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I. Introduction
1.
This document has been prepared in line with the output/activities of cluster 2:
“Transport trends and economics (including Euro-Asian transport links)” of the programme
of work of the transport subprogramme for 2016–2017 (ECE/TRANS/2016/28/Add.1, para.
2.2) and the Terms of Reference of the United Nations Economic Commission for Europe
(UNECE) Group of Experts on Climate Change impacts and adaptation for transport
networks and nodes (ECE/TRANS/2015/6) as adopted by the Inland Transport Committee
on 24–26 February 2015 (ECE/TRANS/248, para. 34).

II. Climate Change: Recent Trends and Projections
A.

Recent Climate Projections
2.
The now better recorded/understood climatic factor dynamics (e.g. land/sea surface
temperature, sea level, arctic ice extent, glacier mass balance) suggest a significant and, in
some cases, accelerating climatic change. This information and more recent evidence
suggest that transport-affecting climatic factors (ECE, 2013) are ‘deteriorating’.
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3.
The ocean will warm in all RCP1 scenarios. The strongest ocean surface warming is
projected for the subtropical and tropical regions. At greater depths, warming is projected to
be most pronounced in the Southern Ocean. Best estimates of ocean warming in the upper
100 m are about 0.6°C (RCP2.6) to 2.0°C (RCP8.5), and for the upper 1000 m 0.3°C
(RCP2.6) to 0.6°C (RCP8.5) by the end of the 21st century. For RCP4.5, half of the energy
taken up by the ocean will be within the uppermost 700 m and 85 per cent in the uppermost
2000 m. Due to the long time scales of this heat transfer from the surface to deeper waters,
ocean warming will continue for centuries, even if GHG emissions were stabilized (IPCC2,
2013).
4.
With regard to the atmospheric air temperature, a long-term increasing trend is clear.
Concerning temperature projections for the end of the 21st century, it is expected that the
atmospheric temperature will increase between 1.0 and 3.7°C (mean estimates, see Table
1), depending on the scenario. Forced by a range of possible Greenhouse Gas (GHG)
concentration scenarios (IPCC, 2013), the central (mean) estimate for the warming has been
predicted to be 1.0–2.0°C for the period 2046–2065 compared to the mean of the period
1986–2005, whereas by the late 21st century (2081–2100) increases of 1.0–3.7°C are
projected. However, the range of the projections broadens to 0.3–4.8°C when model
uncertainty is included.
Table 1
Forecasts of global mean surface temperature and global mean sea level changes for
the period 2081-2100 (means and likely ranges) with respect to the period 1986–2005,
according to different scenarios (after IPCC, 2013)
(Predictions are made according to 4 radiative forcing scenarios (Representative Concentration Pathways-RCP)3:
RCP 8.5, 6184 Gt C02 (2012–2100 cumulative CO2 emissions); RCP 6.0 3890 Gt C02; RCP 4.5, 2863 Gt CO2;
and RCP 2.6, 991 Gt CO2. Global mean surface temperature changes are based on the CMIP5 ensemble (5−95 per
cent model ranges). Sea level rise estimates are based on 21 CMIP5 models (5−95 per cent model ranges). The
contributions from ice sheet rapid dynamical change and anthropogenic land water storage are treated as having
uniform probability distributions, and as largely independent of scenario, as the current knowledge state does not
permit quantitative assessments of the dependence.4)
Temperature

1
2
3

4

2

Sea Level Rise

Scenario

Mean (oC)

Likely Range (oC)

Mean (m)

Likely Range (m)

RCP 2.6

1.0

0.3–1.7

0.40

0.26–0.55

RCP 4.5

1.8

1.1–2.6

0.47

0.32–0.63

RCP 6.0

2.2

1.4–3.1

0.48

0.33–0.63

RCP 8.5

3.7

2.6–4.8

0.63

0.45–0.82

Representative Concentration Pathways
Intergovernmental Panel on Climate Change
The recent IPCC Assessment Report AR5 (2013) forecasts are made on the basis of the
Representative Concentration Pathways (RCP) scenarios and not the IPCC SRES scenarios. The CO2
equivalent concentrations have been set to (e.g. Moss et al., 2010): RCP 8.5, 1370 C02-equivalent in
2100; RCP 6.0 850 CO2-equivalent in 2100; RCP 4.5, 650 CO2-equivalent in 2100; and RCP 2.6,
peak at 490 CO2-equivalent before 2100.
According to the scenarios the sea level will not stop rising in 2100, but will continue rising during
the following centuries; median sea level rises of 1.84 for the lowest and 5.49 m for the highest
forcing scenario (RCP 8.5) have been projected for 2500 ( Jevrejeva et al., 2012 ).
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1.2.1

Temperature and Precipitation
5.
Climate does not change uniformly, with temperatures close to the poles rising faster
than at the equator (Figs. 15 and 16). Precipitation is changing in a much more complex manner,
with some regions becoming wetter and others dryer (ECE, 2013). Such trends are expected to
pick up pace in the future, as e.g. in the E. Mediterranean where mean rainfall has been
predicted to decrease by up to 25 per cent in the decade 2020–2029 compared to that of the
decade 1990–1999 (IPCC, 2007). Under both low-moderate (RCP 4.5) and high emission
(RCP8.5) scenarios, large increases in surface temperatures are projected, particularly for the
northern ECE region (IPCC, 2013).
Figure 15
Projected changes in average temperatures in 2081–2100 relative to 1986-2005 for low
(RCP2.6) and high emission (RCP8.5) scenarios (IPCC, 2013)

6.
Climate model projections suggest widespread droughts across most of southwestern
North America and many other subtropical regions by the mid to late 21st century (Milly et al.,
2008; IPCC, 2013). In contrast, while summers are expected to become (overall) drier by 2100
over the United Kingdom of Great Britain and Northern Ireland (UK), precipitation events may
become heavier. Model simulations suggest that intense rainfall associated with flash flooding
(more than 30 mm in an hour) could become almost 5 more frequent (MetOffice, 2014).
Figure 16
Projected changes in annual (left), summer (middle) and winter (right) surface air
temperature (°C) in 2071-2100 compared to 1971–2000 for forcing scenarios RCP4.5 (top)
and RCP8.5 (bottom)
(Model simulations from RCMs (EURO-CORDEX initiative). (European Environment Agency (EEA), 2014a))
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7.
Studies also project decreases in the duration/intensity of droughts in the South Europe
and the Mediterranean, the central Europe and parts of the North America (e.g. IPCC, 2013). At
the same time, recent studies suggest severe/widespread droughts for the next 30–90 years (Dai,
2013) for most of southwestern North America and subtropical regions (IPCC, 2013).
1.2.2

Sea Level Rise
8.
Process-based predictions of sea-level rise are limited by uncertainties surrounding the
response of the GIS and WAIS (Pritchard et al., 2012), steric changes (Domingues et al., 2008),
contributions from mountain glaciers (Raper and Braithwaite, 2009), as well as from
groundwater pumping for irrigation purposes and storage of water in reservoirs (Wada et al.,
2012). Antarctica ice sheet melting can potentially contribute by more than 1 m of sea level rise
by 2100 (De Conto and Pollard, 2016).
Figure 17
Recent sea level rise projections for 2100 compared to that of IPCC (2007a)
(Key: 1, IPCC (2007a), 0.18-0.59 m; 2, Rahmstorf et al. (2007); 3, Horton et al. (2008); 4, Rohling et al. (2008); 5,
Vellinga et al. (2008); 6, Pfeffer et al. (2008); 7, Kopp et al. (2009); 8, Vermeer and Rahmstorf (2009); 9, Grinsted
et al. (2010); 10, Jevrejeva et al. (2010); 11, Jevrejeva et al. (2012); 12, Mori et al. (2013); 13, IPCC (2013); 14,
Horton et al., 2014; and 15, Dutton et al., 2015. The variability of the projections reflects differences in
assumptions and approaches.)

9.
Global MSL has risen by 0.19 m in 1901-2013 (average rate 1.7 mm/year), whereas in
the last two decades, the rate has accelerated to 3.2 mm/year. Model project a likely rise in
2081–2100 (compared to 1986–2005) in the range 0.26–0.54 m for RCP2.6 and 0.45–0.82 m for
RCP8.5 (Fig. 18). It is thought that the steepening of the curve of the sea level rise during the
last decades is mostly due to the increasing contribution of ice loss from the Greenland and
Antarctica ice sheets (e.g. Rignot et al., 2011; Hanna et al., 2013; IPCC, 2013). Sea level
estimates based on alternative approaches project a mean sea level rise much larger than that
predicted a decade earlier (IPCC, 2007); it must be also noted that IPPC gives consistently more
conservative estimates (Fig. 17). Sea-level rise will not cease in 2100 (see e.g. Jevrejeva et al.,
2012), as the changes in ocean heat content could affect thermal expansion for several centuries
at least, whereas melting and dynamic ice loss in Antarctica and Greenland will also continue
well into the future.
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Figure 18
Projected global MSLR over the 21st century relative to 1986-2005 (IPCC, 2013)

10.
It should be noted that due to the large spatial variability observed (and projected) in the
sea level rise (Fig. 19), regional trends in sea level should be considered when assessing
potential impacts along any particular coast (e.g. Carson et al., 2016). In addition to the global
processes, regional factors may also contribute to observed coastal sea level changes, such as
changes in ocean circulation (e.g. Meridional Overturning Circulation (MOC)) and differential
rates in regional glacial melting, and glacio-isostatic adjustment (GIA) and sedimentary deposit
subsidence (IPCC, 2013; King et al., 2015; Carson et al., 2016). Palaoclimate, instrumental and
modeling studies have shown that combinations of global and regional factors can cause
relatively rapid rates of sea level rise along particular coasts that can exceed significantly the
current global rate of about 3 mm yr-1 (e.g. Cronin, 2012). For the UK, sea level rise (excluding
land level changes) for the 21st century has been projected to be 0.12–0.76 m depending on the
emission scenario, with larger rises predicted in the case of additional ice sheet melting (Lowe et
al., 2009). For the North Sea coast of the Netherlands, Katsman et al. (2011) have estimated sea
level rises of 0.40–1.05 m for a plausible high end emission scenario. Marcos and Tsimplis
(2008) have predicted a temperature-driven sea level rise of 0.03 - 0.61 m in the Mediterranean
for the 21st century on the basis of 12 global climate models and for three emission scenarios;
this rise should be combined with salinity driven changes of – 0.22–0.31 m (see also EEA,
2012).
Figure 19
Trends in absolute sea level in European Seas from satellite measurements (1992–2013)
(EEA, 2014b)
(Projected change in relative sea level in 2081-2100 compared to 1986-2005 for the medium-low emission
scenario RCP4.5 (from an ensemble of CMIP5 climate models). No projections are available for the Black Sea.
(EEA, 2014c))
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1.2.3

Arctic ice, snow and permafrost melt
11.
Arctic snowfall and rainfall are projected to increase in all seasons, but mostly in
winter; thus maximum snow depth during winter over many areas is projected will increase,
with the most significant trend (15–30 per cent by 2050) taking place in Siberia. However,
snow will tend to lie on the ground for 10–20 per cent less time each year over most of the
Arctic, due to earlier melting in spring (AMAP, 2012). Spring snow cover in the North
Hemisphere will decrease by 7 per cent (RCP2.6) and 25 per cent (RCP8.5), by 2100 (Fig.
20a). Models project continued thawing of permafrost due to rising global temperatures and
changes in snow cover (AMAP, 2012). Current warming rates at the European permafrost
surface are 0.04–0.07 °C/year (EEA, 2015a). Although there are many considerations when
assessing the magnitude of permafrost change, including those regarding soil processes,
climate forcing scenarios and model physics, permafrost extent is expected to decrease by
37 per cent and 81 per cent for RCP2.6 and RCP8.5 scenarios respectively by the end of the
21st cenutury (medium confidence) (Fig. 20b). As for mountain glaciers and ice caps,
climate model projections show also a 10–30 per cent mass reduction by the end of the
century (AMAP, 2012).
Figure 20
Projected snow cover extent and near-surface permafrost changes, for 4
Representative Concentration Pathways-RCPs (from CMIP5 model ensemble) (IPCC,
2013)

12.
In the coming decades it is very likely that the Arctic sea ice will continue to decrease in
extent/thickness as global mean surface temperature rises, although there is likely to be
considerable inter-annual variability (Fig. 20a). Based on the CMIP5 model ensemble,
projections of the Arctic sea ice extent show an average reduction for the period 2081–2100
compared to 1986–2005 from 8 per cent to 34 per cent in February and from 43 per cent to 94
per cent in September (lower and upper limits result from RCP2.6 and RCP8.5 respectively)
(IPCC, 2013).
13.
Continuing global warming will have a strong impact on the GIS in the following
decades. In the present climate, Greenland Surface Mass Balance (GSMB) is positive but shows
a decreasing trend, implying an increasing contribution to MSL rise. Based on the available
evidence, it is very unlikely that SMB changes will result in an irreversible decrease of the
Greenland Ice Sheet in the 21st century; this decrease is, however, likely on multi-centennial to
millennial time scales under the strongest forcing scenarios (IPCC, 2013). The average and
standard deviation of accumulation (precipitation minus sublimation) estimates for 1961–1990

6

ECE/TRANS/WP.5/GE.3/2016/4

is –1.62 ± 0.21 mm yr–1. All information indicates that the GSMB showed no significant trend
from the 1960s to the 1980s; it started to become less positive in the early 1990s (on average by
3 per cent yr–1). This results in a statistically significant and increasing contribution to the rate
of GMSL rise (Fig. 21). IPCC (2013) suggests that, during the next century, dynamical change
of Greenland ice sheet is likely (medium confidence) to contribute to SLR by 20 - 85 mm for
RCP8.5, and 14–63 mm for all other scenarios. Other studies project 0.92 ± 0.26 mm yr–1 SLE
compared to the 1961–1990.for SMB (accumulation minus runoff, neglecting drifting snow
erosion) (Hansen et al., 2016). In comparison, the SMB of the Antarctic ice sheet is projected to
increase under most scenarios due to an increasing snowfall trend; nevertheless, negative
Antarctica SMBs have the potential to contribute more than 1 m of sea level rise by 2100 (De
Conto and Pollard, 2016).
Figure 21
Annual mean Surface Mass Balance for the Greenland ice sheet, simulated by five
regional climate models for the period 1960–2010 (Hansen et al., 2016)

14.
Concerning Arctic ice, the US Navy anticipates the development of 3 major shipping
routes by 2025 which, however, are associated with several environmental risks (Fig. 22). There
may be new economic opportunities for Arctic communities, as reduced ice extent facilitates
access to the substantial hydrocarbon deposits (at Beaufort and Chukchi seas) and international
trade. At the same time, CV & C will affect existing infrastructure and all future development
due to thawing permafrost and coastal wave activity.
Figure 22
New Arctic shipping routes. (U.S. Climate Resilience Toolkit, 2015)
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15.
Increases in hot extremes and decreases in cold winter extremes are expected by the
end of the 21th century, with the frequency, duration and magnitude of the events being
affected by anthropogenic forcing (IPCC, 2013). Greater changes in hot days are expected
to take place in sub-tropic and mid-latitude regions (Fig. 23), whereas the frequency of cold
days will decrease in all regions. Projections show that very hot summers will occur much
more frequently in the future under all Climate Change scenarios.
Figure 23
Projected changes in hot seasonal temperature extremes in 2071–2100 for RCPs 2.6
and 8.5.
(Yellow, orange/red areas show regions where (at least) 1 every 2 summers will be warmer that the warmest
summer in 1901-2100 (Coumou and Robinson, 2013))

Heat waves
16.
It is also likely that the frequency and duration of heat waves (prolonged period of
excessive heat) will increase, mainly due to the increasing seasonal mean temperature
trends (Fig. 23). For most land regions it is likely that the frequency of a current 20-year hot
event will be doubled (though in many regions it might even occur every 1-2 years), while
the occurrence of a current 20-year cold event will dramatically be reduced, under the
RCP8.5 scenario (IPCC, 2013). Large increases in heat waves are projected for Europe
along with the probability of high summer temperatures particularly under RCP8.5 (Fig.
24).
17.
Heat waves as severe as the one in 2003 is expected to occur about once a century
for the current climate; in early 2000s, it was expected to take place approximately once
every several thousand years. An attribution study has suggested that anthropogenic
influence at least doubled the odds of occurrence of such an event (MetOffice, 2014).
Furthermore, recent studies suggest that the probability of occurrence of an extreme heat
wave like the one that stroke Russia in 2010 may increase by 5-10 times until 2050 (Dole et
al., 2011).

8

ECE/TRANS/WP.5/GE.3/2016/4

Figure 24
Median of the projected number of heat waves (from a model ensemble) in the near
(2020–2052) and long (2068–2100) term under the RCP4.5 and RCP 8.5 scenario
(EEA, 2015b)

Downpours
18.
Extremes linked to the water cycle -such as droughts, heavy rainfall and floods- are
already causing substantial damages. As temperature rises, average precipitation will
exhibit substantial spatial variation; it is likely that precipitation will increase in high and
mid latitude land regions and decrease in subtropical arid and semi-arid regions by the end
of this century under the RCP8.5 scenario. Extreme precipitation events will very likely be
more intense over most of the mid-latitude and wet tropical regions (IPCC, 2013). For
central and NE Europe, projections demonstrate large increases (25 per cent) in heavy
precipitation by the end of the 21st century (Fig. 25). High resolution climate models
indicate that extreme summer rainfalls could intensify with climate change (MetOffice,
2014). For the UK, although summers will become drier overall, the occurrence of heavy
summer downpours (more than 30 mm in an hour) could increase almost 5 times
(MetOffice, 2014).
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Figure 25
Projected changes in heavy precipitation (in per cent) in winter and summer from
1971-2000 to 2071–2100 for the RCP8.5 scenario based on the ensemble mean of
regional climate models (RCMs) nested in general circulation models (GCMs) (EEA,
2015c)

Storm surges and riverine floods
19.
Despite the emerging risks associated with the changes in extreme coastal water
levels, there is still limited, if any, information on storm surge levels (SSL) projections
under the Representative Concentration Pathways (RCPs) (IPCC 2013). That’s mainly
because most previous studies are at local/regional scale which implies that (a) there are
several regions for which there is no information on projected SSL and (b) the use of
different GHG emission scenarios, climate and ocean models, as well as the diversity of the
coastal environments make it difficult to draw general conclusions at global or regional
scales.
20.
For Europe, projections show larger storm surge levels for the Atlantic and Baltic
coast/ports under all scenarios and extreme storm events tested (Vousdoukas et al., 2016).
The North Sea is an area subject to some of the highest SSL in Europe (Fig. 26), with the
projections indicating an increase in the extremes, especially along the eastern coast. Storm
surge projections showed an increase along the Atlantic coast of the UK and Ireland, due
mostly to a consistent increase of the winter extremes. The Atlantic coast of France, Spain
and Portugal is also exposed to very energetic waves generated in the North Atlantic (Pérez
et al. 2014). The Mediterranean Sea has been studied in terms of projected storm surge
dynamics and there is consensus among studies based on SRES scenarios for no changes, or
even a decrease in the frequency and intensity of extreme events (Conte and Lionello 2013;
Androulidakis et al. 2015). This is in agreement with reported historical trends (Menéndez
and Woodworth 2010), as well as with more recent findings, projecting changes mostly in
the ±5 per cent band, either positive or negative (Vousdoukas et al., 2016). The North
Adriatic is a region which has been studied more thoroughly due to the highly vulnerable
(and socio-economically important) Venice area, with most previous projections reporting
no statistically significant change, or even decreases (Mel et al. 2013), even though
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Lionello et al. (2012) projected increases in the frequency of extreme events around Venice,
under a B2 SRES scenario.
Figure 26
Ensemble mean of extreme SSL (m) along the European coastline obtained for 5, 10,
50, and 100 years return periods (shown in different columns), for the baseline period
(a–d), as well as their projected relative changes under RCP4.52040 (e–h),
RCP8.52040 (i–l), RCP4.5 2100 (m–p), RCP8.52100 (q–t) scenarios (shown in different
lines). Warm/cold colors express increase/decrease, respectively; while points with
high model disagreement are shown with gray colors (Vousdoukas et al., 2016).

21.
It should be noted that more than 200 million people worldwide live along coastlines
less than 5 m above sea level; this figure is estimated to increase to 400–500 million by the
end of the 21st century. Growing exposure (population and assets), rising sea levels due to
climate change, and in some regions, significant coastal subsidence due to human coastal
water drainage/groundwater withdrawals will increase the flood risk to varying degrees. For
instance, a 1 m rise in relative sea-level increases the frequency of current 100 year flood
11
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events by about 40 times in Shanghai, about 200 times in New York, and about 1000 times
in Kolkata (WMO5, 2014). For the next 50 years or so, Hallegatte et al. (2013) suggested
that for the 136 largest coastal cities: (i) damages could rise from US$ 6 billion/year to US$
52 billion/year solely due to increase in population and assets; (ii) annual losses could
approach US$ 1 trillion or more per year if flood defenses are not upgraded; (iii) even if
defenses would be upgraded, losses could increase as flood events could become more
intense due to the water depths increasing with relative sea-level rise. This raises the
question of whether there are potential thresholds which, if passed, could reverse the
current and projected trends of coastal population growth (King et al., 2015).
22.
River flooding also poses a significant threat to the global population with observed
increases in extreme runoffs being well documented. Damage magnitude is mainly due to
increasing human and infrastructure exposure in flood risk areas (IPCC, 2013). Changes in
river floods projected for Europe are presented in Fig. 27.

Figure 27 Relative change in minimum river flow for a) 2020s, b) 2050s and c) 2080s
compared to 1961-1990 for SRES A1B scenario (EEA, 2012)
23.
Fig. 28 shows the flood risk by region that climate change increases by more than 50
per cent the numbers of people affected by a current 30-year flood, relative to the situation
without climate change. By the 2050s, there is at least a 50 per cent chance that climate
change alone would lead to a 50 per cent increase in flooded people across sub-Saharan
Africa, and a 30-70 per cent chance that such an increase would also take place in Asia. By
2100, risks will be higher (King et al., 2015). Population change alone will increase the
numbers of people affected by flooding. Global total increases very substantially, by around
5-6 times over the course of the century for the high emissions pathway (RCP8.5), mainly
due to increases in South, Southeast and East Asia (King et al., 2015).
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Figure 28
Probability that climate change will increase by more than 50 per cent the number of
people affected by the current 30-year flood, relative to the situation with no climate
change, under two RCPs. Medium growth population projection is assumed (King et
al., 2015)
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