





Figure 15

Steenhof and Gough (2008)
demonstrate a statistically-
significant relationship
between Sea Surface
Temperature in the Main
Development Region and
hurricane activity in the
Atlantic Basin. This positive
correlation is illustrated by
a change in total hurricane
activity in the Atlantic Basin
in association with changing
SSTs in the MDR.

Courtesy: Theoretical &
Applied Climatology.
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The authors use a range of different measures of hurricane activity to examine the influence
of SST in the main development region of Atlantic hurricanes. In one approach, they take
the 10 warmest years and the 10 coolest years between 1941 and 2006, and identify a
significant statistical relationship between SST and hurricane activity. In a second element
of the study the authors identify a significant correlation between SST and all measures

of hurricane activity (Figure 15). For reasons addressed in the aforementioned paper by
Vecchi and colleagues, however, Steenhof and Gough are ambivalent about whether or not
the established link between recent Atlantic SST and hurricane activity will translate into
increased hurricane activity in a warmer world.

Staying with the influence of sea-surface temperature, K. Arpe®' of Germany’s Max

Planck Institute for Meteorology and S. Leroy of Brunel University in the UK, examine, in
Quaternary International, the impact of local SST on Atlantic hurricanes. They also address
the potential effects of other phenomena affecting hurricane development in the North
Atlantic, including ENSO (EI Nifio — Southern Oscillation) and the stratospheric QBO (Quasi-
Biennial Oscillation). Arpe and Leroy note that elevated local SST, increases in the latent
heat flux from the oceans to the atmosphere, a westerly airstream in the tropical stratosphere
(which reduced the occurrence of strong easterly phases of the QBO), and a more

moist, unstable stratification of the atmosphere, all lead to more frequent or more intense
hurricanes. In contrast, increased vertical wind shear or a drier atmosphere will lead to
fewer North Atlantic hurricanes. Arpe and Leroy pick out wind shear as a critical determinant
that they conclude has a dominant influence, even over tropical SST. Looking ahead, they
speculate that increased wind shear in a warmer world could counteract the tendency for
higher SSTs to trigger increased Atlantic hurricane activity.

Looking more broadly at tropical cyclone activity across the globe, S. Gualdi’® of the Istituto
Nazionale di Geofisica e Vulcanologia in Bologna, Italy, and co-workers, use the results of
a study using a high-resolution, coupled-circulation model, to predict how global warming
will affect tropical cyclone activity in the major ocean basins. Writing in the Journal of
Climate, Gualdi and colleagues demonstrate that the study predicts a substantial general
reduction in tropical cyclone frequency as the concentration of atmospheric carbon dioxide
is doubled and quadrupled, particularly for the North Atlantic and tropical western North
Pacific regions. In the former, hurricane activity appears to be suppressed by a more stable
atmosphere and by — as suggested in the previous paper — stronger vertical wind shear.
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Figure 16

Hurricane Vince close to
Madeira in October 2005.

Courtesy: EUMETSAT.
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The study also predicts that tropical cyclones will generate more rainfall and — despite the
expansion pole-ward of warmer SSTs — will remain confined to the tropics.

Whether or not tropical cyclones will eventually expand their traditional ‘hunting grounds’

— bearing in mind that Atlantic hurricanes have struck both Brazil and Spain in recent
seasons (Figure 16) — there may already be evidence that the Atlantic hurricane season is
getting longer. Writing in Geophysical Research Letters, J. P. Kossin’®, of the University of
Wisconsin, looks at the timing of Atlantic hurricanes in recent years. He notes that in 2007,
storms occurred in both May and December, while the following year, four tropical storms
— two of hurricane status — occurred in July. Similarly, 2005 saw anomalous activity both
early and late in the season. Examining observed historical trends in the annual distribution
of North Atlantic tropical storm formation events, and their relationship with tropical

Atlantic SST, Kossin detects an apparent tendency towards more common early and late
season storms that correlates with higher SST. Currently, however, the uncertainties in the
correlation are high and the author makes the point that although storm formation dates have
been changing over the historical record, the observed trends cannot be used to reliably
predict future changes to the season.

In addition to the season getting longer, it also seems that Atlantic hurricanes are getting
stronger, along with tropical cyclones in other ocean basins. Writing in Nature, J. Elsner®
of Florida State University, and colleagues, confirm a 30-year trend that shows tropical
cyclones in the Atlantic getting progressively stronger, in line with SST rises in the Atlantic
region and elsewhere. By analysing homogeneous satellite wind-speed data they also show
that a comparable trend can be seen in the rest of the tropics. The authors demonstrate

a significant overall upward trend for wind-speeds in the most powerful tropical cyclones,
which they also recognise in the very strongest storms over each ocean basin, and most
noticeably in the North Atlantic. As explanation, Elsner and his co-researchers, note that their
results are consistent with the simple and straightforward idea that as the oceans warm they
have more energy to convert to tropical cyclone wind.

While the prospect of more powerful tropical cyclones is a concern, this only becomes a real
problem when and if such storms make landfall. For the US, this is an issue tackled by

K. Coughlin® and colleagues at Risk Management Solutions and Germany’s Alfred
Wegener Institute in Bremerhaven. The authors note that the fraction of Atlantic hurricanes
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that make landfall in the US is a measure of the relationship between landfalling and basis
hurricane numbers. Using statistical tests, they go on to establish that there is a significant
change in the proportion of Atlantic hurricanes that struck the US coastline between the
first and second halves of the 20" century, relative to hurricane activity in the Atlantic Basin
as a whole; supposedly an artefact of a paucity of basin observations in the earlier period.
After 1948, however, Coughlin and co-workers analysis reveals no change in the proportion
of Atlantic hurricanes striking the US coast, despite significant changes in the total number
of hurricanes. They note, however, that there probably are changes — to some degree —

in both the proportion and number of landfalling hurricanes, but that both are masked by
the fact that the scarcity of landfalling hurricanes means that there are insufficient data to
resolve potential changes. Notwithstanding this, the authors conclude that by assuming
that the proportion of landfalling hurricanes is constant, information about the total number
of hurricanes in the Atlantic Basin can be used to make more accurate forecasts of US
landfalling hurricane activity in the future.

Climate change and extra-tropical cyclones

As with tropical cyclones, a lively debate is ongoing about whether climate change will

mean more and/or more intense windstorms outside the tropics, and in particular across

the European region. The issue of extra-tropical cyclones in a warmer world is reviewed in
Theoretical & Applied Climatology by U. Ulbrich™ of the Freie Universitat Berlin, and co-
authors, who acknowledge at the start that it is not easy to present a common viewpoint of
extra-tropical cyclones, their variability and trends, either in the real world or in global climate
model (GCM) studies. Nevertheless, the authors arrive at conclusions that broadly support
the findings of the 2007 IPCC (Intergovernmental Panel on Climate Change) 4th Assessment
report, namely that global warming will shift storm tracks towards the poles in both
hemispheres (most noticeably in the southern hemisphere) and drive greater storm activity
at higher latitudes. More specifically, two regions of high cyclonic activity are predicted in

the northern hemisphere; one over the North Pacific and the other over the North Atlantic,
with a secondary region of elevated activity over the Mediterranean. Broadly-speaking, a fall
in winter cyclone numbers is projected, although a rise in the number of intense cyclones

is forecast across the NE Atlantic, the British Isles and the North Pacific. In the southern
hemisphere, the existing southward band of cyclonic activity is predicted to move further
south, leading to reduced cyclonic activity around 50° S and increased activity around 60° S.

In a paper in Geophysical Research Letters, P. M. Della-Marta®® of MeteoSwiss and

J. G. Pinto of the University of Cologne, look ahead to the potential impact of a warmer
climate on winter storms over the North Atlantic and Europe. For two IPCC emissions
scenarios (A1B — more optimistic and A2 — less optimistic), the authors quantify changes in
storm frequency and intensity across the region, in terms of return periods. By 2100, under
both scenarios, they show that both the minimum central pressure (CP) and the maximum
vorticity (VOR) of North Atlantic storms are projected to remain unchanged compared to the
present day. For the British Isles — North Sea — western Europe area, however, shorter return
periods for VOR of all intensities are apparent as early as 2040. Although they speculate
that the changes may be unrealistically large, with a 50 (20) year event projected to become
a 9 (5.5) year event under both scenarios, Della-Marta and Pinto suggest that the likely
consequences are a higher incidence of damaging wind events across Europe.

Climate change, extreme wind events and tornadoes

It might seem intuitively reasonable that a warmer, more dynamic atmosphere will be
characterised by more extreme winds, but the true situation is far more complex. Writing in
Geophysical Research Letters, G. Gastineau’® and B. J. Soden of the Rosenstiel School
for Marine and Atmospheric Science in Miami, use a multi-model ensemble of coupled
climate model simulations to investigate changes in the frequency of occurrence of extreme
windstorm events in response to anthropogenic global warming. The authors conclude that
a weakening of large-scale atmospheric circulation results in a reduction in the frequency
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Figure 17

Average yearly patterns
of tornado occurrence in
the United States based
on 1954-2007 data. The
annual totals were fit with
a linear regression in time
and adjusted to 2007 values
to account for changes in
tornado monitoring and
other factors through time.
The progression of each
year was then scaled to
fit the adjusted annual
total, and quantiles (the
grey, blue, thin black, and
thick black curves) were
calculated for each day
of the year from those
adjusted series. 2008’s
tornado count (red) is
shown for comparison.

Courtesy: American
Geophysical Union.
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of the most extreme wind events over the tropics. Conversely, however, they found that
the strongest near-surface wind events increased in frequency at higher latitudes, as the
mid-latitude storm tracks migrated towards the poles. As a consequence of higher moisture
contents in the lower troposphere, the frequency of the heaviest precipitation events was
also projected to increase.
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It has often been speculated that climate change may drive more of the severe
thunderstorms that spawn destructive tornadoes, but is this the case, and if so can a climate
change signal already be recognised? This issue is examined by N. S. Diffenbaugh® of
Purdue University, and colleagues, in a paper in Eos, who look at trends in US tornado
activity in an attempt to unravel a climate change signal (Figure 17). The authors note that
the number of reported tornadoes in the US has been rising, on average, by about 14 a year
over the past century, although this may well reflect an inconsistent reporting record rather
than a true, progressive rise. Surprisingly, the numbers of the most damaging tornadoes

(F2 — F5) have actually fallen over the past 50 years, although again this may be an
artefact. The authors note that tornado activity may be affected by natural climate variations
associated, for example, with ENSO or shifts in the jet stream. A climate change effect

could also make itself felt, although this could go either way — resulting in more or fewer
tornadoes. Looking ahead, Diffenbaugh and his co-authors note that higher greenhouse
gas concentrations in the atmosphere are projected to increase the incidence of severe
thunderstorms in the US, and therefore opportunities for tornado formation, but this is not a
robust forecast. In conclusion, the jury remains out in relation to whether global warming will
bring more tornadoes or suppress their formation.

Climate change, precipitation and flooding

One of the broadly accepted tenets of climate change is that it will result in more extreme
precipitation events and increased flood risk and, indeed, this trend is already detectable in
some parts of the world. The detail remains, however, to be determined, and the resolution of
predictive models — although improving all the time — remains less than desirable. Here, the
findings of three papers relating to future European precipitation and flood risk in a warmer
world are presented. In the first, J. Kysely™ and R. Beranova, of the Institute of Atmospheric
Physics in Prague, examine the effects of climate change on extreme precipitation events
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in central Europe. Writing in Theoretical & Applied Physics, the authors note that although
the hydrological cycle is predicted to intensify and becomes increasingly volatile, large
uncertainties remain, in particular in relation to the seasonal and spatial variability of future
precipitation changes. To address this, Kysely and Beranova evaluate scenarios of changes
in extreme precipitation events in 24 future climate runs of 10 regional climate models,
focusing on a part of the Czech Republic where local conditions make future projections
difficult using global models. The authors conclude that heavy precipitation events are likely
to increase in winter, with summers generally drier. Uncertainties are large, but the broad
pattern matches recently observed trends, lending weight to the conclusions. Unsurprisingly,
Kysely and Beranova conclude that their findings raise expectations of significantly elevated
peak river discharges and increased flood risk.

Looking at the broader picture, R. Dankers® and L. Feyen of the Joint Research Centre at
Ispra (ltaly) use high-resolution climate simulations to examine the impact of climate change
on flood hazard across the continent. In the Journal of Geophysical Research, the authors
note that by 2100, under IPCC emissions scenario A2, extreme discharge levels in many
European rivers may increase in both frequency and magnitude (Figure 18). In some rivers
in the west, and in parts of eastern Europe, for example, 100 year floods could occur every
50 years or less. In contrast, flood hazard appeared to be reduced in rivers in central and
southern Europe, and in the north-east.
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Continuing the pan-European flood hazard theme, J. L. Barredo®?, also of the Joint
Research Centre at Ispra, evaluates flood losses in Europe between 1970 and 2006. Writing
in Natural Hazards & Earth Systems Sciences, Barredo presents an assessment of flood
losses in 31 European nations, normalised to current societal conditions and taking account
of a range of factors at country level, including population changes, wealth and inflation.
Despite some perceptions to the contrary, the author concludes that no climate-change

AON BENFIELD UGL signal is detectable in flood loss trends, with an observed increase in flood losses over the
Hazard period explainable purely by changes in societal factors.
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