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Wetland Soils
‘Guidance for assessing mass-based aboveground 

carbon inputs’
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Background I

• Large stored organic soil carbon (C) makes wetlands 

long-term C sinks but vulnerable to becoming 

greenhouse gas (GHG) sources under changed 

conditions, e.g.,

– Climatic 

– Hydrology

– Land-use

• Accurate soil C balance require monitoring of both C 

inputs and losses, which are often similar in size 

annually
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Most soil C balance studies combine manual chamber GHG flux measurements with estimates of litter 
C inputs

• Data availability is uneven across climate zones and notably poor for key processes such as litter 
production, litter decomposition, and root turnover (roots recently discussed by Freschet et al. 
(2021). 

• Consequently, uncertainty increases in data analysis, integration of existing datasets, and forms a 
major limit for improvements beyond IPCC Tier 1 emission factors (e.g., Jauhiainen et al. 2019, 
2023)

❖ Methods for soil surface GHG flux measurements 

are well established due to large number of 

studies made since 1980’s (monitoring frequency, 

spatio-temporal coverage  still vary widely)

❖ Litter and root dynamics forming the soil 

carbon inputs is far less documented and is 

prone to greater methodological inconsistency 

and data gaps 

Background II



Wetland vegetation communities are diverse

Plant species, -heights, -growth forms, and abundance vary
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Foundation for this work is based on decades of field research experience, combined first as 

project-harmonized methods (Life OrgBalt and Horizon ALFAwetlands), and is now being 

further refined and expanded in manuscript form

Our objective is to provide methods applicable across diverse wetland types in temperate and boreal climate regions 

• We focus on procedures for the mass-based measurements needed for assessing the following aboveground C-stock 
components: 

• Understory and ground vegetation biomass and biomass production
• Annual litter inputs (including woody debris from trees)
• Aboveground litter decomposition 

• Emphasis set for building guidance with
• Flexibility to various vegetation community structures
• Reasonable sampling effort (by setting ‘a fair minimum’)
• Useful for different skill levels (students, technicians and researchers)
• Flexibility as a guide to be followed ‘step by step’ or by ‘choosing between options’
• Openness for further improvements 
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Approach for data collection

• Vegetation vertical structure (vegetation 

stratification) of trees, understory, and 

ground vegetation at the study site.

• Plant functional types (PFTs) represent 

groups of species sharing similar 

combinations of plant growth strategies, 

and thus exhibiting comparable 

ecological responses, such as in biomass 

formation and litter production.
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Soil C-balance

Lost gaseous soil C 
as GHGs (CO2het-C 
and CH4) from soil 
matrix (3

Added mass 
based soil  C in 
litter

Lost mass-
based soil  C 
in litter

Biomass collection 
by species or plant 
functional types

Biomass collection

Tree inventory Fine litter, monitoring 
by litter traps

Projection cover 
by functional 
types; shrubs, 
graminoids, forbs, 
ferns, mosses

Cover estimates

Fine litter 
decomposition 
monitoring

Spatial cover Biomass Litter production
Litter decomposition rate 
(2+ years)Biomass production

Field campaign 
once 

From biomass samples

Periodical tree 
inventories

Growth monitoring over 1+ years 

Litter decomposition 
monitoring

Litter decomposition 
monitoring

(1 ´To be checked if included in possible tree inventory or treated as understory species
(2 If abundant on the site
(3 Not included in the guidance provided in this report

Multiple annual or interannual 
field campaigns 

Coarse litter,  
monitoring 

From biomass samples (+ growth models) 

Biomass collection 
by species

Projection cover

From biomass samples
Litter decomposition 
monitoring

From biomass samples (+ growth models) 
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Approach for data collection

• Biomass data collection based on vertical 

structure – understory, ground vegetation, and 

moss layer biomass data harvest (tree litter 

production  by litter traps)

• Biomass data collection based on plant 

functional types – shrubs, graminoids, forbs, 

ferns, mosses

• Timescales at data collection at field

– 1x for most biomass data

– Recurrent sampling events

• Abundant moss cover sites, biomass 

production over 1 year (1x per year)

• Tree litter deposition (monthly over 1 year)

• Litter decomposition over 2-4 years (1x 

per year)
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Example: Summary of the field work and sample 

processing

Guidance for 
aggregating specific 
sample fractions to 
derive biomass, annual 
biomass production and 
annual litter production 
by species or plant 
functional type, at both 
monitoring plot and site 
scales

Record projection cover by 
functional types at each plot

Shrubs at species level

Mosses (if sparsely present), 
separately for Sphagnum and other 
moss types

Graminoids (sedges, grasses)

Forbs

Ferns

Deciduous shrubs by ‘sample 
reference unit’ method
• Count of shoots
• Collect one average shoot

Deciduous shrubs by ‘direct harvest’ 
method 
• Collect all shoots

Check whether tree seedlings 
above a certain height should 
be classified as shrubs or be 
included in possible tree 
inventory

Collect as a group

Collect as a group

Collect as a group

Sphagnum, if not abundant; 
• Collect living parts extending to 

topmost dead part

• Other mosses, if not abundant; 
Collect living parts extending to 
topmost dead part

Mosses, if abundant, should be 
treated by specific guidance 
(separate instructions provided)

Sampling from each plot Laboratory work

Deciduous species; 
separate stems to 
• live and dead stems
• current-year shoots
• current-year leaves
Fallen current-year berries and -
leaves by species 

Ready for drying separated by 
functional groups and sample plots

Separate the samples roughly to 
Sphagnum mosses and other 
mosses, trim out the dead and 
decomposing lower parts

Dry samples at 60-70°C and 
record dry mass of each sample 
(the default drying temperature 
of each lab, within this range, 
can be used). 

Collect dry mass records for each 
monitoring point 
samples/fraction/…; 
• graminoids
• forbs
• ferns 
• moss (living parts)
• Shrubs and subshrubs 

• leaves by species (NOTE: 
current-year leaves 
separately for evergreen 
species), 

• live stems by species 
• dead stems by species 
• current-year shoots by 

species
• fallen current year berries 

and leaves by species
• fallen leaf dry mass for 

evergreen species 

Drying and recording

Dry samples at 60-70°C and record 
dry mass of each sample

Evergreen shrubs by 
‘direct harvest’
• Collect all shoots

Evergreen shrubs by 
‘sample reference 
unit’ 
• Count of shoots
• Collect one average 

shoot
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Evergreen species; 
separate stems to 
• live and dead stems
• leaves on >1 year stems
• leaves on current-year shoots
• current-year stems/shoots
Fallen current-year berries and 
leaves by species 

‘Cohort aging samples’ 
• Count average of fallen leaf 

scars per shoot
• Determine fallen leaf mean 

mass
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Join ALFAwetlands

info@alfawetlands.eu

https://alfawetlands.eu

https://www.facebook.com/ALFAwetland

https://www.linkedin.com/company/alfawetlands/

https://alfawetlands.eu/alfawetland/newsletter/

@alfawetlandsproject 
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First and only information platform and toolbox dedicated to 
coastal wetland ecosystems.
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European Coastal Wetlands Interactive 
Platform

• To facilitate the exploration and discoverability
(incl. visualisation and download) of spatially explicit
data on coastal wetlands.

Toolbox
Decision-support tool

Interactive dashboards
Visualise and access indicator layers

Catalogue and 
metadata

Catalogue based on 
GeoNetwork

• To provide access to and consultation of spatial
indicators (Policy Progress indicators and Extent and
Condition Assessment indicators) through targeted
and comprehensive interactive dashboards

• To support to the spatial prioritisation and
identification of restoration actions across
European coastal areas through an interactive
decision-support system.

Main goals and design
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Data Catalogue Interactive Online Platform (ETC-UMA)
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Wetland classes

Existing Lost

Conservation 
Status (score)

Restorability
(physical/ecological)

Restorability 
(score effort needs)

Wetlands 
extent

LULC

PWA

Effort 
needs

LULC

SWD

Wetlands 
Condition

Potentially Restorable Wetlands 
(Spatial Assessment)

Conceptual approach

Spatial prioritisation of potentially 
restorable wetlands

Protection level

Ecological Corridor
KBAs

Ecological 
Relevance

SLR

Prioritisation workflows combine 
restoration feasibility and ecological 

benefits

Decision-Support Toolbox (TdV)
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Enables the identification 
and delineation of all 

European coastal 
wetlands, and their 
classification using a 

hybrid system combining 
CLC and Ramsar 

typologies

Decision-Support Toolbox (TdV)
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https://biodiversity.uma.es/knowledge-platform/wetlands-ecosystem/interactive-
tools/european-coastal-wetlands-interactive-platform/

Both the Interactive Online Platform and the Decision-Support 
Toolbox are available here:
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Improving the information 

available for the 

management of natural 

areas and ecological 

restoration to make them 

resilient to climate change

Jaime Ribalaygua Batalla

Fundación para la Investigación del Clima

Climate Research Foundation

www.ficlima.org

jrb@ficlima.org
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Strengthening ecological restoration 

and green infrastructure for the 

adaptation of forest species to climate 

change
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FUNDING

COORDINATION AND PARTNERS
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Main objective

To produce a web GIS platform which provides information on 
future suitability of plant species at a local scale

This information can be used by managers to select species 
which are resilient to future climate in each point
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CMPI6 MODELS Resolution Responsible Centre References

BCC-CSM2-MR
1,125º x 1,121º Beijing Climate Center (BCC), China Meteorological 

Administration, China.
Wu, T. et al. (2019)

CanESM5
2,812º x 2,790º Canadian Centre for Climate Modeling and Analysis (CC-

CMA), Canadá.
Swart, N.C. et al. (2019)

CNRM-ESM2-1
1,406º x 1,401º CNRM (Centre National de Recherches Meteorologiques), 

Meteo-France, Francia.
Seferian, R. (2019)

EC-EARTH3
0,703º x 0,702º

EC-EARTH Consortium
EC-Earth Consortium. 

(2019)

GFDL-ESM4
1,250º x 1,000º National Oceanic and Atmospheric Administration (NOAA), 

E.E.U.U.
Krasting, J.P. et al. (2018)

MPI-ESM1-2-HR
0,938º x 0,935º

Max-Planck Institute for Meteorology (MPI-M), Germany.
Von Storch, J. et al. (2017)

MRI-ESM2-0
1,125º x 1,121º

Meteorological Research Institute (MRI), Japan.
Yukimoto, S. et al. (2019)

UKESM1-0-LL
1,875º x 1,250º

Uk Met Office, Hadley Centre, United Kingdom
Good, P. et al. (2019)

NorESM2-MM
1,250º x 0,942º

Norwegian Climate Centre (NCC), Norway.
Bentsen, M. et al. (2019)

ACCESS-ESM1-5
1,875º x 1,250º Australian Community Climate and Earth System Simulator 

(ACCESS), Australia
Ziehn, T. et al. (2019)

Key idea 1: climate future ➔ uncertainty

10 Global Climate Models       x         4 Shared Socioeconomic Pathways
=

40 future projections !!



46

Grid of approx. 700 m x 900 m

Key idea 1: climate future ➔ uncertainty
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Data of

presence

Environmental 

Factors

Statistical

model 

Temperature

P
re

c
ip

it
a

ti
o

n

Potential

distribution

Highly

suitablility

Low 

suitability

~
Mateo, R.G. et al. 2011. Revista Chilena de Historia Natural

Species distribution models

Ecological niche models, species distribution models (SDMs), etc.

Key idea 2: improvements in Species Distribution Models
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IMPORTANT!
The first 19 variables are from WorldClim, but it 

was necessary to modify some of them to avoid 

abrupt spatial and temporal discontinuities that 

prevent their use.

Be careful, do not use the original formulation of 

those variables from WorlClim, as it incorporates 

severe problems that greatly reduce the reliability 

of subsequent modelling.

BIO08 (Mean temperature of the wettest quarter):

Trimestre húmedo T de SON T de MAM BIO08

Present climate Sep-Oct-Nov 15ºC 19ºC 15ºC

Future climate Mar-Apr-May 17ºC 21ºC 21ºC

Key idea 2: improvements in Species Distribution Models
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High-resolution Penman-Monteith reference evapotranspiration (ETo), 
incorporating the effect of topography on solar radiation

Key idea 2: improvements in Species Distribution Models
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These variables justify 

working at such high 

spatial resolution

High-resolution Penman-Monteith reference evapotranspiration (ETo), incorporating the effect of 
topography on solar radiation

Key idea 2: improvements in Species Distribution Models
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Key idea 2: improvements in Species Distribution Models
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Model 1
(GLM)

x 10 replicas

Model 2
(GAM)

x 10 replicas

Model 3
(RF)

x 10  replicas

Consensus 

modelInput data Predictions

Mateo, R.G. et al. 2010. Diversity and distributions

Mateo, R.G. et al. 2012. PLoS ONE 

Weighted average

(AUC), excludes

AUC < 0.8

• biomod2

• terra

Consensus models

More robust, reliable and stable

Key idea 2: improvements in Species Distribution Models
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Key idea 3: need for validation
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Key idea 4: use of ecological-genetic groups
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Key idea 4: use of ecological-genetic groups
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Key idea 4: use of ecological-genetic groups
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www.forestecco.org
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www.forestecco.org



59

www.forestecco.org
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www.forestecco.org
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Thank you!!

Jaime Ribalaygua Batalla

Fundación para la Investigación del Clima

Climate Research Foundation

www.ficlima.org

jrb@ficlima.org
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Decision support system in peatland rewetting

Mateusz Grygoruk, Marta Stachowicz
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Key questions guiding wetland restoration planning

▪ How can peatlands be rewetted?

▪ How much will it cost?

▪ What environmental and economic benefits 

will we gain in return?

▪ Are there alternative solutions?

▪ What will happen at a larger scale?

Answering these questions is the starting 

point of the decision-making process.
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What is 
ServiPeat?

- recommended number of dams and their height in ditched peatlands in a rewetting

scenario,

- radius and area of rewetting influence,

- expected outcomes of rewetting, including water retention gains, changes in GHG 

emissions, nutrient dynamics, potential changes in biodiversity and the indicative value of 

ecosystem services,

- best management practices (no-regret measures).

▪ Online, model-based decision 

support system in peatland 

rewetting

▪ It provides approximate 

estimates for:
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Methods

▪ Hydrological module
- Ditch hydraulics

- Groundwater flow

▪ Biogeochemical module
- Greenhouse gas emissions (CO2, 

CH4)

- Nitrogen and phosphorus release

▪ Ecological module
- Biodiversity

▪ Economy module
- Ecosystem services
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User workflow
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Case study
Friesland, the Netherlands

Ditch condition Peatland type Ditch depth
Water depth in 

the ditch
Soil pH Ditch length Ditch spacing Nr of ditches Peat thickness Land use

Good (well
maintained)

Fen 1.5 m 0.5 m 6.3 300 m 100 10 2 m Arable land

Weideveld et al, 2021

https://doi.org/10.5194/bg-18-3881-2021
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Results



77

Results

Costs:

11 600 EUR – wood dams

Benefits:

5559 EUR/year
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Other features

78

▪ Rewetting costs

▪ Trade-off analysis

▪ Report generation

Trade-off analysis



79

Application of ServiPeat

▪ Preliminary planing and budgeting

▪ Preparation of funding applications

▪ Cost-benefit comparisons between 

rewetting scenarios

▪ Communicating potential rewetting

outcomes

▪ Ex-ante assessment of peatland 

rewetting 

79
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Spatial Multicriteria 
Analysis

Tool
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• Designed to help users explore and combine multiple criteria raster layers 

in a simple multicriteria analysis (MCA) workflow. 

The app allows you to:

• load raster datasets,

• inspect them visually, 

• assign relative importance weights,

• and generate a final suitability surface 

• for download and further use in GIS software
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The mapped data must represent criteria for 

a certain purpose, such as "restoration“ or 

“biodiversity importance”. 

The app is intended as a decision-support 

tool.
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Handles data at various scales and extents

Europe -0.5 degrees
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N. Germany -100 m
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Inspecting  criteria layers
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Zoom in
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Multicriteria analysis – linear weighted 
combination
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Live map update through sliders
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Usual caveat

The quality and interpretation of the results 

depend on the quality, consistency, and 

preparation of the input data.  ☺
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Thank you for your attention! 

mateusz_grygoruk@sggw.edu.pl            marta_stachowicz@sggw.edu.pl            alessandro.gimona@hutton.ac.uk   

This research was carried out in the framework of the European Union’s Horizon Europe WET HORIZONS project,

grant agreement no. 101056848
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