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Global Changes in Heat Wave Duration Index
from 1950 until 2100
S. Russo, A. Sterl�

Cal
ulation and non-parametri
 trend estimation of Heat Wave DurationIndex using a method based on the ex
eeden
e of a �xed per
entile (98th)of a standard normal transformation of daily maximum temperature datawithin the referen
e period 1961-1990. The standard normal transfor-mation has been de�ned using Johnson's method of translation (Johnson1949)
1. Introdu
tionFuture 
limate 
hange is generally believedto lead to an in
rease in 
limate variabil-ity and in the frequen
y and duration of ex-treme events. The de�nition of an extremeis not very simple, espe
ially if we want tode�ne an extreme 
oherently over the en-tire Globe. A 17-member ensemble simu-lation of 
limate 
hange in response to theSRES A1b s
enario, 
arried out using theECHAM5/MPIOM 
limate model (Sterl etal. 2008), was used to de�ne and 
al
ulatea Heat Wave Duration Index (HWDI). Thesimulation period is 1950-2100. To studythe trend of the HWDI we used a non para-metri
 Kendall-Tau estimator.
2. Index De�nitionThe HWDI is de�ned as the maximum pe-riod in a year with more than 5 
onse
utivedays above a threshold. The Heat Wave Du-ration Index (HWDI) de�ned by Fri
h et al.[2002℄ has been found not to be statisti
allyrobust as it had a tenden
y to have too manyzero values. This is be
ause Fri
h et al. useda �xed threshold of 5oC above 
limatology to
ompute the index (Alexander et al., 2006).
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c)

Figure A.Bounded Johnson's Curves for two di�erent lo
ations:a)Switzerland; b)Southern Fran
e; 
)Standard normal 
urve(bla
k line) and histograms of transformed data. (number ofevents=10950)
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Figure B. HWDI time series

Figure C. Maximum value of HWDI for period 1990-2000

Figure D. Maximum value of HWDI for period 2090-2100
To over
ome this we studied the distribu-tion of daily maximum temperature data forthe referen
e period 1961-1990 using thetranslation method of Johnson (1949). It
lassi�es sample distributions a

ording tofour families of frequen
y 
urves of 
lass C±.Curves of Johnson, if they exist, give a one-to-one mapping between data and the stan-dard normal 
urve. By using this mappingthe threshold in ea
h grid point is de�nedas the temperature value 
orresponding tothe 98th standard normal value. FigureA shows histograms and superimposed pdffor two lo
ations in Switzerland and Fran
ebefore (a-b) and after (
) normalization us-ing Johnson's method. In Figure B the timeseries of HWDI for the studied period areplotted. Figure C and D show the maximumvalues of HWDI for the periods 1990-2000and 2090-2100.
3. Mann-Kendall Trend AnalysisThe HWDI data do not have a Gaussian dis-tribution, so a simple linear least square es-timation would not be 
orre
t to dete
t atrend. To over
ome this problem we usedthe Mann-Kendal non-parametri
 slope es-timator, whi
h does not assume a distribu-tion for the residuals. Looking at �gure B,after year 2000 the 
hange in the HWDIdata does not seem to be linear, so we de
ide

to separate the data into three di�erent setsof 50 years. In this way we are sure that lin-ear trend estimation was appropriate. Fig.Cshows the values of the Mann-Kendall slopefor period 2051-2100. The white pointsrepresent areas where the trend is not sig-ni�
ant at the 5% level.

Figure E. Mann-Kendal de
adal trend in number of days forperiod 2051-2100
4. Con
lusionThe trend of the HWDI is in
reasing overthe entire Globe. The in
reasing order in thelast two studied periods is higher over thetropi
al area than the extratropi
al where thetrend is 
ostant for the entire period 1951-2100 and around 1-2 days every ten years.It should be related to di�erent variation be-tweenmaximum andminimum daily temper-ature (Fig.F).

Figure F. Di�eren
es between ten year means of yearly maxi-mum and minimum temperature (17 samples set), 
olor s
aleunits are delta-temperature degrees. The 10-year mean shifthas been subtra
ted prior to 
al
ulate the di�eren
e. Positive(negative) values represent how mu
h maximum (minimum)are in
reasing more than minimum (maximum). Upper Left(1960-1970), Upper Right (1990-2000), Lower Left (2040-2050), Lower Right (2090-2100). The di�erent variabilityof maximum with respe
t to the minimum are related to the
hanging in s
ale and shape parameters of the daily tempera-ture distribution.
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