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Introduction: Water-related Ecosystem Services (ES) of the forest

Introduction
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Groundwater formation: Quantity
Flow regulation
Influencing factors:
• Climate change
• Soil compaction from heavy machinery
• Stand structure: Rejuvenation

180,000 ha
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Modeling methodology

Baseline period 1961-1990

Recent period 2000-2020

Climate change

2031-2050 2071-2099Future projections

RCP2.6

6 RCM

RCP8.5

6 RCM

MIN/MAX/MEAN

% of baseline WBC

Soil compaction Rejuvenation

Adjusted soil maps:
Infrastructure

Forest roads/
Pathways

Skidtrails
& preloaded area
of 30 – 50 old oak

FOREST INVENTRORY, LWF AKTUELL 2003
LANDESFORSTEN RHEINLAND-PFALZ 2018

BIAS-adjusted REKLIES and EURO-CORDEX 
RCM over HYRAS 

Bulk density Curve Number

Comparison of WBC with
uncompacted models

AMPOORTER (2012), ZEMKE et al. (2019), LUNG MV (n.d.), REICHARDT (2002), 
SCHNEIDER (2015)

Artificial models for age scenarios: 
mature (MAT) and juvenile (JUV) 

Different plant parametrization
o maximum canopy height
o maximum rooting depth
o initial age/ biomass
o years to reach maturity

Soil parameter adjustment

EDER & DONG (2003), 
COLLET et al. 2005, 
GILMAN 1990, 
BARTSCH & RÖHRIG
(2016), PECK & MAYER
(1996), HIEGE (1985),

Scenario plausibility check:
o LAI development
o ET performance
o Growth performance

Assessment regarding WB components, 
comparison with contrasting climatic

conditions (1971 – 1981)
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Results

Water balance

Ø High GW recharge amounts: favorable 
retention function (soil/geology, land use)

Ø Falling trends in Precip, GW, soil wetness, 
percolation, surface runoff since 2000

Ø Low overland flow volumes due to
favorable retention function

Ø Short circuit drain reaction with elevated
precipitation amounts

Parameter Water balance 2000-2020

mm/aa % of baseline

Precipitation 821 -30

Actual ET 635 -10

Surface runoff 12.5 -60

GW recharge 177 -37 ES

Intermediate 
components

Indicators
Ø Adjustable to catchment

conditions
Ø Depictable in model

Ø Sensitive character of
forest-water-cycle-
interactions

Ø Favorable conditions: for
groundwater formation, 
and mitigation of
overland flow

Ø Sensitive to stressors
Ø Susceptible to functional changes/loss
Ø Short circuit drain reaction
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Results/Conclusions
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Susceptibility for compaction

Infrastructure ⇾ Decline in ES 

Favourable conditions for infiltration

Substrates of Red Sandstone

SS SL LSU

Macropores MicroporesMesopores

Decline in ES

Soil Compaction
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Recommendations for actions

Ø Adaptation of tree species composition (isohydr. species, litter)

Ø Preservation of the forest interior climate (stand structure)

Ø Increase retention potential

Ø Improvement hydrologic effectiveness (stand structure)

Ø Rejuvenation of bare fallen areas

Ø Adaptation of road network: redrainage into stocks, increase in retention potential 

Ø Skid-trails: Redraining measures, identification of CSA

Ø Minimize traffic intensities based on vulnerability maps (substrate, previous load, slope >20%)
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Thank you for your attention

© G. SCHÜLER

eva-verena.mueller@wald-rlp.de
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