reconstructions from Central Europe, the sou

of North Pakistan, by (i) detrended fluctuation
analysis (DFA2), (ii) the Haar wavelet technique
(WT2) and (iii) conditional averages. We alsp
study (iv) the PDFs of the return intervals fgr
return periods of 5y, 10y, 20y, and 40y. We
find a strong persistence that can be modeled
Hurst exponentsy between 0.8 and 0.9. Thi
result, however, is not in agreement with nei

nor millennium simulations with contemporary
climate models, which both suggestclose to
0.5 for the precipitation data. This strong con-
trast in precipitation (highly correlated for the

rings based climate reconstructions, which wjll

tions.

Data

ern Colorado Plateau and the high mountains

o

y

ther observational data of the past two centuries[B] Conditional averages and persistence length

We analyze recent tree rings based precipitation The exponent can be associated with the Hurst exponent, ancbetween 0.8 and 0.9 (compare with (b)).
h- is related to the correlation exponenand the spectral expone

Bbya=(1+p)/2anda =1—~/2.

In DFA2 one focuses, in each segmenton the cumulate
sumyY; of the data and determines the variad&g(s) of the Y;
around the best polynomial fit of order 2. After averagiiys)
over all segments and taking the square root, we arrive at the
sired fluctuation functiori(s). One can show thai(s) ~ s'/2
for uncorrelated records, while for long-term persistent recc
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12345
Prececing Years abovbelow) the medfan

G(s) ~ s, (2)

We distinguish between "rainy” and "dry” years (where the
cipitation is either above or below the median). We study

average pre_mpltatlo;i_in aﬂer N successive rainy (Or dry) ye Fig. 3: Conditional average and length of “rainy” and "dry"rjmels. a) Distribution
and determine the distributiof (/) of the length of "rainy” 01 # (1) of the length of the "rainy"” and "dry” periods for the same oestructed data sets as

30 40 50 60
I

reconstructed data, Whlte noise for the Obs br- ndryn periods. For uncorrelated recorqs. does not depend Onin Fig. 2(a). Inset: For the same records the conditional npeacipitation above or below

the mean precipitation in units of standard deviations. bZ&as a) but for generated long

vational and model data) rises concerns on t ee[he history an(H(l) is a simple exponential. term persistent data with = 0.8 anda = 0.9. c) same as a) but for the geographically

corresponding model data as in a). Same as b) but for gendosigderm persistent data
witha = 0.5.

have to be taken into account in future investiga- [c] Return interval approach

We consider events above a certain threslil@s in Fig.1) and [C] Return interval approach

are interested in the distributidf, (r) of the lengths of the igter— We concentrate on the 2400y reconstruction from Central Eu-
vals between them. For uncorrelated ddta(r) = =¢™"/"@ rope. Figure 4 compares the PDF of the return intervals, in

We consider tree ring based precipitation reconstructions fréffiere 2 is the mean return interval at fixed threshéld For  scaled form P(r) R versusr/Rg), with the PDF of the model
Central Europe[1], the southern Colorado Plateau[2] and the higd-term correlated data characterized by a correlation expongith, for 4 thresholds characterized by the mean return intervals
mountains of North Pakistan[3]. For comparison we use recénf < 7 < 1, Po(r) decays, for/Rq > 1, by a stretched ex- R, =5y, 10y, 20y and 40y. We compare also with synthetic
model data (ECHAM6) from the MPI in Hamburg. In the modeRonential,in(Rq Po(r)) ~ —(r/Rq)”, while forr/Ro < 1, long-term persistent data of the same length witk= 0.9 ob-

we selected only those time spans which have been used infthér) decays by a power lawiq Po(r) ~ (r/Rq)" ™" [4]. tained by the standard Fourier filtering technique. To reduce the
reconstructions(April-June for Central Europe, October-July for fluctuations, we averaged over 5 records each.
Colorado, the whole year for North Pakistan). We also compare
with observational data (Potsdam, Germany). In order to eli esults
nate the short-term persistence due to_weatherfronts ("GrossEI@-DFA2 and WT2 S
terlagen”), we averaged the observational data over two weeks. 10t J
For eliminating the annual seasonal trend, we subtracted the $ggure 2 shows that, in contrast to the model data and the obs Paleo Precipitation CE
sonal mean and divided by the seasonal standard deviation. vational data, which can be approximately considered as whi 1
noise with a Hurst exponent ~ 0.5, the reconstructed data
show a strong persistence, over long periods of time, which mi "
— be compared with the persistence of long-term correlated recor 10
| HH‘C i with o ~ 0.8. The result for the observational data is in line with f Y
[5], where 100 observational records distributed worldwide wer F 10
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Fig. 1: Recc ipitationin a) Central Pt - 2000 AD, April-June;
b) Colorado (1000-1988, Oct-July) and c) North Pakistar0(:0998, all year) compart
with d) model simulation from Central Europe (850-1850, ikgune). The red line denot
a threshold which is passed on average every 40 years. Tha tine represents the 3
running average.

Correlation analyis

To reveal the memory in the data, we use 4 techniques.

[A] Detrended Fluctuation Analysis (DFA2) and Haar
Wavelet analyses (WT2)

In both DFA2 and WT2 one considers a recofd;},i =

Potsdam (obs.) Potsdam (obs)

over 5 long term persistent records with= 0.9 in corresponding colors, (iii) the shuffled
datasets from (i) (same symbols as in (i)) and (iv) model ftata Central Europe (remaining
symbols in the lower part). The lower straight line showsmapdé exponential.

=051 =051

WT2 o oo M%%d} o) EwT2 CE\“»‘&M::;“ d)

Z © o oot ¢ S The figure shows that for each data set, the data collapse ap-
2 € T pMA -7 proximately. For the model precipitation data, the fornfef(r)

] 10 Po o Bnumé,m oo N‘;‘:{uzo_ﬂ is well described by the simple exponential, which is expected
& potstom Rk m % | for uncorrelated records. The reconstructed data, in contrast,

aost

"o o051 * show a strong persistent behavior at all time scales. The figure
) T R R TTTT R AN R T AT ERTTT R ETIT S SR ETTT A WETTT R H i £

107 7 o 7 5 e 7 G ¢ s_hows _that this behawo_r can be quantified by long-term correla-
s s tions with the comperatively large Hurst exponent 0.9.

Fig. 2: a) DFA2 fluctuation functionS'(s) /s for the reconstructions from (top to down)

(i) Central Europe (398 BC - 602 AD), (i) Central Europe (00@000 AD), (iii) Colorado
(1000-1988 AD), (iv) North Pakistan (1000-1998 AD) and th} ¢bservational data for WWe have observed a strong contrast in the persistency of
Potsdam (1890-2000). b) Same as a) but for the correspondidelrdata (850-1850). c), tree-ring based precipitation reconstructions on one side and
d) same as a), b) but for the WT2 fluctuation functiés). model/observational data on the other side. The Hurst exponent
for reconstructed precipitation data is well above the accepted

Summary

1,2,..., N, with zero mean, and divides the record into non- Hurst exponentd =~ 0.65 + 0.05) [6] for continental tempera-

overlapping windows of lengthss.

tures. This rises questions on the tree-ring based climate recon-

In WT2 one determines in each segmentthe mean value [B] Conditional averages and persistence length structions.

T, (s) of the data and considers the linear combinaﬂd}?(s) =

— — — 2
T,(5) = 2%,41(s) + T,-4(s), averagesAy” (s)]? over all seg- same records as in Fig.2 as well as the conditional averages (in

Figure 3 shows the distribution of the persistence lengiiisthe References
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