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Introdution
Hurrianes and limateChange in limate →hange in hurriane harateristis(intensity, duration, frequeny).



IntrodutionPotential intensity
V 2p =

Ts−ToutTout Frad−d∇·~FoeanCDρ|~Vs |Vp: potential maximum wind speed;Ts : sea surfae temperature;Tout : entropy weighted out�ow temperature;CD : non dimensional exhange oe�ient for momentum;d : depth of the oean mixed layer;Frad : downward radiative �ux;
~Foean: net heat �ux in the oean mixed layer.



Introdution
Explored:Response of PI to hanges in SSTResponse of PI to hanges in green house gases onentrationNot explored:Respone of PI to hanges in the lower stratospheritemperature



ObservationsStratospheri temperature trends
What kind of observational data is on the market?How aurate are the derived temperature trends in thestratosphere?



ObservationsStratospheri temperature trendsRadiosonde dataBegin in late 1950s.The data ontains inhomogeneities due to hanges ininstrumentation and observational pratie.Satellite dataContinuous time series sine late 1970s.Short lived individual instruments, so that the series is derivedfrom 13 di�erent satellites. Very di�ult!Reanalysis data based on the radiosonde and satellite data.



Observations

(Randel et al., 2009): Equatorial rossing time and life span of theindividual instruments used sine 1978.



ObservationsRadiosonde Atmospheri Temperature Produts for Assessing Climate (RATPAC)(Randal et al., 2009):Time series of tropiallower stratospheretemperature anomalies,derived from radiosondedata. The red linesdenote the majorvolani events, ElChihon and Pinatubo.



Out�ow Temperature TrendsReanalysis data

(Emanuel, 2010): Out�ow temperature trends for 5 regions of thetropial oeans. From NCEP reanalysis data.



Out�ow TemperatureReanalysis data



Causes of stratospheri ooling
What stands behind this long term ooling trend of thestratosphere?



Causes of stratospheri oolingRamaswamy et al., 2006Radiative forings in a oupled atmosphere-oeanmodelNatural foringsSolar irradianevolani aerosolsAnthropogeni foringswell-mixed green house gasesozone depletiontropospheri aerosolsland use



Causes of stratospheri ooling

(Ramaswamy et al. 2006): Observed (blak line) andmodel-simulated ensemble mean (red line) of the globally andannually averaged temperature anomalies relative to theirrespetive 1979-1981 averages.



Causes of stratospheri ooling

(Ramaswamy et al. 2006): Model-simulated ensemble mean of theglobally and annually averaged temperature anomalies (relative totheir respetive 1979-1981 averages) due to partiular foring.



Lower Stratospheri Temperature and PI
What is the potential intensity response to hanges in the lowerstratospheri temperature?Single olumn model with a dynamial foring.Obtain radiative-onvetive equilibrium (RCE) stateStart from the equilibrium state, apply dynamial foring andrun it till RCEDo numbers of simulations with di�erent magnitude of theforing and plot.



Lower Stratospheri Temperature and PISingle olumn modelRadiative-onvetive equilibrium state (with no vertial veloity):SST = 29oC , Vp = 68.8m/s , Tmin = −68.9oC
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Lower Stratospheri Temperature and PISingle olumn modelRadiative-onvetive equilibrium state (with no vertial veloity):SST = 29oC , Vp = 68.8m/s , Tmin = −68.9oC
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Summary
Over the last 3 deades a ooling trend of the lowerstratosphere has been observed.The ooling is a result of ombined natural and anthropogeniforings, with the biggest ontribution from ozone depletion.The ooling trend of the lower stratosphere is likely toontribute signi�antly to the observed upward trend of thepotential intensity.Not all the GCMs apture the deline in the out�owtemperature.


