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Objectives

Relationship of ecosystem history and biodiversity in temperate forests in
Germany.

1. Can trends, changes in trend or disturbances be detected Iin
Landsat time series of temperate forests from 1985 to 2015?

2. Do disturbances and changes in trend affect herbal layer plant
species diversity in temperate forests?
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Study Area & Project background

Administrative area of Germany by Hijmans et al. 2009

ForestSat 2016 METHODS




Methods — NDVI time ser
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Methods — NDVI time series
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Methods — Time series analysis
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Test for significant upward or downward trend:
- Mann-Kendall trend test (Mann 1945)

- R-package: Kendall (Davison and Hinkley 1997, Hipel and McLeod 2005)
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Methods — Time series analysis
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‘Detection of breaking points and their magnitude in trend
* Breaks For Additive Seasonal and Trend (BFAST) algorithm

* R-package: bfast (Verbesselt et al. 2010 a, b)

» Ordinary least squares residuals based MOving SUM (MOSUM) test
(Zeileis et al. 2002)
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Methods — Relationship of biodiversity
iIndex and time series parameter

-Simpson’s diversity index (Simpson 1949)

* Plant cover estimations of species in the herbal layer in an area of 20x20m in all forest EPs in
2015 (Fischer et al. 2015)

‘Differences in Simpson‘s diversity index between plots with and without breaking
points (Wilcoxon-Mann-Whitney test (Bauer 1972))

- Linear relationship between Simpson’s diversity index and trend parameter
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Results — Trend
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Results — Breaking points
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Results — Breaking points

Schorfheide in 2009/10
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Results — Breaking points

Schorfheide in 2009/10
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Results — Relationship of biodiversity
Index and time series parameter

-Significant positive linear relationship
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> os . - RMSE: 0.1514 (Hainich)
g | R-squared: 0.15
S 0.6- 0.6- ) o ) _ _ )
® -Significant negative linear relationship
S 04 | 0.4- with Simpson'‘s diversity index:
3 - Kendall's tau (Hainich)
n 0 . - Mean NDVI (Hainich, Schwabische Alb)
"o | | o , | » Minimum NDVI (Hainich)
No breaking Breaking No breaking  Breaking R-squared: 0.04 — 0.20
points points points points
(48) (2) (37) (5)

(Significance level at 0.05 or 0.01)

* Not statistically significant (Wilcox-Mann-Whitney Test)
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Discussion
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Discussion & Conclusion

1. The combined Landsat time series of the archives of USGS and ESA
can be used to analyze ecosystem history in temperate forests in
Germany from 1985 to 2015.

2. Further research on the relationship between Simpson’s diversity
Index and ecosystem history is needed.

3. Continuous forest management in our study areas causes small-
scale, low magnitude disturbances, which do not affect the
greenness over several years.

- Analyses of the seasonal component

» Algorithms allowing for discontinuous time series data
e.g. Continuous Change Detection and Classification (Zhu and Woodcock 2014)

* Fusion of Landsat and MODIS time series to obtain dense, continuous time series
e.g. Spatial and Temporal Adaptive Reflectance Fusion Model (Gao et al. 2006)
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Picture credits

Rudiger Biehl, Nationalpark-Hainich@NNL.thueringen.de

» Holzpilz am Totholz im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/DSC_0042.jpg

* Hohler Lerchensporn im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/0051.jpg

« Totholz im Nationalpark Hainich
http://mwww.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/DSC_0039.JPG

» Herbststimmung im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/DSC_0234.jpg

©Thomas Stephan, www.thomas-stephan.com

« Béarlauchteppich im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/102_07_09 005.jpg

« FEruhbltuher im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/102_07_15 011.jpg

+ Wildkatze http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/189 02 04 007.jpg

» Laufkafer im Nationalpark Hainich
http://www.nationalpark-hainich.de/fileadmin/nph/media/Bildmaterial/Pressefotos/102_26 02 _004.jpg

* Schwarzspechtfamilie im Nationalpark Hainich
hitp://Wwww.hationalpark-hainich.de/fileadmin/nph/media/Bildmateria
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Data

USGS Landsat 4

USGS Landsat 5 ™ 454 684 458
USGS Landsat 7 ETM+ 404 504 343
USGS Landsat 8 OLI 166 168 105
ESA Landsat 5 ™ 321 147 263
ESA Landsat 7 ETM+ 10 4 2

Total 1375 1549 1188
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BFAST

Additive decomposition model

Yt observed value at time t
Y,=T,+ S; + e;,t=1,..,n Tt trend component

. , , o St seasonal component
Assumption of Tt being piecewise linear T. = a: + ﬁ-t Et remainder component
with breakpoints t;, ..., t;, t J J

fort;_; <t<t;
Magnitude = (aj—l — (lj) + (,8]'_1 — ,Bj)t
2. lterative test for occurrence of breakpoints

+ Ordinary least squares (OLS) residuals-based MOving SUM (MOSUM) test
- Tested from Yt- St

* Robust regression models for sections of a time series between the break points at the times where the changes
occur (based on equation 1)

+ Only the most significant changes will be detected (depending on the length of the time series)

3.  Model parameters
. Type OLS- Mosum algorlthm maX|maI number of breaks: 3, confidence level of the OLS-MOSUM: 0.1,
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Mann-Kendall-Rank-Sum Test

» Kendall's tau (-1.0 — 1.0)

S S
T = — =
D 1n(n —1) : " " "
2 Time [ NDVI | sgn(X) =1 |sgn(x) =0 | sgn(x) =-1
Where
t, 01 6 0 0
n-1 n
o Z sgn(y —x) 2 04 4 0 1
= A t; 05 3 0 1
Where t., 03 3 0 0
+1, x>0
sgn(x) = {0’ X = ts 0.6 2 0 0
-1 x<0 te 0.8 0 0 1
op =188 0.714 ty 0.7

21
*Test for statistical significance: two-sided p-value
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Simpson Diversity Index

S
D=1- Z pi2 pi: proportion of the cover of species i
i=1

Calculated from plant cover estimates of species in the herbal layer
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Results — Breaking points
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Results — Breaking points
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Results — Breaking points
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Sensors In Landsat time series -
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Comparison of Landsat sensors
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Comparison of Landsat sensors
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Comparison of Landsat sensors
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Comparison of Landsat sensors
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Beech forest in thicked stage
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—— Time series of EPs with significant breaking points
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Future studies

*Further analysis considering the seasonality -
Continuous Change Detection and Classification (CCDC) (Zhu and Woodcock 2014)

*Time series of additional indices
*Combining Landsat and MODIS to obtain denser time series - STARFM

*Considering larger study areas than EP level
*Adjusting georeferenciation

*Finding a suitable way to adjust the sensor differences
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