JUSTUS-LIEBIG- nstitut fir
UNIVERSITAT  Theoretische Physik il
GIESSEN

Network properties of meteorological stations
in the river Elbe basin quantified by
phase synchronization

Diego Rybski
Shlomo Havlin, Armin Bunde

Vortragsdatum: 5.3.2005
DY 22.5 Sa 12:30 TU H2032

o ""b% MINERVA CENTER i
= m * Ramat Gan, for the physics of A TG(%\:H NNV
Israel M esoscopics, Fractals and Neural Networks

AAAAAAAA
IIIIIIIIII



Data

latitude

54

53

)
\V)

51

50

; | : :
Hamburg Schwerin
+ + o+ +
LR s = S + + +
ot gy + *+ + + +
+, + +* +
+ o+ T+ Ty + 4
Lt +++ + F . + 4
+e " T * ;
. + @, ++ Berlin
e T @F P
otsdam
Magdeburg o + ta,
++ ++ + + +
+ + + ++ 4+ + -
+ +++¢ +oi +
FAHTAT o4 o+ T F
i + + + + T+ +
++=|=+++++ ++ .y + o+
+ 43+ + + * + e S
++  +TE+ ot 4T + +++ +
+1 o+ + + +
B T T N T
+
j: +.+ ++ + + + ++‘+ + +
Erfurt @&+ L+7 + + T+@ .
+ + + + +
+ ++ +++ + + + + +
greg VIR T
+ + +
+, w4 prig+* Dresden
R L
+ +
s
| L | I | I

longitude

« 317 meteorological
stations (nodes)

* daily precipitation
(rainfall)

* length: 1951-2000
(18250)

* (317*316)/2 = 50086
combinations



Phase Synchronization Method

« gquantification of synchronization in phases
of two records

« statistical accumulation of certain phase differences

« synchronization index 0 < p(s) <1
time lag (scale, shift) s

e similar results to cross-correlation

 but complementary information expected
since only phases are used (amplitudes are neglected)
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a) Loburg and Genthin 29.6 km  pPmar = 0.297
b) Oranienbaum and Gussefeld 1244 Km  pmar = 0.105
)  Wernigerode (Hasserode) and Brocken 9.2 km  pmar = 0.137

« strength of optimum phase synchronization is strongly varying
 dependence on distance?




Dependence on distance
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Number of clusters
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Size of clusters

number of
128 256 512 added links
10 I T T T TorTrTT rorTTTTT TTTTTT T TTTTT T T T o roTTTTT
8 |
5 O T T ‘
= L 1 iR _
5 0 E
5 47 T T 1=
g 2| ! 1 |
= 0 1 N T e I O | O B OO |
10 TTTTTTh T T T TorTrTT rorTTTTT rorrT IRl T TTTTT T T T o roTTTTT
8 i <— 29 1 1 |
- 1€
6 T T 18
i 1 <
4 4 + 1 s
2 _ | | | 1 _
0 _ _]IUII_IA......A ........“ | lllll | et | .I......." Iluuul et | .Il....._
10° 10' 10° 10° 10’ 10° 10° 10’ 10° 10°

cluster size
p=0.003 p=0.005 p=0.010



Climate Graphs
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* densely connected big clusters 522 -s 523: 2 clusters
- clusters distinct in space 566 -> 567: 1 cluster

» few small clusters P approx. 0.01



Degree Distribution

* number of nodes with certain amount of links (normalized)
 here: cumulative histogram
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Summary

 network-construction by strength of phase synchronization
« subtracting trivial dependence of distance

* highly connected big clusters

« critical concentration higher than for the random case

« clusters distinct in space

 changing degree distribution (evolving network)
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