


Monitoring of mineral forest soils



Why are Forest Soils so important ?
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Forests cover approximately 40 % of the EU’s total land area.

Although soils are one of the basic pillars of the environment, human

society and the world economy, currently 33 % are already degraded
worldwide.

Forest soils found where the land is too rocky, too steep, too nutrient-
poor, and too dry for agricultural use....
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Why are Forest Soils

so important ?

Ecosystem Forest Soil
Services Functions
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Public perception

Questionnaire 69 stakeholders
from 25 countries

COLOR LEGEND

Forest resources

Forest soils

Biodiversity
and conservation

Other forest
ecosystem services

Forest health & vitality

Socioeconomic
demands on eco.
services

Wood flows, climate
and socioec. impacts

MoniFun: Rodrigo Mufoz et al. 2024
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Heterogeneity

In Europe, 30-40 soil types and hundreds of sub-categories
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Special issue: Forest Floor

organische Streuhorizont
Auflagehorizonte Streuhorizont Fermentation
Fermentation
Streuhorizont Humushorizont

Humushorizont
- Bodenoberflache

mineralischer
Bodenhorizont

Mull Moder Rohhumus
Luvisol with Mull Cambisol with Podsol with Mor
Moder

14/10/2025 8



What are mineral Soils

IPCC (2006), if they meet conditions 1 and 2 or 1 and 3

1. Horizon thickness > 10 cm. If the horizon thickness is < 20 cm, there
must be > 12% Corg in the mixed sample from 0-20 cm.

2. Soils that are water-saturated for only a few days per year must
contain > 20% Corg.

3. Soils with longer periods of water saturation and the following Corg
contents:

a) 12% Corg if no clay is present,

b) 18% Corg if clay content > 60%,

c) A proportional share between 12-18% Corg for clay contents of 1-
60%.
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Monitoring Obligations

LULUCF — THG- Emission and Land use change
—> Carbon, Nitrogen
0-30 cm mineral soils, no forest floor (or put to litter)

Nature Restoration Law
Forest: 7 indicators, 6 indicators are mandatory
—> Carbon Stocks 0-30 cm + ??? Forest Floor in Soils

Soil Monitoring Law
C-content and C-stock, N, P-content, pH, connectivity,...
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Monitoring Obligations

Insights in our evaluation of national inventory reports -
GHG reporting

reporting

25

20

No reporting Forest soils:

2022: 9
I 2024: 8
Ill -Il Ill III

Tier 1 Tier2 Tier 3 Tier 1 Tier2 Tier 3

1

(6]

1

o

6]

0

2022 2022 2022 2024 2024 2024

H Org. Soils W Litter = Min.Soil

Usage of IPCC tier methods (IPCC Guidelines, 2006) of EU countries used for GHG reporting. Data basis are
the NIR of 2022 und 2024

Tier T = country default value, Tier 2 = country-specific data, Tier 3 = modelling or inventory
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Impact of Forest management on forest soils

(Carbon budget (Germanyin2012) L,
Broadleave: 8t ha'l

\ Pine Forest: 31t C ha'l
Mineral Soil
a 0-30 cm
i Broadleave: 89t C ha'l

Pine Forest: 60t C hat

Forest Floor:

MEAN:
FF+ M soil: until 90 cm
All tree spec.117 t C ha't
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Existing

monitoring programmes
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UN ECE ICP Forests

Level |

e 16 x16 km sampling grid
* 6.000 plots in 42 countries
e yearly: crown status

* |longer intervals: soil status, forest nutrition,
stand inventory
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UN ECE ICP Forests

Level |l

* Monitoring of representative forest areas
* 640 plots

* Investigation of the cause-and-effect
principle

* Integrated into an international information
network
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UN ECE ICP Forests

13 Surveys (Soil solution, atmospheric depostion, growth, soil condition, litter fall)

Manual for all surveys, european database

14/10/2025 16




LUCAS
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LUCAS

14/10/2025 18




Monitoring methods




Monitoring methods — Soil sampling

« Sampling is the heart of monitoring
—>representative, comparable, harmonised

* Representativeness has to be verified

« Grid with representative grid size, e.g. 8 x 8 km (NFSI Germany), 16 x 16
km (ICP F Level I)

 Spatial heterogeneity considered
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Monitoring methods — soil sampling

» Disturbed and undisturbed samples
for different parameters

—>Physical and chemical

 Consistent depth increments
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Monitoring methods — Soil analysis

 Standardised methods are key!
- ISO-norms

 Ring analysis to check all
participating labs
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Monitoring methods - further data

 Soil data needs to be interpreted — context is important

- Further data is needed: site information, management information etc

Forstliche Daten

Bund-Nr. Land-Nr.
Titeldaten und Aufnahmesituation FORST
Bund-Nr. Land-Nr. Merkmal Kapitel | Kennung
TIT 1 Landerverfahren kecls
Aufnahmeteam 1.2.1 Standortseinheit 41
Wasserhaushalts.-Stufe el
Datum [TT.MM.JJJJ] .2.2
Nahrstoff-Stufe 1.4.1.2
Merkmal Kapitel |Kennung/Wert Vor-/Nachnutzung .42
Punktstatus 1.2.8 Eigentumsart .43
Reliefform 1.3.2 arhestand I1.4.5
N N hist. Nutzung lil.4.6
Lage im Relief .3.3
Anzahl Kalkungen/ 11.5.5.1
Hangneigung [Gon] .3.4 D
Kalkungskulisse l.5.5.2
Exposition 11.3.5
- Reinndhrelement
Jahr Kallf]Dunge- Menge Technik | Einarbeitung | Abdeckung
SR Art der Entfernung Richtung mitteltyp N ‘ P K ‘ Mg ‘ Ca
orstl. Bodenbearheltung Nachbarschaftswirkung Nachbarschaft [m] | Nachbarschaftswirkung
11.5.3 0541 1.5.4.2 11.5.4.3 11.5.5.3 111.5.5.4 11.5.5.5 111.5.5.6 11.5.5.7 11.5.5.8 111.5.5.9
(1] [kg/ha] | [ka/ha] | [ke/ha] | [ke/ha] | [ke/ha] | [ke/ha]




Monitoring methods - frequency

« How often do | have to repeat my inventories to become a
monitoring?

« Common intervals are 10-15 years

« Calculated from critical differences (difference of values of the
inventories must be statistically significant; critical difference is
the minimum time between inventories)
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Technical developments

- Databases are substantial — must be well-conceived

* Remote sensing is supposed to be cost-reducing, but has its limits, especially
for soils

- Al might help with field analysis in the future — currently investigated



Examples of monitoring results

- Differences in C, visible

« Additional information (eg.
stand composition) helps
with interpretation
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C org. Diff.

[thalal]
<0.00
=0.00
>0.00-0.20
0.21-0.30
0.31-0.40
>0.40

unknown
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Examples from German NFSI
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Examples from German NFSI

Auflage

» Nitrogen stocks decreased,
especially in the subsoil

0-5cm

5-10 cm

10-30 cm

30-60 cm

60-90 cm

Profil
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Challenges and open questions

- Small-scale heterogeneity of forest soil

- Sampling of forest floor

- Sampling bulk density and stone content in stony soils

- How expressive is point-data? — representativeness is always a challenge

- Long-term data are extremely valuable, but it is also cost-intensive



Thank you for your attention



Questions?

What are your experiences?

Where would you like to have more input
on?




