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. INTRODUCTION N ™,
Convective available potential energy (CAPE) is used
categorise and forecast convective storms. Conveatight
be inhibited by positive values of convective irtidn
(CIN) which defines the energy needed to reach theEA
layer. Therefore, CIN indicates the probability ohgection =
occurring, while CAPE determines the intensity of w
convection (Colby, 1984).
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The basis of predictability is the knowledge of 3;X=1 A:‘j: 4 20C CAPE
persistency (also known as memory). Global distiiins of : - Z E(;S\_Cfg carel [
persistency in CAPE (100 hPa mixed layer, pseudo- R o ERA-40CIN |E

adiabatically) and CIN in a present-day climate aralysed -
in daily observations (ECMWF reanalysis, ERA-40, 1979 10 100 ¢ [days] 1000 10000
2001, T106 resolution) and simulations (ECHAM5/MPIOM e

scenario 20C, 1900-2001, T63 resolution). Yano et al ™ o
(2001) are the first to analyse CAPE with respext t
persistency reporting 1/f scaling up to months otres

tropical west Pacific. In general, analyses ofriaenual and
inter-decadal persistency are widely applied onperature

and moisture variables revealing persistency petever =
oceans and continents on almost all latitudes f@apdrich
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and Blender, 2003). CAPE and CIN are variables degend U 4 20C CAPE
on temperature and moisture and are therefore tghao I P St e 20CCIN i
show signals of persistency, too. =05 A ERA-40 CAPE | £
] © ERA-40CIN |f

I1.DATA & METHODOLOGY 10 " "77fo0 "~ " """{ooo " "7o000
Daily values of the reanalysis data of the Europ€antre t[days]
for Medium-Range Weather Forecast ECMWF (ERA-40) is FIG. 1: Fluctuation functions (DFA2) of CAPE (triglas) and CIN
used in the spectral truncation T106 (horizontabhation ~ (circles) at the western equatorial Pacific (a)d aouth-east of
1.125°) during 1979-2001. The ERA-40 data is congpare Greenland (b) computed from ERA-40 (open symbots) 20C
with a 20th century ensemble simulation (20C) wite t (filled symbols). Dashed lines indicate Hurst exgon a.

coupled atmosphere-ocean model ECHAMS5/MPIOM, which Fluctuation functions are shifted to avoid overlap.

is a part of the IPCC contributions. The 20C simatet
incorporate anthropogenic forcings such as CO2, Gi24Q, -
CFCs, O3 and sulphate. The three ensemble members are the frelqgency r?ngeégg Qayf 05 yﬁaés focus_l(r;g;ngr:z-
simulated with T63 spectral truncation (~ 1.875Sotation) angug”\}lme-hscz;l es. IS asol(a)tpdp e togrgglo

during 1900-2001. For a direct comparison of tmeutated an in the frequency range ays to 9, (a5

i i i o . Afirst focus is on the western equatd®etific (at ~
data with ERA-40, 20C is analysed in the same tieviod, yearos) ¢ .
1979-2001. Since the persistency properties duti®go- 160° East, 0.5 No_rth)._Yano et al. (2001) repdftstaling
2001 are similar to those in the short period (18@91), the (Hurst exponentt = 1) in CAPE in this region. A second

long period is used for further analysis, for exéerior an region is chosen in the North Atlantic south-east o
analysis of ENSO, which is expected to influence th Greenland (at ~ 40° West, 56.6° North) where LTMVséa

memory of CAPE in the tropics. surface temperature is found (Fraedrich and Bler&{£3).
On inter-annual time scales many climatological

DFA is applied to global distributions of CAPE and\Gh

time series reveal long term memory (LTM) whichiétated 1. RESULTSAND CONCLUSIONS

to increasing variance for decreasing frequencye Th The Hurst exponentt of CAPE and CIN in the western
detrended fluctuation analysis (DFA, Peng et dl996)) equatorial Pacific reveals a superimposed cyclevée
provides a method to detect LTM in time series. The 1000 and 2000 days in 20C (FIG. 1a). It is notrclelaether
memory is expressed by Hurst exponents exceeding e the enhanced slope around 2000 days in CAPE iredicat

cycle in ERA-40. Prior to the occurrence of the eyttie



5" European Conference on Severe Storms 12 - i@€c2009 - Landshut - GERMANY

slopea equals approximately one for CAPE ané 0.7 for
CIN in both datasets. This confirms the findingsyaho et
al. (2001) who reportt = 1 in 4 months of observational
data. As the cycle is indicated by a ‘saddle poithe slope
increases and decreases respectively within thie @red
thus changes the value @fwithin the considered frequency
range. The period of the cycle between 1000 and® 2129's
as well as its location suggest ENSO (El Nifio Serrth
Oscillation Index) to be the physical mechanism.

The Hurst exponents south-east of Greenland reveal
persistency up to 9,000 days. CAPE (in ERA-40 an@)20
and CIN (in 20C only) reveal a uniform slope wf 0.65
(FIG. 1b). In contrast, ERA-40 CIN does not reveay an
persistency. Thus, the question arises why CIN difia
ERA-40 and 20C above the North Atlantic but not abitnee
equatorial Pacific.

The global pattern of the inter-annual persistency
distribution shows highest values @f > 1 over the
equatorial Pacific which decreases towards thespaiéth
0.55 <a < 0.8 over almost all continents and ocean basins
(FIG. 2). The persistency pattern in CIN is lessnpimced
than in CAPE with regards to spatial extent and ritada
of a. The Hurst exponent reaches upite 1.4 over central
and western parts of the Pacific. Such high valwesaused
by ENSO. The ENSO cycle which superimposes the
memory enlarges the Hurst exponent in the peribesci
affected (between 1000 and 2000 days). In 20C thiens
with o > 1 show a larger spatial extent. According to van
Oldenborgh et al. (2005) the ENSO cycle is represen
realistically regarding its strength and locatioithim 20C.
Therefore, the weaker Hurst exponent indicates an
underestimation of ENSO in ERA-40 which is probably
related to the shorter length of the data set.

The comparisons of ERA-40 data with the 20C
ensemble simulations reveal a good agreement afltiml
memory patterns. 20C findings show generally smaothe
patterns which are partly due to the lower resofutf the
model, partly due to the fact that the mean ofaleesemble
member is presented, and partly due to the lomger series
analysed.

Although a is relatively weak, the persistency in
CAPE lasts up to 9,000 days south-east of Greenland.
Research on polar low occurrence yields explanatams
probable mechanisms of the persistency. Claud ¢2@07)
report associations between large-scale atmospheric
circulations and polar low development over the thNor
Atlantic including SST distribution, sea ice extemtd the
NAO (North Atlantic Oscillation). Carleton and Carpen
(1990) report similar relations for the Southermtigphere.
According to their studies polar low occurrencesl dmus
CAPE are related to sea ice extent and ENSO. A latioe
of monthly means between CAPE and ENSO, and NAO
respectively reveals global teleconnections incigdihe
PNA (Pacific North America pattern) (not shown). &M is
identified to influence strongly the variability @APE and
CIN in the tropical Pacific and in the mid-latitude&@a
correlations to NAO and PNA. However, the correlati
between CAPE and ENSO do not confirm the relation
between Southern Hemispheric polar lows and ENSO.

The memory analysis of related parameters such as
vertical mean temperature and specific humidity the
lowest 100 hPa and above reveal that their inflaemt the
persistency in CAPE and CIN differs with location. the
tropics the spatial pattern of vertical mean spetiimidity
resembles that of CAPE suggesting to playdtinant
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FIG. 2: Hurst exponent of CAPE (a) and CIN (b) comegl from
20C. Global distribution and zonal mean in 400 day$ years.
Hurst exponents exceeding 0.5 indicate memory.

role in CAPE persistency. However, in the extraitsp
temperature and specific humidity in the lowest 1(®a
have a stronger influence on the persistency of CAREN
comparing their spatial memory pattern.

IV. AKNOWLEDGMENTS
Thanks to Frank Sielmann for his support in CAPE
calculations, and to DKRZ, DWD, and ECMWF for the
data. KRC acknowledges the support by IMPRS-ESM.

V. REFERENCES

Carleton AM., Carpenter DA., 1990: Satellite climat of
‘polar lows’ and broadscale climatic associatioos the
Southern Hemispherént. J. Climatol.10 219-246.

Claud C., Duchiron B., Terray P., 2007: Associations
between large-scale atmospheric circulation andrdoiv
developments over the North Atlantic during wintér.
Geophys. Red.12 D12101.

Colby JR FP., 1984: Convective inhibition as a prediof
convection during AVE-SESAME I[IMon. Wea. Rev.,
112 2239-2252.

Fraedrich K., Blender R., 2003: Scaling of atmosplzré
ocean temperature correlations in observations and
climate modelsPhys. Rev. LetB0 108501.

Peng, C-K., Havlin S., Stanley HE., Goldberger AL995:
Quantification of scaling exponents and crossover
phenomena in nonstationary heartbeat time sefieaos
5 82.

van Oldenborgh GJ., Philip SY., Collins M., 2005: Nifio
in a changing climate: a multi-model stud@cean
Sciencel 81-95.

Yano J.-l., Fraedrich K., Blender R., 2001: Tropical
convective variability as 1/f noisd. Climate14 3608-
3616



