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Characteristic patterns and processes from non-linear dimension reduction of streamwater time
series in the forested catchment Lange Bramke, Harz Mountains, Germany
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Motivation and Goals @ 3 catchments in the Harz Mountains: Lange ISOMAP
@ Investigate the collective behaviour of streamwater chemistry from small catch- Bramke, Dicke Bramke and Steile Bramke @ is a non-linear dimensionality reduction technique
. . 7 . . . _ . . . _ . .
(rjner)ts ?c\;]erllorlgfr tlrcr;e pjrlo?ds (common patterns and trends? signs of recovery o Hydrology monitored since 1948, water chem-  [RRREIE: b @ uncovers low-dimensional structures of high-dimensional data
HFing the 1ast tWo detd .es.) | o | | istry since the 1980ies (acid rain concerns) B gemamie Idea
@ Determine the effective dimension of the data set via dimension reduction e B | o Data comprises a high-dimensional manifold
Al - TN - @ Monitoring plots are part of the UN-ECE ICP- FEEREER oSS ua . . . .
@ Visualize the collective trend and relate to individual ions e Legv epl f prongm e 1004 DO NP | (i ct 2 neighbourhood graph G with k neighbours per point.
@ Conclude on the similarity of adjacent catchments Figure 1: Study area. | @ Calculate a low-dimensional embedding using shortest-path distances in G.
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GEJ % a o '\ﬂ‘{;?:) o g < | Figure 8: The “Swiss roll" data set. (A) The blue line shows the shortest path or geodetic
S = | o C*Z{;@ 3 ° —— Lange Bramke distance, the dashed one is the Euclidean distance. The latter one does not correctly show
o 0 0 < u%- — gg.i ';2::: the intrinsic distance between the two chosen points. (B) The neighbourhood graph G with
N : 5 © | o — Al catchments k = 7. (C) Two-dimensional embedding. The red curve from G is an approximation to the
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Figure 2: 1st and 2nd ISOMAP dimen- - _ Figure 4: Percentage of variance ex- Data
SlonS.Wheﬁt usmdg atl! CatChmednts in one di- | | gl_ainled by IﬁOMAP for k = 5d”eigth_°“r5- @ 2631 water samples (3 catchments a 877)
mensionality reduction procedure. 10— _19o_ _08— _12_ —_03— t t t : :
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Figure 3: 1st and 2nd ISOMAP dimensions when reducing the dimensionality of each catchment @ Variables: pH, Ca®", Mg®", Na™, K", CI", NO3, 50,
separately; from left to right: Lange Bramke, Dicke Bramke and Steile Bramke. o Analysed period; 1987-2008
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% o o @ ISOMAP is a good method to reduce the dimension of a data set and to
g 0 _ — extract main features.
1900 P 2000 2005 | @ It is suited for non-linear decomposition.
Time <- @ The different catchments do NOT behave like spatial replicates.
N - 'C;) g : @ The main features of the data sets seem to be trend and seasonality.
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§ ) : 5 @ Changes in chemical composition of the streamwater (especially NO; and
o q - a 5 T3 SO,) can only partially be explained by changes in input [1].
I=E C . .
O © _ | | | | ] @ The number of neighbours should be optimised for each catchment separately.
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Figure 5: Dicke Bramke: Tempora| evolution of the 1st and [1] C.L. Goodale, J.D. Aber, and P.M. Vitousek. “An Unexpected Nitrate Decline in New
2nd ISOMAP dimensions. The 1st one incorporates a non-linear _‘?1 T2 3 3 : T3 % Hampshire Streams”. In: Ecosystems 6.1 (2003), pp. 75-86.
trend, the 2nd one the seasonal variation. NO3.N S04.S 2] J.B. Tenenbaum, V. de Silva, and J.C.S Langford. “A Global Geometric Framework for
Figure 6: Dicke Bramke: Relationship between the 1st ISOMAP  Figure 7: Dicke Bramke: Relationship between the 2nd Nonlinear Dimensionality Reduction”. In: Science 290 (2000), pp. 2319-2323.
dimension and the original variables. All original variables but pH  ISOMAP dimension and the original variables. K and pH [3] Wikipedia contributors. Germany. (accessed March 30, 2011). Wikipedia, The Free En-
and K are linearly correlated to the 1st dimension. are linearly correlated to the 2nd dimension. cyclopedia. 2011. URL: http://en.wikipedia.org/wiki/Germany.
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