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Abstract

This technical report assesses how climate change may affect heat-related mortal-
ity and emergency hospital admissions (EHA) in Switzerland and explores how
a stylised form of adaptation could modify these impacts. Using national daily
mortality (1995-2019) and EHA data (1998-2019) for the warm season (May to
September), the analysis estimates non-linear temperature-health relationships
within a distributed lag framework and defines impacts relative to the mini-
mum mortality /morbidity temperature (MMT). These empirically derived rela-
tionships are then combined with transient CH2018 climate scenarios (2020-2069)
under RCP2.6, RCP4.5, and RCP8.5, using multiple climate-model chains. Heat-
attributable mortality is calculated with an attributable fraction formulation, and
morbidity impacts are derived with a simplified attributable fraction formulation.

Projections show a clear scenario-dependent rise in heat-related mortality by
mid-century, with older adults (over 75 years old) accounting for most of the
absolute burden across all scenarios. For all ages combined and without adapta-
tion, median cumulative heat-related deaths over 2050-2069 increase from 5116
in the reference period (2000-2019) to 7846 under RCP2.6, 13330 under RCP4.5,
and 17755 under RCP8.5, with uncertainty ranges widening markedly in higher-
warming scenarios. In contrast, projected heat-related EHAs increase more mod-
estly: from 17,664 in the reference period to 19208 (RCP2.6), 19367 (RCP4.5), and
19511 (RCP8.5). Age-stratified results indicate the largest relative increase in
children (0-14 years), while adults (15-64 years) contribute the largest absolute
number of admissions. A temperature-dependent logistic adaptation function
substantially reduces projected mortality and moderates morbidity outcomes,
indicating that adaptation could offset a considerable share of future heat im-
pacts. However, because adaptation is represented as a stylised sensitivity sce-
nario rather than being tied to specific interventions or observed trends, results
should be interpreted as illustrating plausible ranges and levers for risk reduction
rather than as forecasts of achievable benefits.
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Chapter 1

Background

This report has been produced in the context of the program Decision-making ba-
sis for dealing with climate change in Switzerland: Information on cross-sectoral
issues (NCCS-Impacts) as part of the project “Costs of Climate Change in Switzer-
land”. The project is managed by the consulting and engineering company EBP
on behalf of the NCCS. This report is part of the mandate assigned by EBP to the
research group Environment and Climate (Eclim) at the Department of Geogra-
phy of the University of Zurich. Eclim has been mandated to assess the impacts
originating from changes in the climate on human health, agriculture productiv-
ity, winter tourism and water availability and the effect of adaptation on allevi-
ating these impacts. The present technical report details the work undertaken on
the impacts of heat on human health in Switzerland without and with adaptation.



Chapter 2

Introduction

Since the 2003 European heatwave, associated with more than 70,000 excess deaths
between June and September[1], Europe has experienced repeated episodes of ex-
treme heat, including major events in 2022, 2023, and 2024, each linked to thou-
sands of deaths [2, 3, 4]. In Switzerland, the summer of 2022 was particularly
severe: an estimated 3.5% of all-cause mortality (623 deaths) was attributed to
heat [5]. Importantly, about 60% of these heat-related deaths were assessed as
attributable to human-induced climate change [5]. A recent modelling study of
present and future mortality from non-optimal temperatures across 1,368 Euro-
pean regions estimated that, in Switzerland, median annual heat-related deaths
during 1991-2020 were 583 (95% CI: 458-668), rising to 1,274 (95% CI: 797-1,651)
under 1.5°C warming, 1,655 (95% CI: 1,142-2,331) under 2°C, and 2,907 (95% CI:
2,197-3,803) under 3°C [6].

Deaths are the most severe outcome of heat exposure, but heat also increases
illness and pressure on health services. In Switzerland, approximately 1.1% of
emergency hospital admissions (EHAs)—more than 31,000 admissions between
1998 and 2019 have already been attributed to above-optimal temperatures [7].
Analyses across major cantons indicate that extreme heat is associated with marked
increases in admissions for urinary conditions, mental health disorders, and in-
tfectious diseases. During extreme heat episodes, the attributable fraction for
dehydration-related admissions can reach 85.9%, and acute kidney injury ac-
counts for 56.1% [7]. Across all ages, external causes constitute the largest share
of heat-attributable EHAs (for example, accidents or behaviour-related causes).
The leading diagnostic groups then vary by age: respiratory diseases are promi-
nent among children aged 0-14, mental disorders among adults aged 15-64, and
digestive diseases among adults aged 65 and older [7].

Heat-related impacts are increasing, particularly in urban areas due to the ur-
ban heat island effect, and among groups with heightened vulnerability such as
older adults, people living with chronic cardiovascular, respiratory, renal, or men-
tal health conditions, pregnant women, infants, children and workers exposed to



heat outdoors [8].

Against this backdrop of differential exposures and vulnerability, adaptation
to heat has started gaining tracking across the European continent [9] and in
Switzerland [10, 11]. Heat-health action plans (HHAPs)—sometimes termed heat
prevention plans—are structured public-health interventions, often coordinated
at the cantonal level in Switzerland, designed to reduce heat-related mortality
and morbidity during extreme heat events [8, 12] They aim to organise a coher-
ent response across the health and social-care system to limit the adverse impacts
of rising temperatures [8, 12, 13]. In Swiss regions with more systematic HHAP
implementation such as Ticino, Geneva, and Vaud heat related all cause mor-
tality risks declined relative to regions without similarly coordinated responses
[8], though attributing changes solely to HHAPs remains methodologically chal-
lenging. A persistent policy gap is ensuring that prevention measures effectively
reach socioeconomically disadvantaged populations, who often remain at ele-
vated risk despite existing interventions [8, 14].

The present study assesses changes in human mortality and emergency hos-
pital admission (EHA) attributable to heat for different climate futures without
and with adaptation. It does so by quantifying the relationship between tem-
perature exposure and health outcomes while accounting for both the non-linear
association with temperature and the delayed effects over multiple days. Finally
it consider the modified association of temperature and health outcomes through
the effect of a stylised approach to adaptation. The report is organised as fol-
lows: Chapter 3 describes the methodology and data used for the study; Chapter
4 presents the results, Chapter 5 discusses the findings and finally Chapter 6 out-
lines the main conclusions from the report and associated limitations.



Chapter 3

Methods

A DLNM-inspired distributed-lag Poisson GLM is used to assess heat-related
mortality and morbidity [15, 7]. DLNM:s are statistical tools used to investigate
the relationship between environmental factors, such as ambient temperature,
and health effects, such as mortality or hospitalizations. These models take into
account the possibility that health effects may only occur after several days (de-

layed effects) and that the relationship between exposure and effect is not linear
[16].

3.1 Health and climate data

For mortality analysis, daily death counts were obtained from Swiss Federal Of-
tice for statistics for the period 1995-2019 and stratified by two age groups, namely
<75 and > 75). For morbidity analysis, emergency hospital admission (EHA)
data were obtained from the Swiss Federal Office for Statistics for the period
1998-2019, aggregated by canton and stratified by age groups, namely 0-14, 15-64,
65-74 and > 75 years old. Both datasets were filtered to include only the warm
season months from May through September, when heat-related health impacts
are most pronounced.

To reduce the influence of outliers, health outcome data were filtered using
quantile based thresholds. This is done because daily mortality and EHA occa-
sionally show extreme peaks driven by events that are not plausibly caused by
short-term temperature exposure (e.g., influenza waves, COVID-like outbreaks,
reporting backlogs). Because DLNMs fit smooth non-linear relations, a small
number of extreme outcome days can exert disproportionate influence and dis-
tort the estimated temperature-response and lag structure. For the main analysis,
data outside the range defined by the 10" and 90™ percentiles (quantile threshold
6 = 0.1) of the health outcome distribution were excluded:
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Yiitterea = {Ya : Qo(Y) < Yy < Q1-9(Y)} (3.1)

where Qy(Y') represents the -th quantile of the health outcome distribution.
Temperature data were similarly filtered to remove extreme values (5™ and 95"
percentiles).

Daily maximum temperature data T« were obtained from Swiss Mteoro-
logical stations for the historical period (2000 — 2019). The transient meteoro-
logical data for future climate scenarios is based on the CH2018 climate projec-
tions, which uses the EURO-CORDEX models and includes time evolving (tran-
sient)simulations under different greenhouse gas scenarios (RCPs) [17]. These
scenarios have been downscaled using quantile mapping methods for greater re-
gional detail [17]. CH2018 provides data for variables like temperature, precipi-
tation, humidity, radiation, and wind speed for various Swiss meteorological sta-
tions. For future projections the time slides (2020-2069) is selected for three Repre-
sentative Concentration Pathways (RCP2.6, RCP4.5, and RCP8.5) with number of
model chains 10, 13, and 26 respectively to account for climate model uncertainty.

3.1.1 Estimation of the temperature health associ-
ations

The relationship between temperature and health outcomes was modeled using
a Poisson generalised linear regression model. The application of Poisson re-
gression models in epidemiological time series studies is well-established, par-
ticularly in environmental health research examining short-term associations be-
tween exposures and health outcomes [16]. Time-series Poisson regression mod-
els have been extensively employed to evaluate exposure-mortality associations
in studies of air pollution and other environmental factors [18]. This methodolog-
ical approach is consistently applied across diverse research contexts, including
studies examining the effects of ambient ozone on respiratory mortality, where
time-series generalized additive regression models with quasi-Poisson regression
are utilized to analyze associations between environmental exposures and health
outcomes [19].

The daily count of deaths (mortality) or emergency hospital admissions (mor-
bidity /EHA) on day ¢ is denoted by the outcome Y;. The Possion generalised
linear model (GLM) links the expected count E[Y;] to predictors through a log
link. The log link function in Poisson GLMs facilitates the interpretation of re-
gression coefficients on a multiplicative scale. This property is fundamental to
epidemiological practice, as it allows to express associations as relative risks or
rate ratios. In environmental epidemiology, this approach enables the quantifica-
tion of short-term associations between exposures and health outcomes [16].

Heat can affect health not only on the same day but also over subsequent days
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(delayed effects). To capture this, we constructed lagged temperature variables,
where 7, is the temperature observed on day ¢ and 7} ; denotes temperature 1 days
before day t. We considered lags up to L = 21 days to allow for delayed impacts:

Ty=T., 1=12..,L (3.2)

To summarise exposure across the lag window in a single metric, the temper-
ature over the lag period was computed:

combmed t— Z T;f N (33)

The relationship between temperature and health outcomes is typically non-
linear: risk may be lowest at moderate temperatures and increase at both high
and (depending on context) low temperatures. To flexibly model such non-linear
patterns without imposing a specific functional form (e.g., strictly linear or quadratic),
a natural spline basis functions is usually implemented. Natural splines repre-
sent the exposure-response curve as a smooth function composed of polynomials
joined at knots with additional constraints that stabilise the function in the tails.
Natural splines S with df = 3 degrees of freedom were applied to the combined
temperature reads as:

S(Tcombined) bS( combined df - 3) (34)

The Poisson regression model was specified as:

1Og( ﬁO + Z ﬁ] combzned t) (35)

7

where where f is the intercept and f; are coefficients associated with the
spline basis functions. Because the model is fitted on the log scale, exponentiating
the linear predictor yields the expected count scale and enables the derivation
of relative risks. Relative risk (RR) compares the estimated risk (or rate) of the
outcome at a given temperature 7' to the risk at a reference temperature. Under
the log-link GLM, the RR associated with temperature 7' is calculated as:

df
RR(T) = exp <Z B;5; (T)) (3.6)

The minimum morbidity /mortality temperature (M MT) is defined as the tem-
perature at which the model implied risk is lowest. In practice, M M T is identified
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by evaluating the fitted exposure response function over a fine grid of tempera-
tures and selecting the temperature that minimises the predicted risk:

MMT = arg mTin Y(T) (3.7)

Finally, we expressed all temperature-specific relative risks relative to the M MT,
sothat RR=1atT = MMT:

RR(T)

RRnormaliZEd (T) = m

(3.8)

3.2 Attributable Fraction
3.2.1 Mortality approach

To quantify the share of deaths statistically attributable to heat exposure, we
used the attributable fraction [20]. AF expresses the proportion of mortality that
would be avoided if exposure were reduced to a reference level, assuming the
estimated exposure-response relationship is causal and other factors remain un-
changed. For mortality analysis, the attributable fraction (AF) was calculated by
tirst identifying heat-affected days as those where at least one lagged tempera-
ture exceeded the M MT. For each heat-affected day d, the relative risk for each
lag was interpolated from the RR curve:

RRdJ = interp(Td,la Trangea RRcurve) (39)

where temperatures outside the modeled range (Qo.05(7") to Qo.e5(1")) were
assigned RR = 1, and values were capped at the maximum observed RR. The
excess risk coefficient for each day was computed as the median across lags:

84 = median,_ | (RRy; — 1) (3.10)
The excess mortality for each heat-affected day is:

Ed = Bd X Y;l (311)

The total excess mortality over all heat-affected days H is:

Etotal = Z Ed (312)

deH
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The attributable fraction is calculated using the exponential formula:

AF =1—exp <— E;Gm’ ) (3.13)
> e Ya

where D is the total number of days in the study period.

3.2.2 Morbidity approach

For morbidity analysis, a simplified approach was used where the attributable
fraction was directly applied to the total morbidity count [7]:

o Etotal
- D
zd:1 Yo

This linear approach was chosen due to the lower baseline morbidity rates in
some cantons.

AF

(3.14)

3.2.3 Baseline period health impacts

Heat-attributable health impacts during the baseline period (2000-2019) were cal-
culated as:

YE)aselme,heat = AF x Z Y;l (315)

d€baseline

The annual baseline impact was computed by dividing by the number of
years:

YE)aseline heat
Y;nnual,baseline = N— (316)
years

where Ny.,s = 20 for the 2000-2019 period.

3.3 Projected mortality and morbidity

Projected health impacts were derived by (i) combining empirically estimated
temperature-health relationships (expressed as relative risks R?) normalized to
the historical minimum mortality /morbidity temperature M MT with (ii) daily
temperature projections from multiple climate-model chains. Throughout, Y,.sciine,daity
was treated as the expected mean daily health outcome under present-day con-
ditions (estimated from the filtered historical period) and scale future impacts
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relative to this baseline. Uncertainty from the climate projections is propagated
by calculating quantiles across climate-model chains.

3.3.1 Mortality projections

For mortality, health impacts were calculated using the attributable fraction AF,
which represents the proportion of observed (or expected) deaths that can be at-
tributed to exposure above a reference level conditional on the estimated expo-
sure-response function. For each future year, the future AF' was calculated by
tirst filtering future predictions to days above MMT and then by selecting the
median daily RR across climate model chains as follows:

RRyeqorq = quantile . ({RRyear.am }m—1) (3.17)

followed by interpolating RR values and computing the future AF" as follows:

RR ear,d 1) x Yzzse ine,dai
AFfutm,e,yem, =1—exp (_ ZdEHyear( year,d ) baseline,d ly> (3.18)

Zdeyem« YE)aselz‘ne,daily

7

where Yiseiine daily 15 the mean daily mortality from the filtered historical pe-
riod. Finally, the estimated total future deaths is obtained by using the relation-
ship:

o AFfuture,year X Yzmselme,total 19
vauture,year - AF (3 )
1 - future,year

where Yjqserine totar 15 the average annual historical mortality count. Decadal
totals were computed by summing annual estimates:

Ydecade - Z quture,yem' (320)

yEdecade

Multi-decadal were obtained in the same way, but summing across the multi
year periods, e.g. 20 years.

3.3.2 Morbidity projections

For morbidity, a direct RR application was used. Daily predicted morbidity was
calculated as:

Y;n'edicted,d - YE)zzselme,daily X RRfuture,d (321)
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where RRfyure.q is normalized relative to the historical MMT:

exp(f(Tfuture,d))
eXp(f<MMThistorical)>

For uncertainty quantification, the quantile ¢ of RR across model chains was
used:

RRfuture,d =

(3.22)

Y;z)redicted,dg - Y;)aseline,daily X quantﬂeq ({RRfuture,d,m }n]\f:l ) (323)

with ¢ € {0.1,0.5,0.9} representing the 10" percentile (low), 50" (median)
and 90" percentile (high) estimates. The attributable fraction was incorporated
by computing:

RR;—1
AFj = ——— 3.24
1= (324
and the excess morbidity:
Yvezcess,d = AFd X YE)zzselme,daily (325)

Total predicted morbidity is obtained as follows,

Y;fotal,d = YE)aseline,daily + Yvexcess,d (326)

with decadal totals computed as:

Ydecade,q = Z Y;)'redicted,d,q (327)

dedecade

3.4 Adaptation scenarios

Associations between temperature and health outcomes are estimated from his-
torical observations. In future periods, however, the heat-health relationship may
change if populations adapt through a combination of physiological acclimatisa-
tion, behavioural responses (e.g., changes in activity patterns), and structural or
institutional measures (e.g., cooling, heat-warning systems) [21, 9].

To represent this possibility without assuming a constant level of adaptation
at all temperatures, we introduced a temperature-dependent adaptation function
[22, 23]. This function is designed to be (i) bounded between a minimum and
maximum adaptation level, (ii) increasing with temperature, and (iii) smooth,
avoiding abrupt discontinuities.

We define an adaptation level A(T") € [Awmin, Amax] that increases with daily
temperature 7'. For temperatures below a minimum heat-relevant threshold 7y,
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adaptation is set to a low baseline value A,,;,, reflecting limited acclimatisation
and limited behavioural change under moderate conditions. For 7" > T, A(T)
increases smoothly according to a logistic curve, with the strongest increase oc-
curring around 7ipreshold:

A(T) = { ges (3.28)

Amaz—Ami :
. mazx min > .
Amzn + 1+exp(—s(T—Tihreshold)) lf T - Tmzn

where:

o Anin = 0.2 represents minimum adaptation effectiveness

s Anee = 1.0 represents maximum adaptation effectiveness

o Tin = 25C is the temperature below which adaptation is minimal
* Tinresnola = 33C is the temperature at which adaptation is strongest
+ 5 = 0.35 controls the smoothness of the adaptation curve

To translate A(T') into a reduction of heat-related risk, we define an adaptation
effect for day d as

Adaptation_Effect, = a x p x A(1T}) (3.29)

where o = 0.5 is the adaptation effectiveness coefficient and p = 1.0 is a scal-
ing factor for different adaptation scenarios, namely p < 1 for weaker adaptation;
p > 1 for stronger adaptation).

The adapted relative risk is then obtained by applying an exponential attenu-
ation factor to the unadapted relative risk RR(T) is

RRugaptea(T) = RR(T') x exp(—Adaptation_Effect) (3.30)

This formulation preserves positivity of relative risks and implements adapta-
tion as a multiplicative reduction on the log-risk scale. For future projections with
adaptation, the M MT from the historical period (before adaptation) was used to
normalize:

RRadapted (T)

RRadapted,normalized(T) = RRh‘t . l(MMT)

(3.31)
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3.5 Uncertainty quantification

Uncertainty in future projections arises from climate model uncertainty and RR
estimation uncertainty. For each RCP scenario and decade, we report:

Yecade = quantile, . ({Yaecade,m }m—1) (3.32)
Ydecade,low - quantﬂeo.l ( {Ydecade,m }rj\r/{: 1 ) (333)
Ydecade,high - quantﬂeo.g ( {Y:iecade,m }%:1 ) (334)

where M is the number of climate model chains for the given RCP scenario
(10 for RCP2.6, 13 for RCP4.5, and 26 for RCP8.5).
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Resulis

4.1 Relative Risk and Projected Trends

The relative risk (RR) during the reference period associated with mortality is
shown for four illustrative cantons for the population over 75 in Figure 4.1. This
tigure shows the temperature-mortality exposure response relationship for the
four cantons (BS, BE, VD, ZH). In all cantons, the association follows a typical
U or ] shaped pattern, with the lowest relative risk occurring at the minimum
mortality temperature (M MT - green dotted line) and increasing risks toward
both colder and warmer temperatures.

The estimated M MT varies across cantons, ranging from 17.86 °C in ZH and
18.49 °C in BE to higher values in VD (23.36 °C) and BS (24.59 °C). This indicates
substantial regional heterogeneity. The heat-related risk increases steeply above
the M MT in all cantons, particularly in VD and BE, where relative risks exceed
3 at the highest observed temperatures. BS also shows a marked increase at high
temperatures, though less pronounced than VD and BE. ZH exhibits the weakest
heat-related gradient, with a more moderate increase in relative risk.

The projected relative risk trends (R R) associated with mortality and for peo-
ple over 75 for the same illustrative cantons and averaged per decades and cli-
mate models for the three climate scenarios are shown in Figure 4.2. In all can-
tons, projected risks increase over time, with a clear gradient across emission
scenarios. The strongest increases are consistently observed under RCP8.5, fol-
lowed by RCP4.5, while RCP2.6 shows comparatively modest changes and in
some cases near-stabilization over time.

The magnitude of the projected increase differs substantially across cantons.
BE exhibits the largest absolute risk levels and the most pronounced upward
trend, particularly under RCP8.5. VD shows moderate but steady increases across
scenarios. BS and ZH display smaller absolute risk changes, although the diver-
gence between scenarios becomes increasingly evident after mid-century. Over-
all, the results indicate a scenario-dependent amplification of temperature-related
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BS

BE

—— Relative Risk (Smoothed)
-=-- MMT: 18.49°C

Relative Risk (RR)

—— Relative Risk (Smoothed)
354 === MMT: 23.36°C

—— Relative Risk (Smoothed)
154 === MMT: 17.86°C

3.0

Relative Risk (RR)

10 15 20 25 30 35 5 10 15 20 25 30 35

Tmax(°C) Tmax(°C)

Figure 4.1: Smoothed relative risks (RR) of mortality are shown as a function of daily
maximum temperature. The green dashed vertical line indicates the minimum mortal-
ity temperature (M MT) for each canton, and the red dashed horizontal line represents
RR = 1 (reference risk). The cantons are from top clockwise: BS=Basel Stadt, BE =
Bern, VD = Vaud, ZH = Zurich.

risks, with the gap between mitigation (RCP2.6) and high-emission pathways
(RCP8.5) widening toward the end of the projection period.

The relative risk (RR) during the reference period associated with emergency
hospital admissions (i.e. morbidity) is shown for four illustrative cantons for
the whole population in Figure 4.3. This figure presents the exposure-response
relationships between daily maximum temperature (Tp.x) and EHAs in four rep-
resentative Swiss cantons (Basel Stadt, Bern, Vaud, Zurich). In all cantons, the
association is non-linear, with risks increasing at higher temperatures, although
the magnitude and shape of the relationship vary regionally. The estimated min-
imum morbidity temperature (M MT') differs substantially across cantons, rang-
ing from 15.6 °C in Zurich and 17.4 °C in VD to markedly higher values in BE (26.4
°C) and BS (26.9 °C). Above the M MT, emergency admissions increase progres-
sively with rising Trax. The steepest heat-related increase is observed in Basel
Stadt, where relative risks exceed 3 at the highest temperatures. Zurich also
shows a pronounced heat effect, though of smaller magnitude. Bern and Vaud
exhibit more moderate increases at high temperatures. At lower temperatures,
morbidity risks are generally below or close to the reference level, with no strong
evidence of pronounced cold-related increases.
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The projected relative risk trends (R R) associated with emergency hospital ad-
missions for all ages for the same illustrative cantons and averaged per decades
and climate models for the three climate scenarios are shown in Figure 4.4. Over-
all, projected changes are modest in magnitude, with relative risks remaining
close to 1 throughout the period. In VD and ZH, a clearer scenario gradient is
visible, with slightly higher risks under RCP8.5 compared to RCP4.5 and RCP2.6
toward the end of the century. In contrast, BS and BE display a less consistent
pattern, and in some periods RCP2.6 shows marginally higher values than the
higher-emission scenarios. However, these differences are very small in abso-
lute terms and fall within a narrow range of variation across decades. The ap-
parent lack of a strong monotonic scenario gradient may reflects the relatively
small projected temperature differences in the relevant exposure range. Overall,
scenario-specific differences in morbidity risk remain limited in magnitude over
the projection period.
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Figure 4.2: Decade-averaged relative risk trends for mortality under different climate
scenarios in four Swiss cantons (BS, BE, VD, ZH). Average relative risks (RR) are shown
for the period 2020-2070 under RCP2.6 (green), RCP4.5 (orange), and RCP8.5 (red).
Values represent decade-averaged projections. The cantons are from top to bottom:
BS=Basel Stadt, BE = Bern, VD = Vaud, ZH = Zurich.
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Figure 4.3: Smoothed relative risks (RR) of morbidity are shown as a function of daily
maximum temperature. The green dashed vertical line indicates the minimum morbidity
temperature (M MT) for each canton, and the red dashed horizontal line represents RR
= 1 (reference risk). The cantons are from top clockwise: BS=Basel Stadt, BE = Bern,
VD = Vaud, ZH = Zurich.
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Figure 4.4: Decade-averaged relative risk trends for morbidity under different climate
scenarios in four Swiss cantons (BS, BE, VD, ZH). Average relative risks (RR) are shown
for the period 2020-2070 under RCP2.6 (green), RCP4.5 (orange), and RCP8.5 (red).
Values represent decade-averaged projections. The cantons are from top to bottom:

BS=Basel Stadt, BE = Bern, VD = Vaud, ZH = Zurich.
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4.2 Mortality and Morbidity counts

The number of heat-related deaths in Switzerland under three emission scenar-
ios (RCP2.6, RCP4.5, and RCP8.5) compared with the reference period are sum-
marised in Table 4.1. Results are stratified by age group (< 75 years and >
75 years). Values in brackets indicate the uncertainty range (10 and 90" per-
centiles).

Table 4.1: Heat related deaths stratified by age group. Projected number of heat-related
deaths (median) in Switzerland by age group under different emission scenarios. Values
are cumulative counts over 20 years; brackets indicate the (10" and 90" percentiles.
Heat-related deaths [101"-90% pct.]
Indicator Scenario < 75 years > 75 years
Reference 626 4855
RCP 2.6 1605 [871-2407] 5700 [1413-12630]
RCP 4.5 3031 [1399-4238] 9007 [2256-11560]
RCP 8.5 4238 [2087-7114] 11560 [2263-27550]

Heat-related deaths

The results show that individuals aged > 75 years are considerably more af-
tected by heat-related mortality than those under 75 years. Absolute numbers
remain markedly higher in the older age group across all scenarios. With increas-
ing emission levels, projected deaths rise considerably in both age categories.
Heat-related mortality among individuals aged <75 years is projected to increase
substantially compared with the reference period across all emission scenarios.
Under RCP2.6, mortality in this age group is estimated to rise to 2.56 times the
reference level (10" and 90" percentiles: 1.39-3.85). Under RCP4.5, the increase
reaches 4.84 times the reference (2.23-6.77), and under RCP8.5 up to 6.77 times
the reference level (3.33-11.36). For individuals aged > 75 years, projected in-
creases are more moderate in relative terms but remain considerable in absolute
burden. Mortality in this age group is projected to increase to 1.17 times the ref-
erence level under RCP2.6 (0.29-2.60), 1.86 times under RCP4.5 (0.46-2.38), and
2.38 times under RCP8.5 (0.47-5.67). All emission scenarios are associated with
considerable uncertainty, reflected in the wide spread between lower and upper
percentiles. The uncertainty range expands with increasing emission levels. The
wider uncertainty range observed for the > 75 age group likely reflects the higher
baseline mortality and stronger temperature sensitivity in this population. Heat-
related deaths are estimated by applying the exposure-response function to base-
line mortality under projected temperature conditions. Because mortality rates
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are substantially higher in older adults and the temperature-mortality relation-
ship tends to be steeper in this age group, uncertainty in the exposure-response
estimates and in projected temperatures is amplified when translated into at-
tributable deaths. As a result, small variations in projected heat exposure can
lead to comparatively larger variation in estimated deaths producing a wider
10th-90th percentile range. Further to the age stratified mortality counts, the RRR
for the aggregated age group was used to derive the aggregated mortality. Since
the exposure-response relation is derived for all age group, the final count does
not correspond to the count separated by age group and then aggregated. This is
because the models are fitted to different data slices, and they are not expected to
match. This model was finally used to calculate the effect of adaptation follow-
ing the approach in Section 3.4. Results are shown in Table 4.2. Without adap-
tation, projected mortality increases substantially compared with the reference
period, reaching 7846 deaths under RCP2.6, 13330 under RCP4.5, and 17755 un-
der RCP8.5 (cumulative values over 20 years). The associated uncertainty ranges
are wide and expand under higher emission pathways. When adaptation is in-
corporated into the projections, the estimated number of heat-related deaths is
markedly reduced across all scenarios. Under RCP2.6, projected deaths decrease
approx. 4 times, approx. 5 times under RCP4.5 , and approx. 8 times under
RCP8.5 in the median. Although substantial uncertainty remains, these results
suggest that adaptation measures could considerably mitigate the future burden
of heat-related mortality, even under high-emission scenarios.

Table 4.2: Heat related deaths aggregated. Projected heat-related deaths in Switzerland
for all age groups combined under RCP2.6, RCP4.5 and RCP8.5. Results are shown
without adaptation and with adaptation. Values represent cumulative deaths over 20
years (2050-2069) compared with the reference period (2000—-2019). Brackets indicate
the (10" and 90" percentiles uncertainty range.

Heat-related deaths [10%"-90" pct.]

Indicator Scenario All ages All ages with adaptation
Ref. 5116 _
Heat deaths RCP2.6 7846 [3380-15962] 1996 [1834-2900]

RCP4.5 13330 [5635-29893] 2509 [1995-4796]
RCP8.5 17755 [7546-37987] 2150 [1802-6929]

The number of heat-related emergency hospital admissions (EHAs) in Switzer-
land under three emission scenarios (RCP2.6, RCP4.5, and RCP8.5) compared
with the reference period are summarised in Table 4.3. Results are stratified by
age group as follows: 0-14, 15-64, 65-74, 75+ years. Values in brackets indicate the
uncertainty range (10" and 90" percentiles). Relative to the reference period, pro-
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Table 4.3: Heat-related emergency hospital admissions (EHA) by age group. Heat-
related emergency hospital admissions (EHA) by age group for the reference period and
projected under climate scenarios RCP 2.6, RCP 4.5 and RCP 8.5. Values are point
estimates; bracketed values indicate the low—high percentile range, shown on a second

line within each cell.
Heat-related EHA [10"-90t" pct.]

Indicator Scenario < 14 years 15-64 years 65-74years > 75 years
Reference 94 18880 1458 3712
RCP 2.6 162 20417 1639 4068

Heat-related EHA : [159-164] [19982-21627] [1619-1656] [3999-4212]
RCP 4.5 162 20555 1641 4072

~ [159-165] [20077-21124] [1622-1658] [3992-4163]
RCP 85 163 20703 1643 4092

[159-165] [20198-21688] [1624-1659] [4010-4227]

jected heat-related emergency hospital admissions increase across all age groups
under every RCP. For children <14 years, admissions in the median rise to 1.72
times the reference level under RCP 2.6 and RCP 4.5, and to 1.73 times under RCP
8.5. For adults 1564 years, admissions increase more modestly to 1.08 times (RCP
2.6), 1.09 times (RCP 4.5), and 1.10 ties (RCP 8.5) the reference. For 65-74 years,
admissions reach 1.12 times, 1.13 times, and 1.13 times the reference under RCP
2.6,4.5, and 8.5, respectively. For the oldest group (over 75 years), admissions in-
crease to 1.10 the reference under RCP 2.6 and RCP 4.5, and to 1.10 times (slightly
higher) under RCP 8.5. The largest relative increase is consistently observed in
the 0-14 years group, while differences between RCPs are comparatively small
for the adult and older age groups.

Further to the age stratified heat-related emergency hospital admissions, the
RR for the aggregated age group was used to derive the aggregated counts of
emergency hospital admissions. Since the exposure-response relation is derived
for the aggregated ages, the final count does not correspond to the count sepa-
rated by age group and then aggregated. This model was finally used to calculate
the effect of adaptation following the approach in Section 3.4. Results are shown
in Table .

Across all age groups, the reference level of heat-related emergency hospital
admissions (EHA) is 17664. Without adaptation, projected admissions increase to
1.09 in the median under RCP 2.6 and about 1.10 under RCP4.5 and RCP8.5. With
adaptation, heat related EHA are reduced 1.14 times in RCP2.6, 1.15 times under
RCP4.5 and 1.17 times under RCP8.5. These results indicates that adaptation can
offsets the climate-driven increases in emergency hospital admissions, but also
that the effect is considerably less pronounced than in the mortality case and than
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Table 4.4: Heat-related emergency hospital admissions (EHA) aggregated. Heat-
related emergency hospital admissions (EHA) for all age groups under the reference
period and climate scenarios (RCP 2.6, RCP 4.5, RCP 8.5), shown without and with
adaptation. Bracketed values indicate the low—high percentile range.

. . All age groups
Indicator Scenario —— —
adaptation adaptation
Reference 17664

RCP 2.6 19208 [18691-19999] 16723 [15093-17780]
RCP 4.5 19367 [18823-19882] 16703 [14597-17691]
RCP 8.5 19511 [18946-20147] 16623 [14174-17892]

Heat-related EHA

differences between climate scenarios remain very minor.
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Discussion

This study estimates how heat-related mortality and emergency hospital admis-
sions (EHA /morbidity) in Switzerland may change under climate change, and
explores a stylised adaptation formulation that attenuates heat-related risks at
higher temperatures. The approach combines (i) empirically estimated temper-
ature-health relationships from historical data, (ii) transient daily temperature
projections from multiple climate-model chains, and (iii) reporting uncertainty
as percentile ranges across model chains. Result points at a scenario-dependent
increase in heat-related health burden, with stronger increases for mortality than
morbidity, and a pronounced concentration of mortality impacts among older
adults (over 75) and morbidity effect for youngest age group (0-14).

Over the 20-year future period 2050-2069, heat-related deaths for all ages in-
creases in the median progressively from RCP2.6 to RCP8.5 (all without adapta-
tion), with 10t and 90" percentile ranges that expand under higher emissions.
Age-stratified mortality results show that the > 75 group dominates the absolute
number of heat-attributable deaths in every scenario. Relative increases are large
in both groups, and uncertainty is especially wide for >75. Whereas there is un-
certainty in the absolute values, the increasing trends at increasing warming con-
tirm findings of other studies looking at the association of temperature with heat
related outcomes [24, 25, 11]. All-age heat-related EHA increase from 17664 in the
reference period to 19208 (RCP2.6), 19367 (RCP4.5), and 19511 (RCP8.5), roughly
a 9-10% increase overall, with small differences across RCPs. Age-stratified EHA
show the largest relative change in the 0-14 group (from 94 to approx 162-163),
while the largest absolute totals are in adults 15-64.Previous studies linking ris-
ing temperatures to heightened child vulnerability have suggested that children’s
greater exposure outdoors and higher physiological susceptibility may help ex-
plain this increase [26, 27].

The steep increase in heat-attributable deaths is consistent with more frequen-
t/higher heat exposure in a warming climate and a non linear exposure response
curve that can become steep in the upper tail. The dominance of older adults in



24 Chapter 5. Discussion

absolute mortality burden is also consistent with higher baseline risk and vul-
nerability at older ages [20, 24]. In contrast, EHA projections are comparatively
flat across scenarios. Some of this may reflect genuine differences, i.e. mortality
may respond more sharply to extreme heat than all-cause emergency admissions.
The limited scenario separation for EHA may also reflect the fact that emergency
admissions aggregate many causes and behaviours, and heat effects may be di-
luted when not modelled for heat-sensitive diagnoses specifically; additionally,
choices around temperature metrics, trimming extremes, and attribution meth-
ods can dampen differences between scenarios.

Using the median estimates, the inclusion of adaptation substantially reduces
projected heat-related mortality across all emission scenarios. Under RCP2.6,
adaptation lowers cumulative deaths from 7846 to 1996, corresponding to a re-
duction of approximately 75%. Under RCP4.5, projected deaths decline from
13330 to 2509, representing a reduction of about 81%. The largest relative effect
is observed under RCP8.5, where deaths decrease from 17755 to 2150, equiva-
lent to a reduction of nearly 88%. For EHA, adaptation reduces totals to around
16623-16723, i.e., below the reference level and about 13-15% lower than the no-
adaptation projections.

Adaptation is shown to be important for heat health outcomes, but the mag-
nitude should be treated as illustrative rather than predictive. The adaptation
formulation is deliberately stylised (i.e. logistic increase of “adaptation level”
with temperature, translated into a multiplicative attenuation of RR). It shows
that if adaptation were strong and increasingly effective at higher temperatures,
a large share of future heat burden could be avoided [14, 11, 9]. However, be-
cause the parameters are not calibrated to measured intervention effectiveness
in Switzerland, the adaptation results are best interpreted as a sensitivity experi-
ment: “what would happen if heat risk were attenuated in this structured way?”
rather than “what will happen”.

This study also present some limitations driven by practical choices and avail-
able data. The report uses a distributed-lag framework and non-linear expo-
sure-response functions estimated via Poisson regression with spline terms, then
applies these relationships to transient CH2018 scenario temperatures to derive
future impacts. The overall approach is consistent with established climate-health
impact assessment practice: (i) estimate an empirical temperature-health associa-
tion, (ii) define a reference (MMT), and (iii) combine it with scenario-based future
temperatures. That said, several modelling choices materially influence inter-
pretability.

The implementation uses a lag window (up to 21 days) but then collapses
lagged exposure into a single mean temperature metric for the exposure-response
tit, rather than modelling a full temperature-by-lag response surface. This is a
pragmatic simplification, but it can mask important dynamics such as acute heat
effects within 0-3 days and potential mortality displacement, or differences be-
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tween short and longer lags. A full DLNM “cross-basis” approach would gener-
ally provide a richer and more standard treatment of distributed lag non-linearity.

The filtering strategy exluded values outside the 10th-90th percentile and
temperature outside the 5th-95th percentile reduces the influence of outliers, but
it also removes precisely those extremes that may be most relevant for heat-risk
estimation—particularly for mortality during severe heatwaves. This can affect
both the shape of the right tail of the exposure-response function and the magni-
tude of projected impacts in high-warming scenarios.

Adaptation modelling is stylised. The adaptation scenario is represented via
a logistic temperature-dependent function that attenuates risk multiplicatively.
This provides a transparent and controllable way to explore sensitivity, but it is
not directly tied to specific interventions (e.g., heat-health action plans, housing
retrofits, warning systems) or to observed adaptation trends. Consequently, re-
sults should be interpreted as “what-if” sensitivity analysis rather than forecasts
of achievable adaptation benefits.

The report propagates climate model uncertainty using ensembles of model
chains for each RCP and summarises results with 10th/50th/90th percentiles.
This is a strong feature of the analysis. However, the uncertainty ranges shown,
especially for mortality, are also shaped by: (i) the steepness of the fitted expo-
sure-response tail, (ii) the treatment of temperatures outside the modelled range
(assigning RR=1 and capping), and (iii) the fixed-baseline health counts used in
projections. These sources can either compress or inflate uncertainty depending
on how they interact with extremes, and they are distinct from the climate model
spread itself.
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Conclusions

The projected mortality counts indicate that, without adaptation, heat-related
deaths increase markedly in the future, especially under higher emissions. Age
stratification shows that the over 75 group carries the dominant absolute bur-
den across all scenarios, consistent with well-established heat vulnerability in
older populations. At the same time, relative increases are also substantial in
the younger age category, indicating that rising exposure can expand the burden
beyond the oldest ages under increasing warming.

Projected heat-related emergency hospital admissions increase only slightly
under all RCPs. This divergence between mortality and morbidity projections is
an important finding: it implies that the future health burden may be dominated
by severe outcomes (deaths), or that morbidity impacts may be harder to detect
with the present modelling choices and data aggregation. This is due in part
to the fact that only emergency hospital admissions are considered which most
likely represent only the acute cases. It may also reflect outcome-specific sensitiv-
ity: emergency admissions include a broad mixture of diagnoses and ages, and
short-term displacement, healthcare-seeking behaviour, and coding practices can
dampen signal relative to mortality.

Finally, the adaptation scenarios substantially change the projected burden.
Under the chosen adaptation formulation, adaptation strongly reduces projected
heat-related deaths and also reduces projected morbidity, in some cases offsetting
the climate-driven increase. This highlights a critical policy implication: projec-
tions are not purely a function of climate trajectories; they are highly sensitive
to how human systems respond and the speed of such responses. Yet, data are
not readily available to assess the potential effect of adaptation measures and
whether reduction in health burden can be attributable to discrete adaptation re-
sponses and their combination.

The main conclusions are outlined as follows:

« Heat-related mortality increases substantially under climate change, with
a clear gradient across emission scenarios and pronounced impacts among
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older adults (75 years). The results indicate that high-emission pathways
lead to much larger cumulative mortality burdens than strong mitigation
scenarios.

Heat-related emergency hospital admissions increase more modestly than
mortality in the presented projections, with relatively small differences across
scenarios. This may reflect genuine outcome-specific sensitivity, but it may
also be influenced by data aggregation and modelling choices that dampen
extremes or dilute signal.

Adaptation assumptions are pivotal. Under the stylised adaptation func-
tion used here, projected burdens can be markedly reduced, in some cases
offsetting climate-driven increases. This highlights that public health out-
comes depend strongly on the pace and effectiveness of adaptation, not just
on climate trajectories. While adaptation improvement to the stylised case
are needed to have results that are linked to intervention evidence, such
evidence is currently largely missing.

This study also present a number of limitatons. It follows standard cli-
mate-health impact assessment practice by estimating a non-linear temper-
ature-health relationship with a distributed-lag Poisson model and apply-
ing it to CH2018 scenario temperatures, but several practical choices limit
interpretation. Collapsing lagged exposure into a single mean-temperature
metric (instead of a full DLNM cross-basis) may obscure short-term heat
effects and mortality displacement, while filtering to central temperature
percentiles reduces outliers but also removes the extremes most relevant
for heatwave mortality, potentially dampening impacts in high-warming
scenarios. Adaptation is represented with a stylised logistic risk-reduction
function, so results should be read as sensitivity “what-if” scenarios rather
than intervention-based forecasts. Although climate-model uncertainty is
well captured using ensemble chains and percentile summaries, the reported
uncertainty ranges are also influenced by modelling decisions such as tail
steepness, capping/extrapolation rules, and fixed baseline health counts,
not just the climate spread.
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