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Abstract.  Particles, climate change, and health havel Introduction
thought-provoking interactions. Air pollution is one of the

largest environmental problems concerning human heaIthHuge efforts are made around the globe to reduce anthro-
On the other hand, aerosol particles can have a cooling efyogenic aerosol particle emissions, because inhaled particu-
fect on climate and a reduction of those emissions may re{ate air pollution is one of the major environmental threats
sult in an increased temperature globally, which in turn maysgr human health (Lopez et al., 2006). However, removing
have negative health effects. The objective of this work wasaerosol particles and their precursor gases (hereafter aerosol
to investigate the “total health effects” of aerosol emissions,emissions) in order to reduce negative health effects will
which include both exposure to particles and consequencegt the same time influence climate (IPCC, 2007). Climate
for climate change initiated by particles. As a case studychange will, in turn, have negative impacts on health. This
the “total health effect” from ship emissions was derived by rajses the question: what is the optimal emission reduction
subtragting the number of _deaths caused by exposure WitBtrategy to save human lives?

the estimated number of lives saved from the cooling ef- The purpose of this paper is to discuss difficulties and so-

:eztt ?fvthle ?mlissrlgi?i& l—geratn ilglsr;s sif:oweﬁj trr:att’bw'? furr'lutions in the search for an optimal policy for reduction of air
ent level of scientilic understa g, it cou ot be dete rpoIIution to benefit human health without side effects from

mined whether ship emissions are negative or positive fo climate change (&ndahl, 2009). Three research areas are
human health on a short time scale. This first attempt to.

aporoximate the combined effect of particle emissions Onmvolved; (1) health effects of aerosol exposure, (2) climate
pproxi n ' particie 1SS!I .. effects of aerosols, and (3) health effects of climate change.
health shows that reductions of particulate air pollution will

i som black carbon) have win-win effects on h |th is beyond the scope of this work to present a complete sur-
some cases (blac carbo ) have eliects on hea vey of the interactions between these fields. However, also a
and climate, but sometimes also cause a shift from particl

: N Patitifaqs detailed analysis may serve to highlight key issues that
exposure-related health effects towards an increasing risk g eed to be considered. Therefore, a simplified calculation is

health consequences from climate change. Thus, MeasUre3 rried out in a first attempt to estimate the order of mag-

to reduce .a'ero.sol emissions havg to be coupled with C“.mat?]itude of the “total health effects” of anthropogenic aerosol

change mitigation actions to achieve a full health benefit ONamissions from a specific source of air pollution (oceangoing

aglobal level. shipping). Based on current level of understanding the “total
health effects” is here defined as the sum of the number of
deaths caused by aerosol exposure and the climate change,
respectively.

The paper is divided into three main parts. Firstly a
brief background is provided on the current level of knowl-

Correspondence tal. Londahl edge about health effects from exposure to aerosols, im-
BY

(jakob.londahl@nuclear.lu.se) pacts of aerosols on climate and health effects of climate

Published by Copernicus Publications on behalf of the European Geosciences Union.



https://core.ac.uk/display/27243606?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/3.0/

9442 J. Ibndahl et al.: Aerosol exposure versus aerosol cooling of climate

change (Sect. 2). Thereafter, as an illustration, a back-offined as the net alteration in irradiance (W#n since 1750
the-envelope calculation is made of the “total health effects”at “top of the atmosphere”, which is similar to the height of
of ship emissions (Sect. 3). Finally, the results are discussethe tropopause. According to IPCC (2007) it is “virtually

in their broader context of scientific uncertainties and policy certain” (i.e. >99% probability) that anthropogenic emis-
measures for emission reductions (Sect. 4). sions of aerosols result in a total cooling effect on the global
climate. Hence, increases in greenhouse gas concentrations
would probably have caused more warming than observed if
not anthropogenic aerosols had been present. Although un-
certainties are substantial, it is estimated that the cooling by
aerosols, black carbon included, is aroustl1 W/n? (with-

out black carbon-1.4 W/n?). The radiative forcing of car-

2 Background
2.1 Health effects of aerosol exposure

Extremely high levels of airborne particulate matter from

major pollution episodes in the past, like London 1952, areP0n dioxide is about +1.7 W/ta _
well-known to cause severe negative health effects. But also MOSt of the greenhouse gases, as for example carbon diox-

much lower concentrations of particulate matter, as experiide: are long-lived in the atmosphere and remain there for
cades or centuries. Aerosols are on the other hand short-

enced in most populated areas at present, have impacts 4

mortality (Pope and Dockery, 2006). The relationship be_l?ved. Within a few day_s or Weeks_an aero_sol particle is most
tween concentration and response seems to be linear, witHiKely washed outby rain or deposited by diffusion or gravita-

out a lower threshold (Samoli et al., 2005). Urban particulatelional forces. Thus, the greenhouse gas warming is expected

matter (PMo) is estimated to cause about 800 000 prematureto be more prqnouncgd in the future when aerosol emissions
deaths each year in the world and indoor smoke from solid© I0Nger continue to increase (Andreae etal., 2005).
fuels another 2 million deaths (Lopez et al., 2006). This cor- A\€rosols do not influence the climate system only by di-

responds to a total annual loss of about 50 million disability "6€t reflection of radiation. They also have a substantial im-
adjusted life years (DALYs). pact on cloud reflectivity, precipitation pattern, atmospheric

Primarily, cardiovascular and respiratory disorders aretirculation system, heat distribution and melting of ice. Most

linked to PM exposure. Other responses, such as damage jgportant for RF is the indirect effect, which involves the in-
the central nervous system from ultrafine particles, have beef{Uence of the aerosol particles on cloud properties. Itis usu-
suggested (Oberdorster et al., 2004). Susceptible subgrou[_?ély split into the first and second indirect effect. The first

have been identified that are more vulnerable to PM eXpo_lndirect effect is the increase in cloud droplet concentration

sure than the average population. Among these are peopl@nd decrease in droplet size that is caused by elevated lev-

with pre-existing heart and lung diseases, elderly, childrerf'S Of aerosols (Twomey, 1974). This leads to an increased

and possibly also infants (Air Quality Criteria for Particulate "€flection of solar radiation back into space. The reduced

Matter 2004). Other factors that probably contribute are ge_cloud droplet size also bring about the second indirect effect,

netic predisposition, socioeconomic status and presumably/hich is an assumed alteration of precipitation efficiency,
diabetes, medication use, gender, health care availability, encréase in cloud lifetime (Albrecht, 1989) and increase in

ucational attainment, housing characteristics and amount of'oud thickness (Pincus and Baker, 1994). _
outdoor activity. Many of the atmospheric processes are determined by the

It has not been possible to identify a single characteristicSiZe of the aerosol particles, but other properties may be fun-

of particles that accounts for the toxicity. Inhaled particles d@mental and especially the light absorption by black car-
interact with the body through a variety of pathways and thePon has been of much interest durlng_ recent. years. Black
effects may depend on different particle characteristics sucffaroon (soot) changes global and regional climate through
as chemistry, size, shape, biological activity or radioactivity. S€veral different mechanisms (Ramanathan and Carmichael,
Air quality guidelines have so far mostly focused on the mass2008)- Itreduces the albedo of the planet by absorption of so-
of PMyo or PMps. Several studies indicate that small parti- lar radiation and has_a number of com_plex mterac_tlons with
cles, which contribute less to the total particulate mass, ar&!0uds. When deposited on snow, the light absorption of soot
more closely linked with adverse health outcomes than largef'0t Only reduces surface albedo but also increases snowmelt
ones (Schlesinger et al., 2006). Especially the ultrafine parti{Clarke and Noone, 1985; Hansen and Nazarenko, 2004).
cles (UFPs <100 nm), have been of much concern in recent 1 is effect is especially crucial for the Himalayan glaciers

years. UFPs typically originate from combustion processegVhich are af:ting as water reservoirs for more than one-sixth
or condensation of vapours with low volatility, and appear in ©f the Earth’s population. When the glacier storage capacity

high number concentrations in many environments. decreases, the irregular precipitation in this region will cause
both periods of drought and floods (Barnett et al., 2005).

2.2 Climate effects of aerosols

The human influence on climate is often expressed in terms
of radiative forcing (RF). The change in RF is usually de-
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2.3 Health effects of climate change contributing to particle formation processes which cool the
atmosphere through direct reflection of light and increased
Climate change will contribute to a range of direct and indi- cloud albedo. Chemical reactions with N@lter the con-
rect health consequences world-wide, including effects fromcentrations of two important greenhouse gases; it increases
extreme climate events, changes in infectious disease trangzone levels but decreases methane. The overall effect of
mission, and impacts on air quality, water quantity and qual-NOy is a minor cooling (Eyring et al., 2010). PM may be
ity, and food production and security (see Table 1) (e.g.both warming and cooling depending on the amount of black
Costello et al., 2009; Confalonieri et al., 2007; McMichael carbon in the particles.
et al., 2006; Patz et al., 2005). Globally negative health ef- There is a variety of technology options for reducingsSO
fects dominate, even if positive effects, such as reduction oNO,, PM and greenhouse gas emissions from oceangoing
winter deaths, may occur on a local level. Low-income coun-shipping (ICCT, The International Council on Clean Trans-
tries, with low adaptive capacity, are particularly vulnerable portation, 2007). These may for instance be lowering sul-
since climate change will act as a stressor multiplier. phur content in the fuel, engine modifications or exhaust-gas
It has been estimated that climate change caused a loss efeaning systems (e.g. scrubbers and/or filters). There is also
160 000 lives or 5.5 million DALYs from malaria, malnutri- a potential to reduce emissions by adjusting ship routes and
tion, diarrhoeal disease, heat waves and floods in year 2000ptimize vessel speeds. Diesel engines are predicted to be the
because of the 04C heating compared to the 1961-90 aver- dominating propulsion system for at least the next 20 years,
age climate (Campbell-Lendrum et al., 2003; McMichael etbut the use of other power systems based on biofuel, wind or
al., 2006). Hence, the adverse health effects induced by clisolar cells may increase (Eyring et al., 2010).
mate change were in year 2000 estimated to be about 10% of
that due to aerosol exposure (Lopez et al., 2006; Campbell3.1 Calculation of the “total health effect”
Lendrum et al., 2003). ) o
When both exposure to aerosols and their climate impacEl'he _results of the case study are |IIustr_ated in Fig. 1. Three
are considered, it is obvious that decreased aerosol emissiof§'SI0Ns (Case A, B and C) are considered. Case A uses
would have very complex interactions with human health the temperature change from shipping emissions modelled

(Table 1). Climate change (temperature) also interacts wit I y.Ske|e %t al. (2009). Casel B;)ercludeszcmm tue calcg- ved
effects of air pollution (e.g. tropospheric ozone formation) fatlons sn CasefC use a global temperature change derive
creating further interactions at the impact level (Kalkstein rom other data of RFs.

and Greene, 1997; Katsouyanni et al., 1993). 311 CaseA

) o The “total health effects” Ngeathstotal) Of Ship emissions
3 Case study — ship emissions can be calculated as the sum of the deaths due to expo-

. ) . w_,_sure (Vgeathsexposuré and the deaths due to climate change
In this case study we make a first attempt to estimate totaI(Ndeathscoolmg) from the same source of air pollution:

health effects” from a specific source of air pollution. The

purpose is to encourage further discussion and to achieve Ageathstotal = Ndeathsexposuret Ndeathscooling (D]

rough estimate of the magnitude of the total health outcome. ) . . o

Although the calculations are sketchy they may serve as dnformation on mortality from ship emission, the total ra-

starting point for further refinement. The chosen source ofdiative forcing from ship emission, and mortality from cli-

pollution is emissions from oceangoing shipping since theseMateé change in year 2000 was collected from the literature.

compared to most other sources of air pollution, are rela-t is e§t|mated that exposure to air pollution from oceangoing

tively well-known from both a climate and a health perspec- ShiPping were responsible for 63 000 (43 00083 000) deaths

tive (e.g. Corbett et al., 2007; Fuglestvedt et al., 2008). Thedlobally year 2000 (Corbett et al., 2007). Based on radia-

guestion we try to answer is: what would the loss of humantive forcings (RFs) from Fuglestvedt et al. (2008) the global

lives have been in year 2000 with zero emissions from ship{emperature changeA(surface this year was-0.05°C be-

ping if equilibrium was established and both exposures toc@use of emissions from shipping (Skeie et al., 2009). No

aerosols and feedbacks from climate change are consideredficertainty range is presented, but from the uncertainties in
The scenario in this case study is hypothetical, but notthe used RFs and climate sensitivity, the range is presumably

irrelevant. Shipping is a sizeable source to sulphur oxideound—0.1010-0.01°C (see further below).

(SQy), nitrogen oxides (N§Q) and PM in the atmosphere. Although no I|near_ relat|0_nsh|p betV\_/een_ climate change

Efforts are made to reduce these substances since they af@d human health exists, a first approximation of the number

adverse for health and cause air pollution related stresse$€aths from ship emissions would be

such as acidification, ground-level ozone and nitrogen nu-

trient loading in sensitive ecosystems. ,S®IOx and PM

from ships also have a substantial impact on climate, ISO
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Table 1. Climate change, health, and aerosol effects (modified from McMichael et al. (2006) by adding the right column).

Environmental  Beneficial (+) and adverse-} health effects Aerosol effect
effect
Warmer tem- + Aero-allergen production: shorter pollen season ifiotally cooling, but some aerosol components
peratures some regions such as black carbon are heating atmosphere.
+ Crop increases in too-cold regions (at a limited
warming)

— Aero-allergen production: increased allergic disordes
due to longer pollen season

— Food-poisoning: increased risk at higher temperature
(especially salmonellosis)

— Water-borne infection: cholera risk might be

amplified by water warming

— Release of accumulated pollutants in some regions
(e.g. mercury)

Temperature + Reduced winter deaths in some countries Reducing heat waves.

extremes — Increased mortality due to thermal stress

Floods —Injuries/deaths Increasing heavy rainfall, but decreasing floods
— Infectious diseases caused by a warmer atmosphere.
— Mental health disorders Influencing Himalayan glaciers.

— Exposure to toxic pollutants
— Sewage and animal wastes into waterways and
drinking water supplies

Droughts + Water-borne infection: less risk where heavy rainfalUnclear if aerosol decreases precipitation in
diminishes some areas.
— Crop reduction, especially in low-latitude regions Influencing Himalayan glaciers.

Ecosystem + Possibly more fish in some regions A variety of effects depending on both climate
changes — Food poisoning, unsafe drinking water change and toxicity of the particles.

— Infectious diseases, e.g. malaria dengue, tickborne

viral disease

— Decreased fish yields, impaired crops

Sea-levelrise  — Drinking water damages due to salination of Water expansion is decreased due to cooling.
freshwater Increasing ice melting because of black carbon
— Population displacement on snow.
— Exposure to coastal storms
— Coastal soil
Ndeathscooling: ATsurface GAT (2) 3.1.2 CaseB

wherefar is a constant representing the number of deathsCase B, where C®is excluded in the calculation, is of in-
caused by one degree warming. As previously mentionedierest for several reasons. Firstly, current legislation mainly
a climate change of 04 resulted in 160000 deaths focuses on the short-lived unhealthy substances. Secondly,
(Campbell-Lendrum et al., 2003; McMichael et al., 2006). CO, will probably not be reduced much because diesel en-
This gives a value ofix7 of about 400000 deatlt€ and  gines are predicted to dominate shipping during the foresee-
hence a life loss 020000 40000 to—4000). Thus, the able future (Eyring et al., 2010) and thirdly, equilibrium after
“total health effect” (Vgeathstotal), cOnsidering both the num-  a decrease of COoneeds hundreds of years to establish be-
ber of lives saved by the atmospheric cooling effect and thecause of its long atmospheric life time.

deaths from exposure to air pollutants, can be estimated to

43000 (14 000 to 69 000) deaths year 2000.

Atmos. Chem. Phys., 10, 9449449 2010 www.atmos-chem-phys.net/10/9441/2010/
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Deaths from exposure E—-

Deaths by cooling

Total effect (cooling +
exposure)
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Fig. 1. The “total health” outcome in terms of mortality of ship emissions. White bars (Case A) use the temperature change calculated by

Skeie et al. (2009), yellow bars (Case B) is the same scenario but with the warming freon@ted in the calculation and blue bars (Case

C) are derived from the radiative forcing (RF) provided by Eyring et al. (2010). The difference in health outcomes between case B and C is

mainly attributable to varying parameterizations of the aerosol indirect effect. The shown standard deviation does not include the uncertainty
of the constan@x 7, which is the number of deaths caused by one degree Celsius warming.

If CO, is excluded, the RF attributable to the remaining 4 Discussion
substances, which basically are ,s@®Ox and PM, is about
—0.11 (-0.16 to—0.07) WnT2 (Fuglestvedt et al., 2008). 4.1 Scientific uncertainties
The temperature change (surface caused by a change in

RF can, when equilibrium is established, be approximated ad here are considerable scientific uncertainties in the fields of
’ ’ health effects of aerosol exposure, climate effects of aerosols,

ATsurface= A -RF 3) and health effects of climate change. Consequently, an even
larger uncertainty arise when these research areas are added

where is the climate sensitivity parameter. The climate (ogether to assess “total health effects”. Are calculations of
sensitivity parameter from IPCC (2007), which was used by«ia health effects”, such as exemplified in the case study,

Skeie et al. (2009) above, is 0.8 (uncertainty around 0.5-4ji47 |s the number of associated deaths over- or underesti-

1 2 . . . . .
1.2) KW="m?. With this value, current ship emissions of 3647 This section summarizes some of the key uncertain-
SOk, NOx and PM cause a cooling of abou0.085 (-0.14  4iag and generalizations.

to —0.034)°C. The number of deaths from climate change g |ink between particle exposure and health effects is
would be —34000 (-55000 to —14000) and the “total \ye established. The scattered scepticism about the health
health effect” 29 000(500 to 58 000). assessments of particle exposure, especially regarding the
small relative risk usually found and the potential confound-
ing factors in epidemiological studies (Vedal, 1997), is op-
A version of the case study using other data of RFs from shipP0S€d by the consistency of the findings. Correct exposure

ping is relevant since there are several assessments of the@8S€ssments is a main difficulty in epidemiology. A major-
values and a considerable variation among them (BalkanskiY ©f the epidemiological studies rely on ambient monitoring
et al., 2010; Capaldo et al., 1999: Dalsoren et al. 2pp74data and not on personal exposure measurements. There are

Endresen et al., 2003; Eyring et al., 2007; Fuglestvedt epften large local differences in the concentration of pollu-
al.. 2008 Laue,r et alj 2007). Thé Iargeét deviation be-tants. Moreover outdoor air pollution levels may be mislead-

tween them is found in the estimates of the aerosol indirecfd: considering that people in large parts of the world spend
effect. Eyring et al. (2010) have summarized the resultsost of their time indoors (Leech et al., 2002) where the ex-
and found a mean RF 6£0.328 (-0.598 to—0.032, if the ~ POSUre is uncertain. However, the problems with measure-

standard deviations of the RFs are added as the square roBtents of exposure are more likely to reduce than to enhance
of the sum of the variances) WTR. The “total health ef- the estimated effect size. The effect estimates of PM on mor-

fect” with this larger negative RF is-42 000 (139000 to tality tend to be higher when the exposure is calculated with

68000) deaths (Fig. 1). Calculations are made as describefore focused spatial resolution or when local sources, such
for Case A and B. as traffic, are accounted for (Pope and Dockery, 2006).

3.1.3 CaseC

www.atmos-chem-phys.net/10/9441/2010/ Atmos. Chem. Phys., 10, 94492010
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There are noteworthy uncertainties in the understanding The time response scales have to be taken into account. In
of climate change. It has not yet been possible to fully de-the case study it is assumed that temperature equilibrium is
termine the climate sensitivity (the temperature response t@stablished. However, it takes decades before equilibrium is
a change in RF) from past records. The observed warmingeached after an adjustment of the short-lived emission com-
trend is consistent with both high climate sensitivity to green-ponents and hundreds of years until the effects op @
house gases together with a large cooling from aerosols andi@ealized. For this reason GQvas omitted in Case B. The
low sensitivity to the warming gases combined with a minor cooling effects of the short-lived components dominate year
aerosol cooling. Evaluations of previous IPCC reports and2000, but with a time horizon of 500 years shipping will
their predictions indicate that IPCC tend to underestimate theswitch to a positive RF because of accumulated, ¢Eu-
climatic changes in many respects (Fussel, 2009; Rahmstoglestvedt et al., 2008).
etal., 2007). In addition, the health responses have various time scales.

The scientific knowledge of interactions between aerosolsHealth disorders from exposure to air pollution may follow
and climate is in part low, especially concerning the differentimmediately (e.g. heart failures) or after years of inhaling
indirect effects. Among other things, there is a need to im-toxic substances (e.g. lung cancer). Similarly, some health
prove accuracy in the estimates of aerosol emission sourcesonsequences from climate change are instantaneous (e.g.
and their history, the vertical structure of aerosol and its op-drowning, injuries) while others may be more long-term (e.g.
tical properties. The first indirect, or cloud albedo, effect hasmalnutrition from decreasing crop production). The assump-
been observed in case studies (e.g. ship tracks), but experiion of steady state is theoretical, but difficult to circumvent
mental evidence for a global forcing is lacking (IPCC, 2007). and therefore commonly used in risk assessments.

The understanding of the second indirect, or cloud lifetime, The geographical distribution of the pollution sources is
effect is by IPCC regarded to be “very low”. Case C, using essential. Because of the short atmospheric life time gf SO
the mean RF from Eyring et al. (2010), illustrates the sub-NOy, ozone and aerosol particles they are not evenly dis-
stantial difference in health outcome mainly depending ontributed around the globe. The health effects from exposure
how the indirect aerosol effect is accounted for. to oceangoing shipping are primarily found at the coasts of

The most fundamental uncertainty in the calculation of South East Asia, Europe and North America where most ship
“total health effects” is probably the link between climate traffic occurs.
change and health. The precise number and uncertainty With the exception of densely populated mega deltas in
range of the constam 7 (i.e. the number of deaths caused Asia and small island nations, the regions that are most vul-
by one degree Celsius warming) used in our case study iserable to climate change are largely located elsewhere than
unclear for several reasons. First, only certain health effectshose that are affected from exposure effects of decreased
were included in the 2000 estimate. Several factors were noair quality. However, the assumption of negative health out-
included such as impacts on infectious diseases other thacomes from climate change in all regions due to alteration of
malaria, extreme weather events other than heat waves, arghipping emissions seems reasonable as a first guess. Global
climate change related impacts on allergen levels, populatioomean temperatures appears to follow the global mean ra-
displacement, water shortage, and conflicts over natural rediative forcing quite closely (Shindell and Faluvegi, 2009),
sources. Incorporating these would most likely increage which means the simplified estimate of temperature change
Second, there are still large uncertainties of the magnitudeised in Case B and C is feasible for large parts of the world.
and extent of different health effects due to climate change. Since the people suffering from health effects from cli-
Third, the constaria7 was estimated for the last decades of mate change are demographically rather separate from those
the 20th century. If the global temperature continues to in-suffering from exposure to ship emissions, the number of
crease the negative health outcomes may be vastly deviatindeaths appears possible to add as in the case study (Eq. 1).
from this period because of feed-back mechanisms or tippingrhere may be exceptions. Exposure to extreme heat will in-
points of the climate system (Hansen et al., 2008). Tippingcrease and the groups being at higher risk to heat episodes,
points may for example be Amazon rainforest dieback, instawhich is elderly and people with cardiovascular and respi-
bility of the West Antarctic ice sheat, boreal forest dieback, ratory disorders (McMichael et al., 2006), are also at risk
Arctic sea-ice loss, changing in the El Misouthern oscilla-  from particle exposure. However, to include a correction for
tion (ENSO), alteration of the Atlantic deep water formation co-variances, that some people would be affected by both ex-
or chaotic multistability of the Indian monsoon (Lenton et posure and climate change of ship emissions, is redundant in
al., 2008). The health consequences of such events would ben approximate calculation. This is not only because of the
considerable. The constafity is thus not a fixed number, demographic differences, but also because a very small frac-
but rather a function of global temperature (@gy (7)) with tion of the population is affected by exposure (which means
higher values for increasing temperatures. To find better api is unlikely for a person to be influenced to a large extent by
proximations of this function is crucial and a major challenge both aerosol exposure and climate change).
for future research.

Atmos. Chem. Phys., 10, 9449449 2010 www.atmos-chem-phys.net/10/9441/2010/
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Other environmental effects and trade-offs between vari-Geographically differentiated regulations might be the best
ous pollutants need to be acknowledged. For example semption.
ondary ozone from ships may worsen the effects of aerosol To maintain one environmental problem (particulate air
particles from other sources. Air quality may decrease wherpollution) in order to reduce the burden of another (climate
sunlight and temperature increase because of altered cherghange), is close to geoengineering and is certainly dubious
ical reaction rates and changes in air flow patterns (Ebi anqFuglestvedt et al., 2009; Morton, 2007). Deliberate manip-
McGregor, 2008). In the case of shipping, the emissions arailation of the climate system is problematic. History shows
also a source of acidification (3Dand fertilization (NQ), that such interventions often bring about unexpected new dif-
which in turn influences biodiversity and carbon uptake. If ficulties. Nevertheless, because of the risk that anthropogenic
SO from shipping is decreased without an accompanyingemission will move the climate system beyond an irreversible
decrease in NQan increase in aerosol nitrate is favored, tipping point, there is an urgent need to develop strategies
which could counteract some of the reduction benefits (Lauetand metrics for regulation of short-lived cooling components
etal., 2009). in the atmosphere (Arneth et al., 2009). Improvements of air

In summary, the calculated “total health effects” of ocean-duality must be linked with efforts to counteract the increased
going shipping is highly uncertain, but not completely in- warming.
valid. Especially, as argued above, the constant (deaths
per degree warming) is probably largely underestimated AcknowledgementsiVe thank Mats Bohgard, Christoffer Boman,
With a higher value it would be more favourable for human Andreas Massling, Pontus Roldin, Staffanogien and Chris-
health to keep ship emissions. The approximation in the caster Ahgren for valuable comments and dlscussmns.. This work was
study might thus be regarded as careful. Our example of shiguPPorted by EUCAARI (European Integrated Project on Aerosol
emissions addresses “total health effects” for year 2000. ACIOLId Climate Air Quality Interactions).
_calculat_lon f_or future scenarios, which is of interest fqr pol- Edited by: M. Kulmala
icy making, is even more complex because of uncertain feed-
backs and tipping points.
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