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Okosystemstorungen und Extremereignisse als Steuergroflen
fir Menge und Zusammensetzung der geldsten und
partikularen organischen Substanz

Ecosystendisturbancesand extremeventsaskeydriversfor amountand
guality of dissolvedand particulateorganicmatter
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Introduction

u Disturbance is any relatively discrete event in time and space that disrupts the structure of
populations, communities, and ecosystems and causes changes in resource availability or the
physical environment. (Pickett & White, 1985; Chapin et al., 2002)

u The impact of disturbance on ecosystem processes depends on its type, size, frequency, timing, and
severity/intensity. (Chapin et al., 2002 Principles of Terrestrial Ecosystem Ecology)

Generalisierte Definition Storungsereignis

Stdrungen sind zeitlich und raumlich diskrete Ereignisse, die zum Verlust von lebender Biomasse fiihren

und die Verfugbarkeit von Ressourcen in Lebensgemeinschaften verandern.
(Wohlgemuth et al., 2019)



Introduction

Hot spots and hot moments

N Bl o0g e o cliotespois ara dreas (or patches) that show
disproportionately high reaction rates relative to the surrounding
area (or matrix).

Hot moments are short periods of time that show disproportionately
high reaction rates relative to longer intervening time periods. i

(McClain et al., 2003)



Introduction

Dissolved organic matter -DOM

ORIy s waig il

- dissolved organic forms of carbon (DOC), nitrogen (DON),
phosphorus (DOP) and sulfur (DOS) of < 0.45 pm in pore size

- consists of a continuum of organic substances ranging from defined
small molecules to highly polymeric humic substances

- research started in the early 1980-ies and peaked in the mid to late
1990-ies focusing on DOM in forest soils

DOC is considered as the most important OC fraction that drives biogeochemical
cycles and interaction between the bio-, hydro- and geosphere (Amon, 2002)



Introduction

Particulate organic matter i POM

However, the particulate fractions of organic matter (0.45 ¢ m< POM < 500
um), being mobile and transported in solution, are scarcely investigated.

Indirectly determined as differences

TOC - DOC = POC (Particulate Organic Carbon)
TN - DN = PN (Particulate Nitrogen)




Introduction

New concepts
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How do ecosystem disturbances impact the amount and quality of DOM and POM?



Motivation

Effects of Climate Change on ecosystem processes til 2025 (2100)

Al ncrease in frequency of ecosystem di
(high confidence)n

William Hare in WBGU, 2003
nAI I assessed model |l ed patiICH6@0 o lowehby 210d inclode tandAased mitigatipn gand 2

land-use change, with most including different combinations of reforestation, afforestation, reduced deforestation, and
bicenergy. HOwever, accumulated carbon in vegetation and soils is at risk from future

loss (or sink reversal) triggered by climate change and disturbances such as flood,
drought, fire, or pest outbreaks, or f i

IPCC 2023, AR Synthesis Report



Regional affectedness and cross-sectoral impacts of climate change
in Germany (near future)

Motivation

. Regions with warm climates
Regions characterised by heat and drought

In future:
= Spatial expansion
= In particular, more hot days and tropical nights

End of the century:

= More severe heat waves, probably with increasing
incidence of drought

= Further spatial expansion

Climate zone types future impact
by Climate Change

Regions with dryer climates

The driest regions of Germany have below-average
year-round precipitation, coupled with sharp seasonable
fluctuations in temperature and precipitation

In future, water resources may become further restricted
as a result of:
= Trend towards higher summer and winter temperatures

= More hot days and tropical nights
End of the century:

= More severe heat waves, probably with increasing

incidence of drought
= Further spatial expansion

Regions with cooler climates

Regions with moderate temperatures, many days with
heavy rain and strong winds, minimal frosty and dry days

In future:

= Escalating potential for damage associated with

extreme incidents, such as river flooding

End of the century:

= More frequent storm surges with rising sea levels

Low mountain climate regions

Regions with many days of frost and
rainstorms, high summer and winter
precipitation levels

In future:

= Rising precipitation in the winter months,
more rarely as snowfall

= Higher average temperatures in summer
and winter

%\ Densely populated
s areas as defined by
the Conference of

Ministers for Regional
Planning

Regions characterised by mountain
foothill climate

Regions with above-average summer preci-
pitation, many days of frost and heavy rain

In future:

= Rising summer temperatures and more
hot days

= Intensified impacts caused by the projec-
ted growth in land use for settlement and
transport infrastructure

Zones prone to
river flooding

Zones prone to
flooding from
storm surges

. Mountain climate regions

Regions with many days of heavy rain
and frost, high precipitation levels

In future:

= Increase in heavy rain and winter
precipitation, decrease in summer
precipitation

= Above-average high temperature
rises

Federal Ministry for the Environment, Nature Conservation, Building and

Nuclear Safety (BMUB), 2015



Germany-wide projection approach to damage risk

Trakte im 4x4 km Netz der BWI 2012
* Fichte unter 600 m {. NN.
* Begehbarer, bestockter Holzboden mit Fichte
Begehbarer, bestockter Holzboden

Risk for beeel’i““- A
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Trakte im 4x4 km Netz der BWI 2012
* Buche mit nWSK < 90 mm bis 1 m Tiefe
* Begehbarer, bestockter Holzboden mit Buche
© Thiinen-Institut, 2020 Begehbarer, bestockter Holzboden

Areas at risk for sites with
spruce as dominating tree
species or beech, respectively

i mmemeees Bolte et al., 2021, AFZ-Der Wald 4/21



Motivation

Effects of disturbances & stressors on forest ecosystem functions & services

- Increasing pressure on forests by stressors such as droughts, forest fires,

Insect pests/plant pathogenes, N saturation and climate change
(Dale et al., 2001)

-changes In forest productivity, biodiversity, water, matter and nutrient cycling

and carbon sequestration
(Brown et al., 2010; Gandhi and Herms, 2010; Sims et al., 2010; Swank et al., 1981)

-diminished recreational and cultural functions of landscapes
(Bastian, 2000)



Motivation

A understand the impact of ecosystem disturbances on the
magnitude of DOM and POM release dynamics and quality on
the field scale

A identify hot spots and hots moments in landscapes and their role
for functions, processes and development of terrestrial
ecosystems






Drought year 2018 in the Hainich area, Thuringia

Vitalitatsanderungen der Waldflachen im NP Hainich
zwischen Juli 2018 und Juli 2019

(berechnet auf Basis von Sentinel 2 Daten anhand

des Disease Water Stress Index)
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74 % der Fliche mit sehr starken Vitalitiitsinderungen (> 20) betreffen Buchen

FSU Jena jenacopterlabs.de, Dr. S. Hese



Drought effects on climate parameters

Climate water balance (416 sites of the forest condition Rain amount in summer 2018 compared to 1961-90
assessment)
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A Extrem years 2003, 2018 to 2020 clearly reflected by
the forest condition assessment.

A Tree mortility rate peaks in 2020 to record levels
(1.8% all tree species, spruce: 4.2%).

TLUBNKIlimaagentur



Collaborative research centre DFG-S F B

and subsurface biogeospheren
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% Spruce forest sites
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Mixed beech forest

Parent material: Loess over Muschelkalk
Soil type: Parabraunerde/ Luvisols
Soil depth: 30-40 cm
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To characterize the input fluxes to the subsurface,

water, matter and element fluxes were monitored from
July 2018 to July 2020
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DOC (fraction < 0.45 em) fluxes POC (fraction > 0.45 e m) fluxes

Proportion of POC
[kg ha'l a!] from 07/2018 1 07/2019 [kg ha't al] from 07/2018 1 07/2019

in TOC fluxes [%]
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Interim conclusion & comparison to other studies

Mean annual DOC fluxes in temperate forest ecosystems

+ Coniferous
A Drougth increased seepage DOC fluxes
A especially for conifer sites

A Include POC in flux budgets
A Share of POC in TOC in soil solutions up 30%

H++++ @100 @ +H+®

g
'™
=
Q
o
=,
O
(@)
Q

Oi Oe Oa A
Ecosystem profile

Michalzik et al. 2001



Temporal development - drought 2018 + subsequent bark beetle infestation

Interacting effects of disturbance agents and modifications of ground

vegetation altered water distribution and nutrient fluxes at the surface



POM quality

Soil Biology and Biochemistry 154 (20215 108153
Contents lists available at ScienceDirect
Soil Biology and Biochemistry

journal homepage: http:iwww alsevier.com/lo cate/soilbio

Drought and rewetting events enhance nitrate leaching and
seepage-mediated translocation of microbes from beech forest soils

Markus Kriiger *, Karin Potthast E Beate Michalzik ™, Alexander Tischer®, Kirsten Kiisel >,
Florian F.K. Deckner®, Martina Herrmann >
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particulate organic carbon (POC) and particulate nitrogen (PN) below the
| 1Ttter | ayer with the highest contribution afte

nNPredicted higher frequency of drought pe
enhanced export of soil-derived microorganisms with implications for microbial
community dynamics and metabolic potential in subsoils and subsurface environments.



Interim conclusion- drought

- Effects of Drought + subsequent bark beetle infestation accelerated N mineralization
(and mobilized DOC in the subsoil under spruce)

- but: DN (and DOC) fluxes normalized over the following two years
A Discrete event in time and space A hot spot and hot moment in the landscape

- Include particulate fractions of C and N in C and N budgets because they are
guantitatively important

- drought/rewetting cycles enhance the export of soil-derived microorganisms






In Treuenbrietzen/Brandenburg in August 2018
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burnt

Ion

lantat

ine p

A 330 haofp




w. — w.m»m.m«% ) /.

o W R




