Aggregation in the the Hague case study

1.1. Monetary valuation in the Hague case study
For the monetisation of health impacts we looked at all relevant costs of different health end points (for morbidity), and combined them with a monetary valuation of an aggregate health indicator for mortality, that is, years gained. 
1.1.1. Valuation of health end points

Starting point for the valuation of health end points was the identification of the components that comprise changes in welfare (Hunt, 2001)unt, 2001). We used a broad definition of welfare, including health, in line with Robbins (1932). Subsequently, these components were summed to give the total change in welfare, assuming no overlap between categories. The three components include:

1. Resource costs: medical costs paid by national health services in any given country or covered by medical insurance, and any other out-of-pocket expenses covered by private individuals. In figure 6 it is split into administration costs and cost of medical care.
2. Opportunity costs: cost in terms of loss in labour productivity and loss of leisure time, including unpaid work (the sum of economic production losses and lost consumption in fig. 6).
3. Disutility: other social and economic costs including any restrictions on or reduced enjoyment of leisure activities, discomfort or inconvenience (pain or suffering), anxiety about the future, and concern of and inconvenience to family members and others (intangible costs in fig. 6).
The welfare changes represented by components (1) and (2) can be proxied using market prices that exist for these items. In health valuation literature these components are summed to produce what is known as the ‘Cost-Of-Illness’ (COI) measure of welfare. This measure — in best practice — needs to be added to a measure of the affected individual's loss of utility, reflected in a valuation of the willingness to pay (WTP) and/or willingness to  accept (WTA), to avoid or compensate for the loss in welfare associated with the illness. 
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Figure 5: Different cost categories of health costs

1.1.1.1. Valuation of noise impacts
There are different health end points for noise. Valuation of noise focuses on the value of the main effect, which is annoyance, thus focuses on disutility. It can be argued that, for an economic estimate, annoyance can serve as an indicator of the overall impacts of noise, but this is likely to provide a lower economic estimate. Stated preference (contingent valuation) and revealed preference (hedonic pricing) methodologies are most widely used. The EU Working Group on Health and Socio-Economic Aspects (2003) recommends, in the absence of own data, to use a value of 25 euros per household, per decibel, per year (see HSGEA, 2003), as the value of perceived benefits of noise reduction regardless of the initial (base) level of noise, with a threshold of 50 to 55 dB. For a (further) reduction of noise levels, no benefits are assumed. In this case study, we followed the EU recommendation. For a detailed description of the pros and cons of the different methods used, see Navrud 2003.

1.1.1.2. Valuation of air pollution impacts
In the literature, valuation of air pollution impacts focuses on valuing resource costs, the costs of medical care. Valuation of medical costs is relatively easy, as market prices exist. This approach, however, neglects disutility, the costs of personal grief and suffering, for which there are no market prices. The valuation, therefore, should be considered a lower estimate of total costs involved.

Hospital admissions related to heart and respiratory diseases

For cardiovascular hospital admissions with ICD 9 code of 390-459, the total cost of illnesses (COI) was analysed based on the number of patients admitted and treated in Dutch hospitals and the total costs of these admissions. The total COI for cardiovascular diseases was calculated by adding together the separate health care costs over the entire health-care chain, including prevention, first aid, medical care, nursing, ambulance, administration and other (medical) expenses involved in the throughput of the entire process. A similar method was applied to analyse hospital admissions related to respiratory diseases with ICD 9 code of 460-519.

Two databases were used. The latest available data on various health-care expenses, from 2005, were selected and matched with the number of admissions into one database (Poos et al., 2008). For the total number of hospital admissions, a second database was made of the registrations for outpatients, inpatients and number of days of hospitalisation, and subsequently filtered for the various heart and respiratory diseases (CBS, 2010). Both databases contain slightly different categorisations for heart and respiratory diseases. Therefore, synchronisation took place prior to the estimation of patient costs by means of categorisation of similar circulatory, heart and respiratory diseases. For example, hypertension was not awarded a separated category but included in the category for ‘other heart and vascular diseases and symptoms’. For respiratory diseases, lower respiratory infections and occupational respiratory diseases were categorised as ‘other disease of the respiratory system’. Based on the selected data sets, it was possible to provide an approximate cost of illnesses per patient, per type of heart and respiratory disease, for 2006. 

Table 3 and 4 show the respective average annual costs per heart and respiratory patient, split into different age groups and diseases. 

	
	0
	1- 20
	20-45
	45-65
	65-80
	80 and older

	Coronary heart diseases
	€ 0
	€24500- 35.000
	€6772-9674
	€ 7889-11270
	€ 9118-13026
	€ 9779-  13970

	Heart failure
	€ 7000-10000
	€4667- 6667
	€ 10269-14670
	€ 7539-10770
	€ 8259-11799
	€ 11742-16774

	Stroke
	€ 17500-25000
	€15642- 22346
	€ 12524-17891
	€14843- 21204
	€ 22232-31760
	€ 38389-54841

	Peripheral vascular disease
	€ 4000-5714
	€ 4780-6829
	€ 5299-7570
	€ 6052-8646
	€ 7860-11229
	€ 10276-14680

	Other diseases of the circulatory system

	€ 8053-11504
	€ 5447-6829
	€ 5428-7570
	€ 8021-8646
	€ 10980-11229
	€ 20633-24680

	Average expenses for heart diseases per age group
	€ 8563-11504
	€6502-7781
	€ 6219-7754
	€8459- 11459
	€ 11303-15686
	€ 19186-29476


Table 3: COI per average heart patient, per age category, in the 2005-2006 period (Source: www.kostenvanziekten.nl and www.cbs.nl)

	
	0
	1- 20
	20-45
	65-80
	45-65
	80 and older

	Upper respiratory infections
	€ 8610- 12300
	€ 16260-23229
	€ 90000-128571
	€ 34932-49903
	€ 76328-109040
	€ 26115-37307

	Pneumonia and influenza
	€ 3264-4663
	€ 4180-5971
	€ 7821-11173
	€ 10156-14509
	€8757-12510
	€ 16900-24143

	Asthma and COPD
	€ 6105-8721
	€ 9774-13963
	€ 30836-44051
	€ 18450-26357
	€ 21513-30733
	€ 20148-28783

	Other diseases of the respiratory system

	€997-1424
	€ 1993-2847
	€ 5081-7259
	€ 10452-14931
	€ 5792-8274
	€ 23187-33124

	Average expenses for respiratory diseases per age group
	€ 3171-4530
	€ 3030-4329
	€ 8618-12311
	€ 13996-19994
	€ 11927-17039
	€ 19538-27911


Table 4: COI per average respiratory patient, per age category, in the 2005-2006 period (Source: www.kostenvanziekten.nl and www.cbs.nl)

In the 2005-2006 period, the average annual costs of hospital admissions including all the necessary treatment, medical expertise, instruments and medicines, for patients with heart and respiratory diseases were 15,927 and 11,995 euros, respectively. For myocardial infarction, specifically, the average annual costs were 12,264 euros. 

2.6.2 Valuation of mortality risk, value of statistical life years
The recommended value of a life year (VOLY), according to the NEEDS project (New Energy Externalities Developments for Sustainability, 2007), is 40,000 euros per VOLY with confidence intervals of 25,000 and 100,000 euros per VOLY. This value is somewhat lower than the 50,000 euros used by ExternE, due to the fact that the NEEDS project developed a contingency questionnaire with higher sensitisation and knowledge gained from the NewExt project (Needs, 2007). In the NewExt project, the questionnaire by Krupnick et al. (2002) has been applied. The DG Environment of the European Commission (EC, 2000) recommended in 2000 that a value of of € 1 million should be awarded to each prevented fatality, used in environmental cost–benefit analyses. Within this scope, a VOLY of 40,000 euros appears very reasonable. 

In this case, a discounting factor of 2.5% was used, as indicated by the CPB Netherlands Bureau for Economic Policy Analysis (Aalbers, 2009). It is important to take the discount factor into account, as a monetary value of one year will be worth less the next, and so on. Generally, people prefer short-term results or health benefits (direct effects) to long-term ones. 

Discounting involves the following:

VOLY with discounting: VOLY*1(1+d)t

d= discounting factor of 2.5% annually

t= time

VSL= 40,000 euros annually

The discounted values for every adjusted life year are subsequently combined with the life-table calculation, according to which the number of years gained over a lifetime, due to a decrease in NO2, is assessed. In this proces, the VOLY is analysed per age group.

1.2. Calculation of health outcome

To describe the health outcome, two indicators were applied, i.e. life years lost and DALYs. The indicator life years lost describes morality only. DALYs are used to describe all changes in health endpoints (mortality and morbidity as well, including annoyance and sleep disturbance). Morbidity is weighted for severity of the disorder. See appendix 2 for more details on the method of calculating DALYs.

APPENDIX 2
Calculating Disability-adjusted Life Years (DALYs).

The aggregated health indicator DALY (Disability-adjusted Life Years) can be used for assessing the health impacts of traffic and to compare health effects that differ in the number of people affected, duration and severity, In summary, DALYs provide an indication of the (potential) number of healthy life years lost in a population, due to premature mortality or morbidity, the latter being weighted according to severity of the disorder [Knol and Staatsen, 2005]. DALYs have previously been used in the Global Burden of Disease study [Murray & Lopez, 1996] and several other national and international studies [Ezzati et al., 2002; De Hollander et al., 1999; De Hollander, 2004; Knol and Staatsen, 2005; Prüss et al., 2002; Smith et al., 1999; Smith, 2000; Valent et al., 2004]. 
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The diagram (Figure 1) sketches the basic idea behind a DALY. Time is the unit of measurement. Public health loss is defined as time spent with reduced quality of life, aggregated over the population involved, and combining years of life lost and years lived with disability that are standardised by means of severity weights [Murray & Lopez, 1996; Wolfson, 1998]. 

Figure 1.
Diagram of the concept of disability adjusted life years [De Hollander, 2004].

In this diagram 'health loss' due to residential noise annoyance is suggestively added. 

This appendix focuses on the calculation of the possible health benefits of the traffic circulation plan (VCP) of The Hague (for a description of this traffic measure, see also page 1). The main objective was to estimate the possible disease burden related to noise, air pollution, and injuries attributable to the traffic circulation plan, when implemented in the city centre of The Hague. To this end we followed the steps of health impact assessment of Figure 2. We identified 5 steps. Steps 2 to 5 were performed twice, to estimate the disease burden before (autonomous situation) and after the introduction of the VCP. The net health impact of the VCP was estimated by comparing the estimated pre- and post-policy disease burden. This appendix describes methodological details of this calculation for steps 4 and 5 (for descriptions on the other steps, see the main section of the report). 

[image: image2.emf]10


0


1


20


30


40


50


60


70


80


population


leukaemia


pneumonia


progressive cardio-pulmonary disease


serious annoyance


age


disability


weight


potential healthy life years


'health' loss




10

0

1

20 30 40 50 60 70 80

population

leukaemia

pneumonia

progressive cardio-pulmonary disease

serious annoyance age

disability

weight

potential healthy life years

'health' loss


Figure 2. Scheme of data used, calculations made and steps taken in order to assess the disease burden [Based on Herz-Picciotto, 1998].

Estimation of the number of cases

According to this step, we calculated the attributive burden, that is, the extra number of cases due to air pollution or noise in the study area. The attributive burden is a function of the relative risks, baseline prevalence or incidence rates of the health points under study and the number of people exposed.

Baseline prevalence and incidence rates of the health end points and mortality rates were obtained from the National Public Health Compass of RIVM and Statistics Netherlands. Unfortunately, local prevalence rates of diseases under study and mortality rates were not available. Therefore, we used national rates, assuming them to be similar to local rates.


Because a linear relation was assumed between traffic-related air pollution and hospital admissions and mortality, we calculated the attributive burden of traffic-related air pollution without a threshold value for NO2 or PM10. However, health effects can occur at all levels of exposure, and we did realise that a zero exposure level would not be realistic or feasible to achieve.

With regard to the effects of road-traffic noise exposure on myocardial infarction, the value of a ‘no effect level’ is uncertain and still under debate. For our assessment, the theoretical minimum level for road traffic noise was set at 60 dB(A) (Lden). 

Since no baseline prevalences were required, the number of people affected by severe noise annoyance and sleep disturbance, was calculated directly by using the exposure-effect relations and the estimated population exposure distribution, see also Knol and Staatsen (2005) for more details. 

Table 3. Incidences and prevalences used for calculating the number of attributable cases

	Exposure
	Health outcome
	# per 1,000 per yr
	Source

	Road-traffic noise
	Incidence of myocardial infarction (ICD-9: 412)$)
	2.29
	Poos, 2006

	Traffic-related air pollution
	Mortality (ICD-9 <800)*)
	12.35
	CBS statline, 2006

	
	Respiratory hospital admissions (ICD-9: 460 – 519)†)
	11.85
	CBS statline, 2006

	
	Cardiovascular hospital admissions (ICD-9: 390-459) †)
	21.10
	CBS statline, 2006


$) incidence for people aged <18 yrs for 2003; *) age <30 yrs; †) all ages; 

Disease burden

For each health end point, the disease burden was calculated by multiplying the attributive number of cases with a severity weight and an estimate of the duration of the disease or years of life lost for mortality [Knol and Staatsen, 2005]. 

Similar to the calculation by Knol and Staatsen (2005), we assumed that long-term exposure to traffic-related air pollution could be associated with a reduction in life expectancy, per victim, of about 10 years. The years of life lost attributable to mortality due to traffic-related air pollution was subsequently calculated by multiplying the attributive number of deaths with the reduction in life expectancy per victim.

For respiratory and cardiovascular hospital admissions due to traffic-related air pollution, we used severity factors that were derived as part of the Dutch Disability Weights Study by Stouthard et al. (1997). The mean duration of hospital admissions due to cardiovascular or respiratory disease is estimated to be around 2 weeks, ranging from 4 days to 2 months [De Hollander, 1999]. Although the used durations and severity factors were rather old, these were the best estimates available. The indicator on disease burden due to traffic-related air pollution was computed by adding up the estimated years of life lost and years lived with disability. 

Table 4. Duration (yrs) and severity weights used for the calculation of DALYs

	Exposure
	Health outcome
	Duration (yrs)
	Severity weights

	Traffic-related air pollution
	Mortality ICD-9<800*
	9.8c) 
	1

	
	Respiratory hospital admission 
	0.0385
	0.64

	
	Cardiovascular hospital admission
	0.0385
	0.71

	Road-traffic noise
	Severe annoyance
	1a)
	0.02

	
	Severe sleep disturbance
	1 a)
	0.02

	
	Myocardial infarction
	0.1154b)
	0.3954

	Road safety
	Hospitalised injuries, duration max 1 year
	1
	0.172

	
	Hospitalised injuries, long-term disability
	25.8
	0.172


a) Prevalence approximately equals incidence multiplied by duration, and thereby assuming a steady-state equation where the rates are not changing; b) Hoeymans [2008]; c) Based on Kunzli et al., 2001 * in case DALYs are calculated by means of the # attributable deaths.

Since there is no base prevalence, we estimated the prevalence for severe annoyance and severe sleep disturbance by combining population exposure with exposure-effect relations. The duration of these health end points is one year. Because of the limited information of the meaning of severe annoyance and severe sleep disturbance for people’s ability to function from day to day, we used a severity factor of 0.02. This is similar to the calculation by Knol and Staatsen (2005). The years lived with disability attributable to annoyance and sleep disturbance from exposure to road-traffic noise, were subsequently calculated by multiplying the number of people with severe annoyance and sleep disturbance with the severity factor. 

For our calculations we assumed that the duration of the incidental cases of myocardial infarction attributable to long-term exposure to road-traffic noise is 6 weeks [Hoeymans, 2008]. We realised that using this duration might result in an overestimation of the years lived with disability due to myocardial infarction. Analogous to the Global Burden of Disease study, we used a severity factor of 0.3954 [Murray and Lopez, 1996]. The years lived with disability attributable to the incidence of myocardial infarction from exposure to road-traffic noise was subsequently calculated by multiplying the estimated number of attributable cases of myocardial infarction with the above-mentioned duration and severity factor. The ‘total’ disease burden due to road-traffic noise was computed by adding up the estimated years lived with disability. 

For road safety we computed Years of Life Lost by multiplying the age-specific mortality by age-specific life expectancy based on standard life table analysis, using Dutch life tables for 2004 as a reference. Years lived with disability were estimated by multiplying the reported age-specific annual hospitalised injuries with the corresponding disability weight (0.172) that was derived by Stouthard et al. (2000). Given the fact that only the hospitalised severely injured (MAIS2+)
 were included in our assessment, experts considered this disability weight as more appropriate [Hoeymans, 2008]. After expert consultation, we additionally assumed that 4.5% of the hospitalised injuries had permanent health damage. For this permanent health damage we assumed a duration of 25.8 years. This is similar to the National Public Health Compass [Lanting and Hoeymans, 2008; Hoeymans, 2006]. The disease burden due to road safety was computed by adding up the years of life lost and the years lived with disability.
DALYs: pros and cons

Aggregated health indicators such as DALYs (Disability-adjusted Life Years) can be used to assess the health impact of traffic interventions, such as the traffic circulation plan. 
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Table 5.
DALYs 

Despite these uncertainties, DALYs can be used to obtain an indication of the potential, relative order of magnitude of different (environmental) health problems. They are useful for comparing different environmental factors, different and incomparable health states, and different policy alternatives and interventions. DALYs indicate the disease burden by providing one number that states how many people suffer from a health effect and the severity of this effect. In the rationale behind DALYs, comparison is the key word. Used in separation, a single figure, such as ‘100 DALYs’, is hardly meaningful; it can only be interpreted in relation to other DALY figures. In other words, how do the number of DALYs that are calculated for different policy alternatives, different locations or different (environmental) risk factors, relate to each other? When compared, DALYs offer the opportunity to compare risks, population groups, time periods, policy interventions or locations.

Calculation of DALYs is often hampered by a lack of data, especially regional/local data, which is the level at which a traffic intervention plan takes place, such as the introduction of the traffic circulation plan. DALYs are a measure of population health, and the smaller the population groups, the more problematic it will be to generalise data. Our study showed that the calculation of DALYs as part of health impact assessment of traffic policies at a regional scale is possible, provided that data on exposures, the exposed population and their baseline health status are available. 

Finally, one needs to bear in mind that the calculation of DALYs is not the whole

story. Traffic intervention plans may also affect health aspects other then those related  only to environmental exposure. For example, the effect of roads on physical activity, social cohesion or traffic safety. And since specific characteristics of the population are not taken into account in a DALY calculation, the outcome of such a calculation has to be considered an approximation.
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� Including: endocarditis and cardiac valve disorders, cardiac arrhythmias, abdominal aortic aneurysm with and without rupture, other peripheral vascular disease and transient cerebral ischemic attack


� Including: lower respiratory infections, acute bronchitis and bronchiolitis, and occupational respiratory diseases


� Maximum Abbreviated Injury Scale is a severity scoring system that classifies each injury according to its relative importance on a 6 point ordinal scale: MAIS0 = no injury, MAIS1 = Minor injury, MAIS2 = Moderate injury, MAIS3 = Serious injury, MAIS4 = Severe injury, MAIS5 = critical injury and MAIS6 = Unsurvivable [Van Kampen, 2007].
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