾 

∙ 𝛾 

TmaxTcrit 

Tmax  Tcrit Daily avg mortality 
rate in summer 

For each 1C>Tcrit 
during summer 

Avg loss of life 
per death 
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Parameters for calculating heat-related mortality 
 

Parameter Name Units Description assumptions values 

 Mortality 

rate  

- Background mortality rate on 

heat wave days 

Constant in time 56.7 

AR Attributable 

risk 

% % increase in daily mortality 

per degree temperature 

increase above Tcrit 

Constant in time 4.24 

pop Population  - Population at time t Time dependent, 

SSP 

 

Tmax Maximum 

daily 

temperature 

deg C Time series of maximum daily 

temperature 2020 - 2080  

Time series for 

each of the RCP’s 

 

 

DMR Displaced 

mortality 

rate 

% Deaths which would be 

observed a few days or weeks 

later regardless the heatwave  

Constant in time; 

lower and upper 

bound assumption 

0.40 / 0.65 

 Years of life 

lost 

years Mean loss of life per death Constant in time 15 days / 4.6 

years 

Health impacts: projections 2020-2100 
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Scenario Total 
deaths (n) 

Premature 
deaths (n) 

Total 
LYL (years) 

Premature 
LYL (years) 

Displaced 
LYL (years) 

RCP4.5      

No acclim 20 7-12 34.1-57.9 33.5-57.5 0.4-0.6 

Acclim 14 5-8 22.6-38.3 22.2-38.1 0.2-0.4 

% -34%     

RCP8.5      

No acclim 33 12-20 55.5-94.1 54.5-93.5 0.6-0.9 

Acclim 17 6-10 28.6-48.5 28.1-48.2 0.3-0.5 

% -49%     

 

Socio-climatic scenarios No acclimatisation Acclimatisation 

RCP4.5/SSP2 Tcrit constant over time Tcrit increase of 2C (from 34C in 2020 to 36 in 2100) 

RCP8.5/SSP5 Tcrit constant over time Tcrit increase of 3C (from 34C in 2020 to 37 in 2100) 

 

Health impacts under different climate scenarios (‘000), 2020-2100 (DMR: 40%-65%) 
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Excess annual mortality attributable to heatwaves 
Madrid, 2020-2100 
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Projections 
 max daily temp 

under CC 
scenarios 

Health impacts of 
heatwaves  

Benefits of 
HHWW and 
valuation of 

mortality 

Costs of HHWWS Evaluation model 
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Benefits HHWWS 

Estimation avoided mortality 

Choice of monetary metric (VOLY, VSL) 

Adjustment of values (time and space) 

Projections and discounting of flows over 
time 
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Effectiveness:  

low=60%, central=68%, high=75% 

(Source: Fouillet et al, 2008) 

 

 

 

𝐴𝑀𝑡 = 𝐸𝑀𝑡 ∙ 𝐸 

Avoided mortality 
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 Value of statistical life (VSL) 

 Value of one year life (VOLY) 

 

 

 

 

 

Monetary metrics: valuation of mortality 

Mortality indicator Monetary approach 

 Lower-bound Upper-bound 

Premature  VOLY VSL 
Displaced VOLY VOLY 

 
Mortality 

indicator 

Monetary 

approach 

Source Geographica

l reference 

Reference values Adjusted values  

(€ 2013) 

Premature 

deaths 

VSL OECD (2011) EU-27 3.6 (1.8-5.4) M$ 2005 2.94 M 

Premature YLL VOLY normal health de Ayala (2014) EU-27 90 (40-230) k€ 2013 7,404 

Displaced YLL VOLY poor health  Chilton et al (2004) UK 7,280 £ 2004 78,299 
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𝑇𝐵 = present value of the total benefits 

𝑔𝑡 = increase in real GDP per capita over time (SSP2 and 5) 

e = income elasticity  

Projections of benefits 

𝑇𝐵 = 
𝐴𝑀𝑡 ∙ 𝑉

∗ 𝑔𝑡
𝑒

(1 + 𝑑)𝑡

𝑛

𝑡=0
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Projections 
 max daily temp 

under CC 
scenarios 

Health impacts of 
heatwaves  

Benefits of 
HHWW and 
valuation of 

mortality 

Costs of HHWWS Evaluation model 
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Costs HHWWS 

 Type of intervention (media, webpage, heatline, emergency…) 

 Categorization of costs (direct, indirect, opportunity costs…) 
and physical units 

 Source of data (market statistics, surveys, scientific studies, 
experts opinions…) 

Actions Reference values 

($ 2004) 

Adjusted values  

(€ 2013) 

Heatline and emergency 
medical services 

5,600$/day 5,300€/day 

Wider set of actions 10,000$/day 9,500€/day 

 

Adjusted monetary costs (source: Ebi et al, 2004) 
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𝑇C = present value of the total costs 

DC = direct costs 

𝑔𝑡 = increase in real GDP per capita over time  

Projections of costs 

𝑇𝐶 = 
𝑁𝑑𝑎𝑦𝑠𝑡 ∙ 𝐷𝐶 ∙ 𝑔𝑡

𝑒

(1 + 𝑑)𝑡

𝑛

𝑡=0
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Projections costs and benefits HHWWS 2020-2100 

Scenario d=0 d=1 d=3 

RCP4.5/SSP2    

No acclimatisation 1.8-32.6 1.2-21.2 0.6-10.3 

Acclimatisation 1.2-21.7 0.9-15 0.5-8.2 

RCP8.5/SSP5    

No acclimatisation 3.1-54.1 1.9-32.7 0.8-13.8 

Acclimatisation 1.6-28 1-18 0.5-8.8 

 

Scenario d=0 d=1 d=3 

RCP4.5/SSP2    

No acclimatisation 0.014-0.025 0.0094-0.017 0.0049-0.0088 

Acclimatisation 0.011-0.02 0.0077-0.14 0.0043-0.0078 

% -22% -18% -12% 

RCP8.5/SSP5    

No acclimatisation 0.019-0.034 0.012-0.022 0.0059-0.011 

Acclimatisation 0.013-0.023 0.0087-0.016 0.0047-0.0084 

% -32% -28% -21% 

 

Health benefits (billion €2013) 

Costs (billion €2013) 

1. Benefits >> costs 

2. Additional costs in no 
acclimatization 
scenario  
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Challenges for application at European level 
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 City level 

 Attributable risk 

Å𝐴𝑅 = 𝑓(𝑇𝑐𝑟𝑖𝑡, 𝑃𝑂𝑃>65) 

 Baseline mortality  

ÅAvg age-standardized death rate (cardiovascular, 
respiratory) x projected pop 

 Tcrit and acclimatization 

 Costs  

 Effectiveness 

 

Some results (RCP8.5/SSP5 – 2015-2099) 

25 

 Displaced mortality 40% Displaced mortality 65% 

Billion euros (ú2013) 
3% Discount 
Rate 

5% Discount 
Rate 

3% Discount 
Rate 

5% Discount 
Rate 

     

Eastern Europe 
137.4 
(121.2-
153.5) 

58.3 
(51.4-65.1) 

80.1 
(70.7-89.6)) 

34 
(30-38) 

Western Europe 
509.4 
(449.5-
569.3) 

219.3 
(193.5-245.1) 

297.2 
(262.2-332.2) 

127.9 
(112.9-143) 

Europe 
646.8 
(570.7-723) 

277.6 
(245-310.3) 

377.4 
(333-421.8) 

162 
(142.9-181) 

Note: in parentheses, low and upper bounds  

 

Discounted 
benefits 

 Discount rates 

Million euros (ú2013) 3% 5% 

   

Eastern Europe 
42.4 
(9.8ï75) 

22 
(5.1ï38.8) 

Western Europe 
281.3 
(64.2-498.4) 

141.9 
(32.6-251.1) 

Europe 
323.7 
(74- 573.4) 

163.9 
(37.8-289.9) 

Note: in parentheses, low and upper bounds 

 

Discounted 
costs 
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Limitations 
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Cost estimation 

Benefit underestimated 

Epidemiological factors constant over time 

Uncertainty 

 

Conclusions 
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 HHWWS is a low regret urban adaptation option, highly 
relevant for decision-making 

 Use of epidemiological approaches to define Tcrit 

 To be cost-effective their settings need to be periodically 
revised 

 Failure to recognize time-dependence of Tcrit is likely to 
render HWWS, and other urban adaptation measures, 
inefficient and cost-ineffective. 

 Avoid launching false alerts as this has a cost on the society, 
which can also reduce the responsiveness of the agents such 
as hospitals, health professionals and more in general the 
citizens thus reducing effectiveness 

 Further research to understand how Tcrit and other 
epidemiological parameter can evolve over time 
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