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Why is the forest’s water balance becoming a point of interest?

Since the 18th century,
the Soonwald forest
has been drained for

forestry purposes:.
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Why is the forest’s water balance becoming a point of interest?

Increasing drought
reduces the resilience
of stands to pests.
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Why is the forest’s water balance becoming a point of interest?

Altered hydrological
conditions upstream
-~ influence downstream

""c‘oeamperung flow dynamics.

Department of Hydrology and Water Resources Management — Wendell et al. 4



Why is the forest’s water balance becoming a point of interest?

change in
discharge regime

The shift of water
transport components
can impair resilience
to droughts.
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Why is the forest’s water balance becoming a point of interest?

: change in §
' artificial drainage Which areas are discharge regime &

drought stress
hotspots for specific

tree species, and which
forestry adaptation

measures are needed? sltered water

forest degradation ,
retention
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SWAT Soil & Water transpiration
Assessment Tool

ETp determines the water requirement
for transpiration (etp_max)
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distributed across the root zone -> drought stress

If water demand > available soil water,
EPCO regulates the replenishment ‘ "
from deeper soil layers

soil layer O functional soil layer (1 cm)

soil layer 1

water shortage water uptake (wuse)

wuse

EPCO limits the compensation of wuse
the deficit from soil layer 1
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» pine

® spruce
fir

® beech

» oak

0.5
SW/AWC

Species-specific response to
water availability in the root zone
— reduction in ETa

Function developed by the
“TU Munich”

— BALANCE model

Validation based on field data by the
“Research Institute for Forest Ecology
and Forestry”
(Rhineland-Palatinate)
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SWAT Soil & Water transpiration «————————

Assessment Tool

ETp determines the water requirement
for transpiration (etp_max)

The required water demand is
distributed across the root zone

If water demand > available soil water,
EPCO regulates the replenishment ‘ '

from deeper soil layers

ceeeed

ETa/ETp =a exp(—b exp(—C(SW/ch)))

soil layer O functional soil layer (1 cm)

soil layer 1 water shortage available water content controls
wuse @PURIEW water demand
EPCO limits the compensation of wuse , M‘ wuse
the deficit from soil layer 1 water uptake (wuse)
soil layer 2
soil layer 3 Version 61.0
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Aim:
To provide a modelling framework to support region-

specific selection of tree species for climate-resilient
reforestation by:

.

e Exs NS < - < ” e o,
- 4 A 4 N POFS 4N

representing S acco‘unting for identifying drought

¢ water-scarcity-driven & | tree-species-specific & | stress hotspots across
i drought development & &8 drought responses & &8 the catchment




The Soonwald forest and its hydrological challenges

Quartzite-bearing region
— Strong influence of perched groundwater

Slate-rich region
— Moderate water-retention capacity

Sediment-rich region (aeolian)
— Low water-retention capacity

Sediment-rich region (fluvial)
— High water-retention capacity

Grapes: 14 km?/ 8%
Forest: 88 km2/48%
Grassland: 29 km?2/16%

A —" ® Schleifmiihle: 182 km? Crop land: 38 km?/21%
® Argenschwang: 32 km2  Sealed areas: 13 km?2/ 7%
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Results: Model Response




Model response on the performance metrics
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Model response on the performance metrics
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Model comparison of evapotranspiration and soil water
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* Delayed decline in ETa at low soil water contents
* Prolonged, complete depletion of plant-available soil water
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Model comparison of evapotranspiration and soil water

soil water [mm)]

Beech Spruce
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- ETp ETa original soil water original == ETanew === soil water new

Delayed decline in ETa at low soil water contents
Prolonged, complete depletion of plant-available soil water

The decline in actual evapotranspiration begins with a decrease in soil water content
More sustainable use of soil water
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effect of the new approach

2011 2012 2013 2014

2015 2016 2017 2018 2019 2020 2021 2022 2023

~

Adischarge [m3/s]

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ET is generally reduced

\

increase in discharge

?

Why is there a contradictory
reaction at the start of the
modelling process?
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Initialisation of biomass and root depth

warm up

160 L rootlength - 100 ipitialisation
—_ i - 85 t/ha
& 120 + 80 /
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2.5cm » 0 | | | 0
1/1/2004 1/1/2010 1/1/2016 1/1/2022

Drought stress can result from restricted rooting depth.
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Initialisation of biomass and root depth

warm up root length
160 T &M 100 initialisation
— i - 85 t/ha
& 120 + 80 /
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£ Bl
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Reduces the warm-up time required for root development by 6 years.
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Hydrological response to the new approach
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Results:
Spatial Drought Response




Potential of the maximum stress level of species

Response to declining
soil water content:

reaction of fir

" could be too strong ' . conifers

¢ > evaluation in ‘gf ‘ Spr‘ufe
# pine
fir
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annual average of the beech
maximum stress level ‘v
(2017-2023) oak
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sress level (1 = maximum) |

0 1
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pine spruce fir Response to declining

e = pi@r content:
ifers
Transpiration is already reduced before trees reach e
critical soil water contents (thresholds) ine
—> post-processing
DUS trees
Ry, o 5 cech
/7 Sl maximum stress level ¥
W T (2017-2023) oak
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Potential drought hotspots based on the tree species

days below the
could be threshold
W overestimated 8 $
- TR REeEER= . | days of potential
" < ? drought stress
Thresholds (SW):

beech - 63.8%

spruce > 42.6%
annual average sum of i S 38.3%
drought stress days .

) pine - 24.5%
(2017-2023) oak > 21.0%

scrubs grapes | crop land [ gassland # urban areas I water

days with crought stress [
0 120 days
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Conclusion

The new approach links the drought stress response of trees to the soil water availability.

The model now represents drought stress as a dynamic process driven by water scarcity.

Species-specific response functions allow differentiated drought stress assessment.

Spatial model outputs help identify vulnerable areas within the catchment.

The model provides a basis for climate-resilient reforestation planning.
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Thank you for your attention

awendell@hydrology.uni-kiel.de



Trepel, M., Leidinger, T., SchultheiR, J. (2015). Historische Entwasserungsmallnahmen im Soonwald und ihre Folgen. Beitrage zum 47. Jahrestreffen des Arbeitskreises Hydrologie,
Band 20.

2SWAT — Soil and Water Assessment Tool. Sources Software. Website, Access: 09.04.2026-
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Spatial distribution of the results (ETa/ETp)

spruce

Response to declining soil water
content (conifers)
spruce > pine > fir

Response to declining soil water
content (deciduous trees)

beech > oak
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Model Response
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PBIAS: |3.8| KGE: ‘0.04
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Fundamentals
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Durchschnittliche Anderung des Abflussregimes (2017 —2023)

Sommer

-137 m3/Tag

2 +234 m3/Tag
2023:-743m3/Tag |,

2023: +636 m3/Tag

b ASCT,
+129 m3/Tag +98 m3/Tag
2022 +305 m3/Tag y\\_' { | 2020: +265 m3/Tag

+255 m3/Tag
2021: +723 m3/Tag

+314 m3/Tag
2022: +841 m3/Tag

Department of Hydrology and Water Resources Management — Wendell et al.




	Slide 1: Species-specific drought stress simulation for different trees at catchment scale
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Results: Model Response
	Slide 15
	Slide 16
	Slide 17: Model comparison of evapotranspiration and soil water
	Slide 18: Model comparison of evapotranspiration and soil water
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Thank you for your attention 
	Slide 29: 1Trepel, M., Leidinger, T., Schultheiß, J. (2015). Historische Entwässerungsmaßnahmen im Soonwald und ihre Folgen. Beiträge zum 47. Jahrestreffen des Arbeitskreises Hydrologie, Band 20. 2SWAT – Soil and Water Assessment Tool. Sources Software. W
	Slide 30
	Slide 31
	Slide 32


    E T a  E T p = a   exp ( − b   exp ( − c (   SW  AWC

