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Climate Phenomena and their Relevance for Future Regional Climate Change

14.SM.1 Monsoon Systems
14.SM.1.1 Global Overview

Monsoons are seasonal phenomena and are responsible for the major-
ity of summer rainfall within the tropics. In the classical view, the mon-
soon is driven by the seasonal cycle of solar heating and difference in
thermal inertia of land and ocean that establish a land—sea tempera-
ture difference. This contrast, with the land being warmer than the sur-
rounding ocean in late spring and summer, gives favourable conditions
for the occurrence of convection in the summer hemisphere, allowing
the monsoon to be viewed as a seasonal migration of the Inter-Tropi-
cal Convergence Zone (ITCZ). As the monsoon season matures, latent
heat released by convection high above the land surface helps to pull
in additional moisture from nearby oceans over the land, maintaining
the wet season. This thermal forcing depends on large-scale orography
and controls the regional monsoon domain and intensity. The land—sea
temperature difference is projected to become larger in the summer
season as seen from larger warming over land than ocean (Section
12.4.3.1 and Annex | Figures Al.4 to Al.5). However, this does not lead
to a generally stronger monsoon circulations in the future, as chang-
es in regional monsoon characteristics are rather complex. In broad
terms, the precipitation characteristics over Asia-Australia, Americas
and Africa can be viewed as an integrated global monsoon system,
associated with a global-scale persistent atmospheric overturning cir-
culation (Trenberth et al., 2000). Wang and Ding (2008) demonstrated
that the global monsoon is the dominant mode of annual variation of
the tropical circulation, characterizing the seasonality of the Earth’s
climate in tropical latitudes. The monsoon-affected region is, however,
not uniform in the historical record (Conroy and Overpeck, 2011), and
it could vary in the future.

14.SM.1.2 Definition of Global Monsoon Area, Global
Monsoon Total Precipitation and Global
Monsoon Precipitation Intensity

The global monsoon area (GMA) is defined as where the annual
range of precipitation exceeds 2.5 mm day~'. Here, the annual range
is defined as the difference between the May to September (MJJAS)
mean and the November to March (NDJFM) mean. The global monsoon
total precipitation (GMP) is defined as the mean of summer rainfall in
the monsoon area. The global monsoon precipitation intensity (GMI) is
defined as GMP divided by GMA.

14.SM.1.3 Definition of Monsoon Onset, Retreat
and Duration

Monsoon onset date, retreat date and its duration are determined using
the criteria proposed by Wang and LinHo (2002) utilizing only precipita-
tion data. Based on the regionally averaged relative climatological mean
daily precipitation, which is the difference between the climatological
daily precipitation and dry month (January in the Northern Hemisphere
and July in the Southern Hemisphere ) mean precipitation, the onset
(retreat) date is defined as the date when the relative precipitation first
exceeds (last drops below) 5 mm day", and the duration is defined as
their difference. The daily climatology of precipitation was defined as
the sum of the first 12 harmonics of daily average precipitation.
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14.5M.1.3.1 South America Monsoon System

Although the changes in wind direction from winter to summer occur
only in a small area within South America, there are large differences
in the atmospheric circulation and in sources of humidity from winter
to summer. These differences are related to the rainy season in central
and southeastern Brazil, which begins at the middle/end of spring and
finishes at the middle/end of autumn (Silva and Carvalho, 2007; Raia
and Cavalcanti, 2008).

The lifecycle of the South America Monsoon System (SAMS) is dis-
cussed in Raia and Cavalcanti (2008), where the main atmospheric
characteristics in the onset and demise are related to the rainy season.
The changes in humidity flux linked to the low-level flow changes over
the northernmost part of South America and the Amazonia region,
eastward shifting of subtropical high, strong northwesterly moisture
flux east of tropical Andes, are the main features in the onset. At high
levels, the Bolivian High and the Northeast High Level Cyclonic Vortex
are established during this period. The moisture flux from the Atlantic
Ocean over northern South America, crossing the Amazonia region and
directed to the southeast, increases the humidity over southeastern
Brazil, favouring the intensification of convection there. The resulting
coupling between Amazonia convection and frontal systems, and the
favourable high-level anomalous circulation over the continent, often
associated with the Pacific—South American (PSA) wave train, origi-
nate the South Atlantic Convergence Zone (SACZ). The whole cycle of
SAMS comprises three stages, the rainfall beginning over northwestern
South America, SACZ establishment and precipitation increase over the
mouth of Amazon River (Nieto-Ferreira and Rickenbach, 2010).

In a recent review of SAMS, the main structure and lifecycle; the onset
features; and the diurnal, mesoscale, synoptic, intraseasonal, interan-
nual and inter-decadal variability are discussed, as well as the long-
term variability and climate change (Marengo et al., 2010).

Jones and Carvalho (2013) used the Large—scale Index for South Ameri-
ca Monsoon LISAM index (Silva and Carvalho, 2007), which is obtained
from the combined Empirical Orthogonal Function (EOF) analysis of
low-level (850 hPa) zonal and meridional winds, temperature and spe-
cific humidity.

Seasonal precipitation variability over South America is well represent-
ed by Atmospheric General Circulation Models (AGCMs) and Coupled
General Circulation Models (CGCMs), mainly the large differences
between summer and winter. However, the intensity or configuration
of rainfall patterns in the summer season is not well represented by
some models. Vera et al. (2006), and Vera and Silvestri (2009) analysed
seven models of World Climate Research Programme—Coupled Model
Intercomparison Project Phase 3 (WCRP—CMIP3) for the 20th century
and showed that seasonal precipitation differences are well represent-
ed. Some models capture the precipitation variability, indicated by the
standard deviation, and maximum rainfall associated with the SACZ,
in the first three months (January, February and March (JFM)) and the
last three months (October, November and December (OND)), but with
different intensities compared to the observations. The ensemble mean
precipitation analysis of nine models WRCP-CMIP3, also for the 20th
century, by Seth et al. (2010), indicated reasonable comparisons of
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SON and DJF with observations, although specific features as the ITCZ
intensity and position, and extension of SACZ to the ocean, were not
properly represented.

Other comparisons of IPCC CMIP3 models with observed precipitation,
in Bombardi and Carvalho (2009), show that some models capture the
main features of SAMS, as the NW-SE band from Amazonia to the
southeast, representing SACZ occurrences, and the Atlantic ITCZ. How-
ever, intensities and positions of maximum precipitation are not well
represented. The annual cycle in small areas of South America is not
well represented by the majority of models, but has good representa-
tion in southern Amazon and central Brazil. The duration of the rainy
season is overestimated over west South America and underestimated
over central Brazil, in CMIP3 models (Bombardi and Carvalho, 2009).
Some aspects of the humidity flux over South America are well repre-
sented by a set of CMIP3 models (Gulizia et al., 2013).

The South Indian, Pacific and Atlantic Oceans have a role on SAMS
variability (Drumond and Ambrizzi, 2005; Grimm et al., 2007); therefore
it is expected that projected changes in sea surface temperature (SST)
patterns may affect this variability.

Changes in the annual cycle of the SAMS, from the 20th to the end of
21st century, projected by nine models, considering the A2 scenario
were presented by Seth et al. (2010). The ensemble shows increased
precipitation over SESA region (southern sector of southeastern South
America).

Some CMIP3 models project precipitation increase in austral summer
and a decrease in austral spring in the SAMS region (Seth et al., 2011).
Precipitation increase at the end of the monsoon cycle and reduced
precipitation in the onset in central monsoon region could indicate a
shifting in the lifecycle monsoon period. These changes were related to
less moisture convergence in the austral spring and more convergence
during summer. During the dry season, the changes are very small. The
warmer troposphere and increased stability due to global warming
(Chou and Chen, 2010) act as a remote mechanism to reduced precip-
itation of SAMS in the winter. During summer, the local mechanisms,
such as increased evaporation and decreased stability, contribute to
the increased precipitation. Both mechanisms seem to reduce precip-
itation during spring, when there is not enough soil moisture and still
atmospheric stability.

Idealized experiments with a coupled atmospheric—ocean model sub-
jected to increasing carbon dioxide (CO,) show intensification of the
precipitation difference between summer and winter in the global
monsoon regions, including the SAMS region (Cherchi et al., 2011).

14.5M.1.4 What Is a Stronger East Asian Summer
Monsoon?

Unlike the Indian summer monsoon, which can be defined in terms
of simple scalar indices partly due to its homogeneity in rainfall dis-
tribution, it is more complicated to define an index for the East Asian
Summer Monsoon (EASM; Zhou et al., 2009b). Wang et al. (2008) dis-
cussed the meanings of 25 existing EASM indices and classify these
indices into five categories: the east-west thermal contrast, north—
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south thermal contrast, the shear vorticity of zonal winds, the south-
westerly monsoon and the South China Sea monsoon. Although the
existing indices highlight different aspects of the EASM, they agree
well in the traditional Chinese meaning of a strong EASM, viz. an
abnormal northward extension of the southerlies into North China. The
associated precipitation anomaly appears as excessive rainfall in North
China along with a deficient Meiyu in the Yangtze River Valley (see
Figure 3 of Zhou et al., 2009b for patterns of precipitation over eastern
China associated with stronger and weaker monsoon circulations).

14.SM.1.5 Present Understanding of the Weakening
Tendency of East Asian Summer Monsoon
Circulation Since the End of the 1970s

From 1950 to present, the EASM circulation has experienced an
inter-decadal scale weakening after the 1970s (Figure 14.SM.1), result-
ing in deficient rainfall in North China but excessive rainfall in central
East China along 30°N (Hu, 1997; Wang, 2001; Gong and Ho, 2002; Yu
et al., 2004). The weakening of EASM is associated with weakening of
850 hPa southwesterly wind (Xu et al., 2006), a tropospheric cooling
over EastAsia (Yu and Zhou, 2007; Zhou and Zhang, 2009), a westward
extension of the western Pacific Subtropical High (Zhou et al., 2009a), a
zonal expansion of South Asian High (Gong and Ho, 2002; Zhou et al.,
2009a) and an enhanced subtropical westerly jet (Zhang et al., 2006;
Yu and Zhou, 2007). The circulation changes have led to significant
changes in mean and extreme precipitation (Zhai et al., 2005), frequen-
¢y and intensity of rainfall events (Qian et al.,, 2009; Yu et al., 2010c;
Bennartz et al., 2011; Li et al,, 2011a; Liu et al., 2011; Guo et al., 2013).

The weakening of the EASM circulation since the 1970s is dominat-
ed by natural decadal variability (Lei et al., 2011; Zhu et al., 2012).
The combination of tropical ocean warming associated with the phase
transition of Pacific Decadal Oscillation (PDO; see Figure 14.SM.1 for
the EASM circulation response to PDO-related SST forcing in AGCM
experiments, Zhou et al., 2008; Li et al., 2010c; Zhou and Zou, 2010)
and weakening of atmospheric heating over the Tibetan Plateau leads
to a reduction of land—sea thermal contrast, and thereby a weakened
monsoon circulation (Ding et al., 2008, 2009; Duan and Wu, 2008).
The weakening of the Tibetan Plateau heating is caused by increased
snow cover and depth in winter associated with North Atlantic Oscilla-
tion (NAO) phase change and North Indian Ocean warming (Zhang et
al., 2004; Ding and Wang, 2009). The specified aerosol forcing cannot
reproduce the observed EASM circulation changes (Figure 14.SM.1).

14.SM.1.6 Details of Precipitation Changes over East
China Associated with the Weakening
Tendency of East Asian Summer monsoon
Circulation Since the End of the 1970s

Precipitation changes due to the weakening tendency of the EASM
circulation are evident in both mean and extreme precipitation (Zhai et
al., 2005). Analysis based on daily data shows that both the frequency
and amount of light rain have decreased in eastern China during 1956—
2005, with high spatial coherency, attributable in part to the warm
rain suppression by aerosols (Qian et al., 2009; Liu et al., 2011; McKee
et al,, 2011). The results of early studies based on daily precipitation
data have been argued by recent studies based on hourly data. Recent
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Figure 14.SM.1 | Time series of East Asian Summer Monsoon (EASM) indices (bars)
and their trend lines (dashed line) from National Centers for Environmental Predic-
tion/National Center for Atmospheric Research (NCEP/NCAR) reanalysis, (b) European
Centre for Medium range Weather Forecast (ECMWEF) 40-year reanalysis of the global
atmosphere and surface conditions (ERA-40 reanalysis, (c) Global Ocean Global Atmo-
sphere (GOGA) run of Community Atmosphere Model version 3 (CAM3), (d) difference
between GOGAI and GOGA run of CAM3. Also shown is the slope of the trend (b,
change per 50 years). The EASM index is defined as the normalized zonal wind shear
between 850 and 200 hPa averaged over 20°N to 40°N and 110°E to 140°E. GOGA
run is forced by observed monthly SSTs over the global oceans from 1950 to 2000,
while GOGAV is driven by global sea surface temperature (SST) plus IPCC 20th century
atmospheric (primarily greenhouse gases and direct aerosol) forcings (Li et al., 2010b).
This figure demonstrated that the weakening tendency of EASM circulation was driven
by Pacific Decadal Oscillation (PDO).

analysis of hourly data finds that the rainfall amount and frequency
have significantly increased (decreased) but the rainfall intensity has
decreased (increased) in the middle to lower reaches of the Yangtze
River valley (North China).The “wetter South-drier North” pattern of
mean precipitation is mostly attributed to moderate and low inten-
sity rainfall (<10 mm hr') rather than the extreme rainfall (=20 mm/
hour, Yu et al., 2010c), although the frequency of extreme rain events
has substantially increased along the Yangtze River (Qian et al., 20073,
2007b). The drier North China is dominated by decreased long duration
(persist longer than 6 hours) rainfall events, especially those occurring
between midnight and morning, while the wetter South China is asso-
ciated with both the substantially increased frequency and amount of
long duration precipitation (Li et al., 2011a).

Chapter 14 Supplementary Material

14.SM.1.7 Uncertainties in the Aerosol Effects on the
Observed East Asian Summer Monsoon Changes

The aerosol effect on EASM circulation and precipitation changes
during the past 60 years has large uncertainties. The combined effect
of BC and sulphate aerosols is hypothesized to produce a weakened
EASM but enhanced precipitation over South China (Liu et al., 2009a).
Sulphate aerosol may reduce the surface heating over land and dimin-
ish land—sea thermal contrast ). The increases of both sulphate and
black carbon aerosol since 1950 may have weakened the land-sea
temperature contrast and curtailed the monsoon in East Asia by acting
to reduce September’s rainfall (Guo et al., 2013). However, some aer-
osols (e.g., sulphate) could cool the atmosphere and surface but some
(e.g., EC and dust) could cool the surface and warm the atmosphere. So
the aerosol forcing impacts on land-ocean temperature contrast and
hence EASM circulation is not well known yet. GCM experiments have
shown that increased aerosol optical depth in China causes a notice-
able increase in precipitation in the southern part of China in July,
through induced surface cooling in mid-latitude leading to strengthen-
ing of the Hadley circulation (Gu et al., 2006). However, the inclusion
of black carbon in the simulations does not necessarily produce the
observed “north drought/south flood"” precipitation pattern in China
during the past 50 years (Wang and Zhou, 2005).Sulphate aerosols
have been shown to affect rainfall redistribution over East Asia in late
spring and early summer, and weaken monsoon rainfall through direct
(Kim et al., 2007; Liu et al., 2009b) or semi-direct (Zhang et al., 2009)
effects. However, these results do not explain the observations of the
north/dry and south/wet pattern in East Asia in recent decades. Some
GCM experiments showed that the aerosol forcing may not be a forc-
ing mechanism for the weakening tendency of EASM circulation and
precipitation (Li et al., 2007, 2010c).

14.5M.1.8 The Dynamics of the North American
Monsoon System

Seasonal mean precipitation in the North American monsoon region
(mainly Mexico and the extreme Southwestern USA) is generally con-
trolled by the establishment of a continental-scale upper-level anticy-
clone and a lower-level thermal low (Higgins et al., 1997; Vera et al.,
2006), it is also under the influence of factors operating at multiple
spatial and temporal scales, including propagating waves and troughs
in the tropics, synoptic disturbances and fronts entering the domain
from the mid-latitudes and land-falling tropical cyclones (Douglas and
Englehart, 2007). It is fed by two distinct, relatively narrow low-level
moisture sources—the Great Plains Low-level Jet (LLJ) to the east of
the Sierra Madres, which is approximately 200 to 400 km in width, and
the narrower Gulf of California LLJ to the west of the Sierra Madres,
which is approximately 100 km in width. Further, the large-scale cir-
culation features—including the upper-tropospheric monsoon ridge,
the North Atlantic subtropical (or Bermuda) high, the ITCZ, and the
subtropical jet stream—in which these phenomena develop are mod-
ified by slowly evolving coupled climate features associated with the
PDO, the Atlantic Multi-decadal Oscillation (AMO) and solar activity
(van Loon et al., 2004; Feng and Hu, 2008; Seager et al., 2009; Metcalfe
et al.,, 2010; Arias et al., 2012). Dust aerosol may also have an impact
on the North American monsoonal precipitation (Zhao et al., 2012).
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14.SM.2 El Niflo-Southern Oscillation and Its
Flavours

The El Nifio-Southern Oscillation (ENSO) is a coupled ocean—atmos-
phere phenomenon naturally occurring at the interannual time scale. El
Nifio involves anomalous warming of tropical eastern-to-central Pacific
SST usually peaking at the end of the calendar year, which leads to a
weakening of zonal SST contrast between the tropical western Pacif-
ic ‘'warm pool’ and the tropical eastern Pacific ‘cold tongue’ (Figure
14.12). It is closely linked to its atmospheric counterpart, the Southern
Oscillation, which is a surface pressure seesaw between Darwin and
Tahiti or more comprehensively the equatorial zonal-overturning called
the ‘Walker Circulation’. El Nifio and Southern Oscillation are two dif-
ferent aspects of ENSO and are caused by a positive feedback between
the atmosphere and the tropical Pacific Ocean referred to as Bjerknes
feedback (Bjerknes, 1966, 1969). The opposite phase to El Nifio, when
the eastern equatorial Pacific cools, has been named La Nifa.

Beyond the classical view of the EI Nifio pattern, another structure of
anomalous warm SST, that is, the warming in the equatorial central
Pacific (CP) sandwiched by anomalous cooling to the east and west
(hereafter referred to as CP El Nifio; other names are listed in Table
14.5SM.3; Trenberth and Tepaniak, 2001; Larkin and Harrison, 2005),
has been frequently observed in the tropical Pacific since the 1990s
(Ashok et al., 2007; Kao and Yu, 2009; Kug et al., 2009; see also Section
2.7.8; Table 14.5SM.3; Yeh et al., 2009). CP El Nifio shows no basin-wide
features or distinct propagation of SST anomalies and it occurs rather
episodically in comparison with the conventional El Nifio (Yu et al.,
2010b). Many indices of CP El Nifo have been proposed, but no clear
and agreed definition has yet emerged to identify both CP El Nifio and
conventional El Nifio (see Table 14.SM.3). Furthermore, several stud-
ies using other classification methods do not find such a distinction
between CP and ‘conventional’ El Nifio events (Newman et al., 2011;
Lian and Chen, 2012), seeing changes in the location of El Nifio from
the western to the eastern Pacific as part of a continuous random dis-
tribution (Giese and Ray, 2011). Hence, CP El Nifio and conventional El
Nifio may not be different phenomena but rather a nonlinear evolution
of the ENSO phenomenon (Takahashi et al., 2011). A debate remains
as to whether the CP El Nifio is intrinsically different from the conven-
tional El Nifio or if every event is a varying mix of these two patterns.

The global impacts of CP El Nifio are different from those of the conven-
tional El Nifio (Ashok et al., 2007; Kao and Yu, 2009; Hu et al., 2012),
including monsoonal rainfall over India (Kumar et al., 2006), China,
Korea (Feng et al., 2010; Feng and Li, 2011; Kim et al., 2012) and over
Australia (Ashok et al., 2007; Wang and Hendon, 2007; Taschetto and
England, 2009; Taschetto et al., 2009), USA air temperature and rainfall
(Mo, 2010), winter temperature over the North Atlantic and Eurasian
regions (Graf and Zanchettin, 2012), typhoon activity in the western
North Pacific (Guanghua and Chi-Yung, 2010; Hong et al., 2011; Kim et
al., 2011) and the warming in West Antarctica (Lee et al., 2010b; Ding
et al., 2011). The influence of CP El Nifio on Atlantic hurricanes may
also be different from the conventional El Nifio (Kim et al., 2009), but
it has been shown that the anomalous atmospheric circulation in the
hurricane main development region during CP El Nifio is similar to that
during conventional El Nifio (Lee et al., 2010a).
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Changes in the impacts from conventional El Nifio to CP El Nifio are
possibly due to the change in the location of tropical atmospheric
heating source (Hoerling et al., 1997; Kug et al., 2010a). For example,
conventional El Nifio leads to the Pacific North American (PNA)-like
atmospheric pattern along with changes in the Aleutian low strength
(Mdaller and Roeckner, 2008), while CP El Nifio is more linked to the
atmospheric variability over the North Pacific such as the North Pacific
Oscillation (NPO), which represents a meridional shift of the Aleutian
low pressure centre (Di Lorenzo et al., 2010).

Some studies argue that more frequent occurrence of CP El Nifio events
during recent decades is related to the changes in the tropical Pacific
mean state in response to increased greenhouse gas (GHG) forcing
(Yeh et al., 2009). In particular, a flattening of thermocline depth in
the equatorial Pacific and a weakened Walker Circulation under global
warming modulate the relative importance of feedback processes asso-
ciated with El Nifio dynamics (Yeh et al., 2009). A heat budget analy-
sis in the ocean mixed layer reveals that zonal advection is a major
dynamical feedback process in developing of CP El Nifio and the anom-
alous surface heat flux in the decaying of CP El Nifio (Kug et al., 2010b;
Yu et al., 2010b). On the other hand, other studies (Lee and McPhaden,
2010; McPhaden et al., 2011) further showed that the future climate
condition change associated with the increased occurrence of CP El
Nifio is not consistent with the observed climate condition that leads
to more frequent occurrence of CP El Nifio. Thus, whether the mean cli-
mate state change leads to more frequent emergence of CP El Nifio or
the other way around is not yet known. The increase in the frequency
of CP El Nifio during recent decades may be a manifestation of natural
climate variability (Na et al., 2011; Yeh et al., 2011).

14.SM.3 Annular and Dipolar Modes
14.SM.3.1 Southern Annular Mode

The Southern Annular Mode (SAM, also known as Antarctic Oscilla-
tion (AAO)), is the leading mode of climate variability in the Southern
Hemisphere extratropics, comprising co-varying sea level pressure or
geopotential height anomalies of opposite sign in middle and high
latitudes, extending through the depth of the troposphere, which are
related to fluctuations in the latitudinal position and strength of the
mid-latitude jet. When pressures/heights are below (or above) average
over Antarctica the SAM is defined as being in its positive (or negative)
phase and the circumpolar westerly winds are stronger (or weaker)
than average. Associated with this, the storm tracks move poleward
during the positive SAM and equatorward during the negative SAM.
Although broadly annular in nature, hence its name, the spatial pattern
of the SAM includes a substantial non-annular component in the Pacif-
ic sector (Figure 14.27, Kidston et al., 2009; Fogt et al., 2012). SAM var-
iability has a major influence on the climate of Antarctica, Australasia,
southern South America and South Africa (Watterson, 2009; Thompson
etal., 2011 and references therein).

The SAM exhibits marked seasonal variability in both its structure and
in its effects on regional climate. For example, correlations between
the SAM and temperature at some Antarctic Peninsula stations change
sign between seasons (Marshall, 2007) while the effect of the SAM on
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temperature and rainfall over New Zealand (Kidston et al., 2009) and
on regional Australian rainfall (Hendon et al., 2007) changes marked-
ly through the year. Moreover, nonlinearities in the structure of the
positive and negative polarities of the SAM result in polarity-specific
changes in surface climate impacts (Fogt et al., 2012).

Silvestri and Vera (2009) discussed decadal variability in the effects
of the SAM on regional climate, emphasising broad-scale changes in
the sign of precipitation relationships over southern South America
and temperature relationships over Australia during 1958-1979 and
1983-2004. Marshall et al. (2011) examined a regional change in the
sign of a SAM—temperature relationship in part of East Antarctica and
demonstrated that changes in the phase and magnitude of the zonal
wave-number 3 pattern, superimposed upon the annular structure of
the SAM, were responsible for the reversal. Using ice core data they
also showed that such changes occurred throughout the 20th centu-
ry and hence were likely to reflect internal natural variability rather
than an anthropogenic forcing. Such changes in coastal Antarctica
will impact the role of the SAM in driving the formation of Antarctic
Bottom Water, a central component of the global thermohaline circu-
lation (McKee et al., 2011). Others have shown that the impact of the
SAM on Antarctic climate also depends on how it interacts with other
modes of circulation variability, such as those related to ENSO (e.g.,
Fogt and Bromwich, 2006).

The physical mechanisms of the SAM are generally well understood,
and the SAM is well represented in many climate models, although
the detailed spatial and temporal characteristics vary between models
(Raphael and Holland, 2006). In the past few decades the SAM index
has exhibited a positive trend in austral summer and autumn (Mar-
shall, 2007; Figure 14.6.1; e.g., Jones et al., 2009), a change attributed
primarily to the effects of ozone depletion and, to a lesser extent, the
increase in GHGs (Thompson et al.,, 2011, see also Section 10.3.3.5),
thus demonstrating that ozone depletion has had a direct effect on
surface climate in the Southern Hemisphere, through its influence on
the SAM trend. It is likely that these two factors will continue to be the
principal drivers into the future, but as the ozone hole recovers they
will be competing to push the SAM in opposite directions (Arblaster
et al,, 2011; Thompson et al., 2011; Bracegirdle et al., 2013), at least
during late austral spring and summer, when ozone depletion has had
its greatest impact on the SAM. The SAM is also influenced by tele-
connections to the tropics, primarily associated with ENSO (Carvalho
et al., 2005; L'Heureux and Thompson, 2006). Changes to the tropical
circulation, and to such teleconnections, as the climate warms could
further affect SAM variability (Karpechko et al., 2010).

14.SM.4 Large-scale Storm Systems
14.5M.4.1 Tropical Cyclones
14.5SM.4.1.1 Regional Detection of Past Changes
Annual mean global tropical cyclone frequency since 1980 (within the
modern geostationary satellite era) has remained roughly steady at

about 90 per year, with a standard deviation of about 10% (9 storms),
consistent with the expectations of a Poisson process. Standard devia-
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tions of annual frequency in individual ocean basins, however, can be
greater than 40% of the means in those basins, which reduces the sig-
nal-to-noise ratio and introduces substantial uncertainty into regional
tropical cyclone frequency trend detection.

Detection of past trends in various measures of tropical cyclone activity
is constrained by the quality of the historical data records and uncer-
tain quantification of natural variability in these measures (Knutson et
al., 2010; Lee et al,, 2012; Seneviratne et al., 2012; see also Chapters
2 and 10). Consideration of global trends as well as trends in specific
regions is further complicated by substantial regional differences in
data quality, collection protocols and record length (Knapp and Kruk,
2010; Song et al., 2010). Attempts to detect trends in even smaller
intra-basin regions such as those defined by islands or archipelagos are
further constrained by the reduced data sample size associated with
finely subdividing the global data. Intra-basin regional trend detection
is also substantially challenged by variability in tropical cyclone tracks
(Kossin and Camargo, 2009).

This variability is driven largely by random fluctuations in atmospheric
steering currents, but also is observed across a broad range of time
scales in response to more systematic modes of climate variability
such as the ENSO, PDO, NAO, Atlantic Meridional Mode (AMM), NPO,
and Madden—Julian Oscillation (MJO; Ho et al., 2004; Wu et al., 2005;
Camargo et al., 2007, 2008; Kossin and Vimont, 2007; Wang et al.,
2007; Chand and Walsh, 2009; Tu et al., 2009; Kossin et al., 2010; Wang
et al,, 2010; Chu et al,, 2012), and potentially in response to global
warming (Wang et al., 2011). Even modest tropical cyclone track vari-
ability can lead to large differences in associated impacts at a specific
location. For example, a particular group of islands can be affected by
multiple tropical cyclones in one season (e.g., the Philippines in 2009)
and then remain largely unaffected for multiple subsequent years
even while the total number of storms in the larger, but immediate
surrounding region exhibits normal variability. This type of “temporal
clustering” can occur randomly or via systematic modulation by cli-
mate variability, and can also strongly affect the impact of tropical
cyclones on ecosystems such as coral reefs (Mumby et al., 2011). The
combination of data issues (quality and sample size), signal-to-noise
issues and the natural variability of tropical cyclone tracks introduce
substantial uncertainties into detection-attribution studies as well as
disaster and mitigation planning aimed at specific intra-basin regions.
Furthermore, while theoretical arguments have been put forward link-
ing tropical cyclone intensity and genesis with anthropogenic climate
change (Emanuel, 1987; Rappin et al., 2010), there is little theoretical
guidance available to help elucidate the relationships between climate
and tropical cyclone track variability.

Regional analyses of century-scale variability and trends of vari-
ous measures of tropical cyclone activity provide mixed results from
which robust conclusions are difficult to establish (also see Chapter
2). Regional trends in tropical cyclone frequency have been identified
in the North Atlantic, with storm frequency increasing sharply over
the past 20 to 30 years. Over longer time periods, especially since the
late 19th Century, the fidelity of the reported trends is debated (Hol-
land and Webster, 2007; Landsea, 2007; Mann et al., 2007b). Different
methods for estimating undercounts in the earlier part of the North
Atlantic tropical cyclone record provide mixed conclusions (Chang and
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Guo, 2007; Mann et al., 2007a; Kunkel and coauthors, 2008; Vecchi
and Knutson, 2008, 2011). Trends in cyclone frequency have also been
identified over the past 50 to 60 years in the North Indian Ocean and
may be due to changes in the strength of the tropical easterly jet (Rao
et al., 2008; Krishna, 2009) but again uncertainties in the regional trop-
ical cyclone data quality substantially limit reliability, particularly when
attempting to detect Century-scale trends (Mohapatra et al., 2011).
Furthermore, metrics based solely on storm frequency can be strongly
influenced by weak and/or short-lived storms (Landsea et al., 2010),
which are arguably of much lesser physical relevance than stronger
and/or longer-lived storms. This limits the usefulness of such metrics
that do not take storm intensity or duration into account.

Regional trends in the frequency of very intense tropical cyclones can
be identified in the historical data over the past 30 to 40 years (Web-
ster et al., 2005), although confidence in the amplitude of these trends
is compromised by data homogeneity uncertainties (Landsea et al.,
2006; Kossin et al., 2007). There has been a sharp increase in annual
tropical cyclone power dissipation (which represents an amalgamation
of frequency, intensity and storm duration) in the Atlantic since 1970
(Emanuel, 2005; Kossin et al., 2007), but longer-term trends are more
uncertain because of data heterogeneities, particularly in the records of
storm intensity (Hagen and Landsea, 2012; Hagen et al., 2012; Landsea
et al,, 2012). Upward regional and global trends in the intensity of the
strongest storms have been identified in a more homogeneous data
record by Elsner et al. (2008), but their analysis was necessarily limited
to the modern geostationary satellite period and spans only about 30
years. Consistently positive trends in the duration of the active part of
the Atlantic hurricane season over the period 1851-2007 have been
identified, but confidence in these trends remains low due to a com-
bination of marginal statistical significance (p-values near or below
0.9), and the potential for data heterogeneity to artificially amplify the
trends (Kossin, 2008).

Increasing trends in the frequency of land-falling tropical cyclones
have not been identified in any region (Wang and Lee, 2008; Chan
and Xu, 2009; Kubota and Chan, 2009; Lee et al., 2012; Weinkle et al.,
2012) although Callaghan and Power (2010) identified a statistically
significant downward trend in the number of severe tropical cyclones
making landfall over northeastern Australia since the late 19th centu-
ry. Measurements of tropical cyclone landfall frequency are generally
considered to be more reliable than those of storms that remain at sea
throughout their lifetimes, particularly in the earlier parts of the his-
torical records. But as described above, confining storm counts to any
pre-defined region cannot discriminate between basin-wide frequency
variability and track variability, and it remains uncertain whether the
trend reported by Callaghan and Power (2010) is driven by natural
processes or whether some part is anthropogenically forced. A signif-
icant positive trend has been identified in the frequency of large sea
level anomaly events along the USA East and Gulf Coast in a tide-
gauge record spanning 1923-2008 and this trend has been argued
to represent a trend in storm surge associated with landfalling hur-
ricanes (Grinsted et al., 2012). The long-term (86-year) and roughly
linear nature of the trend identified by Grinsted et al. (2012) is com-
pelling and the relevance is high because the trend is argued to relate
to high-impact surge events, but there is still the question of what
portion of the trend is due to systematic track shifts, as previously
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identified in trends in wave power in Atlantic buoy data (Bromirski and
Kossin, 2008), and what part is due to trends in basin-wide frequency
or intensity. The difference between Callaghan and Power (2010), who
show a long-term decreasing trend in Australian landfall events and
Grinsted et al. (2012), suggesting a long-term increasing trend in storm
surge associated with USA landfall events, underscores the challenge
of understanding and projecting region-specific changes in tropical
cyclones.

When data uncertainties due to past changes in observing capabili-
ties are taken into account, confidence in the fidelity of any reported
basin-wide trends in tropical cyclone activity on time scales longer
than about 50 years is compromised. Shorter term increases, such as
observed in the Atlantic since 1970, appear to be robust (Kossin et al.,
2007), and have been hypothesized to be related, in part, to regional
external forcing by greenhouse gasses and aerosols (discussed below),
but the more steady century-scale trends that may be expected from
CO, forcing alone are much more difficult to assess given the data
uncertainty in the available tropical cyclone records. This presents a
confounding factor to formal detection of trends that may be attrib-
uted to anthropogenic effects because the expected natural variability
on multi-decadal time scales is not yet well quantified in the various
regions.

14.SM.4.1.2  Understanding the Causes of Past and Projected
Regional Changes

Although there is evidence that SST in the tropics has increased due to
increasing GHGs (Karoly and Wu, 2005; Knutson et al., 2006; Santer et
al., 2006; see also Chapter 10 and Section 3.1.1.4; Gillett et al., 2008)
and there is a theoretical expectation that increases in potential inten-
sity (PI) will lead to stronger tropical cyclones (Emanuel, 2000; Wing
et al., 2007; Elsner et al., 2008), the relationship between SST and Pl
under CO, warming has not yet been fully elucidated (see also Chapter
10). PI describes the theoretical limit to how strong a tropical cyclone
can become based on the three-dimensional thermodynamic environ-
ment that the storm moves through (Emanuel, 1987). Observations
demonstrate a strong positive correlation between SST and PI, but it is
known that this relationship is not unique. For example, raising SST by
reducing surface wind speed produces a much more rapid increase in
Pl with SST than does raising it by increasing CO, because other factors
that control PI will vary differently according to each process (Eman-
uel et al., 2012). Similarly, vertical wind shear, which affects tropical
cyclone genesis and intensification, is apparently modulated differently
by internal variability versus external radiative forcing of regional SST
(e.g., Zhang and Delworth, 2009).

Because of the known non-uniqueness of the relationship between
SST and PI, it is generally agreed that regional projections of SST by
themselves are not a useful proxy for future PI. For example, the rela-
tionship between SST and Pl in CMIP3 projections in the western North
Pacific has been shown to be non-stationary because the projected
tropical warming anomalies in the SRES A1B scenario are amplified in
the upper troposphere, which convectively stabilizes the atmosphere
and suppresses the increase in Pl for a given increase in SST (Tsut-
sui, 2010, 2012). However, there is a growing body of research since
the IPCC Fourth Assessment Report suggesting that the difference
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between regional SST and spatially averaged SST in the tropics (typ-
ically referred to as “relative SST") can serve as a useful proxy for
regional PI (Vecchi and Soden, 2007b; Xie et al., 2010; Ramsay and
Sobel, 2011; Camargo et al., 2012). The hypothesis is largely phenom-
enological and based on observed correlation, but has some physical
basis in the theory that upper tropospheric temperatures are sensitive
to mean tropical SST (Sobel et al., 2002), while regional lower trop-
ospheric temperatures are more sensitive to local SST. This combina-
tion of factors affects regional lapse rates, which in turn affects PI. In
this case, localized SST changes are hypothesized to be more effective
at altering Pl than a more globally uniform tropical SST change (e.g.,
as would be expected from forcing by well-mixed greenhouse gases
(WMGHGs)) of the same magnitude.

However, it has been argued that the physical link between relative SST
and Pl is only valid on time scales shorter than the ocean mixed-lay-
er equilibration time scale (Emanuel, 2010; Emanuel et al., 2012). On
longer time scales of a few years or more, which allow the ocean mixed
layer to equilibrate to surface forcing, Emanuel et al. (2012) argue that
Pl is mostly controlled by local surface radiative balance and ocean
heat flux convergence and in general, SST cannot be considered an
external control on PI, but merely a co-factor. By this argument (and
the assumptions that it is based on), projections of SST by themselves,
whether absolute SST or relative SST, cannot uniquely determine future
PI changes, and hence they cannot uniquely determine future tropical
cyclone changes. Still, the studies of Camargo et al. (2012), Ramsay
and Sobel (2011), Vecchi and Soden (2007b), Xie et al. (2010), and
others have demonstrated that the correlation between relative SST
and Pl is in fact consistently evident on multi-decadal and longer time
scales. Thus, while the presumptive theoretical arguments of Emanuel
(2010) and Emanuel et al. (2012) suggest that there is no reason to
expect such a relationship (and therefore there is no physical justifi-
cation for using 21st century relative SST projections to statistically
infer future Pl), both data and model projections support the existence
of a useful relationship between relative SST and Pl on decadal and
longer time scales. Although the balance of relevant literature supports
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the hypothesis that long-term relative SST projections can serve as a
useful proxy for future tropical cyclone PI, this remains an active area
of research (and debate) without a clear consensus yet.

The distinction between the competing hypotheses described above
is a critical one because while tropical SST is expected to continue
to increase under global warming, there is much more uncertainty in
how regional SST is expected to change relative to the tropical mean
(Vecchi et al., 2008; Villarini et al., 2011). In general, future relative SST
changes forced by increasing WMGHG in the tropics are not expected
to be large in regions where storms form and track (Vecchi and Soden,
2007b) and thus if relative SST is a useful proxy for PI, there would not
be an expectation for large increases in future tropical cyclone inten-
sity (Vecchi et al., 2008). The results of Emanuel (2010) and Emanuel
et al. (2012) do not provide alternative projections of PI, but only state
that they are not constrained by any measure of future SST alone. As
an example of the ramifications of the differences, the present approx-
imately 40-year period of heightened tropical cyclone activity in the
North Atlantic, concurrent with comparative recent quiescence in most
other ocean basins (Maue, 2011), is apparently related to differences in
the rate of SST increases, as global SST has been rising steadily but at
a slower rate than the Atlantic (Trenberth and Shea, 2006). The present
period of relatively enhanced warming in the tropical North Atlantic
has been proposed to be due primarily to internal variability (Ting et
al., 2009; Zhang and Delworth, 2009; Camargo et al., 2012), and both
direct (dimming) and indirect (cloud-albedo) effects of radiative forc-
ing by anthropogenic tropospheric aerosols (Mann and Emanuel, 2006;
Booth et al., 2012) and mineral (dust) and volcanic aerosols (Evan et
al.,, 2009, 2011, 2012). None of these proposed mechanisms provide a
clear expectation that North Atlantic SST will continue to increase at
a greater rate than the tropical mean SST and thus if future Pl can be
described by relative SST, the present steep upward trend in tropical
cyclone intensity in the North Atlantic would be expected to abate.

Projected changes in potential intensity calculated from CMIP5 mul-
ti-model ensembles are shown in Figure 14.5M.2.

Seasonal mean potential intensity change (RCP8.5: 2081-2100)
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Figure 14.5M.2 | Change in seasonal mean tropical cyclone potential intensity for end of the century RCP8.5 (2081-2100) minus Historical Control (1986-2005) in CMIP5
multi-model ensembles. (Top) August to October, 10°S to 40°N and (bottom) January to March, 40°S to 10°N. Potential intensity computation uses the method of Bister and
Emanuel (1998) applied to monthly means fields to compute the potential maximum surface wind speed (m s') of tropical cyclones. The seasons for each panel are the historical
high frequency periods for tropical cyclones in each hemisphere. The number of models in the ensemble appears in the upper right of each panel.
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14.SM.5 Additional Phenomena of Relevance

14.SM.5.1 The Role of the Pacific-North American
Pattern in Linking El Nifo-Southern Oscillation
and the North Atlantic Oscillation

Recent diagnoses (see review by Bronnimann, 2007) show that ENSO
may impact European climate through modulation of the NAO, espe-
cially during late winter and early spring. The observational and model
results reported by Li and Lau (2012b) and Li and Lau (2012a) illus-
trate that one possible mechanism for this connection is related to
the PNA-like teleconnection pattern forced by ENSO events. Specifi-
cally, this response pattern is accompanied by systematic changes in
the position and intensity of the storm tracks over the North Pacific
and North America. The transient disturbances along the storm tracks
propagate farther eastward and reach the North Atlantic. The ensuing
dynamical interactions between these stormtrack eddies and the local
quasi-stationary circulation lead to changes in the NAO. In addition to
tropospheric processes, Ineson and Scaife (2009), Bell et al. (2009) and
Cagnazzo and Manzini (2009) have demonstrated a stratospheric link
between ENSO and NAO in late winter.

14.SM.5.2 Tropospheric Biennial Oscillation

It has long been noted that there is a biennial tendency of many phe-
nomena in the Indo-Pacific region that affects droughts and floods
over large areas of south Asia and Australia (e.g., Troup, 1965; Tren-
berth, 1975; Nicholls, 1978; Mooley and Parthasarathy, 1983). Brier
(1978) suggested a possible central role of air-sea coupling, and
Meehl (1987) proposed a mechanism involving large-scale dynamically
coupled interactions across the Indo-Pacific to account for the biennial
tendency, termed the Tropospheric Biennial Oscillation (TBO, Meehl,
1997). There was also a role for atmospheric circulation anomalies
over south Asia and consequent land surface temperature anomalies
that contributed to anomalous meridional temperature gradients and
biennial monsoon variability (Meehl, 1994a, 1994b), thus giving rise to
explanations of the TBO that involved processes in the Indian sector
(Chang and Li, 2000; Li et al., 2001). SST anomalies in the equatorial
eastern Pacific Ocean in the TBO tend to transition from positive to
negative (or vice versa) in northern spring, so the seasons leading up
to those transitions are crucial to the TBO (e.g., Meehl and Arblaster,
2002a, 2002b). The fundamental nature of the dynamically coupled
processes involved with the TBO have been additionally documented
in a number of global coupled climate model simulations (e.g., Meehl,
1997; Ogasawara et al., 1999; Loschnigg et al., 2003; Nanjundiah et al.,
2005; Meehl and Arblaster, 2011).

Regional patterns of SST anomalies in the TBO in the Indian Ocean
during the northern fall season following the south Asian monsoon
subsequently became known as the Indian Ocean Dipole (IOD, e.g.,
Saji et al., 1999; Webster et al., 1999; Section 14.3.3). Thus, a “negative
I0D" in northern fall (negative SST anomalies in the western tropical
Indian Ocean, and positive SST anomalies in the eastern tropical Indian
Ocean), with negative SST anomalies in the equatorial eastern Pacif-
ic, transition to basin-wide negative SST anomalies across the Indian
Ocean in northern winter, with positive SST anomalies in the eastern
equatorial Pacific in the following northern spring and summer in the
TBO (Meehl et al., 2003).
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Izumo et al. (2010) made use of these transition processes in the TBO
to document El Nino forecast skill by monitoring the state of the 10D
in northern fall. In addition, convective heating anomalies in the Pacific
(Wu and Kirtman, 2004), or in the Indian Ocean associated with the I0D
(e.g., Annamalai et al., 2005), or a combination from the southeastern
Indian Ocean and western Pacific (Clarke et al., 1998; Li et al., 2001,
2006) affect the southeastern Indian Ocean and western north Pacif-
ic anticyclones. The resulting wind stress anomalies in the equatorial
western Pacific contribute to TBO SST transitions in the eastern equa-
torial Pacific (Lau and Wu, 2001; Turner et al., 2007). Such consecutive
annual SST anomaly and anomalous monsoon transitions from one sign
to another characterize the TBO. Thus, the TBO provides the fundamen-
tal framework for understanding coupled processes across the Indo-Pa-
cific region involving the Asian-Australian monsoon, the 10D, and ENSO.

The processes that produce the TBO are affected by internally gen-
erated decadal-time scale variability. Just as the Inter-decadal Pacific
Oscillation (IPO) influences the nature of interannual variability in the
Australia-Pacific region (Power et al., 1999), so does the IPO affect the
decade-to-decade strength of the TBO (Meehl and Arblaster, 2011).
During periods of positive IPO (warmer SSTs in the tropical Pacific on
the decadal timescale, e.g., from the 1970s to 1990s), the TBO was
weak, and vice versa for negative IPO with a stronger TBO (post-1990s;
Meehl and Arblaster, 2012). Thus, prediction of decadal time scale var-
iability assessed in Chapter 11 that can be associated, for example,
with the IPO (e.g., Meehl et al., 2010) can influence the accuracy of
shorter term predictions of interannual variability associated with the
TBO across the entire Indo-Pacific region (Turner et al., 2011). This set
of regional processes from interannual to decadal is of great relevance
for decadal climate prediction and the short-term climate change prob-
lem (Chapter 11).

14.SM.6 Future Regional Climate Change
14.5M.6.1 Future Regional Climate Change, Overview

14.5M.6.1.1 How the Confidence Table Was Constructed

The confidence levels in Columns 2, 3, 6 and 7 of the confidence table
(Table.14.2) are based on subjectively determined criteria, but the cri-
teria are applied objectively.

Each regional entry in Column 2 of the table, evaluating confidence in
models’ ability to simulate present-day temperature, is based on values
shown in Figures 9.39 and 9.40.

The following criteria have been applied to determine confidence level
(see table, next page):

For precipitation (Column 3), replace 2°C in the above table with 20%.
For both temperature and precipitation, these values are chosen to rep-
resent the accuracy with which the models simulate gross features of
present-day mean climate.

For future projections (Columns 6 and 7), confidence levels are based on
analyses of how much the model signals rise above natural variability.
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Model Spread (difference between 25th and 75th percentiles)

>2°C in both seasons

<2°C in only one season

<2°C in both seasons

Bias of Ensemble Mean

<2°C in both seasons
<2°C in only one season
>2°C in both seasons

Medium (M)
Low (L)
Low (L)

High (H)
Medium (M)
Low (L)

High (H)
High (H)
Medium (M)

Both the signals and the natural variability are based on averages over
the SREX regions. Natural variability is quantified in a similar way as in
Annex I—standard deviations of model-estimated present-day natural
variability of 20-year mean differences. The framework for comparing
the signal to natural variability is similar to that adopted in Annex |
(see Annex | definition of hatching), except that here we require the
signal to be larger than two standard deviations of natural variability
rather than one, because averaging over a region gives a much more
robust signal than for individual grid points used in Annex I.

Then the following principles were applied:

e High confidence is assigned when all 3 percentiles of the model
signal distribution (25%, 50% and 75%) rise above the natural
variability. In other words, the great majority of models give sig-
nals that rise above the noise.

e Medium confidence is assigned when 2 out of 3 percentiles rise
above the natural variability. This means that a majority of the
models give a signal that rises above the noise.

e Low confidence is assigned when one or none of the 3 percentiles
rises above the natural variability. There is no significant fraction
of the models giving a signal that rises above the noise.

e In the case of precipitation, if any of the 3 percentiles disagree
with the others on the sign of the change, the projected change
is deemed to be not significantly different from zero. The assigned
confidence is medium, marked by an asterisk (*), no matter what
confidence level arises from the 3 principles above. In these
regions, no change is projected.

14.5M.6.1.2 How the Relevance Table Was Constructed

Table 14.3 is a summary of the relevance of anthropogenically forced
changes in major climate phenomena for future regional climate. For
the sake of brevity, we present only the most relevant highlights for the
major phenomena discussed in Sections 14.2 to 14.7.

14.5M.6.1.3  Assignment of Relevance Levels
Relevance is based on the confidence that there will be a change in the
phenomenon, and the confidence that the phenomenon has an impact

on the regional climate.

Four levels of relevance are assigned (high, medium, low, not yet evi-
dent) and colour coded as follows:

Each assessment of relevance is traceable back to confidence state-
ments. So for example, if there is high confidence in the projected
change in a phenomenon (HP) and also high confidence that the phe-
nomenon has an impact on temperature or precipitation of a certain
region (HI) it is then assigned high relevance (red). Or, if there is only
low confidence in the projected change in a phenomenon (LP) but
there is high confidence that it has a strong impact on a region (Hl)
then the phenomenon is assigned medium relevance (yellow) for the
region.

The confidence statements in projections of the phenomena concern
whether or not there will be an effect rather than the magnitude of
the effect. Thus, when a phenomenon has high relevance for a region
it is meant that there will be a change in the regional climate due to
the future change in the phenomenon, but it does not imply that the
regional change is necessarily dominated by changes in the phenom-
enon.

14.5M.6.1.4 Assignment of Confidence in Projections of Major
Climate Phenomena

The level of confidence in the major phenomena changing due to
anthropogenic forcing is assigned as follows based on the model pro-
jections assessed in Sections 14.2 to 14.7.

14.5M.6.1.5 Assignment of Confidence in Regional Impact of
Major Climate Phenomena

The confidence in the impact of major phenomena on each region is
assessed to be as follows (see table next page):

Arctic

There is high confidence that both the NAO and extratropical cyclones
(ETCs) impact the Arctic climate; high confidence in NAO projections
and medium confidence in ETC projected change, resulting in high rel-
evance for both.

North America

This climatically diverse continent is influenced to varying degrees by
many of the major phenomena: Monsoons, ITCZ, ENSO, NAO/NAM,
and tropical and ETCs. The high relevance N. American monsoon results
from the high confidence that this phenomenon has an impact on the
annual cycle of rainfall in the western sector and the medium con-
fidence in future changes in the phenomenon, especially the shift in

Confidence in Future Projections of the Phenomenon

Low (LP)

Medium (MP) High (HP)

o . : High (HI)

Confidence in the Regiona .

Impact of the Phenomenon Medium (M)
Low (LI)

Medium relevance

Not yet evident

Medium relevance

Medium relevance
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Major Climate Phenomenon Confidence Relevant Section

Monsoons Medium 14.2

Tropical Phenomena, Convergence Zones High 14.3.1
Tropical Phenomena, MJO Low 14.3.2
Tropical Phenomena, 10D Medium 1433
Tropical Phenomena, AOM Low 1434
El Nifio-Southern Oscillation Low 14.4

Annular and Dipolar Modes High 14.5

Tropical Cyclones Medium 14.6.1
Extratropical cyclones Medium NH/High SH 14.6.2

timing to later in the season. The high confidence in projected ITCZ
shifts combined with the Jow confidence in impact on regional climate
in North America results in medium relevance. The low confidence in
future projections of ENSO and high confidence in impacts lead to an
assignment of medium relevance. The high confidence in NAO projec-
tions and the medium impact of this phenomenon in the eastern sector
of the region lead to high relevance. The high confidence that tropical
and ETCs have impact in this region and the medium confidence in
their projected change, gives high relevance.

Central America and Caribbean

Climate in this region is influenced by Monsoons, ITCZ, ENSO and
tropical cyclones. The high confidence that monsoon has an impact on
precipitation in the region and the medium confidence in a projected
change in the phenomenon results in the high relevance. The high con-
fidence in projected ITCZ shifts combined with the high confidence in
the regional climate change result in a medium relevance. The low con-
fidence in ENSO future projections and its high impact on the regional
climate lead to an assignment of medium relevance (yellow shading)
of this phenomenon for future regional change. The high confidence
that tropical cyclones have a climate impact and the medium confi-
dence in the projected change in tropical cyclones result in a high level
of relevance (red shading) for those systems in future climate change
in the region.

South America

Climate over this large latitudinal region has impacts from all of the
major phenomena apart from tropical cyclones. The high relevance
assigned to the South American Monsoon results from the high confi-
dence that this phenomenon influences precipitation extremes within
the monsoon-affected area and the medium confidence in the phe-
nomenon future change. The high confidence in projected SACZ dis-
placement combined with the high confidence in the southeast sector
climate impact gives a high relevance for this phenomenon. The fow
confidence in ENSO future projections and its high impact lead to an
assignment of medium relevance. The high confidence in SAM projec-
tions and the high impact of this phenomenon in the southern sector of
the region give it a high relevance. As ETCs have high confidence in a
projected poleward movement and medium confidence in their impact
on the regional climate, they are assigned a high relevance.
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Europe and Mediterranean

There is high confidence in projections of increasing NAO and also a
high confidence that this phenomenon has an impact on regional cli-
mate which leads to high relevance, especially over NW Europe. The
high impact of ETCs on the regional climate and the medium confi-
dence in projections of this phenomenon give a high level of relevance.

Africa

There is medium confidence in changes in projections of the West Afri-
can monsoon but high confidence in impact leading to high relevance.
The high confidence that tropical cyclones have a climate impact and
the medium confidence in the projected change in tropical cyclones
results in a high level of relevance. The high impact of ETCs on the
regional climate and the medium confidence in projections of this
phenomenon give a high level of relevance. The low confidence in
ENSO future projections and its high impact lead to an assignment of
medium relevance. The high confidence in projected ITCZ shifts com-
bined with low confidence in the regional climate signal determines a
medium relevance. There is low confidence in projections of Atlantic
Ocean SSTs, but medium confidence in Indian Ocean projections both
with a high impact on West, resp. East Africa, all together resulting in
medium relevance.

Central and North Asia

Medium confidence in projections of monsoon change and also
medium confidence in impact lead to medium relevance. The Jow con-
fidence that NAO/NAM has an impact on the regional climate and
the high confidence in projections of this phenomenon determines its
medium level of relevance.

East Asia

There is medium confidence in the impact of Monsoon over East Asia
and there is also a medium confidence in the projected changes in the
East Asia Monsoon resulting in the medium level of relevance for Mon-
soon for East Asia. Although there is a high impact of ENSO on the
region, there is low confidence in the future projections of ENSO lead-
ing to a medium level of relevance of ENSO for the East Asia region.
There is a high confidence in the impact of TC on East Asia and also
given that there is a medium confidence in the future projections of the
characteristics of TC, a high level of relevance is assigned for TC for East
Asia. There is a medium confidence in the projections of ETCs and also
a medium confidence in their impact on the winter precipitation over
East Asia resulting in a medium level of relevance of this phenomenon
to East Asia.
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West Asia

The low confidence in the impact of ITCZ over the southern sector of
the region and the high confidence in projected changes of this phe-
nomenon result in the assigned medium level of relevance. There is
medium confidence in projections of tropical cyclones change but a
high confidence in its impact on precipitation over the southern sector,
hence it is assessed a high relevance to this phenomena for regional
climate change. Finally, medium confidence in projected poleward shift
of ETCs but a low confidence in their impact on the northern sector
gives a low level of relevance.

South Asia

There is a medium confidence that Indian Monsoon will impact South
Asia but with a medium confidence in the projections of Indian Mon-
soon, a medium level of relevance is assigned to this phenomenon for
South Asia. Although tropical phenomena such as ITCZ, MJO and 10D
can potential impact South Asia, there is low confidence in the projec-
tion of some of these phenomena and also a medium confidence in
theirimpact resulting in a low level of relevance of these phenomena for
South Asia. There is medium confidence that ENSO will impact both the
precipitation and temperature over South Asia but with low confidence
in the projections of ENSO, a medium level of relevance is assigned to
ENSO for South Asia. There is high confidence that rainfall extremes will
impact South Asia but with a medium confidence in the projections of
TC, a high level of relevance is assigned to TC for South Asia.

Southeast Asia

There is a medium confidence that Mari-time continent Monsoon will
impact the precipitation in South East Asia but there is low confidence in
the projections of Maritime Continent Monsoon resulting in a low level
of relevance of this phenomenon for South East Asia. There is a medium
confidence that warming associated with 10D will reduce the rainfall
over Indonesia during July to October period and with high confidence
in the projection of 10D, a high level of relevance is given to this phe-
nomenon for Southeast Asia. While the impact of ENSO has a high confi-
dence, the low confidence in the projection of ENSO results in a medium
level of relevance of ENSO to Southeast Asia. There is a high confidence
that the extreme precipitation associated with TCs will increase while
there is a medium confidence in the projection of TC characteristics
leading to a high level of relevance of TC to Southeast Asia.

Australia and New Zealand

Climates in this large region are influenced to varying degrees by all
of the major phenomena. The low relevance assigned to monsoon
results from the low confidence in how this phenomenon influences
the climate in northern Australia and the medium confidence in the
phenomenon’s projected future change. The high confidence in pro-
jected SPCZ changes combined with the low confidence in the asso-
ciated NE Australia climate impact lead to a medium relevance level.
The low confidence in ENSO future projections and its strong impact
on the regional climate lead to medium relevance. The high confidence
in SAM projections and the medium impact of this phenomenon in the
southern sector of the region lead to high relevance. As TCs have high
impact and there is medium confidence in the projections, the assigned
level of relevance is high. Finally, extra-tropical cyclones have both
high confidence in projected change and in their impact on the region-
al climate and thus have a high relevance for future climate change.
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Pacific Islands Region

The high confidence in projected changes in the SPCZ, combined with
high confidence in impact results in high relevance. The high confidence
in the impact of ENSO combined with low confidence in projected fu-
ture changes in ENSO gives medium relevance. As tropical cyclones
have high impact and there is medium confidence in projected changes
in tropical cyclone behaviour, the assigned level of relevance is high.

Antarctica

The low confidence in ENSO projections and the medium confidence
in its impact on Antarctica climate lead to assess a low relevance. As
there is a high confidence in SAM projected changes and also high con-
fidence in its influence the assigned level of relevance is high. Finally,
given the medium confidence that ETCs have impact on the regional
climate and the high confidence in projections, these systems have a
high level of relevance.

14.SM.6.2 South America

ENSO is the main source of interannual variability over South America.
There are several regions that are influenced by Pacific SST, such as
Peru, Ecuador (Lagos et al., 2008), Chile (Garreaud and Falvey, 2009),
Bolivia (Ronchail and Gallaire, 2006), Brazil (Grimm and Tedeschi,
2009; Tedeschi et al., 2013), Paraguay (Fraisse et al., 2008), Uruguay
and Argentina (Barros et al., 2008). The mechanisms of these influ-
ences are changes in the Walker Circulation that affect tropical South
America, and influences of wave trains from tropical Pacific to South
America that affect the southern and southeastern continent. A recon-
struction of ENSO events since 16th century indicated the increase of
frequency of such events in the 20th century, likely related to anthro-
pogenic forcing (Gergis and Fowler, 2009). Atmospheric Global Circu-
lation Models represent well this influence, in simulations with pre-
scribed SST (Pezzi and Cavalcanti, 2001). A study with the European
Centre for Medium Range Weather Forecasts (ECMWF) and Hamburg
(ECHAM5-0OM) model indicated that the ENSO connection with south-
eastern South America could weaken in the projected future climate
(Grimm and Natori, 2006; Grimm, 2011).

Aside from Pacific Ocean influences on South America, tropical Atlantic
SST anomalies also affect precipitation over northern and northeastern
South America. Northeastern Brazil, a region with high temporal and
spatial variability, is frequently affected by droughts associated with
the ITCZ anomalies. Tropical North Atlantic SST anomalies can be relat-
ed to displacements of NAO centres which changes the atmospheric
circulation and affect ITCZ position (Souza and Cavalcanti, 2009). A
positive trend of tropical Atlantic interhemispheric gradient of SST,
observed from the beginning of 20th century up to 1980, indicated
strong warming in the south sector compared to the north (Chang et
al., 2011). This trend was associated with the aerosol increase over the
North Atlantic, implying a southward shift of the ITCZ (Chang et al.,
2011). However, the reduction of aerosol in the first decade of the 21st
century and continuous increase of the GHGs in the atmosphere pro-
moted a reversal in the SST gradient, with observed increases of North
Atlantic SST and effects on South America (Cox et al., 2008).
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Analysis of north—south Atlantic SST gradient in Good et al. (2008)
during June, July and August (JJA) showed high negative correlation
with precipitation over Amazonia, and also over northeast Brazil. Rela-
tions between this gradient and precipitation in southern Amazonia
were also obtained in a CGCM under 1% CO, increase by Good et al.
(2008), who suggested that uncertainties in projected changes of the
meridional Atlantic SST gradient would be linked to uncertainties in
southern Amazonia precipitation during the dry season. This SST gra-
dient also occurs during the rainy season, similar to what occurred in
2005 and 2010 associated with the extreme droughts. AGCM experi-
ments in Harris et al. (2008) also indicate the influence of Atlantic SST
north—south gradient and Pacific SST on Amazonia precipitation.

Amazonia has a large influence on the global climate, as it has large
contribution to the hydrological cycle. It is one of the three regions with
maximum tropical precipitation, together with Indonesia and Tropical
Africa. The source of humidity to the atmosphere due to evapotranspi-
ration is also large, being responsible for precipitation in other areas of
South America. Extreme droughts in the first decade of 21st century in
Amazonia (2005 and 2010) were considered the worst droughts since
1950 (Marengo et al., 2008). These extreme precipitation conditions
over Amazonia affected the Amazonas and Solimdes River discharges
in 2005 and 2010 (Espinoza et al., 2011; Marengo et al., 2011; Toma-
sella et al., 2011). Studies on the causes of these droughts indicated
the role of North Atlantic warmer than normal SST (Marengo et al.,
2008, 2011; Yoon and Zeng, 2010; Espinoza et al., 2011; Lewis et al.,
2011). The related atmospheric circulation anomalies were also dis-
cussed in Trenberth and Fasullo (2012). This condition enhanced ascent
motion over North Atlantic and forced subsidence over Amazonia. The
north—south SST gradient was favourable for the ITCZ displacement
northward, and it was consistent with convection shift to the north and
changes in the low-level trade winds, which normally brings humidity
to the continent in the beginning of the South America Monsoon.

The deforestation in the region has been reduced in recent years, but
large areas in the southern sector were already changed to agriculture
or pastures areas. Changes in the vegetation due to projected warming
in future climate can contribute to precipitation reduction in Amazonia,
as shown in experiments of Salazar et al. (2007) and Sampaio et al.
(2007). Replacement of forest by pasture or soybean cropland reduced
precipitation in the region in model experiments (Costa et al., 2007).
The risk of fires in projected deforested areas of Amazonia (eastern and
southern areas) increases under projected changes in CMIP3 models
(Golding and Betts, 2008). However, only some local stations show a
significant precipitation decrease in the last 80 years (Satyamurty et
al., 2010).

In Central Chile the negative trends in precipitation during the 20th
century were related to a weakening of the Pacific subtropical High in
the northern sector and to the positive trends of the Southern Annular
Mode (SAM) in the southern sector (Quintana and Aceituno, 2012).

In the Andes, warmer and drier conditions in future projections resulted
in snow and streamflow reduction (Vicufa et al., 2011). Projections
using a tropical glacier—climate model indicate Andean glaciers will
continue to retreat (Vuille et al., 2008).
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Other region that is influenced by modes of variability is the La Plata
Basin (LPB) region in southeastern South America. This is the second
largest basin in South America and has the main hydroelectric power
plant of this continent. The region has been recognized as sensitive
to climate variability and change because of potential consequences
for water resources and agriculture activity over the region (Boulanger
et al., 2011). LPB receives large portion of humidity from the Amazon
region through the Low-Level Jet (LLJ), which feeds mesoscale convec-
tive systems frequent in the region and several times responsible for
flooding.

Atmospheric circulation and precipitation changes over southern
South America, in future projections of a regional model, were related
to the shifting of Atlantic and Pacific subtropical highs southward and
increase of the Chaco low, through a decreased sea level pressure (SLP)
over northern Argentina, an increase in northerly winds over northeast-
ern Argentina, which causes moisture convergence and precipitation in
that region (Nufiez et al., 2009). The geopotential height increase over
southern South America, in projections of JJA, indicates a strengthen-
ing of the meridional gradient and stronger westerlies. The changes
are consistent with a poleward shifting in the subtropical storm tracks.
The changes in circulation induce the projected precipitation chang-
es: increased precipitation in central Argentina associated with the
enhanced cyclonic circulation of the Chaco low, southward shifting
of the Atlantic subtropical high, with humidity advection displaced to
that area, in the summer. In the winter, there is reduced precipitation
projection over southeastern South America, due to a poleward shift
of the stormtracks that reduces the cyclonic activity over the region.
The shifting of the subtropical high polewards agrees with results of Lu
et al. (2007) on the Hadley Cell expansion under global warming. This
expansion changes the region of subsidence and the subtropical high
pressures moves southwards.

Occurrences of extreme droughts and floods in South America have
contributions from large-scale atmospheric and oceanic features, syn-
optic conditions (Cavalcanti, 2012) and also from local conditions.
Local responses resulting from changes in the main regional systems
and in the large-scale modes of variability can be reinforced through
land feedback to precipitation or temperature (e.g., reduced soil mois-
ture during spring over Amazonia contributes to a delayed onset of the
monsoon season (Collini et al., 2008). Southeastern South America is a
hotspot of strong coupling between land and both evapotranspiration
and precipitation during summer (Sérensson and Menendez, 2011).

Precipitation over southeastern South America and southeastern Brazil
is influenced by the Southern Annular Mode (SAM; Reboita et al.,
2009; Vasconcellos and Cavalcanti, 2010). The mechanisms of these
influences are related to changes in storm tracks, jet streams position
and intensification of PSA anomalous centres by the SAM. The wave
train over South America intensified by the influence of SAM on PSA,
results in a cyclonic/anticylonic pair over the continent and a related
precipitation dipole anomaly, responsible for extreme precipitation in
the South Atlantic Convergence Zone (SACZ), as discussed in Vascon-
cellos and Cavalcanti (2010). The future projections indicate increase
of SLP at middle latitudes of South Atlantic Ocean (Seth et al., 2010),
as the Atlantic Subtropical High is displaced polewards, behaviour that
can be related to the positive trend of the AAO index and poleward
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shifting of the stormtracks. The southward shift of the South Atlantic
High and moisture transport from the Atlantic Ocean towards west-
ern and then eastern Argentina resulted in a significant increase of
annual precipitation during the 20th century over the southern sector
of southeastern South America and a negative trend in the SACZ con-
tinental area (Barros et al., 2008).

Correlations of SAM index with precipitation over South America show
a strong influence in OND, with negative correlations over part of La
Plata basin and positive in central-north continent (Vera and Silvestri,
2009). In AMJ there is also this kind of dipole correlation over South
America, but covering a smaller area in southern SA and positive over
northwestern Amazonia. The correlations in JAS are opposite to OND,
when positive correlations occur over part of La Plata basin, and neg-
ative over extreme northern South America. Seven models analysed by
Vera and Silvestri (2009) did not reproduce such correlations.

Significant correlations were found between number of cold nights in
Uruguay and SAM negative phase in the summer period of 1949-1975,
which were not seen in the period of 19762005 (Renom et al., 2011).
The number of warm nights in the winter had high correlations with
Tropical Pacific SST in the first period, which weakened in the second
period. Correlations of warm nights with Atlantic SST anomalies were
high during the second period.

The influence of 10D on South America is view through a wave train
pattern that extends from the Indian Ocean to South Pacific and South
Atlantic and over South America (Saji and Yamagata, 2003). Similar to
PSA influence, the centres over the continent can affect precipitation
and temperature. 10D influence on South America temperature was
discussed by Saiji et al. (2005). Influences on South America precipita-
tion is presented in Chan et al. (2008).

14.5M.6.3 Europe and Mediterranean

14.5M.6.3.1 Phenomena Affecting Regional Climate

The most relevant phenomena affecting climate variability in diverse
periods and time scales are those related to the extratropical large-
scale atmospheric circulation: ETCs (see Section 14.6.2), NAO (see
Section 14.5.1) and blocking (see Section 14.6.3). Other patterns such
as the East-Atlantic pattern (EAP) are also required to describe the
strength and position of the North Atlantic jet and storm track (Sei-
erstad et al., 2007; Woollings et al., 2010a). The EAP resembles NAO
although displaced and enhanced over MED (Krichak and Alpert,
2005).These variability modes in turn seem to be modulated by inter-
actions with the North Atlantic AMO pattern (Section 14,7,6) and with
lesser intensity diverse tropical phenomena, in particular ENSO, MJO
and Indian summer Monsoon (see Sections 14.5 and 14.6).

The NAO influence on winter temperature anomalies is very relevant
in Northern Europe (NEU) and Central Europe (CEU) due to the rela-
tive mild (cold) air westerly (easterly) advections prevailing over these
sectors during its positive (negative) phase. The cold season precipita-
tion (October to March) interannual variability is controlled mainly by
NAO. In the positive (negative) phase higher (lower) than normal pre-
cipitation prevails in the NEU and CEU sub-regions while in Southern
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Europe/Mediterranean (MED) an opposite behaviour is observed, pos-
sibly with the exception of the eastern and southeastern rims of the
basin (Feliks et al., 2010). There is evidence that the NAO precipitation
teleconnection patterns have changed in the past (Hirschi and Sen-
eviratne, 2010) and that the relationships are scenario dependent in
climate simulations (Vicente-Serrano and Lopez-Moreno, 2008). The
summertime NAO has a more northerly position and a smaller extent
and thus a weaker but still perceptible influence on the region. In its
positive (negative) phase higher (lower) than normal summer temper-
atures are experienced all over Europe, except in the eastern MED, and
less (more) than normal precipitation in NEU and CEU and the opposite
in eastern MED (Folland et al., 2009; Bladé et al., 2012; Mariotti and
Dell'Aquila, 2012).

Europe is among the regions with most frequent blocking events in the
world (Woollings et al., 2010b). The persistence of this phenomenon
leads to strong climate anomalies of different sign depending on the
location of the high-pressure centre that diverts the westerly storms
around. When it is located over Scandinavia—West Russia higher than
normal precipitation (dry, cold) prevails over MED (NEU and CEU) in
the winter half, while the opposite occurs when the blocking forms
over west-central Europe (Barriopedro et al., 2006). In the summer
season heat waves mostly occur during blocking situations (Dole et
al,, 2011).

Several studies have shown that the NAO and blocking phenomena
non-locally interact with other phenomena (Kiittel and Lutterbacher,
2011; Pinto and Raible, 2012). Diverse authors showed that winter
NAO anti-correlates with AMO (e.g., Marullo et al., 2011; Sutton and
Dong, 2012) and a significant relationship between AMO and summer
NAO variations (Folland et al., 2009) or western European and MED
summer heat waves (Della-Marte et al., 2007; Mariotti and Dell'Aquila,
2012). Through a complex chain of air-sea interactions, Bulic et al.
(2012) explain the often observed time-lagged anomalies that ENSO
events induce in large-scale circulation over the North Atlantic Euro-
pean region: a positive (negative) ENSO event in winter leads to posi-
tive (negative) spring precipitation anomalies in Europe (Bronnimann,
2007; Shaman and Tziperman, 2011). Also Cassou (2008) showed that
the diverse phases of MJO affects the wintertime daily NAO regimes
with a time lag of few days by an interaction mechanism between
tropical forced Rosshy waves and mid-latitude transient eddies. A simi-
lar mechanism is proposed between a strong Indian summer monsoon
and above normal rainfall and below normal temperature over CEU
and the western NEU along with positive temperature anomalies in
the eastern MED, being the opposite situation during a weak monsoon
(Lin and Wu, 2012).
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Table 14.SM.1a | Temperature and precipitation projections by the CMIP5 global models. The figures shown are averages over SREX regions (Seneviratne et al., 2012) of the pro-
jections by a set of 32 global models for the RCP2.6 scenario. Added to the SREX regions are an additional six regions containing the two polar regions, the Caribbean, Indian Ocean
and Pacific Island States (see Annex | for further details). The 26 SREX regions are: Alaska/NW Canada (ALA), Eastern Canada/Greenland/Iceland (CGl), Western North America
(WNA), Central North America (CNA), Eastern North America (ENA), Central America/Mexico (CAM), Amazon (AMZ), NE Brazil (NEB), West Coast South America (WSA), South-
Eastern South America (SSA), Northern Europe (NEU), Central Europe (CEU), Southern Europe/the Mediterranean (MED), Sahara (SAH), Western Africa (WAF), Eastern Africa (EAF),
Southern Africa (SAF), Northern Asia (NAS), Western Asia (WAS), Central Asia (CAS), Tibetan Plateau (TIB), Eastern Asia (EAS), Southern Asia (SAS), Southeast Asia (SEA), Northern
Australia (NAS) and Southern Australia/New Zealand (SAU). The area mean temperature and precipitation responses are first averaged for each model over the 1986-2005 period
from the historical simulations and the 20162035, 2046—2065 and 2081-2100 periods of the RCP2.6 experiments. Based on the difference between these two periods, the table
shows the 25th, 50th and 75th percentiles, and the lowest and highest response among the 32 models, for temperature in degrees Celsius and precipitation as a per cent change.
Regions in which the middle half (25 to 75%) of this distribution is all of the same sign in the precipitation response are coloured light brown for decreasing and light green for
increasing precipitation. Information is provided for land areas contained in the boxes unless otherwise indicated. The temperature responses are averaged over the boreal winter
and summer seasons; December, January and February (DJF) and June, July and August (JJA) respectively. The precipitation responses are averaged over half year periods, boreal
winter; October, November, December, January, February and March (ONDJFM) and summer; April, May, June, July, August and September (AMJJAS).

RCP2.6 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Arctic
(land) DJF 2035 05 12 18 2.1 3.8 1 5 8 12 18
2065 1.2 2.0 26 32 6.5 -4 10 12 18 32
2100 -39 19 25 33 6.7 -1 9 12 18 36
JA 2035 03 0.7 1.0 15 26 0 3 5 7 21
2065 -0.2 0.9 1.2 2.1 4.1 -1 5 7 10 31
2100 -1.1 0.7 1.0 22 4.4 -4 4 6 10 33
Annual 2035 03 1.1 14 18 3.4 1 4 6 8 20
2065 1.1 1.7 2.1 2.7 5.5 3 7 9 11 31
2100 -29 1.4 19 2.8 5.6 -8 6 9 " 34
(sea) DJF 2035 03 19 25 32 5.2 -2 6 10 13 25
2065 22 3.0 3.9 5.0 9.3 -9 1 15 22 31
2100 -7.3 2.8 36 52 10.5 -23 9 15 20 37
JA 2035 0.0 0.4 0.6 0.8 15 -1 5 6 7 16
2065 0.6 0.7 0.9 12 2.4 -4 6 9 12 19
2100 -1.5 05 0.8 13 2.7 3 4 8 12 20
Annual 2035 03 1.4 1.8 25 38 -1 6 8 9 18
2065 -1.5 22 2.7 36 6.3 -7 9 11 15 25
2100 -4.6 19 26 36 6.8 -15 7 " 16 28
High latitudes
Canada/ DJF 2035 0.2 12 15 18 33 -1 3 5 7 13
Greenland/ 2065 -1 1.9 23 3.0 53 -3 5 7 12 18
Iceland 2100 -35 16 24 32 5.0 -9 4 9 13 20
JA 2035 03 0.7 1.0 13 25 -1 2 4 5 10
2065 0.4 0.8 14 1.7 3.9 0 4 5 8 13
2100 1.2 0.7 12 19 4.1 -1 3 5 7 14
Annual 2035 0.4 1.0 12 1.4 2.7 -1 2 4 6 10
2065 -1.1 13 1.8 2.4 4.4 -2 5 6 9 14
2100 -25 13 1.7 25 4.4 -4 4 7 9 16
North Asia DJF 2035 0.1 0.9 16 2.1 3.4 2 5 7 10 18
2065 0.4 16 2.1 2.4 5.7 0 7 9 13 32
2100 -1.9 1.4 2.0 2.7 5.4 1 7 10 13 29
JA 2035 03 0.7 1.1 15 2.7 1 2 4 6 12
2065 03 0.9 14 2.0 3.8 -2 4 5 8 2
2100 0.7 0.8 13 2.1 38 -5 4 6 8 21
Annual 2035 03 0.9 13 1.7 2.9 2 3 5 8 14
2065 0.2 1.4 1.7 23 4.4 1 5 7 8 25
2100 -1.7 12 16 2.4 43 -2 5 7 9 24

(continued on next page)
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Table 14.SM.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
North America
Alaska/ DJF 2035 03 11 2.0 2.6 35 -2 2 7 9 17
NW Canada 2065 03 1.8 2.7 3.4 5.6 -2 5 10 14 25
2100 0.2 1.6 23 36 5.8 -2 5 8 14 25
JA 2035 03 07 09 15 3.1 -1 4 6 7 15
2065 0.4 0.8 1.5 2.1 35 -1 4 8 10 24
2100 -0.3 0.7 1.2 2.2 3.6 -7 5 7 1 27
Annual 2035 0.5 1.1 1.4 1.8 2.7 0 4 6 7 14
2065 0.6 1.4 1.9 25 4.1 0 6 8 1 23
2100 -0.5 1.2 1.9 2.6 4.0 -2 5 8 10 25
West North DJF 2035 -0.2 0.6 1.0 1.4 2.6 -3 -1 2 5 9
America 2065 03 1.0 1.6 2.1 4.0 -3 1 4 6 1
2100 03 1.1 1.7 2.1 4.2 -1 3 4 6 12
JA 2035 0.4 0.8 1.1 13 2.0 -6 -2 1 5 1
2065 0.2 1.0 1.4 1.8 3.0 —4 0 2 4 13
2100 -0.4 0.8 13 1.9 3.1 -3 1 4 7 13
Annual 2035 0.5 0.8 1.0 13 2.0 -3 -1 2 3 8
2065 0.6 1.1 1.5 1.7 3.0 —1 1 3 5 13
2100 0.3 1.0 1.4 1.9 3.2 0 2 3 7 12
Central North DJF 2035 -0.2 0.6 1.1 1.4 2.5 -7 -2 2 4 10
America 2065 0.2 0.9 1.5 1.9 33 -4 -1 2 6 18
2100 -0.2 0.8 1.5 2.1 3.4 -10 0 2 6 15
JA 2035 0.4 0.7 1.2 1.4 2.2 -8 -1 1 4 8
2065 0.5 1.0 1.4 2.0 2.9 -8 0 2 4 9
2100 -0.1 0.8 1.2 1.7 3.4 -6 0 2 6 12
Annual 2035 0.4 0.8 1.0 1.2 2.0 -5 -1 2 3 7
2065 0.4 0.9 1.4 1.9 2.6 -6 0 2 5 1
2100 0.1 0.8 1.4 1.8 2.8 -6 1 2 5 10
Eastern North DJF 2035 -0.5 05 1.0 15 2.4 -5 0 4 6 9
America 2065 -0.1 0.8 1.4 2.1 35 -4 2 5 6 16
2100 -0.3 0.9 1.6 23 3.6 -4 0 3 7 16
JA 2035 0.5 0.7 1.0 13 2.2 -3 0 3 5 6
2065 0.4 1.0 13 1.8 3.2 -5 2 3 7 12
2100 0.1 0.9 1.2 1.7 36 -2 1 3 7 15
Annual 2035 03 0.8 1.0 1.2 1.9 -2 1 3 5 6
2065 0.4 0.9 1.4 1.8 2.9 -1 2 4 6 1
2100 0.0 0.9 1.2 1.8 3.2 -1 1 3 6 15
Central America
Central DJF 2035 03 0.6 0.7 0.9 1.2 -6 -2 0 3 8
America 2065 0.5 0.8 1.0 1.2 1.7 -8 -2 1 5 12
2100 0.4 0.7 0.9 13 2.0 -21 -2 1 5 14
JA 2035 0.5 0.7 0.8 0.9 1.4 -6 -2 -1 2 7
2065 0.7 0.9 1.0 1.4 2.0 -10 -4 0 2 7
2100 03 0.7 1.0 1.4 2.2 -1 -2 -1 2 10
Annual 2035 0.5 0.7 0.7 0.8 13 -6 - 0 2 6
2065 0.6 0.9 1.0 13 1.9 -9 -3 0 3 6
2100 0.4 0.7 1.0 13 2.1 -15 -1 0 2 9

(continued on next page)
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Table 14.SM.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Caribbean DJF 2035 0.3 0.5 0.6 0.7 1.0 -12 -3 3 5 10
(land and sea) 2065 0.4 0.7 0.8 1.1 1.6 -6 -1 2 7 13

2100 0.0 0.6 0.8 1.1 1.6 -16 -3 1 6 15
JA 2035 03 0.5 0.5 0.7 12 -12 -7 -4 0 11
2065 0.4 0.7 0.8 1.0 16 15 -6 -3 2 19
2100 -0.1 0.6 0.8 1.1 1.7 -34 —6 0 3 9
Annual 2035 0.4 0.5 0.6 0.7 1.1 -1 -3 -1 0 7
2065 0.4 0.7 0.8 1.0 1.6 -9 -5 0 1 0
2100 -0.1 0.6 0.8 1.1 1.7 -25 —4 0 0 4
South America
Amazon DJF 2035 0.4 0.7 0.8 0.9 1.6 -12 -3 0 1 5
2065 0.6 0.8 1.0 13 2.2 -10 -3 -1 2 6
2100 0.0 0.8 1.0 13 2.5 =20 -4 -1 1 6
JA 2035 0.6 0.7 0.9 1.1 1.9 -1 -3 0 1 5
2065 0.8 1.0 1.1 1.6 2.9 -19 —4 0 2 7
2100 0.5 0.9 1.1 1.5 2.8 =17 -5 -2 1 10
Annual 2035 0.5 0.7 0.8 1.0 1.8 -12 -3 0 1 5
2065 0.7 0.9 1.1 14 2.5 —14 -3 0 1 5
2100 03 0.9 1.1 14 2.8 -19 -3 -1 0 5
Northeast DJF 2035 0.2 0.6 0.8 0.9 1.4 -12 -7 -1 5 13
Brazil 2065 0.6 0.8 1.0 1.2 1.8 -1 -6 -1 4 16
2100 0.1 0.7 1.0 1.2 2.2 -14 -4 -2 4 18
JA 2035 0.1 0.7 0.8 0.9 15 -22 -9 -3 1 15
2065 06 0.9 1.1 13 2.4 -24 -12 -6 1 16
2100 0.1 0.8 1.1 1.4 2.0 =31 -1 —4 2 21
Annual 2035 0.4 0.6 0.8 0.9 1.3 -12 —6 -1 4 1"
2065 0.6 0.8 1.1 13 21 -15 -7 -2 1 15
2100 0.3 0.8 1.0 13 2.0 -19 =5 -2 3 20
West Coast DJF 2035 0.4 0.6 0.7 0.9 1.1 —6 -1 1 2 5
South America 2065 0.5 0.8 1.0 1.2 1.6 -8 -1 1 3 5
2100 0.3 0.7 0.9 1.2 1.9 -7 0 2 5 7
JIA 2035 0.3 0.6 0.8 0.8 1.4 -10 -2 0 2 7
2065 0.6 0.9 1.0 13 1.8 -8 -1 1 2 8
2100 04 0.8 0.9 13 2.1 -1 -1 1 4 7
Annual 2035 0.4 0.6 0.7 0.8 1.2 -7 -1 1 2 5
2065 0.6 0.8 1.0 1.2 1.7 -8 0 1 2 5
2100 0.3 0.8 0.9 1.2 2.0 -8 0 2 3 6
Southeastern DJF 2035 0.2 0.5 0.7 0.8 14 -6 -1 0 2 8
South America 2065 0.3 0.6 0.9 1.2 1.8 —6 -1 0 3 1"
2100 0.3 0.7 0.8 1.2 2.0 -7 -2 1 3 9
JIA 2035 0.1 0.3 0.7 0.8 1.1 -13 -3 2 4 14
2065 0.2 0.5 0.7 1.1 16 -15 -1 1 3 14
2100 03 0.5 0.8 1.1 1.7 17 -4 0 7 17
Annual 2035 0.3 0.5 0.6 0.7 1.3 -7 -1 0 2 10
2065 0.4 0.7 0.9 1.0 1.7 -7 -1 1 2 13
2100 0.4 0.7 0.8 1.1 1.8 -9 -1 1 3 9

(continued on next page)
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Table 14.SM.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Europe
Northern Europe | DJF 2035 -0.6 0.7 1.4 2.0 34 -5 1 4 7 15
2065 -2.7 13 2.1 25 4.1 -3 2 6 9 17
2100 -8.0 15 1.8 25 3.8 -3 3 5 1 16
JIA 2035 0.0 0.6 1.0 13 2.7 -8 0 3 5 10
2065 -1.1 0.9 13 2.0 3.6 -5 0 4 7 20
2100 -2.5 0.7 1.2 1.8 3.6 -12 2 4 7 14
Annual 2035 0.1 0.6 1.2 1.5 2.4 —6 2 4 5 9
2065 -1.9 1.3 1.6 2.0 3.2 -3 3 5 7 18
2100 —5:2 1.1 1.5 2.1 33 -4 2 5 8 15
Central Europe DJF 2035 -0.2 0.6 1.0 1.5 23 -4 -1 2 5 1"
2065 -0.9 0.6 13 1.9 34 —4 1 3 7 1"
2100 -1.9 1.0 13 2.4 2.9 -1 2 4 6 16
A 2035 0.4 0.7 1.1 1.4 25 -6 -1 2 3 6
2065 -0.4 0.9 1.4 2.0 33 -9 0 2 6 8
2100 -0.7 0.8 13 2.0 34 -12 1 4 8 14
Annual 2035 0.1 0.7 1.0 13 1.9 -2 0 1 4 9
2065 -0.5 1.0 13 1.8 2.9 —4 0 3 5 9
2100 -1.4 0.9 13 1.9 2.8 -5 2 3 7 12
Southern Europe/ | DJF 2035 0.2 0.7 0.7 1.0 1.4 -10 -5 -1 2 10
Mediterranean 2065 -0.1 0.8 1.1 1.5 1.9 -12 -7 -1 4 12
2100 -0.9 0.8 1.1 1.3 1.8 -23 —4 0 4 9
JA 2035 0.4 1.0 1.1 15 2.6 15 -7 -2 1 9
2065 0.4 1.0 1.6 1.9 3.6 -17 -7 -2 0 12
2100 -0.2 1.0 1.4 1.8 3.9 -18 -4 -2 0 18
Annual 2035 0.4 0.8 0.9 1.1 1.7 -9 -4 =2 0 7
2065 0.2 1.0 13 1.5 2.6 -13 —6 -2 1 6
2100 0.4 0.9 1.2 15 2.7 21 =5 -1 2 10
Africa
Sahara DJF 2035 0.1 0.7 0.9 1.0 1.3 =37 -6 2 8 77
2065 0.4 1.0 13 1.5 1.8 -27 -1 -3 12 74
2100 -0.3 0.9 1.2 1.4 1.7 -33 -8 -2 6 90
JIA 2035 0.5 0.9 0.9 1.1 2.0 -18 =5 3 1" 44
2065 0.7 1.0 1.2 1.7 2.9 -26 -5 6 14 56
2100 0.2 1.0 1.2 1.8 3.0 41 —4 4 13 60
Annual 2035 0.6 0.8 0.9 1.1 1.6 =17 -5 2 9 36
2065 0.5 1.1 1.2 1.5 23 -26 —6 6 13 44
2100 -0.1 0.9 1.1 1.5 2.4 -36 -4 1 1" 61
West Africa DJF 2035 0.4 0.6 0.7 0.9 1.4 -5 -1 1 2 6
2065 0.6 0.9 1.1 13 2.0 -4 -1 1 5 8
2100 0.4 0.9 1.0 13 2.2 -7 0 1 3 7
A 2035 0.4 0.6 0.7 0.9 1.4 -4 -1 0 2 6
2065 0.5 0.9 1.0 13 2.0 -7 -1 0 1 4
2100 0.2 0.8 1.0 1.2 23 -8 -2 0 1 4
Annual 2035 0.4 0.6 0.7 0.9 13 -4 =1 1 2 5
2065 0.6 0.9 1.0 13 1.9 —6 -1 1 2 4
2100 0.2 0.8 1.0 1.2 2.2 -7 -1 0 2 4

(continued on next page)
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Table 14.5M.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
East Africa DJF 2035 0.4 0.6 0.7 0.8 1.4 -4 -1 2 5 8
2065 0.6 0.9 1.0 13 1.9 -6 -1 1 6 13
2100 03 0.7 0.9 13 2.0 -4 -2 2 5 16
JA 2035 03 06 08 09 13 -7 -3 0 2 10
2065 0.5 0.9 1.0 13 1.8 -11 -5 -2 2 14
2100 0.0 0.8 1.0 12 2.1 -10 -4 -1 2 15
Annual 2035 0.4 0.6 0.7 0.9 13 -5 -1 1 3 9
2065 0.6 0.8 1.0 1.2 1.8 -8 -2 0 4 13
2100 0.2 0.7 0.9 13 2.0 -7 -2 0 2 14
Southern DJF 2035 0.4 0.7 0.8 1.0 12 -11
Africa 2065 0.6 1.0 1.1 1.4 2.0 -13
2100 0.2 0.8 1.1 15 2.1 -13
JA 2035 05 07 0.8 0.9 13 -24
2065 0.7 0.9 1.1 13 1.9 -30
2100 0.4 0.8 1.0 13 2.1 -32
Annual 2035 0.5 0.7 0.8 0.9 1.4 -12
2065 0.7 1.0 1.1 13 2.0 —13
2100 0.4 0.9 1.1 15 2.1 —13
West Indian DJF 2035 03 0.5 0.5 0.7 1.0 -4 0 1 3 10
Ocean 2065 0.5 0.6 0.7 1.0 1.4 -6 1 2 4 12
2100 0.2 0.6 0.7 1.0 16 -2 1 3 6 14
JA 2035 03 0.5 05 0.7 1.0 -6 0 1 4 9
2065 04 06 0.7 1.0 14 3 0 2 6 12
2100 0.1 0.6 0.7 1.0 1.6 -3 1 4 7 11
Annual 2035 03 0.5 0.5 0.7 1.0 -4 0 2 2 9
2065 0.5 0.6 0.7 1.0 13 -2 1 2 3 12
2100 0.2 0.6 0.7 1.0 1.6 —1 2 3 6 11
Asia
West Asia DJF 2035 03 0.7 0.9 12 1.8 -6 1 3 5 12
2065 0.1 0.9 13 1.9 26 -13 0 5 9 25
2100 0.9 0.8 13 17 2.7 13 0 3 8 16
JA 2035 0.7 0.8 1.1 14 2.2 14 -3 3 6 42
2065 03 1.1 1.4 1.9 3.1 -17 -4 5 9 38
2100 0.0 0.9 13 1.9 3.4 -31 -1 3 11 67
Annual 2035 0.6 0.8 1.0 1.2 1.8 -7 —1 2 6 21
2065 0.2 1.0 13 1.8 2.7 15 1 6 8 20
2100 0.4 0.9 12 1.7 2.7 -23 1 3 9 31
Central Asia DJF 2035 0.4 0.8 1.0 15 22 -9 0 4 7 14
2065 0.2 1.0 15 2.1 36 -10 0 4 12 19
2100 -1.3 0.7 16 22 33 -13 0 5 10 18
JA 2035 03 0.8 1.1 14 2.0 14 -1 3 7 16
2065 0.1 0.9 1.4 2.0 35 -9 0 3 8 21
2100 05 0.6 12 1.7 3.8 -19 1 5 10 17
Annual 2035 0.4 0.9 1.1 13 1.8 -9 0 3 6 14
2065 0.0 1.1 14 1.9 3.2 -9 1 4 8 18
2100 0.8 1.0 14 1.8 3.1 -16 0 5 7 17

(continued on next page)
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Table 14.SM.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max

Eastern Asia DJF 2035 03 06 1.1 1.4 2.0 -6 -1 2 4 8
2065 -0.2 1.2 15 1.9 34 -6 1 4 10 15

2100 05 1.0 1.4 2.0 33 -5 2 6 11 22

JA 2035 02 0.8 09 1.1 1.7 3 0 2 3 7

2065 0.2 09 13 1.7 27 -1 3 5 6 17

2100 -03 0.8 1.2 1.7 28 -4 2 5 7 20

Annual 2035 04 0.8 1.0 1.1 1.7 ) 0 2 3 7

2065 0.2 1.0 1.4 1.7 2.7 3 3 5 6 16

2100 0.4 0.9 13 1.7 27 -4 2 5 7 21

Tibetan DJF 2035 03 08 1.0 15 2.1 -2 2 4 6 12
Plateau 2065 0.1 1.2 16 2.1 36 -3 4 6 10 17
2100 0.9 0.9 15 2.0 34 -4 4 7 10 22

JA 2035 0.2 0.8 1.1 13 2.4 3 1 4 6 19

2065 03 1.1 14 1.8 38 -3 3 5 8 24

2100 -0.4 09 13 1.8 39 -4 4 6 9 24

Annual 2035 04 0.8 1.1 1.4 2.0 -2 2 4 5 16

2065 02 1.1 15 1.9 33 =) 3 5 9 20

2100 -0.6 0.9 1.4 19 3.2 -4 4 6 9 22

South Asia DJF 2035 0.2 0.7 08 1.1 1.7 -1 -2 0 5 10
2065 05 0.9 1.2 16 23 -13 0 3 7 19

2100 0.1 0.8 1.1 15 24 -20 2 5 9 27

JA 2035 0.2 05 0.7 0.9 12 -3 1 3 5 9

2065 05 0.8 09 13 1.9 -7 3 5 7 15

2100 -0.1 07 09 1.1 22 -10 1 5 7 17

Annual 2035 02 0.6 0.8 0.9 13 -2 0 3 4 8

2065 0.7 0.9 1.0 1.4 2.0 -5 2 5 7 14

2100 0.2 0.9 1.0 1.4 23 =5 1 5 8 15

North Indian DJF 2035 03 05 05 07 1.0 -9 0 4 10 19
Ocean 2065 03 0.7 0.8 1.1 1.4 -15 -2 5 13 27
2100 03 05 0.8 1.1 1.7 -17 1 8 14 28

JA 2035 03 05 05 0.7 1.0 -6 -1 2 18

2065 05 0.7 0.7 1.0 15 -8 1 3 8 27

2100 0.2 0.6 0.7 1.0 1.7 -16 1 4 7 17

Annual 2035 03 0.5 0.5 06 1.0 -3 -1 3 5 18

2065 05 0.6 0.8 1.1 1.4 -4 -2 5 9 23

2100 03 0.6 0.7 1.1 1.7 =11 1 6 9 23

Southeast DJF 2035 03 05 0.6 0.7 12 -5 -1 0 2 10
Asia (land) 2065 0.4 0.7 0.9 1.1 16 -5 -1 2 4 9
2100 0.2 0.7 0.8 1.2 2.0 -5 0 2 4 9

JA 2035 03 05 0.6 0.7 12 -5 -1 1 3 6

2065 05 0.7 0.8 1.1 1.7 -5 -1 1 5 7

2100 0.2 06 0.8 1.0 18 -6 0 1 3 1

Annual 2035 03 0.5 0.6 07 12 -5 -1 0 2 8

2065 05 0.7 0.8 1.1 1.6 -4 0 1 4 7

2100 02 0.7 0.8 12 1.9 -5 0 1 4 10

(continued on next page)
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Table 14.5M.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southeast DJF 2035 03 0.5 0.5 0.6 1.1 -5 -1 0 3 6
Asia (sea) 2065 0.5 0.6 0.7 1.0 15 -2 0 2 6

2100 03 0.6 0.7 1.0 17 3 0 2 4 7
JA 2035 02 05 05 06 1.0 -5 0 1 3 6
2065 0.5 0.6 0.7 0.9 15 -3 1 2 3 7
2100 03 0.5 0.7 1.0 1.7 -5 1 2 4 9
Annual 2035 03 0.5 0.5 0.6 1.0 -4 0 1 2 4
2065 05 06 0.7 1.0 15 -2 1 2 4 6
2100 03 0.5 0.7 1.0 1.6 -2 1 2 4 7
Australia
North Australia | DJF 2035 0.5 0.6 0.8 1.0 1.7 -17 -6 0 3 8
2065 0.6 0.9 1.1 15 2.4 -23 -9 -2 0 13
2100 0.4 0.9 1.1 15 3.2 -26 _ 3
JA 2035 0.5 0.6 0.7 1.1 1.6 -41 -11 -7 1 4
2065 0.6 0.9 1.1 13 1.8 -47 -15 -6 1 15
2100 0.5 0.8 1.0 12 1.8 -38 -14 -6 1 8
Annual 2035 0.5 0.7 0.8 1.0 13 -17 -6 0 2 8
2065 0.5 0.9 1.1 1.4 1.8 =21 -10 -4 0 10
2100 0.4 0.8 1.1 1.4 2.4 -24 1
South Australia/ 2065 0.5 0.8 1.0 13 1.8 -18 -6 -3 2 6
New Zealand 2100 03 0.8 1.0 13 1.9 -23 -10 -3 0 7
JA 2035 03 0.5 0.6 0.7 0.9 -18 -3 0 1 5
2065 0.4 0.7 0.8 1.0 1.4 -22 -6 -2 3 9
2100 03 0.6 0.7 1.0 15 -16 -6 -1 1 9
Annual 2035 0.4 0.5 0.7 0.8 0.9 -16 -4 0 1 4
2065 0.6 0.7 0.9 1.1 1.4 -18 _ 4
2100 03 0.7 09 1.0 1.5 -19 -6 -3 0 8
The Pacific
Northern DJF 2035 03 0.5 0.6 0.6 1.0 -5 0 2 3 7
Tropical Pacific 2065 0.4 0.6 0.8 1.0 14 -5 0 3 4 13
2100 03 0.6 0.8 1.1 15 -6 -1 2 4 14
JA 2035 03 0.4 0.5 0.7 11 -7 -1 1 2 8
2065 0.4 0.6 0.7 1.0 15 -5 -2 0 3 8
2100 0.2 0.6 0.7 1.1 1.7 -5 -1 1 3 6
Annual 2035 03 0.5 0.6 0.6 1.1 3 = 1 2 6
2065 05 06 08 1.0 1.5 =5 -1 1 3 10
2100 03 0.6 0.7 1.1 1.6 -4 -1 2 3 7
Equatorial Pacific | DJF 2035 0.2 0.5 0.6 0.8 11 -25 3 7 10 78
2065 0.4 0.7 0.8 1.1 16 -25 3 9 19 112
2100 0.1 0.6 0.9 1.1 2.2 -25 5 12 27 230
JA 2035 03 05 06 08 12 -31 4 10 15 68
2065 0.4 0.7 0.8 1.0 1.8 -12 7 12 23 81
2100 0.0 0.6 0.8 1.1 2.0 -16 7 15 25 199
Annual 2035 03 0.5 0.6 0.8 1.1 -14 4 8 11 72
2065 0.4 0.7 0.8 1.0 1.6 -18 7 11 20 98
2100 0.0 0.6 0.8 1.1 2.1 -21 5 14 25 218

(continued on next page)
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Table 14.5SM.1a (continued)

RCP2.6 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southern Pacific | DJF 2035 03 0.4 0.5 0.6 0.9 -10 0 1 2 4
2065 0.4 0.5 0.7 0.9 1.1 -20 -1 2 3 5
2100 03 0.5 0.6 0.9 13 -19 -1 2 3 6
JA 2035 0.1 0.4 04 06 0.9 -1 -1 0 3 6
2065 03 0.5 0.6 0.8 1.2 -15 -1 1 3 8
2100 03 0.5 0.6 0.8 1.4 -19 -1 1 2 6
Annual 2035 03 0.4 0.5 0.6 0.9 —12 0 1 1 4
2065 0.4 0.5 0.6 0.8 1.2 -18 -1 1 7
2100 03 0.5 0.6 0.9 1.4 -19 0 1 2 6
Antarctica
(land) DJF 2035 0.1 0.4 0.6 0.8 1.2 -3 1 2 5 7
2065 -0.3 0.6 0.9 1.2 1.8 -9 1 3 6 1
2100 0.0 06 08 13 2.1 -6 1 3 5 12
JA 2035 -0.3 0.4 0.7 0.9 1.9 0 2 3 6 13
2065 -0.5 0.6 0.9 1.4 1.9 -2 3 5 10 12
2100 -0.8 0.7 1.0 1.2 23 -4 3 6 9 16
Annual 2035 0.0 0.5 0.6 0.9 1.4 -1 2 3 6 10
2065 -0.3 0.6 0.8 13 1.8 -5 2 4 8 1
2100 -0.3 0.7 0.9 13 2.2 -5 3 5 6 14
(sea) DJF 2035 -0.2 0.1 0.2 0.5 0.7 -1 1 2 3 5
2065 -0.5 03 0.5 0.7 1.0 -1 1 3 4 7
2100 0.3 03 0.5 0.8 1.2 -2 1 2 3 7
JA 2035 -0.6 03 0.4 09 2.0 0 1 2 3 5
2065 -1.1 0.4 0.7 13 2.2 -1 2 3 5 9
2100 -1.2 03 0.7 1.6 23 -1 2 3 5 8
Annual 2035 0.4 0.2 03 0.7 13 0 1 2 3 5
2065 -0.7 03 05 1.0 15 -1 2 3 4 8
2100 -0.7 0.4 0.6 1.2 1.8 -1 1 3 4 7

Notes:

2 *Precipitation changes cover 6 months; ONDJFM and AMJJAS for winter and summer (northern hemisphere)
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Table 14.SM.1b | Temperature and precipitation projections by the CMIP5 global models. The figures shown are averages over SREX regions (Seneviratne et al., 2012) of the pro-
jections by a set of 25 global models for the RCP6.0 scenario. Added to the SREX regions are an additional six regions containing the two polar regions, the Caribbean, Indian Ocean
and Pacific Island States (see Annex | for further details). The 26 SREX regions are: Alaska/NW Canada (ALA), Eastern Canada/Greenland/Iceland (CGl), Western North America
(WNA), Central North America (CNA), Eastern North America (ENA), Central America/Mexico (CAM), Amazon (AMZ), NE Brazil (NEB), West Coast South America (WSA), South-
Eastern South America (SSA), Northern Europe (NEU), Central Europe (CEU), Southern Europe/the Mediterranean (MED), Sahara (SAH), Western Africa (WAF), Eastern Africa (EAF),
Southern Africa (SAF), Northern Asia (NAS), Western Asia (WAS), Central Asia (CAS), Tibetan Plateau (TIB), Eastern Asia (EAS), Southern Asia (SAS), Southeast Asia (SEA), Northern
Australia (NAS) and Southern Australia/New Zealand (SAU). The area-mean temperature and precipitation responses are first averaged for each model over the 1986-2005 period
from the historical simulations and the 20162035, 20462065 and 2081-2100 periods of the RCP6.0 experiments. Based on the difference between these two periods, the table
shows the 25th, 50th and 75th percentiles, and the lowest and highest response among the 25 models, for temperature in degrees Celsius and precipitation as a per cent change.
Regions in which the middle half (25 to 75%) of this distribution is all of the same sign in the precipitation response are coloured light brown for decreasing and light green for
increasing precipitation. Information is provided for land areas contained in the boxes unless otherwise indicated. The temperature responses are averaged over the boreal winter
and summer seasons; December, January and February (DJF) and June, July and August (JJA) respectively. The precipitation responses are averaged over half year periods, boreal
winter; October, November, December, January, February and March (ONDJFM) and summer; April, May, June, July, August and September (AMJJAS).

RCP6.0 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Arctic
(land) DJF 2035 0.1 13 15 1.9 4.0 -4 6 8 11 21
2065 1.0 25 3.0 4.0 6.4 3 12 16 19 30
2100 1.1 5.0 5.8 6.8 12.3 8 24 29 35 62
JA 2035 0.2 0.7 08 13 2.8 2 3 5 6 20
2065 0.8 13 1.7 23 4.1 -1 6 9 11 29
2100 1.1 2.1 2.8 4.0 6.8 4 1 14 19 Y]
Annual 2035 0.1 1.2 13 1.6 36 0 4 6 7 21
2065 0.8 1.9 26 3.1 55 2 9 1 14 30
2100 1.0 3.7 45 5.4 9.1 5 16 20 23 50
(sea) DJF 2035 0.0 1.9 2.4 2.9 5.9 -8 6 10 14 22
2065 0.5 3.2 43 6.2 9.5 0 11 18 26 37
2100 0.3 7.1 8.0 10.2 17.1 -2 26 32 41 54
JA 2035 -0.1 04 05 0.7 16 1 4 6 7 13
2065 0.3 0.7 1.0 1.4 2.4 -2 8 10 12 19
2100 0.0 1.4 19 2.3 4.8 1 14 17 21 32
Annual 2035 0.1 13 1.7 2.2 4.1 -3 6 7 10 17
2065 05 23 3.1 4.1 6.3 -1 10 13 19 24
2100 0.5 4.5 5.5 7.0 10.6 -1 20 24 27 43
High latitudes
Canada/ DJF 2035 -0.2 1.1 14 1.8 3.4 -2 3 5 7 12
Greenland/ 2065 1.1 2.4 3.1 3.8 4.9 1 9 10 14 21
Iceland 2100 1.7 44 5.1 6.5 9.9 2 14 19 24 36
JA 2035 0.3 0.6 0.9 1.2 2.5 -2 2 3 4 7
2065 0.8 1.2 1.7 2.2 3.9 1 4 6 9 14
2100 1.0 23 3.1 36 6.4 4 8 10 14 23
Annual 2035 0.0 1.0 1.1 1.4 2.9 -2 3 4 6 8
2065 0.8 1.9 23 2.8 43 2 6 8 11 15
2100 1.2 33 3.9 4.8 7.6 3 1 14 18 25
North Asia DJF 2035 0.5 1.0 14 2.1 3.2 1 4 7 9 17
2065 13 1.8 3.0 33 5.8 1 9 13 15 29
2100 1.8 4.2 48 5.6 8.5 6 17 21 28 47
JA 2035 0.4 0.8 1.0 1.2 2.4 0 2 3 6 14
2065 0.5 13 19 23 3.7 0 3 6 10 19
2100 15 23 3.1 4.1 6.0 -2 7 10 13 28
Annual 2035 0.5 0.9 12 1.7 2.7 1 3 5 7 15
2065 1.1 1.7 23 2.7 43 2 5 7 11 23
2100 13 3.1 3.7 4.7 6.6 2 12 14 18 34

(continued on next page)
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Table 14.SM.1b (continued)

Chapter 14 Supplementary Material

RCP6.0 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
North America
Alaska/ DJF 2035 -0.3 1.1 16 2.4 35 -7 3 6 10 19
NW Canada 2065 1.0 25 3.0 4.4 5.9 0 10 15 27
2100 35 46 5.4 6.4 104 5 14 18 23 43
JA 2035 0.3 0.7 1.0 13 2.1 -1 2 4 5 16
2065 0.6 13 16 23 33 0 5 7 9 26
2100 1.4 2.0 3.0 4.1 5.9 1 10 13 18 38
Annual 2035 0.3 0.9 12 1.6 2.6 = 3 5 7 14
2065 13 1.8 22 2.9 43 3 6 8 11 24
2100 2.5 33 4.0 4.9 72 4 13 15 18 37
West North DJF 2035 0.0 0.6 1.0 1.2 2.0 -4 0 2 3 7
America 2065 0.7 1.4 2.0 2.4 3.9 -1 2 3 6 10
2100 15 2.4 32 3.9 6.1 1 6 7 10 16
JA 2035 0.3 0.8 1.0 1.1 1.9 -4 0 2 4 8
2065 0.9 15 1.8 2.2 3.1 -5 -2 1 3 9
2100 1.6 25 32 4.0 5.0 -6 0 3 5 10
Annual 2035 0.5 0.7 0.9 1.1 15 — 0 1 2 6
2065 1.0 1.4 1.8 2.2 3.2 -2 1 2 4 7
2100 1.8 2.4 3.1 3.8 5.0 -1 2 6 8 12
Central DJF 2035 -0.4 0.6 0.9 1.1 2.1 -4 -1 2 5 11
North 2065 0.2 13 1.8 2.2 3.4 -13 -3 4 7 13
America 2100 13 23 3.0 4.4 5.7 -9 -1 5 12 19
JA 2035 0.4 0.6 0.9 12 1.8 -6 0 2 3 9
2065 1.0 1.4 19 2.2 2.9 -7 -2 0 5 10
2100 1.7 25 3.1 4.1 5.1 -13 -2 3 7 17
Annual 2035 0.4 0.6 0.9 1.2 1.6 -5 1 1 3 9
2065 1.0 1.4 1.7 2.1 3.0 -10 -2 2 6 11
2100 1.8 25 3.0 3.7 5.0 -6 -1 3 9 15
Eastern DJF 2035 -0.3 0.8 1.0 1.2 2.1 -2 0 3 6 13
North 2065 0.7 1.4 19 23 3.8 0 4 7 11 15
America 2100 15 25 32 4.4 6.1 0 7 12 14 20
JA 2035 0.6 0.7 0.9 1.0 1.9 -7 0 3 4 9
2065 1.1 1.4 1.7 2.1 33 —4 1 4 6 10
2100 1.8 2.4 31 3.8 5.7 -4 2 4 7 15
Annual 2035 0.3 0.6 0.9 1.1 2.0 -4 1 3 5 7
2065 1.0 1.5 1.7 1.9 3.2 =1 2 5 8 11
2100 1.8 2.5 3.2 3.8 5.2 -1 5 8 10 13
Central America
Central DJF 2035 0.4 0.5 0.6 0.8 1.1 -8 -2 -1 4 9
America 2065 0.9 1.2 13 1.6 2.1 -17 -3 -1 4 1"
2100 15 2.0 22 2.8 3.4 -21 -6 3 3 11
JA 2035 0.4 0.6 0.7 0.8 13 -5 -2 0 3 6
2065 1.1 1.2 1.4 1.7 2.2 -12 -5 -2 2 7
2100 1.9 22 23 3.1 3.8 -14 -6 -3 3 5
Annual 2035 0.4 0.6 0.7 0.8 1.2 —4 = 0 2 7
2065 1.1 1.2 14 1.7 2.1 -15 3 = 2 5
2100 1.8 2.1 23 2.9 35 -17 -5 -3 1 5

(continued on next page)
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Table 14.SM.1b (continued)

RCP6.0 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Caribbean DJF 2035 0.3 0.5 0.5 0.7 1.0 -7 —4 -1 3 6
(land and sea) 2065 0.8 0.9 1.0 1.2 1.7 -9 -5 -3 3 1

2100 1.0 1.5 1.6 2.2 2.7 -23 -8 -1 5 10
JA 2035 0.3 0.4 05 0.7 1.0 —14 -7 -4 1 9
2065 0.7 0.9 0.9 12 18 -19 6
2100 1.0 1.4 1.7 2.1 29 —43 10
Annual 2035 0.3 0.5 0.5 0.7 1.0 -1 -5 -2 1 7
2065 0.8 0.9 1.0 1.2 1.7 -15 10
2100 1.0 1.5 1.7 2.2 2.9 -33 8
South America
Amazon DJF 2035 0.5 0.6 0.7 0.9 1.4 -7 -2 0 2 7
2065 0.9 13 1.5 1.7 2.2 -9 -3 -1 2 5
2100 1.9 21 2.4 3.0 39 -14 -5 -1 2 5
JIA 2035 0.5 0.7 0.8 1.0 1.6 —6 -1 0 3 7
2065 1.0 1.3 1.6 1.9 29 -9 =5 0 2 1"
2100 1.8 2.2 2.8 33 42 -12 -5 -2 3 12
Annual 2035 0.5 0.7 0.8 0.9 1.7 -6 -1 1 2 7
2065 1.1 13 1.5 1.8 2.8 -8 -3 0 2 8
2100 1.9 2.2 2.5 33 4.4 -9 -5 0 1 7
Northeast DJF 2035 0.4 0.5 0.7 0.9 1.3 -7 -2 2 5 14
Brazil 2065 0.8 1.1 1.5 1.7 2.1 -13 —4 -2 4 23
2100 1.5 2.0 2.4 29 3.7 -13 -6 -4 7 38
JIA 2035 0.3 0.6 0.8 0.9 1.2 -18 -8 -3 1 15
2065 0.7 1.2 1.5 1.7 24 -16 21
2100 1.5 2.1 2.5 2.9 35 -39 21
Annual 2035 0.4 0.6 0.8 0.9 1.2 -10 -3 0 3 15
2065 1.0 1.2 1.5 1.7 2.2 -13 -5 -2 2 23
2100 1.6 2.1 2.5 3.0 3.6 -13 -9 ) 2 34
West Coast DJF 2035 0.3 0.6 0.7 0.8 1.0 -5 -1 1 2 3
South 2065 0.9 1.1 1.3 1.6 1.9 -6 -1 2 4 6
America 2100 1.7 2.0 2.2 2.7 3.2 -8 -1 3 6 12
JIA 2035 0.5 0.6 0.7 0.9 1.2 -8 -2 -1 0
2065 1.0 1.2 13 1.6 2.2 -10 -3 0 3 8
2100 1.8 2.0 2.1 2.8 35 -15 —4 1 5 12
Annual 2035 0.4 0.6 0.7 0.8 1.1 -4 -1 0 1 3
2065 1.0 1.2 1.4 1.6 2.1 -8 -1 2 3 4
2100 1.8 2.0 2.2 2.7 34 =11 -1 3 5 10
Southeastern DJF 2035 0.1 0.5 0.6 0.8 1.2 -6 -1 1 3 6
South 2065 0.9 1.0 1.3 1.4 2.0 -4 1 3 6 9
America 2100 1.4 1.9 2.1 2.7 35 -9 0 4 6 15
JIA 2035 0.1 0.4 0.6 0.8 1.0 -12 -3 0 5 14
2065 0.6 0.9 1.1 13 1.9 -16 -1 3 6 16
2100 13 1.4 1.7 2.6 3.0 -24 -4 4 14 30
Annual 2035 0.3 0.5 0.6 0.7 1.0 -5 -1 1 3 8
2065 0.7 1.0 1.1 1.4 1.9 -7 0 3 6 1
2100 1.4 1.6 2.0 2.7 33 -12 -1 3 8 16

(continued on next page)
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Table 14.SM.1b (continued)

RCP6.0 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Europe
Northern DJF 2035 0.4 0.6 14 2.2 2.8 -5 1 5 5 11
Europe 2065 0.6 1.7 25 35 5.4 -2 4 8 10 18
2100 -1.4 33 4.0 5.2 6.6 5 9 14 17 29
JA 2035 -0.2 0.5 0.8 13 2.4 -7 0 3 6 8
2065 0.2 1.1 1.7 23 3.9 -6 1 3 7 16
2100 -0.8 2.0 28 38 5.4 -13 2 5 9 21
Annual 2035 0.1 0.7 12 1.5 23 -2 0 4 6 9
2065 -0.1 15 1.9 2.6 3.9 —4 4 6 8 17
2100 -1.3 2.7 3.1 4.2 53 -4 8 8 1 25
Central DJF 2035 0.4 0.6 0.8 13 3.2 -2 1 2 3 10
Europe 2065 0.7 15 1.7 2.6 3.7 -1 2 5 14
2100 0.6 2.5 3.1 3.8 5.1 0 5 7 1 18
JA 2035 0.3 0.7 0.9 12 2.0 -9 -3 0 5 10
2065 0.6 15 1.9 2.6 3.4 -1 -3 0 5 9
2100 13 2.4 3.2 4.2 5.6 -20 -7 -1 3 10
Annual 2035 0.3 0.7 1.0 12 2.0 —4 -1 1 3 9
2065 0.8 1.4 1.9 2.2 3.1 —4 0 1 5 10
2100 0.8 2.4 3.1 3.6 4.7 -5 -1 2 6 "
Southern Europe/ | DJF 2035 0.3 0.5 0.7 0.8 13 -1 -4 -3 2 4
Mediterranean 2065 0.4 1.2 1.5 1.7 2.1 -15 8
2100 0.5 1.9 23 2.9 33 -23 11
JA 2035 0.4 0.8 1.1 13 23 -12 -6 -4 2 7
2065 1.0 1.6 2.0 2.2 36 -14 9
2100 2.0 2.8 35 4.0 6.2 -30 _ 1
Annual 2035 0.3 0.7 0.9 1.0 1.6 -8 -5 -2 0 5
2065 0.8 15 1.6 19 2.6 -13 4
2100 13 2.4 2.8 3.2 4.6 -21 5
Africa
Sahara DJF 2035 0.2 0.6 0.8 1.0 16 -36 -6 0 18 38
2065 1.0 13 16 19 23 -39 -11 0 12 26
2100 1.4 23 2.9 3.2 3.7 -22 -11 1 15 45
JA 2035 0.3 0.9 1.0 1.1 1.9 -13 -8 2 11 31
2065 13 1.7 1.9 2.0 3.1 -15 -9 1 14 64
2100 2.1 2.8 3.1 37 5.1 -23 -1 -2 16 101
Annual 2035 0.6 0.7 0.9 1.1 1.5 -13 -5 0 9 24
2065 13 15 1.7 2.0 2.5 -20 -7 0 12 54
2100 1.8 2.6 3.0 35 4.4 -19 -9 -2 17 86
West Africa DJF 2035 0.4 0.6 0.8 0.9 12 -5 0 2 3 6
2065 1.1 13 15 1.7 23 -7 -1 3 12
2100 1.7 2.2 25 3.0 4.1 -8 3 6 7 19
JA 2035 0.5 0.6 0.7 0.9 13 -6 0 2 3 5
2065 1.0 1.2 1.4 16 2.4 -5 0 2 4 6
2100 19 2.1 23 3.0 3.9 -7 1 2 5 13
Annual 2035 0.5 0.7 0.7 0.9 12 -6 0 2 3 4
2065 1.1 13 1.4 16 2.4 -5 0 2 4 7
2100 1.8 2.2 23 2.9 4.0 -5 2 4 5 12

(continued on next page)
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Table 14.5SM.1b (continued)

RCP6.0 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
East Africa DJF 2035 0.4 0.6 0.7 0.8 1.2 -3 0 2 5 10
2065 0.9 1.2 14 1.7 2.2 -4 0 3 7 12
2100 1.6 2.0 23 2.8 3.9 -5 2 9 14 23
JA 2035 05 07 08 0.9 1.1 -8 -3 0 2 5
2065 1.0 13 15 1.8 2.4 -8 -5 -2 3 14
2100 1.8 22 26 2.9 3.8 -9 -6 -1 7 24
Annual 2035 0.5 0.6 0.8 0.9 1.1 -4 -1 0 3 8
2065 1.0 1.2 15 1.8 23 =5 -2 1 4 13
2100 1.7 2.1 24 2.9 3.9 -6 -1 4 10 21
Southern DJF 2035 0.5 0.7 08 1.0 15 -12 -4 -1 2 8
Africa 2065 1.0 13 16 2.0 2.2 -13 -7 -2 1 5
2100 1.9 2.2 2.8 33 4.0 -20 _ 5
JA 2035 0.4 0.7 0.8 0.9 13 -17 -4 -1 2 1
2065 1.1 1.4 16 1.8 23 -15 2
2100 2.0 23 2.7 3.2 3.9 -33 5
Annual 2035 0.5 0.7 0.8 0.9 13 -10 -3 -1 1 8
2065 1.2 1.4 1.7 1.9 23 -10 =7 =2 1 4
2100 2.0 2.4 2.8 33 4.0 -18 1
West DJF 2035 03 0.5 05 0.7 0.9 -2 0 2 4 7
Indian 2065 0.8 0.9 1.0 13 1.6 -5 1 3 6 14
Ocean 2100 1.4 15 16 23 2.7 -1 0 3 8 18
JA 2035 0.3 0.5 05 0.7 1.0 —4 0 4 5 9
2065 0.7 0.9 1.0 12 1.7 -5 0 3 7 14
2100 1.4 1.5 1.7 2.2 2.8 -7 0 4 9 17
Annual 2035 0.3 0.5 0.5 0.7 1.0 -2 0 2 3 7
2065 0.8 0.9 1.0 1.2 1.6 -2 1 3 5 14
2100 1.4 15 16 2.2 2.7 —4 0 3 8 18
Asia
West Asia DJF 2035 0.5 0.7 1.0 1.2 1.6 -7 -2 3 6 13
2065 0.9 1.4 1.7 2.0 2.9 -9 -1 4 7 10
2100 1.2 25 2.9 3.4 4.9 -17 -3 4 9 19
JA 2035 06 0.8 1.0 12 2.2 -16 -4 2 5 22
2065 13 1.5 2.0 2.2 3.4 -16 -4 2 9 1
2100 2.1 2.6 32 3.9 5.6 -2 -11 0 10 22
Annual 2035 0.7 0.7 0.9 1.2 1.6 -7 -2 2 5 12
2065 1.1 15 1.8 2.1 2.7 -10 ) 3 7 9
2100 15 25 3.0 3.7 4.7 -18 =5 4 6 15
Central Asia DJF 2035 0.3 0.9 1.1 15 2.1 -9 2 4 1 14
2065 0.9 1.6 2.0 2.5 4.0 -14 0 4 9 18
2100 1.1 2.8 33 4.0 5.8 -15 -5 6 12 24
JA 2035 0.3 0.7 1.0 1.2 2.2 -12 -2 3 7 14
2065 0.8 1.4 1.8 23 3.7 -16 0 4 9 18
2100 1.6 25 33 4.2 6.1 -29 -2 2 11 16
Annual 2035 0.6 0.9 1.0 1.2 1.9 -7 0 5 7 13
2065 0.9 1.6 19 2.2 3.0 -10 1 5 8 18
2100 1.2 2.7 33 3.9 53 -19 -2 3 8 22

(continued on next page)
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Table 14.SM.1b (continued)

Chapter 14 Supplementary Material

RCP6.0 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max

Eastern Asia DJF 2035 0.0 0.8 1.0 13 2.0 -4 0 2 4 1
2065 0.5 15 19 2.3 3.1 -12 -1 3 5 13

2100 12 2.7 3.1 3.8 5.0 -7 4 8 12 19

JA 2035 0.4 0.6 0.7 0.9 15 -3 1 2 4 6

2065 0.9 13 16 1.8 2.7 -3 1 2 5 7

2100 1.4 2.2 2.8 3.6 45 2 5 7 10 21

Annual 2035 0.4 0.7 0.9 1.1 14 =) 1 2 3 6

2065 0.9 1.5 16 1.9 2.7 -3 1 3 4 6

2100 1.2 23 2.9 35 45 0 5 8 10 18

Tibetan DJF 2035 0.3 0.8 1.1 15 2.1 0 3 6 8 13
Plateau 2065 0.9 1.7 2.0 2.6 35 -1 6 8 12 17
2100 1.7 2.9 3.4 43 5.8 1 7 12 18 30

JA 2035 0.4 0.8 0.9 1.1 23 -3 1 3 6 15

2065 1.1 1.6 1.8 2.1 4.0 -4 3 6 9 23

2100 1.7 2.7 32 3.9 6.2 -4 5 9 14 40

Annual 2035 0.6 0.7 1.1 1.2 18 —1 2 4 6 13

2065 1.2 1.7 2.0 2.2 32 -2 5 6 10 20

2100 15 2.7 33 3.9 5.4 1 7 12 14 35

South Asia DJF 2035 0.3 0.6 0.9 1.1 13 -7 -1 5 8 14
2065 0.8 13 15 1.8 24 -9 -1 7 10 22

2100 1.9 23 2.7 33 3.9 -12 5 10 13 51

JA 2035 0.2 0.5 0.7 0.8 1.1 3 1 3 4 7

2065 0.7 1.0 13 15 22 -5 3 5 6 15

2100 1.6 1.9 22 2.8 38 -8 8 11 14 25

Annual 2035 0.3 0.6 0.8 0.9 12 -2 1 5 7

2065 1.1 1.2 13 1.7 2.0 =5 2 5 6 16

2100 1.9 2.2 2.4 33 38 =5 9 11 14 24

North DJF 2035 0.3 0.5 0.6 0.7 1.0 -7 -1 6 10 16
Indian 2065 0.7 0.9 1.0 13 16 -8 3 8 19 25
Ocean 2100 13 1.6 1.7 23 2.8 -7 8 14 27 57
JA 2035 0.3 0.5 0.6 0.7 1.0 -6 -2 1 5 10

2065 0.8 0.9 1.1 13 1.7 -6 0 4 8 21

2100 15 1.6 18 23 29 -13 3 6 13 36

Annual 2035 0.3 0.5 0.6 0.7 1.0 -3 -1 3 6 12

2065 0.8 0.9 1.0 13 16 -4 2 6 9 23

2100 15 1.6 1.7 2.4 2.8 -7 3 12 15 47

Southeast DJF 2035 0.3 0.5 06 0.7 1.0 -8 -1 0 1 4
Asia (land) 2065 0.7 0.9 1.1 1.4 18 -6 -2 1 4 8
2100 13 1.7 18 2.4 32 -9 0 4 8 14

JA 2035 0.4 0.5 0.6 0.7 1.1 -5 -2 0 2 5

2065 0.7 1.0 12 14 2.0 -5 -2 0 4 6

2100 1.5 1.8 19 2.4 3.4 -6 -1 4 8 13

Annual 2035 0.4 0.5 0.6 0.7 1.0 -6 -1 0 2 4

2065 0.8 1.0 1.1 1.4 1.8 -5 -1 1 4 7

2100 15 1.7 19 25 3.2 -4 0 3 8 14

(continued on next page)
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Table 14.5SM.1b (continued)

RCP6.0 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southeast DJF 2035 0.3 0.5 0.5 0.6 1.1 -3 -1 0 1 5
Asia (sea) 2065 0.7 0.8 1.0 12 1.7 -5 -1 2 4 7

2100 1.4 1.5 15 2.1 2.9 -5 0 3 6 14
JA 2035 0.2 0.5 0.5 0.6 1.0 -4 0 1 2 5
2065 0.8 0.8 1.0 1.2 1.7 -4 0 2 4 9
2100 1.4 1.5 1.6 2.1 2.9 -4 2 3 5 13
Annual 2035 0.2 0.5 0.5 0.6 1.0 -3 0 1 2 3
2065 0.7 0.9 0.9 1.2 1.7 -2 -1 2 4 7
2100 1.4 1.5 1.6 2.1 2.8 -2 1 3 5 13
Australia
North DJF 2035 0.3 0.6 0.7 1.0 1.9 -17 -5 -3 1 9
Australia 2065 0.9 1.4 15 1.9 2.7 -16 -4 -1 3 10
2100 13 2.2 2.6 3.0 4.0 -30 -8 -1 6 18
JA 2035 0.1 0.6 0.8 1.1 13 -36 -12 -5 2 17
2065 0.9 1.4 15 1.9 2.1 -46 -12 -3 2 14
2100 18 2.1 2.8 3.1 35 -57 -18 -4 5 15
Annual 2035 0.4 0.6 0.8 1.0 1.4 -14 -8 -3 1 9
2065 1.0 13 1.6 1.8 2.2 -18 -5 -1 3 9
2100 1.5 2.3 2.7 3.1 3.6 -29 -9 0 3 15
South Australia/ | DJF 2035 0.5 0.6 0.7 0.9 1.4 -22 -5 -1 1 6
New Zealand 2065 0.8 13 1.4 16 2.1 -24 -6 -1 3 10
2100 1.6 1.9 23 2.9 3.7 -19 -5 -1 2 1
JA 2035 0.4 0.5 0.7 0.7 0.9 -16 -4 -1 1 4
2065 0.6 1.0 12 1.4 1.6 =27 -6 -1 2 5
2100 13 1.7 2.1 2.3 2.8 -28 -9 -2 3 10
Annual 2035 0.5 0.6 0.7 0.8 1.0 -17 -3 -1 0 5
2065 0.9 1.1 1.4 1.5 1.7 -24 -4 -1 3 4
2100 1.5 1.9 23 2.5 2.9 -23 -5 -1 2 9
The Pacific
Northern DJF 2035 03 0.4 0.5 0.6 0.9 -4 -1 0 2 7
Tropical 2065 0.7 0.8 1.0 1.2 1.6 -5 -1 2 4 7
Pacific 2100 1.2 1.5 1.7 2.2 2.8 -9 -1 2 6 13
JA 2035 0.3 0.4 0.5 0.6 1.0 -7 -2 1 3 6
2065 0.7 0.9 0.9 12 1.8 -5 -1 1 4 6
2100 13 1.4 16 23 3.0 -10 -2 2 6 12
Annual 2035 0.3 0.5 0.5 0.6 0.9 -4 -2 0 2 6
2065 0.7 0.9 1.0 1.2 1.7 -4 -1 1 3 6
2100 13 1.4 1.7 2.3 2.9 -9 0 2 5 9
Equatorial DJF 2035 0.4 0.5 0.6 0.8 1.0 -2 1 6 14 Iy
Pacific 2065 0.5 1.0 1.1 1.4 19 -6 9 14 20 133
2100 1.0 1.6 1.8 2.4 33 -1 7 18 32 250
JA 2035 0.4 0.5 0.6 0.7 1.1 -1 5 9 13 21
2065 0.7 0.9 1.1 13 2.1 -15 1 16 25 87
2100 12 1.5 1.8 23 3.4 -3 21 29 42 164
Annual 2035 0.4 0.5 0.6 0.7 0.9 -1 5 7 12 33
2065 0.6 1.0 1.1 13 1.9 -1 9 14 21 113
2100 1.2 1.6 1.8 2.3 3.1 -5 16 22 31 215

(continued on next page)
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Table 14.5SM.1b (continued)

RCP6.0 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southern DJF 2035 0.2 0.4 05 0.6 0.8 -7 -1 1 2 4
Pacific 2065 0.6 0.8 0.9 1.1 15 -18 -2 2 3 5

2100 1.0 13 15 18 2.4 -32 -4 3 5 8
JA 2035 0.2 0.4 05 0.6 0.9 -7 -1 1 3 7
2065 0.6 0.8 0.9 1.0 15 -15 -2 1 4 6
2100 1.1 13 15 1.8 25 -24 -2 0 4 9
Annual 2035 0.2 0.4 0.5 0.5 0.8 -8 0 1 2 4
2065 0.7 0.8 0.8 1.1 15 -18 -1 2 3 5
2100 1.1 13 1.5 1.8 2.4 -29 -2 2 4 9
Antarctica
(land) DJF 2035 0.1 03 05 0.7 12 -6 1 2 4 7
2065 0.1 1.0 13 15 2.1 -6 2 5 7 13
2100 0.7 1.7 22 2.8 37 -6 5 6 13 22
JA 2035 -0.4 0.2 0.6 0.8 1.7 -2 1 3 5 10
2065 -0.1 1.1 14 1.7 22 0 8 1 15
2100 0.0 1.9 2.1 3.0 3.9 2 10 12 20 29
Annual 2035 03 0.4 0.5 0.8 12 -3 1 3 5 9
2065 0.0 1.1 12 1.6 2.2 -3 3 7 9 14
2100 0.5 1.7 2.0 2.9 3.8 -2 7 10 17 25
(sea) DJF 2035 -0.5 0.1 03 0.4 0.8 0 1 3 3 4
2065 0.4 0.4 0.6 0.8 12 -1 2 4 5 7
2100 03 0.7 1.0 1.4 2.2 2 4 7 10 12
JA 2035 -1.0 0.2 0.5 0.8 18 0 2 2 4 6
2065 -0.8 0.5 1.0 1.6 22 1 3 5 7 9
2100 0.4 1.1 16 2.8 38 4 6 7 12 16
Annual 2035 -0.7 0.1 0.4 0.6 12 0 1 2 3 5
2065 -0.6 0.5 0.7 12 1.8 1 2 4 6 8
2100 -0.3 1.0 13 2.1 3.0 4 5 7 1 13

Notes:

2 *Precipitation changes cover 6 months; ONDJFM and AMJJAS for winter and summer (northern hemisphere)
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Table 14.SM.1c | Temperature and precipitation projections by the CMIP5 global models. The figures shown are averages over SREX regions (Seneviratne et al., 2012) of the
projections by a set of 39 global models for the RCP8.5 scenario. Added to the SREX regions are an additional six regions containing the two polar regions, the Caribbean, Indian
Ocean and Pacific Island States (see Annex | for further details). The 26 SREX regions are: Alaska/NW Canada (ALA), Eastern Canada/Greenland/Iceland (CGI), Western North
America (WNA), Central North America (CNA), Eastern North America (ENA), Central America/Mexico (CAM), Amazon (AMZ), NE Brazil (NEB), West Coast South America (WSA),
South-Eastern South America (SSA), Northern Europe (NEU), Central Europe (CEU), Southern Europe/the Mediterranean (MED), Sahara (SAH), Western Africa (WAF), Eastern Africa
(EAF), Southern Africa (SAF), Northern Asia (NAS), Western Asia (WAS), Central Asia (CAS), Tibetan Plateau (TIB), Eastern Asia (EAS), Southern Asia (SAS), Southeast Asia (SEA),
Northern Australia (NAS) and Southern Australia/New Zealand (SAU). The area mean temperature and precipitation responses are first averaged for each model over the 1986—-2005
period from the historical simulations and the 2016-2035, 2046—2065 and 2081-2100 periods of the RCP8.5 experiments. Based on the difference between these two periods,
the table shows the 25th, 50th and 75th percentiles, and the lowest and highest response among the 39 models, for temperature in degrees Celsius and precipitation as a per cent
change. Regions in which the middle half (25 to 75%) of this distribution is all of the same sign in the precipitation response are colored light brown for decreasing and light green
for increasing precipitation. Information is provided for land areas contained in the boxes unless otherwise indicated. The temperature responses are averaged over the boreal winter
and summer seasons; December, January and February (DJF) and June, July and August (JJA) respectively. The precipitation responses are averaged over half year periods, boreal
winter; October, November, December, January, February and March (ONDJFM) and summer; April, May, June, July, August and September (AMJJAS).

RCP8.5 Temperature (°C) Precipitation (%)
REGION ‘ MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Arctic
(land) DJF 2035 0.7 1.7 2.1 25 43 0 8 10 14 19
2065 2.4 45 53 6.2 10.1 1 21 23 29 51
2100 53 8.6 9.6 124 16.8 27 40 47 64 93
JA 2035 0.4 0.8 1.1 1.4 2.8 0 4 6 8 23
2065 1.1 2.0 2.6 33 5.9 3 11 13 18 M
2100 2.6 4.0 4.7 6.1 9.2 9 20 25 32 61
Annual 2035 0.5 1.4 1.7 2.0 3.7 2 6 7 10 22
2065 1.7 3.7 4.1 46 7.8 6 15 17 21 45
2100 4.4 6.3 7.5 8.6 12.4 17 30 34 40 74
(sea) DJF 2035 0.7 24 3. 35 6.3 -2 7 1 15 23
2065 2.0 6.3 7.4 8.7 14.2 2 21 27 32 47
2100 7.8 12.2 135 17.4 233 19 44 53 61 83
JA 2035 0.2 0.5 0.7 0.9 1.7 -2 5 6 8 15
2065 0.4 1.4 1.6 2.1 3.8 -2 12 16 18 30
2100 13 26 33 4.8 8.1 0 23 27 34 45
Annual 2035 0.6 1.9 23 2.5 44 1 6 9 1 19
2065 1.4 45 5.1 6.3 9.0 0 16 20 24 39
2100 5.2 7.7 9.2 11.5 14.8 1 32 38 46 63
High latitudes
Canada/ DJF 2035 0.6 15 2.0 2.2 3.4 1 4 6 8 13
Greenland/ 2065 2.6 42 4.8 5.9 7.9 3 12 15 21 29
Iceland 2100 4.6 7.2 8.7 108 13.3 13 25 29 41 55
JA 2035 0.5 0.9 1.1 13 2.7 0 3 4 6 11
2065 12 23 2.6 31 5.6 5 7 9 12 21
2100 2.2 4.1 4.6 5.9 9.0 7 14 16 21 35
Annual 2035 0.6 13 1.5 1.7 2.9 1 4 5 6 10
2065 1.8 3.2 3.6 42 6.3 4 10 12 16 22
2100 4.2 5.6 6.4 7.9 10.5 1 19 22 28 40
North Asia DJF 2035 0.6 13 1.9 22 4.0 1 6 8 11 23
2065 2.4 35 4.1 5.2 7.9 8 14 19 24 45
2100 47 6.9 7.9 9.6 12.4 18 28 33 46 74
JA 2035 0.4 0.9 1.2 15 2.9 -1 3 5 6 14
2065 13 2.0 2.9 3.8 5.3 1 6 9 12 26
2100 2.6 4.1 5.1 7.0 8.3 0 9 14 19 37
Annual 2035 0.6 1.2 1.5 2.0 33 1 5 5 8 17
2065 1.9 2.8 3.6 42 6.1 6 9 12 15 32
2100 3.9 5.2 6.5 7.6 9.8 1 19 22 26 50
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Table 14.5M.1c (continued)

RCP8.5 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
North America
Alaska/ DJF 2035 -0.8 1.6 2.1 3.2 4.8 -5 4 6 11 17
NW Canada 2065 2.9 45 5.1 6.3 8.8 2 10 17 21 37
2100 53 7.7 9.3 11.8 14.8 12 2 33 43 73
JA 2035 0.2 0.8 12 15 2.6 -1 3 6 7 16
2065 0.9 2.0 27 3.4 5.4 4 10 13 14 32
2100 23 3.8 4.9 6.0 8.3 10 17 23 27 47
Annual 2035 0.4 13 1.7 23 3.0 -2 4 5 8 16
2065 23 33 3.7 4.6 6.1 7 10 14 18 32
2100 4.1 5.6 6.9 8.5 10.5 1 23 26 32 51
West North DJF 2035 0.2 1.0 13 1.7 2.5 -4 1 3 4 8
America 2065 1.0 2.5 3.0 3.4 5.0 -2 3 6 8 20
2100 2.7 4. 5.0 6.1 8.7 -3 8 12 13 27
JA 2035 0.6 1.0 13 15 2.2 -4 0 2 3 8
2065 16 2.3 2.9 3.7 4.4 -7 -1 2 4 15
2100 35 4.7 5.2 6.5 7.8 -16 -4 0 5 20
Annual 2035 0.5 1.0 12 15 2.0 -2 1 2 4 7
2065 1.7 2.4 2.8 3.4 4.2 -2 1 4 6 18
2100 3.1 4.2 5.0 6.1 7.7 = 3 6 8 25
Central DJF 2035 0.0 1.0 12 1.7 23 -6 -2 2 6 11
North 2065 1.1 2.2 2.7 3.6 4.8 -12 1 7 10 17
America 2100 2.9 4.1 5.0 5.9 7.7 -18 4 1 17 28
JA 2035 0.5 1.1 12 1.4 23 -9 -2 1 3 9
2065 1.7 2.3 2.9 3.4 4.6 -19 -1 3 6 13
2100 36 46 5.4 6.2 8.0 -19 -4 3 7 16
Annual 2035 0.6 1.0 12 15 2.0 -5 -1 2 4 10
2065 1.7 2.4 2.8 33 4.2 -10 1 4 7 15
2100 3.4 4.4 5.1 5.7 7.4 -14 0 7 9 16
Eastern DJF 2035 0.0 0.9 14 1.6 2.7 3 1 4 6 11
North 2065 1.8 2.4 3.0 37 5.1 -1 6 9 15 20
America 2100 32 46 5.5 6.4 8.6 -2 12 17 24 32
JA 2035 0.4 0.9 1.1 1.4 2.3 -7 1 3 5 10
2065 14 2.4 2.8 33 48 -8 2 5 7 12
2100 2.8 4.2 5.1 5.9 8.3 -1 1 7 9 25
Annual 2035 0.4 0.9 12 1.4 2.1 -3 1 4 5 7
2065 1.7 2.5 2.8 33 45 1 4 7 10 14
2100 35 43 5.1 6.0 7.6 0 6 1 15 2
Central America
Central DJF 2035 05 0.7 0.9 1.0 13 -12 -4 0 3 13
America 2065 1.4 1.9 2.1 2.4 2.9 -17 -6 -2 1 12
2100 23 33 3.9 46 53 =27 -1 -5 4 13
JA 2035 0.6 0.8 0.9 1.1 15 -14 -4 -1 3 9
2065 16 2.0 23 2.6 32 14 11
2100 2.9 36 42 5.1 6.0 27 16
Annual 2035 0.5 0.8 0.9 1.1 1.4 -1 -3 -1 3 6
2065 1.5 1.9 2.1 2.6 3.0 -14 -7 -5 1 7
2100 2.9 35 3.9 4.9 55 -26 1
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Table 14.SM.1¢ (continued)

Climate Phenomena and their Relevance for Future Regional Climate Change

RCP8.5 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Caribbean DJF 2035 0.3 0.6 0.7 0.9 1.1 -1 -3 0 5 7
(land and sea) 2065 1.0 1.4 1.6 1.9 2.4 -13 -5 -1 3 10

2100 2.0 25 3.0 36 4.0 -39 -13 -5 3 19
JA 2035 03 06 0.7 0.8 12 17 16
2065 1.2 1.4 1.6 1.9 25 -34 13
2100 2.2 2.4 2.9 3.4 4.2 -60 2
Annual 2035 0.4 0.6 0.7 0.9 1.1 -14 1
2065 1.1 1.4 1.6 1.9 25 -19 10
2100 2.1 25 3.0 36 4.1 -50 9
South America
Amazon DJF 2035 0.5 0.8 0.9 1.1 1.8 -12 -4 -1 1 5
2065 13 1.9 23 2.8 3.9 -20 -6 -1 2 7
2100 1.9 35 43 53 63 -26 -1 -3 3 16
JA 2035 0.5 0.8 1.0 12 2.1 -17 -3 -1 1 6
2065 15 2.1 2.6 2.9 4.2 -28 -6 -2 2 13
2100 3.0 3.8 4.7 5.7 76 —44 -1 -5 1 12
Annual 2035 0.5 0.8 1.1 12 19 12 -3 -1 1 4
2065 1.4 2.0 2.5 2.8 4.1 -23 -5 -1 2 8
2100 2.4 3.7 43 5.7 7.0 -33 -11 -2 1 14
Northeast DJF 2035 0.5 0.7 0.9 1.1 15 -13 -6 -1 3 9
Brazil 2065 1.2 1.8 2.1 2.4 32 -16 -9 0 4 39
2100 2.1 3.4 3.8 4.6 56 -29 -1 -4 5 48
JA 2035 0.4 0.7 0.9 1.1 13 -22 17
2065 1.2 1.8 2.2 25 3.1 -24 32
2100 2.6 36 4.1 4.8 5.7 -41 37
Annual 2035 0.5 0.8 1.0 1.1 15 14 -6 0 2 7
2065 13 1.9 22 2.6 3.1 -16 -10 -2 1 38
2100 2.5 35 4.1 4.8 5.6 -31 -14 -6 6 45
West Coast DJF 2035 0.4 0.7 0.8 1.0 13 -5 0 1 3 6
South America 2065 1.6 1.8 2.1 2.4 2.9 -8 -1 2 4 10
2100 2.6 3.2 3.8 4.7 5.2 -1 1 3 7 14
JA 2035 05 08 0.9 1.0 14 -9 -2 0 2 6
2065 15 1.9 2.2 25 3.0 -13 -3 -1 3 8
2100 2.9 33 3.8 4.8 53 -20 -6 -1 3 12
Annual 2035 0.5 0.7 0.9 1.0 1.4 -6 -1 1 2 5
2065 15 1.8 2.1 2.4 2.9 -9 —1 1 3 8
2100 2.8 33 3.8 4.8 5.1 -14 -1 1 6 1
Southeastern DJF 2035 0.1 0.6 0.8 1.0 15 -4 -1 2 4 13
South America 2065 1.0 1.7 1.9 22 35 -7 -1 3 7 14
2100 1.9 3.0 3.8 4.4 6.2 -10 1 6 1 24
JA 2035 0.2 0.5 0.7 0.9 12 -12 -1 1 22
2065 0.9 15 1.8 2.1 2.7 =21 -2 4 8 27
2100 1.9 2.8 3.4 3.9 4.6 -24 -3 7 21 M
Annual 2035 0.2 0.6 0.8 0.9 1.4 -6 0 1 3 14
2065 1.1 1.7 1.9 22 3.1 —11 -1 3 8 18
2100 19 3.0 3.6 42 53 -1 1 7 14 27
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Table 14.5M.1c (continued)

RCP8.5 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Europe
Northern DJF 2035 0.1 1.1 15 2.4 35 3 3 5 7 16
Europe 2065 -0.6 2.9 34 4.7 6.8 2 8 1 15 26
2100 26 53 6.1 75 10.4 8 15 20 29 4
JA 2035 03 0.8 1.1 15 2.8 -4 1 4 7 9
2065 0.1 1.9 25 3.2 4.9 -8 1 4 10 19
2100 2.1 35 45 5.8 76 17 2 8 12 26
Annual 2035 03 0.9 12 1.8 2.7 -3 3 4 6 12
2065 0.4 2.4 2.9 35 4.7 -2 6 8 1 23
2100 19 43 5.0 6.3 7.7 -2 12 14 18 34
Central Europe | DJF 2035 0.3 0.6 1.0 1.8 33 -7 1 4 6 15
2065 12 2.1 26 3.8 5.8 1 4 7 1 19
2100 3.4 4.2 49 5.9 8.2 -4 7 1 18 29
JA 2035 0.4 1.0 13 1.6 2.8 -8 -2 1 5 8
2065 13 23 2.7 3.6 5.5 -18 -6 -2 4 10
2100 2.8 43 53 6.6 8.5 -28 _ 1
Annual 2035 05 0.9 1.1 1.6 25 -4 0 3 5 1
2065 1.0 2.2 2.7 33 4.6 -5 0 3 6 10
2100 3.1 4.0 4.8 5.8 7. -8 -3 0 7 14
Southern Europe/ | DJF 2035 0.0 0.6 0.9 11 1.7 -10
Mediterranean 2065 0.7 1.8 22 2.7 3.1 -24
2100 2.4 33 38 46 5.7 -35
JA 2035 0.6 11 1.4 1.6 2.7 -15
2065 2.1 2.6 33 3.7 5.6 -31
2100 3.9 4.9 6.0 6.8 9.3 -58
Annual 2035 0.4 1.0 1.1 13 2.0 -8
2065 1.6 23 25 3.0 4.1 -23
2100 33 4. 45 5.6 6.9 -35
Africa
Sahara DJF 2035 0.2 0.9 1.1 1.2 1.6 -35 -13 -1 8 67
2065 13 2.2 25 2.9 3.2 -35 -15 -2 15 128
2100 32 3.8 4.4 53 6.4 -49 -26 -10 19 319
JA 2035 0.4 1.0 12 1.4 2.0 -24 -3 6 19 34
2065 19 2.5 2.9 33 45 -23 -7 5 16 98
2100 3.4 46 5.0 6.5 7.8 -41 —14 9 25 147
Annual 2035 0.5 1.0 1.1 13 1.7 -25 -3 5 13 28
2065 1.8 2.4 2.7 3.2 3.7 -18 -8 4 13 84
2100 3.8 43 4.6 6.1 6.5 -2 -15 -2 18 155
West Africa DJF 2035 0.5 0.8 1.0 1.1 1.6 -6 0 2 4 8
2065 15 2.0 23 2.7 3.4 -2 2 4 13
2100 3.1 3.7 4.0 4.9 6.1 -8 3 7 13 23
JA 2035 0.6 0.8 0.8 1.0 15 -6 -1 1 2 8
2065 16 1.9 2.0 2.8 33 -10 -1 1 4 9
2100 22 35 3.9 53 5.9 -13 -2 2 6 13
Annual 2035 07 038 09 1.1 1.5 -4 0 1 3 8
2065 16 1.9 2.1 27 33 -8 1 2 6 8
2100 26 3.6 4.0 5.1 5.9 -10 0 5 8 16
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Table 14.SM.1¢ (continued)

RCP8.5 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
East Africa DJF 2035 0.6 0.8 0.9 1.1 1.6 -5 -1 2 6 10
2065 13 1.8 22 25 3.2 -8 1 6 12 23
2100 2.8 3.4 39 46 56 -1 6 15 22 35
JA 2035 0.6 0.8 0.9 1.2 1.5 -8 -4 -1 3 11
2065 13 2.0 2.1 2.8 3.2 -12 -6 0 5 21
2100 1.8 35 4.1 5.2 5.6 -15 -5 4 13 33
Annual 2035 0.6 0.7 0.9 1.1 1.5 -6 -2 0 3 9
2065 16 1.9 22 2.7 3.2 -9 -1 4 7 20
2100 2.4 35 4.0 5.0 5.6 -11 0 1 16 34
Southern DJF 2035 05 0.8 1.0 1.2 15 -10 -4 -2 0 5
Africa 2065 15 2.0 25 2.8 33 -19 5
2100 3.1 3.8 4.4 5.2 6.2 -26 2
JA 2035 0.5 0.8 1.0 11 16 -19 5
2065 19 2.1 24 2.7 33 -31 6
2100 33 4.0 45 5.2 6.1 -48 1
Annual 2035 0.6 0.9 1.1 1.2 1.6 —11 2
2065 1.7 2.2 25 2.9 3.4 -19 5
2100 33 4.1 45 55 6.3 -24 3
West Indian DJF 2035 03 0.6 0.7 0.8 1.1 -4 0 10
Ocean 2065 1.1 1.4 16 1.9 2.2 -6 -2 2 17
2100 2.1 2.6 2.9 35 4.1 -10 -1 4 11 25
JA 2035 03 06 07 08 1.2 -8 -2 2 5 9
2065 1.0 1.4 16 1.8 2.2 -13 -1 2 5 17
2100 1.7 2.5 2.9 35 43 -10 -1 4 7 24
Annual 2035 03 0.6 0.7 0.7 1.1 -3 0 1 3 9
2065 1.1 1.4 15 1.8 2.2 =7 —1 1 5 16
2100 2.0 2.6 29 35 42 -6 -2 4 9 24
Asia
West Asia DJF 2035 0.5 0.8 12 1.4 1.9 -10 -2 4 6 19
2065 1.1 2.2 26 3.2 4.1 14 0 3 6 36
2100 3.1 4.0 4.6 5.6 6.8 17 -2 4 9 45
JA 2035 0.5 1.0 12 1.4 2.4 -10 -4 7 24
2065 1.8 2.6 3.1 3.6 4.8 -23 -7 -4 5 52
2100 3.8 46 53 6.6 8.2 -38 -15 -8 11 84
Annual 2035 0.5 1.0 1.1 1.4 2.0 -8 - 3 7 22
2065 16 25 2.8 34 41 -14 -5 0 6 24
2100 3.7 45 5.0 6.2 6.9 21 -7 —1 8 40
Central Asia DJF 2035 0.4 0.9 13 1.6 2.6 -1 0 3 7 17
2065 0.8 2.4 3.0 36 5.6 -13 -3 3 13 31
2100 35 43 53 6.3 8.0 -20 -5 7 14 M
JA 2035 05 1.0 13 16 2.4 15 -1 4 9 24
2065 19 2.4 3.0 3.7 5.1 =27 -5 1 8 18
2100 32 45 5.7 6.5 8.6 -30 -7 1 6 26
Annual 2035 0.4 1.0 13 15 2.1 -9 -2 3 9 16
2065 1.7 2.5 3.1 3.4 4.4 14 -3 4 8 21
2100 3.7 46 53 6.3 7.6 -20 -6 2 11 35
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Table 14.SM.1c¢ (continued)

RCP8.5 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max

Eastern Asia DJF 2035 0.1 0.9 12 15 2.4 -7 -1 1 3 14
2065 13 23 2.9 33 4.7 -10 3 6 9 23

2100 35 4.2 5.4 6.1 7.5 -15 9 13 19 32

JA 2035 0.5 0.9 1.0 1.2 1.9 -4 0 1 3 5

2065 1.4 2.1 26 3.1 3.9 -3 3 6 9 15

2100 2.8 3.8 4.8 5.7 6.8 1 7 9 15 28

Annual 2035 0.5 0.9 1.1 13 1.9 =) 0 1 3 5

2065 16 2.2 2.7 3.1 42 = 4 6 9 14

2100 33 4.0 4.9 5.6 7.2 -3 7 10 16 2

Tibetan DJF 2035 0.2 1.1 13 1.7 2.4 -2 2 5 7 12
Plateau 2065 16 2.6 32 3.8 53 -1 8 13 16 26
2100 3.9 4.8 5.8 7.0 9.1 0 15 20 28 46

JA 2035 0.6 1.0 1.2 1.4 2.5 -3 2 4 6 14

2065 1.8 2.4 2.9 33 53 -2 5 8 11 32

2100 36 46 53 6.0 8.8 -3 8 13 18 55

Annual 2035 0.6 1.0 13 15 2.0 -2 3 4 5 13

2065 19 25 3.0 3.5 438 -2 6 9 12 28

2100 3.9 4.7 5.5 6.3 8.4 -2 10 16 21 47

South Asia DJF 2035 03 0.8 1.0 1.2 1.6 -13 -2 1 6 20
2065 15 2.2 26 3.0 3.7 -16 -4 4 10 23

2100 35 4.1 4.6 5.7 7.1 17 -1 12 21 42

JA 2035 03 0.6 0.8 1.0 13 3 1 3 5 16

2065 12 1.7 2.0 23 33 -1 7 10 13 27

2100 13 3.0 37 46 5.6 -9 13 17 23 57

Annual 2035 0.4 0.8 0.9 1.0 1.4 -2 1 3 5 11

2065 15 2.0 22 2.6 3.1 0 6 8 11 17

2100 3.1 3.7 4.1 5.2 6.0 -7 11 18 21 45

North Indian DJF 2035 03 0.6 0.7 0.8 1.0 -10 0 5 8 2
Ocean 2065 0.9 15 16 2.0 25 -18 3 13 21 44
2100 2.1 2.7 3.0 3.9 45 -7 9 19 34 65

JA 2035 03 0.6 0.7 0.8 1.1 -10 0 3 5 10

2065 1.0 15 16 2.0 2.4 -7 3 6 11 29

2100 19 2.7 3.0 3.6 43 -14 7 14 20 52

Annual 2035 03 0.6 0.7 0.8 1.0 -4 2 3 5 16

2065 1.0 15 16 2.0 2.4 -5 3 7 14 29

2100 2.1 2.7 3.0 3.8 43 -9 8 18 23 56

Southeast DJF 2035 03 0.6 0.7 0.9 12 -6 0 2 4 10
Asia (land) 2065 1.1 15 1.8 2.2 2.7 -3 1 5 10 19
2100 2.1 2.9 32 4.2 4.9 -8 2 8 19 31

JA 2035 0.4 0.6 0.7 0.9 13 -4 -1 0 2 7

2065 1.1 1.6 1.8 2.1 2.8 -5 0 5 9 17

2100 2.1 2.9 33 4.2 5.1 -8 -1 7 16 30

Annual 2035 03 0.6 0.8 0.9 1.2 -4 0 1 3 8

2065 1.1 1.6 1.7 2.2 2.7 -3 0 5 10 17

2100 2.1 3.0 3.2 4.4 4.9 — 0 8 19 29
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Table 14.SM.1¢ (continued)

RCP8.5 Temperature (°C) Precipitation (%)

REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southeast DJF 2035 0.2 0.6 0.6 0.7 1.1 -5 -1 1 3 7
Asia (sea) 2065 1.0 1.4 1.6 1.9 2.5 -4 0 3 5 12

2100 2.1 2.5 2.7 3.4 43 -12 -1 6 1 21
JIA 2035 03 0.6 0.6 0.7 1.1 -4 0 1 3 5
2065 1.1 1.4 1.5 1.8 2.4 -3 2 4 7 12
2100 2.1 2.6 2.8 3.4 4.2 -6 2 6 10 22
Annual 2035 0.3 0.6 0.7 0.7 1.1 -1 0 1 3 5
2065 1.0 1.4 15 1.9 2.4 -1 1 4 6 10
2100 2.1 2.6 2.8 35 4.2 =3 2 6 9 20
Australia
North Australia DJF 2035 0.3 0.7 0.9 1.2 1.8 -20 -7 -1 3 14
2065 1.4 1.8 2.2 2.8 3.6 =27 -8 -2 7 15
2100 1.9 33 3.9 4.9 5.9 =50 -13 -2 8 33
JIA 2035 0.5 0.8 1.0 1.1 1.5 43 =13 -4 =1 23
2065 1.6 1.9 2.2 25 3.0 -46 -19 -6 2 16
2100 2.5 3.6 44 438 5.5 —66 -27 -15 -1 48
Annual 2035 0.5 0.8 1.0 1.1 1.6 -17 -6 -1 2 8
2065 1.6 1.8 2.2 2.7 3.4 -26 =11 =3 4 12
2100 2.4 3.6 43 5.1 5.8 =51 -14 -4 5 33
South Australia/ DJF 2035 0.2 0.7 0.9 1.1 1.5 -17 -5 -1 3 7
New Zealand 2065 13 1.7 2.1 2.3 3.0 -24 -5 0 4 8
2100 2.6 3.0 3.8 43 5.9 -30 -8 -1 3 21
JIA 2035 03 0.6 0.7 0.9 1.1 -19 -4 -2 1 4
2065 1.2 1.5 1.7 1.9 2.1 -25 -9 -2 2 8
2100 2.2 2.8 3.4 3.8 43 -39 -18 -7 4 10
Annual 2035 0.4 0.7 0.8 0.9 1.1 -17 -5 -1 1 6
2065 14 1.6 1.9 2.2 2.5 =22 -6 —1 2 6
2100 2.6 3.0 39 4.1 5.0 =33 =11 =3 2 15
The Pacific
Northern DJF 2035 0.4 0.5 0.6 0.8 1.0 -6 -1 1 3 18
Tropical Pacific 2065 1.1 1.4 16 1.9 23 -6 -1 2 7 21
2100 2.1 2.5 2.9 3.6 4.2 -8 -1 3 1" 31
JIA 2035 0.4 0.5 0.6 0.8 1.1 -6 -1 1 4 12
2065 1.0 14 1.6 2.0 25 -9 -1 3 5 17
2100 2.0 2.5 2.8 3.8 43 -16 0 6 1 26
Annual 2035 0.3 0.6 0.7 0.8 1.1 -4 0 1 3 14
2065 1.0 14 1.6 2.0 2.4 -6 0 2 6 19
2100 2.1 2.5 2.8 3.6 42 -1 =1 5 10 29
Equatorial DJF 2035 0.4 0.6 0.7 0.9 1.1 -12 -1 9 16 77
Pacific 2065 1.0 1.4 1.7 2.0 2.9 -1 4 15 21 257
2100 1.0 2.6 3.1 3.7 5.6 —43 10 28 38 635
JIA 2035 0.4 0.6 0.7 0.9 13 -2 7 12 21 45
2065 0.9 1.5 1.6 2.0 29 -5 17 23 39 102
2100 1.1 25 3.1 3.7 5.0 -39 28 48 63 407
Annual 2035 0.4 0.5 0.7 0.8 1.1 =5 5 9 15 62
2065 1.0 1.4 1.6 2.0 2.6 -8 14 19 30 184
2100 1.0 2.6 3.1 3.7 5.1 42 24 33 54 537
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Table 14.5M.1c (continued)

RCP8.5 Temperature (°C) Precipitation (%)
REGION MONTH? Year min 25% 50% 75% max min 25% 50% 75% max
Southern Pacific | DJF 2035 03 0.5 0.6 0.7 0.9 -10 -1 1 3 8
2065 1.0 1.2 14 1.6 2.1 27 -1 3 5 1
2100 1.8 2.2 2.6 3.2 3.9 -30 0 5 8 17
JA 2035 03 0.5 0.6 0.6 0.9 -10 -1 1 2 5
2065 1.1 1.2 1.4 1.6 2.1 -19 -2 0 5 8
2100 2.0 2.2 26 3.0 4.0 -21 -3 2 5 16
Annual 2035 0.3 0.5 0.6 0.7 0.9 -10 0 1 2 5
2065 1.0 1.2 1.4 1.6 2.1 -24 0 1 4 9
2100 2.0 23 26 3.1 4.0 -24 0 3 6 15
Antarctica
(land) DJF 2035 0.1 0.6 0.8 0.9 1.4 -5 0 3 5 10
2065 0.4 1.7 1.9 23 3.1 -6 4 8 12 17
2100 1.8 3.2 35 4.4 53 -2 10 18 24 M
A 2035 -0.1 0.5 0.8 11 1.8 -1 2 5 7 1
2065 0.2 1.7 22 2.6 33 1 8 12 17 24
2100 14 3.4 4.0 4.9 6.0 7 17 27 36 44
Annual 2035 0.0 0.6 0.7 1.0 1.4 -3 1 5 7 9
2065 03 1.7 2.0 2.5 3.1 -2 7 10 15 18
2100 16 3.2 3.8 4.9 55 2 14 23 31 40
(sea) DJF 2035 0.3 0.2 03 0.6 0.8 1 2 3 3 5
2065 0.4 0.6 0.9 1.2 1.8 1 4 6 8 1
2100 0.2 1.2 1.7 2.2 3.4 5 8 12 16 21
A 2035 0.6 0.4 0.6 11 2.2 1 2 3 4 6
2065 -0.5 1.1 16 2.4 43 4 5 7 10 13
2100 0.6 23 36 4.4 72 6 10 15 19 27
Annual 2035 -0.4 0.3 0.5 0.8 1.5 1 2 3 4 6
2065 0.4 0.9 12 1.8 3.0 3 4 7 9 12
2100 0.4 1.8 2.7 33 5.1 6 10 14 18 23

Notes:
2 *Precipitation changes cover 6 months; ONDJFM and AMJJAS for winter and summer (northern hemisphere)
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Table 14.SM.2a | Projected changes for the future (2080-2099) relative to the present-day (1986-2005) at the 10th, 25th, 50th, 75th and 90th percentile values of global
monsoon area (GMA), global monsoon precipitation intensity (GMI), global monsoon total precipitation (GMP), standard deviation of interannual variability in seasonal average
precipitation (Psd), simple daily precipitation intensity index (SDII), seasonal maximum 5-day precipitation total (R5d), seasonal maximum consecutive dry days (CDD) and monsoon
season duration (DUR) in global monsoon domain for RCP2.6, RCP4.5, RCP6.0, and RCP8.5 scenario. Percentage of number of models with positive changes is also shown.

Index Scenario 10 25 50 75 90 Ratio
GLB
RCP2.6 15 1.9 36 55 7.1 100.0
RCP4.5 16 32 43 73 8.7 95.8
GMA
RCP6.0 2.2 43 6.4 8.5 9.8 92.9
RCP8.5 5.2 76 9.4 12.0 145 9.2
RCP2.6 0.4 1.2 1.7 23 3.2 88.9
RCP4.5 0.4 14 36 4.7 5.0 87.5
GMI
RCP6.0 0.7 17 33 45 5.1 78.6
RCP8.5 0.4 35 5.2 76 8.3 88.5
RCP2.6 3.0 35 5.0 76 9.3 100.0
RCP4.5 25 4.1 8.6 1.8 132 95.8
GMP
RCP6.0 1.8 6.9 10.0 12.1 14.7 9.9
RCP8.5 49 95 16.6 19.8 225 100.0
RCP2.6 -4.0 0.0 35 5.8 11.2 778
] RCP4.5 -15 3.0 8.7 11.0 16.6 87.5
Ps
RCP6.0 48 2.9 7.8 123 14.1 85.7
RCP8.5 -3.0 5.1 10.9 20.0 25.4 84.6
RCP2.6 1.0 2.1 2.4 3.0 38 100.0
G RCP4.5 1.7 2.2 4.0 5.8 7.1 100.0
DIl
RCP6.0 19 3.2 4.7 6.0 6.7 100.0
RCP8.5 25 4.7 7.0 103 16.2 100.0
RCP2.6 0.7 36 4.1 5.7 7.1 100.0
RCP4.5 2.1 43 7.4 9.0 121 95.8
R5d
RCP6.0 2.0 7.4 8.8 121 16.1 100.0
RCP8.5 15 8.9 16.0 20.7 26.2 9.2
RCP2.6 -16 0.7 3.9 75 8.5 778
RCP4.5 05 19 5.1 83 12.0 87.5
CDD
RCP6.0 0.8 3.0 6.6 8.2 13.2 85.7
RCP8.5 16 7.9 129 18.4 28.2 9.2
RCP2.6 22 0.2 2.4 4.0 9.3 77.8
RCP4.5 05 33 5.4 78 9.0 87.5
DUR
RCP6.0 0.7 4.0 49 85 126 9.9
RCP8.5 -34 42 8.5 13.9 16.1 88.5
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Table 14.SM.2b | Projected changes for the future (2080-2099) relative to the present—day (1986-2005) at the 10th, 25th, 50th, 75th and 90th percentile values of global mon-
soon area (GMA), global monsoon precipitation intensity (GMI), global monsoon total precipitation (GMP), standard deviation of interannual variability in seasonal average precipi-
tation (Psd), simple daily precipitation intensity index (SDII), seasonal maximum 5-day precipitation total (R5d), seasonal maximum consecutive dry days (CDD) and monsoon season
duration (DUR) in each regional land monsoon domain for RCP2.6, RCP4.5, RCP6.0, and RCP8.5 scenario. Percentage of number of models with positive changes is also shown.

Index ‘ Scenario 10 25 50 75 90 Ratio
EAS
RCP2.6 -05 0.8 1.6 5.0 8.4 88.9
RCP4.5 13 2.7 5.7 9.0 9.8 91.7
Pav
RCP6.0 13 2.5 53 8.6 121 100.0
RCP8.5 2.6 4.1 7.8 125 17.0 923
RCP2.6 -10.6 -23 6.5 103 18.2 72.2
RCP4.5 3.2 6.2 121 14.2 25.4 91.7
Psd RCP6.0 2.4 8.7 9.9 232 29.0 100.0
RCP8.5 10.9 17.7 25.4 30.2 32.8 96.2
RCP2.6 19 3.0 4.0 438 6.4 9.4
RCP4.5 2.9 6.0 7.8 9.1 123 95.8
ot RCP6.0 5.0 6.7 8.4 10.6 11.0 100.0
RCP8.5 8.3 126 14.2 17.1 20.8 96.2
RCP2.6 -1.0 2.3 4.0 8.3 10.5 88.9
RCP4.5 4.1 5.6 11.0 13.4 18.8 95.8
Rad RCP6.0 75 9.6 10.4 16.9 20.9 100.0
RCP8.5 9.0 15.4 19.5 26.0 32.7 96.2
RCP2.6 -5.2 -33 1.1 6.8 14.5 61.1
RCP4.5 6.8 -3.0 2.8 9.3 135 58.3
cDD
RCP6.0 -34 -1.9 -0.1 13.0 15.9 4.9
RCP8.5 -4.38 0.0 6.0 18.6 23.0 73.1
RCP2.6 -18 -10 -5 2 3 333
RCP4.5 -22 -15 -8 -2 0 8.3
ONS
RCP6.0 -17 -12 -6 3 8 28.6
RCP8.5 -30 -21 -1 -5 4 15.4
RCP2.6 -22 0 3 13 20 66.7
RCP4.5 -3 2 8 12 38 79.2
RET
RCP6.0 0 3 5 1 4 78.6
RCP8.5 -1 4 10 15 Iy 84.6
RCP2.6 -14 0 7 18 37 72.2
RCP4.5 -3 8 15 31 47 83.3
DUR
RCP6.0 -12 1 6 39 53 78.6
RCP8.5 4 7 20 Ly) 54 9.3
SAS
RCP2.6 0.4 1.9 45 6.7 7.8 88.9
RCP4.5 438 6.5 7.5 10.6 12.4 100.0
Pav RCP6.0 43 6.2 8.2 10.1 10.8 100.0
RCP8.5 6.6 10.2 13.0 16.3 17.7 100.0
RCP2.6 -5.2 4.4 6.2 11.8 16.3 88.9
RCP4.5 1.5 6.9 13.9 203 25.4 95.8
Psd RCP6.0 6.4 16.9 17.9 20.4 22.6 100.0
RCP8.5 7.8 10.9 25.5 32.0 49.1 100.0
RCP2.6 2.1 2.8 3.8 5.2 9.1 100.0
RCP4.5 5.2 6.2 7.2 10.1 135 100.0
ot RCP6.0 6.1 7.2 7.8 9.7 11.9 100.0
RCP8.5 8.8 10.8 15.1 17.5 23.1 100.0

(continued on next page)
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Table 14.5SM.2b (continued)

Index Scenario 10 25 50 75 90 Ratio
RCP2.6 22 53 5.8 9.3 15.3 100.0
g RCP4.5 5.1 9.8 12.4 16.2 212 100.0
R5
RCP6.0 10.1 1.1 15.4 20.2 242 100.0
RCP8.5 1.7 18.3 224 38.0 475 96.2
RCP2.6 -7.2 -1.2 1.9 3.2 6.8 722
RCP4.5 -7.9 -5.0 0.4 5.5 8.9 50.0
CDD
RCP6.0 -7.9 5.4 -13 9.4 16.7 50.0
RCP8.5 -11.6 4.9 6.7 1.7 171 69.2
RCP2.6 -7 -2 -1 2 3 333
RCP4.5 -6 -5 -3 0 1 16.7
ONS
RCP6.0 —7 -5 -2 2 5 4.9
RCP8.5 -1 -9 -5 -1 1 11.5
RCP2.6 -2 1 2 6 10 77.8
RCP4.5 1 3 5 8 9 91.7
RET
RCP6.0 2 3 4 10 13 92.9
RCP8.5 2 6 8 12 17 9.2
RCP2.6 -6 -2 4 7 15 722
RCP4.5 2 4 7 13 15 91.7
DUR
RCP6.0 -2 4 7 1 19 78.6
RCP8.5 4 8 13 19 24 9.2
AUSMC
RCP2.6 -8.1 -3.6 -1.5 2.1 4.0 44.4
RCP4.5 -8.7 0.3 3.2 7.1 8.7 83.3
Pav
RCP6.0 -4.2 -03 3.6 10.2 10.5 64.3
RCP8.5 -14.4 0.1 73 14.9 19.1 76.9
RCP2.6 -10.1 -0.1 3.2 1.1 20.9 722
; RCP4.5 -1.2 1.0 6.8 12,6 28.2 83.3
Psi
RCP6.0 -26 -1.7 7.4 17.3 26.6 7.4
RCP8.5 -125 5.0 11.0 20.9 40.7 80.8
RCP2.6 -26 0.1 1.4 39 5.6 778
S RCP4.5 -15 1.1 43 8.3 115 83.3
DIl
RCP6.0 -0.7 22 47 6.8 12.5 85.7
RCP8.5 -4.1 2.5 7.2 13.9 246 84.6
RCP2.6 -238 15 46 7.2 9.2 77.8
g RCP4.5 0.9 2.1 8.0 12.5 17.2 87.5
R5
RCP6.0 1.2 1.9 9.8 15.7 27.7 92.9
RCP8.5 -3.8 3.5 15.0 26.7 36.5 88.5
RCP2.6 -1.7 -0.2 6.3 12.4 13.6 722
RCP4.5 —4.1 -0.6 4.1 12.5 215 75.0
CDD
RCP6.0 -8.0 4.4 3.2 14.6 17.7 7.4
RCP8.5 -10.7 2.4 6.8 25.8 36.8 69.2
RCP2.6 -19 -6 -2 6 21 38.9
RCP4.5 -12 -6 -5 4 1 375
ONS
RCP6.0 -13 —7 -4 5 9 28.6
RCP8.5 -18 -12 -6 8 13 36.0
RCP2.6 -12 -2 5 10 15 55.6
RCP4.5 -5 -2 4 15 20 70.8
RET
RCP6.0 2 3 6 1 17 92.9
RCP8.5 -8 1 8 13 27 76.0

(continued on next page)
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Table 14.SM.2b (continued)
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Index Scenario 10 25 50 75 90 Ratio
RCP2.6 -16 -13 4 15 25 66.7
RCP4.5 -6 -2 7 14 21 75.0
DUR
RCP6.0 —4 1 5 18 26 78.6
RCP8.5 -21 -3 16 24 38 72.0
NAMS
RCP2.6 53 -32 -1.9 2.6 55 44.4
RCP4.5 -129 5.8 2.9 0.8 5.0 333
Pav
RCP6.0 6.0 34 2.0 6.7 7.0 42.9
RCP8.5 -25.4 -11.8 -6.5 35 6.9 26.9
RCP2.6 -7.8 -0.1 2.9 9.9 133 72.2
; RCP4.5 -155 5.5 2.5 135 18.4 62.5
Ps
RCP6.0 7.3 34 0.4 15.2 21.6 57.1
RCP8.5 -148 9.1 15 171 37.2 61.5
RCP2.6 -26 05 1.4 3.2 47 72.2
RCP4.5 -82 -3.0 0.1 3.9 10.9 54.2
SDII
RCP6.0 2.7 0.3 13 7.6 10.8 85.7
RCP8.5 -165 72 -0.1 13.1 19.1 50.0
RCP2.6 -16 0.2 3.6 46 1.8 77.8
RCP4.5 6.5 -15 25 9.9 15.1 70.8
R5d
RCP6.0 2.0 1.9 6.2 15.8 211 78.6
RCP8.5 -146 3.0 6.7 21.0 385 69.2
RCP2.6 -32 0.9 3.9 10.2 16.6 77.8
RCP4.5 56 76 109 183 26.5 95.8
cDD
RCP6.0 3.0 48 9.4 14.0 15.9 92.9
RCP8.5 12.0 17.4 23.1 37.1 70.9 100.0
RCP2.6 -6 -3 1 3 7 58.8
RCP4.5 -7 —4 1 5 8 54.5
ONS
RCP6.0 -1 -4 -3 0 2 23.1
RCP8.5 -9 -4 1 8 13 52.2
RCP2.6 -27 -8 2 8 12 52.9
RCP4.5 -7 -3 5 10 1 63.6
RET
RCP6.0 -14 -8 1 10 18 53.8
RCP8.5 -47 -20 -1 20 23 47.8
RCP2.6 -29 -2 0 12 17 471
RCP4.5 -13 -3 2 10 16 54.5
DUR
RCP6.0 -10 =3 5 13 18 69.2
RCP8.5 54 -29 8 18 22 52.2
SAMS
RCP2.6 4.1 -32 03 2.2 42 44.4
RCP4.5 33 -1.1 12 42 6.5 66.7
Pav
RCP6.0 24 14 1.7 4.2 7.4 64.3
RCP8.5 -7.7 -26 2.4 6.2 1.2 69.2
RCP2.6 -4.1 24 3.6 125 21.7 61.1
; RCP4.5 5.6 0.6 95 19.5 23.9 79.2
Ps
RCP6.0 838 4.1 3.9 10.7 25.7 71.4
RCP8.5 92 2.5 16.8 27.1 46.0 84.6

(continued on next page)
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Table 14.5SM.2b (continued)

Index Scenario 10 25 50 75 90 Ratio
RCP2.6 -1.9 0.7 1.6 26 438 83.3
RCP4.5 06 1.1 3.1 6.0 1.1 83.3
SDII
RCP6.0 0.0 1.8 4.1 5.7 7.8 85.7
RCP8.5 -0.9 4.4 7.2 10.9 18.9 84.6
RCP2.6 -25 23 3.6 49 6.6 83.3
g RCP4.5 -0.7 3.7 7.9 10.4 13.6 83.3
R5
RCP6.0 0.2 5.4 7.2 115 18.9 85.7
RCP8.5 -238 76 17.5 20.4 30.7 84.6
RCP2.6 -35 3.0 5.9 13.7 29.2 88.9
RCP4.5 1.9 3.0 9.0 14.1 19.3 95.8
CDD
RCP6.0 1.2 43 6.2 13.0 183 9.9
RCP8.5 7.7 15.5 19.3 38.8 48.4 9.2
RCP2.6 -6 -4 1 5 8 55.6
RCP4.5 -7 -4 1 5 7 54.2
ONS
RCP6.0 -6 -2 3 5 12 64.3
RCP8.5 -7 -5 0 9 14 50.0
RCP2.6 —4 -2 0 0 2 222
RCP4.5 -4 -2 0 2 5 50.0
RET
RCP6.0 -4 -2 0 2 3 4.9
RCP8.5 -8 -2 1 5 6 57.7
RCP2.6 -8 -5 -2 2 5 38.9
RCP4.5 -9 -7 -1 5 8 417
DUR
RCP6.0 -12 -8 -3 4 7 35.7
RCP8.5 -17 -10 0 8 1 50.0
NAF
RCP2.6 -37 2.1 0.4 2.3 35 50.0
RCP4.5 -4.4 -1.4 2.2 33 7.9 66.7
Pav
RCP6.0 -3.4 -1.6 1.0 6.4 13.7 64.3
RCP8.5 -6.7 43 3.0 7.9 11.0 61.5
RCP2.6 -26 -14 2.2 6.5 16.7 722
‘ RCP4.5 46 -2.8 3.2 8.4 20.4 66.7
Psi
RCP6.0 -5.1 -23 5.1 15.6 28.0 7.4
RCP8.5 0.8 42 9.9 20.7 44.0 9.3
RCP2.6 -16 0.0 1.5 2.9 6.3 722
RCP4.5 -16 0.5 2.9 6.4 9.3 75.0
SDII
RCP6.0 -1.7 0.9 1.8 73 8.4 85.7
RCP8.5 -0.6 1.4 6.8 9.9 23.1 84.6
RCP2.6 0.6 0.6 1.8 53 15.8 88.9
RCP4.5 -2.9 1.1 6.6 9.5 16.9 79.2
R5d
RCP6.0 1.8 49 73 9.0 1.8 92.9
RCP8.5 1.9 8.8 13.2 224 40.3 9.2
RCP2.6 -5.7 2.1 3.4 9.3 13.1 88.9
RCP4.5 -4.9 -27 1.9 13.7 24.4 58.3
CDD
RCP6.0 -7.9 4.1 42 7.9 1.1 57.1
RCP8.5 0.2 5.2 109 39.9 49.2 88.5
RCP2.6 -8 -1 4 8 19 58.8
RCP4.5 -16 -1 2 9 14 73.9
ONS
RCP6.0 -1 -3 3 6 14 69.2
RCP8.5 -10 -8 -1 6 16 48.0

(continued on next page)
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Index Scenario 10 25 50 75 90 Ratio
RCP2.6 -4 -1 2 4 8 64.7
RCP4.5 —4 1 4 6 8 783
RET
RCP6.0 4 4 6 13 14 923
RCP8.5 -4 5 9 15 20 88.0
RCP2.6 -23 -7 -4 4 14 353
RCP4.5 -15 -8 -1 8 20 435
DUR
RCP6.0 —4 -2 4 " 24 61.5
RCP8.5 -8 0 6 19 25 72.0
SAF
RCP2.6 -6.0 -34 -0.9 1.7 2.9 38.9
RCP4.5 43 -16 2.1 34 4.1 62.5
Pav
RCP6.0 4.2 22 1.9 35 5.2 64.3
RCP8.5 -5.0 -1.2 2.6 5.4 7.0 69.2
RCP2.6 -6.9 -4.6 1.7 5.7 10.8 66.7
d RCP4.5 6.8 1.2 6.6 12.3 21.7 79.2
Ps
RCP6.0 9.7 0.7 0.6 16.0 24.7 57.1
RCP8.5 -1.9 6.0 143 24.7 33.0 84.6
RCP2.6 -1.9 0.9 1.7 25 36 83.3
RCP4.5 0.7 2.4 3.5 6.8 9.2 91.7
SDII
RCP6.0 34 33 4.1 6.0 8.1 85.7
RCP8.5 4.1 5.5 7.5 12.2 213 9.3
RCP2.6 -3.8 0.6 2.4 46 6.8 83.3
d RCP4.5 2.3 33 6.6 9.8 12.2 91.7
R5
RCP6.0 -6.7 8.1 9.2 10.6 16.9 85.7
RCP8.5 5.7 10.2 16.7 19.8 24.0 9.3
RCP2.6 -36 0.5 6.6 13.7 16.0 77.8
RCP4.5 -1.5 2.5 9.2 15.8 18.4 87.5
CDD
RCP6.0 0.1 13 9.2 19.3 221 9.9
RCP8.5 7.0 12.8 203 32.0 38.7 96.2
RCP2.6 -1 -1 2 5 8 66.7
RCP4.5 -3 -1 2 4 5 70.8
ONS
RCP6.0 -2 1 2 7 10 78.6
RCP8.5 -2 1 5 10 14 80.8
RCP2.6 -6 -3 -1 3 5 333
RCP4.5 —4 ) 0 4 9 50.0
RET
RCP6.0 -5 1 1 9 12 78.6
RCP8.5 -2 3 6 9 14 80.8
RCP2.6 -14 -6 -3 2 8 333
RCP4.5 -7 -6 -1 6 9 45.8
DUR
RCP6.0 14 -5 0 6 8 50.0
RCP8.5 -12 -5 -1 8 18 50.0
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Table 14.SM.3 | Lists of years for Eastern Pacific and Central Pacific El Nifio events. A: Types based on Empirical Orthogonal Function (EOF) by (Ashok et al., 2007), B: Types based
on the relative amplitude between NINO3 and NINO4 sea surface temperature (SST) index by (Yeh et al., 2009), C: similar to Yeh et al. (2009) but 1982—-2010 climatology by Lee
and McPhaden (2010), D: As in C but 1948-2006 climatology by Li et al. (2011b), E: similar to B but including ‘Mixed type, M" by Kug et al. (2009), F: Types based on subsurface
temperature by Yu et al. (2011), G: Types based on sea surface salinity for 1977-2008 by Singh et al. (2011), H: Modified Ashok et al. (2007) by Li et al. (2010a), I: Similar to Yeh et
al. (2009) but 1950-2008 climatology by Hu et al. (2012). CP indicates 'Central Pacific EI Nifio', ‘date line El Nifio’, or ‘El Nifio-Modoki' events; EP indicates ‘Eastern Pacific El Nifio'
or ‘conventional El Nifio’; M indicates the mixed type that belongs to neither EP nor CP type. Each paper uses different terminology but here EP, CP and M instead of various names.

El Nifo A B © D E F G H |
1950-1951 EP

1957-1958 EP EP EP
1963-1964 CpP EP EP cpP
1965-1966 EP EP M EP
1968-1969 Cp cpP cpP cpP CpP
1969-1970 EP EP cpP EP
1972-1973 EP EP EP M EP
1976-1977 EP EP EP M
1977-1978 Cp cpP cpP Cp cpP Cp
1979-1980 Cp EP EP
1982-1983 EP EP EP EP M EP EP EP
1986-1987 EP EP M M Cp EP EP
1987-1988 Cp EP EP EP M M CpP
1990-1991 Cp cpP cpP Cp Cp cpP

1991-1992 Cp EP Cp EP M M EP EP EP
1992-1993 cp cpP Cp

1994-1995 CcP cp CcP cp CcP M CcP cp CcP
1997-1998 EP EP EP EP EP EP EP EP
2001-2002 cpP
2002-2003 cp EP cp cpP Cp Cp cpP cp
2003-2004 EP
2004-2005 CcP cp CcP cp CcP CcP cp
2006-2007 EP EP EP CpP CpP
2009-2010 cpP Cp Cp
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