good food, healthy environment

Agroscope

Environment
Agroscope Science | No. 26 /2015

Locating Organic Soils for the
Swiss Greenhouse Gas
Inventory

Authors
Chloé Wist-Galley, Andreas Griinig and Jens Leifeld,
Agroscope, Zurich

Schweizerische Eidgenossenschaft Federal Department of Economic Affairs,
Confédération suisse Education and Research EAER
Confederazione Svizzera Agroscope

Confederaziun svizra



Impressum

Impressum

Editor: Agroscope
Reckenholzstrasse 191
8046 Zurich

www.agroscope.ch

Information:

Chloé Wiistalley

Layout:

Chloé Wiistalley

Photos:

Front cover, from-teft, clockwise:

A flooded organic soil (potato) field following heakg3aiglamd
region, BE, in 2015, souleanne Woodltli, BauernZeitung
Organic farmed soil in the Seeland region, BE © Gabriela B
Agroscope

Damage of natural peatland vegetation and subsequent rel
CQ due to cattle tramplimghe Glaubenbeggion, LU, © Andre
Griinig, Agroscope

An example of a landseepeering bog incorporating a gradier
reedbed fen to raised bog vegetation in the Glaubenberg ar
heavily grazed for centuries, this land use practice was aba
hereinthe last dedas © Andreas Griinig, Agroscope
L6Ar du Tsan fl oodpVSa®FOEN;n
Athick peat layer found within a residential area in the Sihl
© Andreas Griinig, Agroscope

Back cover: Panorama of a pghe Biotenthurm mitendscape (
emitting large amounts ofdD@to lasting effects ohdge and
previous exploitation © Margrit von Euw

Download:

www.agroscope.ch/science

Copyright:

© Agroscoi015

ISSN:

2296729X

ISBN:

978390680425

The project was mandatatiégction Climate Reporting and Adaptation, Federal
the Environment, FOEN (A. Schellenberger);
contract numbe@§.0091.PZ/K43876, 06.0091.PZ/N2849

Agroscope Science | No. 26 /2015


http://www.agroscope.ch/science

Table of Contents

Table of Contents

YUY 0] 4 = PP PP PRRRTRN 7
ZUSAMMENTASSUINQG 1.oiiiiitiiiee e ettt e e e e ettt et e e e e e et eeeeeeeeaaatbaeeeeaeeesataaseeeaeeesasaaaaeeeeeesaassebaeeeeaessaasbaaseeaeeessnssbnraeaeeesan 7
2T 1 4= USSP 8
1. [ e L L oL [V Te] AT ] o D T O T TP T TP P PP P OP PP PPPOPRON 9
1.1. The Formation of Peat and the Destruction of Peat and Organic SoOil .............ccveiiiiiiiiiiie e 9
1.2. ReIeVANCE fOr SWItZEIANG .........ooiiiiii et e e e e e 9
1.3. GreeNNOUSE GAS INVENTOTY......ciiiiiiiiiiiiee ettt ettt e et et e et e e s b e e e ek e et e e asn et e e s sr e e e e bne e e s nanneeennnneeean 10
1.3.1.  JUSHICALION / MABNUALE ... .eiitiiiiiiete ettt b ettt b e bt b et e bt e et e e bt e et e e be e e ne e e 10

1.4. Organic Soils in the GHG Inventory

15. Project Aims

2. =200 T Lo - PSP PP PP OPPPOO
2.1 THe INFOIMALION SOUICES ...ttt b ettt b et b e b e et e et e e et e e be e e b e e be et 12
2.1 1. SPALIAI DALASELS ...eeiiuiiiieieieee ittt ettt e e Rt et e e e e e e e Rt e e e e e e b e e e e anre e 13
P2 O o] g BT o L= L= L I = - Y= £ RSP 29
2.2. Checking Suitability of the Datasets for thiS PrOJECE ........c.eviiiiiiieiiiie e 30
P2 B ©1=10 1T - | T TP T U PP PP UPPUPPTPR 30
P €1 (o101 (o B I (U] 1 11 o o OO PP PP TU PP PUPPRPI 31
2.3. Documenting the Properties of the Data Sets in the GIS Database ..........ccccovceiriiiiiee i 34
2.3.1. Spatial Quality (of Extent) of Surfaces....

2.3.2. Spatial Quality (Of LOCAtION) OF POINES........uuiiiiiiiiiiiiii e e e et e e e e e e e e e e e e e e e naaees
2.3.3.  Quality of Attribute INFOrMELION ......c.eeiieiee et s et e e abre e 35
PR S o [N o) H DL 1= RS TSP PP POOPPPPRPPN 37
2.4. Bringing Together the INFOrMEAtION ...........uiiiiiii e 38
P O N = - Tod (o | (o 10 o To PP PP PP PORPPPPRPPNE 38
2.4.2.  COMDINING thE DAASELS ....eeeeiitiieiiiiie ettt e et e e s b et e e s bt e e s b et e e s bt e e e b b e e e s st et e e snbe e e e abne e e s nnes 39
2.5. Removing Sites that have Recently become Wetlands ...........c..veiiiiiiiiiiii e 45
2.6. An Estimate of Organic S0ilS fOr the GHGI.............eiiii e 45
2.7. Estimating Uncertainty due t0 MiSSING DA .........ccoiiuiriiiiiiiiiiiiiiieee ettt e e st e e e e e 46
3. R T T PP P PP P PPRPPOPPPOI 48
4. (O 1113 o] 1|4 o ] TP RRPT PP 52
4.1. LG LIS =T =] [0 PP PP P PP PPPPPPPPPPPPPPPPPPIR 52
4.2. F X olod ¥ =T ox TP PP P PP PP PPPPPPPPPPPPPPPIRE 52
4.3. [070] 057151 171 0y OO T PP PP PP UPPPPROPP 52
4.4, (070] 141 0] (5] (=T 0 Lo T TP RRPT TP 53
4.5, SOUICES OF UNCEITAINTY ....eeeiieiie ittt ettt ettt e ettt e e sttt e e s bt e e ek bt e e e ambe e e e anbb e e e abb e e e e anbneeesnnreee s 54
N I /[ X] o To T D - | - TP PRI 54
4.5.2.  ANMOOrig and ANLOITIG SOIIS ....cuuieiiiiiit ettt e et e e st b e e e et e e e n e e e e ane

4,5.3. Under-estimation of Mineral Soil
4.5.4. Treatment of Ambiguous Mapping Units

4.5.5. Under-estimation Due to Geometry-based GeneraliSation ... 56
4.5.6. Uncertainty Around the Recommended Estimate of Organic SOl ..........ccccvviiieiiiiiiiiiiiee e 56
5. Recommendations fOr FULUIE WOTK ........ ..ttt e e et e e e e e e s neaneeeaaeeean 59
5.1. Addition Of FUNET DAt SELS .....coiiiiiiiiiiie ittt ettt e bt e e sbb e e e s abb e e e e anb b e e e anbaeeesnnes 59
T I S I o TN =Y o T =Y o (o] Y ST T SO PPRPRN 59

Agroscope Science | No. 26 / 2015



Table of Contents

5.1.2.
5.2.
5.3.
5.4.

9.1.
9.2.
10.
11.
12.
13.
14.
14.1.
14.2.
14.3.

(01 LT g B ] = ST = ) SRR 59
ANMOOrig and ANLOIIg SOIIS .......uiiiiiiii i e e e e e e e e e e e e e e e b e r e e e e e e st e raaaeeaaaare 61
Validation of the Estimates 0f OrganiC SOil..........cueeiiiiiiiii e 61
A Dynamic Approach to OrganiC SOil LOSS ........cciiiuiiiiiie i ettt e e e e e e e e e e e e st e e e e e e e asasbaereaaeseasnees 62
R E] (=T =T 0 Tod = U TT ST PPRRR 63
Appendix | T Data SetS USEA iN MaP ......uuiiiiiiiiiiiiiiiiiee ettt e e e e e e e e e e e e s aab e e e e e e s e ssantreseeaeeesanees
Appendix 11T Structure 0f ArCGIS TaADIES......couiiiiiiie e
Appendix Il T Description of the Model Tools

Formatting Of INPUL DALA SELS.......cccuiiiiiiiiieiiii ettt e e e e e bt e s sre e e e s e e e e abne e e s nnnees
RUNNING the MOGEI TOOIS....eiiiiiiiiiieiiee et e e e et e e e e e s et e e e e e e e e st bbeeeeeesaaasbaeseaaesesasraaaeeaeeeaan
Appendix IV T Distribution of Organic Soil Surfaces by Class........ccocvvviiiiiiiiiiii e 91
Appendix Vi Comparison of Previous and Current ESHMates ........ccccceeiiiiieiiiiee i 93
Appendix VIT Locations of Placenames Potentially Associated with Peatlands...........cccccoooiieeiiiiiennnen. 95
F o STl 1= To fo 1T o a1 o £ SRR 97
FIGUIES @NA TADIES ...ttt et e bt e st e e s bt e e e b b et e et e e s bn e e e abne e e e nanes 98
(IS o) o [0 = PRSPPI
IS 0T 1= o =R PPRPR

List of Figures and Tables in the Appendices

Agroscope Science | No. 26 / 2015



Definitions and Abbreviations

Definitions
Mire
Peatland

Abbreviations
FOEN

GHG
GHGI
IPCC
LULUCF
UNFCCC

A peat-building fen or a raised or transitional bog
A site of an intact or drained mire containing peat

Federal Office for the Environment (= Bundesamt fir Umwelt, BAFU; Office fédéral de

I'environnement, OFEV)

Greenhouse gas

Greenhouse gas inventory

Intergovernmental Panel on Climate Change

Land Use, Land-Use Change and Forestry

United Nations Framework Convention on Climate Change
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Definitions and Abbreviations

Throughout the report, cantons are referred to by a two-letter abbreviation, as described in the table nelow.
The English, German and French names were obtained from the Swiss Federal Statistical Office, SFSO
(Bundesamt fur Statistik, BFS / Office fédéral de la statistique, OFS).

Abbreviation
used

AG Aargau Aargau Argovie

Al ﬁ\izer?hzoe(;len Appenzell I.Rh. Appenzell Rh.-Int.
AR ﬁgzggrzr?;den Appenzell A.Rh. Appenzell Rh.-Ext.
BE Bern Bern Berne

BL Basel-Landschaft Basel-Landschaft Béle-Campagne
BS Basel-Stadt Basel-Stadt Bale-Ville

FR Fribourg Freiburg Fribourg

GE Geneva Genf Geneve

GL Glarus Glarus Glaris

GR Graubulinden Graubulinden Grisons

Ju Jura Jura Jura

LU Lucerne Luzern Lucerne

NE Neuchétel Neuenburg Neuchatel

NW Nidwalden Nidwalden Nidwald

oW Obwalden Obwalden Obwald

SG St. Gallen St.Gallen Saint-Gall

SH Schaffhausen Schaffhausen Schaffhouse
SO Solothurn Solothurn Soleure

SZ Schwyz Schwyz Schwytz

TH Thurgau Thurgau Thurgovie

TI Ticino Tessin Tessin

UR Uri Uri Uri

VD Vaud Waadt Vaud

VS Valais Wallis Valais

ZG Zug Zug Zoug

ZH Zurich Zurich Zurich

English name

German name

French name
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http://www.bfs.admin.ch/bfs/portal/en/index.html
http://www.bfs.admin.ch/bfs/portal/de/index.html
http://www.bfs.admin.ch/bfs/portal/fr/index.html

Summary

Summary

Peat soils are formed and persist in the waterlogged conditions of bogs and many fens, where
organic matter is stored in the form of peat. The drying-out of these soils, through drainage for peat
extraction, agriculture or forestry, causes, in the short term, soil collapse and subsidence of the
drained peat layers, and in the long-term, oxidation and the associated loss of the organic matter.
This oxidation releases large quantities of carbon dioxide (CO,) and nitrous oxide (N,O) into the
atmosphere; these emissions need to be accounted for in the Land Use, Land-Use Change and
Forestry (LULUCF) sector of the UNFCCC greenhouse gas inventory (GHGI). This accounting
requires an improved estimate of the extent and location of organic soils in Switzerland that is as
objective and reproducible as possible.

This report describes the production of a digital map showing new estimates of the surface of organic soils
in Switzerland. As there is no single data set from which the location of organic soils across the country
could be adequately deduced, numerous spatial and non-spatial data sets were evaluated and combined to
produce these improved estimates, using data sets providing information on geology, soils, habitats and
vegetation.

Several estimates of organic soil surfaces in Switzerland are presented. The estimate of organic soils
recommended for the GHGI covers ca. 28,000 ha,orca.0.7% of t h e laodosurfade.rTlhedestensive
surfaces of organic soils that were previously recognised in the large valley bottoms are more fragmented
in this new estimate of organic soils. Furthermore, many new small surfaces in the pre-Alps and the central
plateau are recognised. The incorporation of many different data sets resulted in heterogeneous coverage
of the country. One source of this heterogeneity is the fact that many cantons have few modern data sets
available concerning organic soil. This is reflected by the large surface area of organic soil for which only
historical documentation of bogs, fens and peat extraction exists. A consequence of this incomplete and
uneven data coverage is that the estimates of organic soil surface are probably net under-estimates.

Zusammenfassung

Moorbéden werden unter wassergeséattigten Bedingungen von Hoch- und Ubergangsmooren und
vielen Niedermooren gebildet. Dabei speichern sie langfristig organische Substanz in Form von
Torf. Das Trockenlegen dieser organischen Bdden durch Drainage fur Torfabbau, Land- oder
Forstwirtschaft bewirkt kurzfristig Sackung sowie Schrumpfung der entwasserten Torfschichten
und langfristig den Schwund bzw. die Oxidation der organischen Substanz. Dabei werden grosse
Mengen Kohlendioxid (CO,;) und Lachgas (N,O) in die Atmosphéare freigesetzt. Geméass
Rahmeniubereinkommen der Vereinten Nationen Uber Klimadnderungen (UNFCCC) sind diese
Emissionen im Sektor Landnutzung, Landnutzungsanderung und Forstwirtschaft / Wald (LULUCF)
des Treibhausgasinventars auszuweisen. Dies ruft nach maoglichst objektiver Identifikation,
nachvollziehbarer Beurteilung bzw. verbesserter Schatzung von Lage, Zustand und aktueller Flache
der organischen Béden in der Schweiz.

Der vorliegende Bericht beschreibt die Erstellung einer digitalen Karte, welche neue Schétzungen der
Flachen organischer Béden in der Schweiz zeigt. Da es keinen einzelnen Datensatz gab, mit dem sich
organische Béden mit hinreichender Vollstéandigkeit und Genauigkeit lokalisieren liessen, wurden zur
verbesserten Schéatzungen zahlreiche raumliche und nicht rdumliche Datensétze aus den Bereichen
Geologie, Boden, Habitate und Vegetation ausgewertet und zusammengetragen.

Es werden verschiedene Schatzungen zu den Flachen der organischen Bdden in der Schweiz hergeleitet.
Gemass der fur das schweizerische THGI empfohlenen Schatzung bedecken die organischen Béden noch
rund 280600 0@a M7a% ded lkeandesflache. Einerseits erweisen sich heute die ausgedehnten
zusammenhangenden Flachen, welche friher fir die grossen Taler angegeben worden waren, meistens
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als ziemlich stark fragmentiert. Andererseits sind im Mittelland und in den Voralpen zahlreiche neue

Flachen hinzugekommen, welche bisher nicht beriicksichtigt worden sind. Von grossen Flachen mit
organischen Béden ist lediglich historische Information tber Hoch-, Ubergangs- und Flachmoore sowie

zum Torfabbau vorhanden. Infolge der Berlicksichtigung vieler unterschiedlicher Datensatze resultiert

landesweit ein inhomogenes Ergebnis. Eine wichtige Quelle fur diese Inhomogenitat ist die Tatsache dass

viele Kantone nur wenige aktuell e Datens?2tze zum The
konnten. Diese lickenhafte und inhomogene Datenlage fiihrt wahrscheinlich zu einer systematischen
Unterschéatzung der Gesamtflache der organischen Bdden in der Schweiz.

Résumé

Les sols organiques se forment dans les conditions de saturation en eau caractéristiques des
hauts-marais et marais de transition ainsi que de bien des bas-marais. Ce faisant, ils accumulent

durabl ement l a mati re organique sous forme de tourbe
par drainage pour | 6extraction de tourbe ou | d6exploit
terme le tassement ainsi que la contraction des couches de tourbe drainées et, & long terme, la

di sparition respectivement | oxydation de la mati re

guantités de dioxyde de carbone (CO,) et de protoxyde doaOpdomtlibendesgaz hi
d a n stmbsphere. Selon la Convention-Cadre des Nations Unies sur les Changements Climatiques
(United Nations Framework Convention on Climate Change, UNFCCC), ces émissions doivent étre

prises en compte dans |l e secteur ¢ Utactatiosdesiecesetdes t e
foresterie » (Land Use, Land-Us e Change and Forestry, LULUCF) de | 6i
serre (IGES). 1 est donc n®cessaire dobéidentifier aussi obj
sols organiques en Suisse,deles®v al uer de mani re reproductibl e, res
| 6esti mation de |l a situation, de | 6®tat et de | a surfa
Le pr®sent rapport d®crit |l a r®alisation ddédune carte I
surface dessolsor gani ques en Suisse. Comme il nbexi stait pas
une | ocalisation suffisamment compl te et pr ®ci se de:
repose sur | 6assembl age et | 6 a n adtigles et nah espatalesuissus elesr s | e u

domaines de la géologie, des sols, des habitats naturels et de la végétation.

Diverses estimations des surfaces de sols organiques en Suisse ont été effectuées. Selon la méthode
ddébesti mati on r ec o mma nsdeRles sqsoorganiqued douBrEnt encbre quelquie 28'000 ha,

soit environ 0.7% de | a superficie du pays. Débune par
autrefois indiqgu®es dans | es grandes vall ®@mnentéea.ppar ai
Déautre part, de nombreuses nouvelles surfaces, qui n o6
identifiées sur le Plateau et dans les Préalpes. La prise en compte de beaucoup de sources de données

différentes a conduit & un résultat h ®t ®r og ne ~ | 6®chell e du pays. Cel a e

de cantons disposent de jeux de données actuels sur le théeme « sols organiques », respectivement que

seules des informations historiques sur les hauts-marais et marais de transition, sur les bas-marais ainsi

gue sur | 6extraction de tourbe ont pu °tre r®colt®es
rai son du caract re |l acunaire et h®t®rog ne des donn®:
sols organiques en Suisse soit vraisemblablement systématiquement sous-estimée.
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Introduction

1.l ntroducti on

1.1. The Formation of Peat and the Destruction of Peat and Organic Soil

Peatlands play a key role in the global Carbon (C) cycle. Although they cover only ~4 million km? (or 3 % of
the worldbébs | and surface area), their v e mgigatomnesphC,
approximately the same amount as is stored in the total global terrestrial biomass (Parish et al., 2008), or
between 30% and50% of t he wdBussal&tsal., 80a0). The @cumulation of organic C as peat
is a result of long-term water saturation in raised and transitional bogs, and many types of fens.
Decomposition of organic C from dead organisms by aerobic decomposition requires considerable amounts
of oxygen. In the water-logged conditions of these wetlands, the rate of diffusion of oxygen through water is
much lower than the rate at which it is used up in aerobic decomposition, meaning that decomposition of
organic C here is impeded. Instead, organisms capable of decomposition in anaerobic conditions
decompose the organic matter, but do so at a much lower rate; this rate is lower than that at which matter
from dead organisms is added to the system, resulting in a build-up of organic C as peat over time (Clymo,
1984).

The C stored in peat is however not necessarily stable: Disturbance of the hydrological conditions, either
through drainage, through significant reduction of the water influx, through the addition of sand in an
attempt to maintain or increase pore space, or a combination of these processes, reverses the net effect of
C accumulation. The aeration of the peat allows oxygen to reach peat that was until then water-saturated,
leading to rapid aerobic decomposition and removal of C from the system as CO, (IPCC, 2014) which is
emitted to the atmosphere. The aeration of the peat is accompanied, in the short term, by its compaction
due to loss of hydrostatic uplift, and in the medium term, consolidation due to removal of interstitial water,
as well as increased removal of C from the system as dissolved organic C (Freeman et al., 2001; Tranvik &
Jansson, 2002; Holden, 2005).

Whilst a mire, as a habitat, will change or disappear following drainage, the peat may persist at the site for
decades or centuries or even millennia, until so much C has left the system that it is no longer considered
peat. The consequence of this is that peatlands that were converted into farmland or forests decades or
centuries ago will still emit CO, into the atmosphere, as long as they remain drained and as long as high
levels of organic C occur. Soils containing a thick organic-C-rich layer are classified as organic, rather than
mineral soils. Section 1.4 gives the definition of organic soils used throughout this project.

1.2. Relevance for Switzerland

In Switzerland it is estimated that ~90 % of fens and bogs in terms of surface area have been drained or
have otherwise disappeared, for example, by peat extraction for fuel since the first half of the 18" century
(Griinig, 1994, 2007; Gimmi et al., 2011). Many sites were also converted to agricultural or forested land,
especially during the first half of the 20" century, or urban space, following the Second World War. Many of
these sites however probably still contain peat i although sites from which peat was extracted are less
likely to do so, depending on how much peat was removed. The C emissions from organic soils are
considerable: It is estimated that the rate of C loss through CO, emissions from organic soils used for
intensive agriculture in Switzerland is ca. 9.5t C ha™ year'1 (Leifeld et al., 2003), compared to an estimate
of no emissions from mineral soils (Anon, 2014). This means that the estimated 5.5 Mt CO, equiv. yr-l
emitted by the Agriculture sector (for 2012, Anon, 2014) needs to be increased by an amount in the order of
magnitude of 0.6 Mt CO, equiv. yr-' (2012 values, using C emissions from ~18,000 ha organic soil under
Cropland and Grassland, calculated from Anon, 2014), in addition to the share of the 120,000 to 150,000 t
of peat imported annually to Switzerland (Swiss Federal Customs Administration, SCA, 1988-2015; Knecht,

C dens
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2009) that is used in commercial horticulture®, to complete the picture of emissions from Swiss agriculture.
Furthermore, C emissions due to organic soils cancel out a substantial proportion of the C sink due to
Forests in Switzerland: The latter is estimated to be 1.6 Mt CO, equiv. yr-l (for Kyoto Protocol 3.3. and 3.4.
activities reforestation, afforestation and deforestation, and forest management, mean value from 2008-
2014, calculated from Anon, 2014), whereas the current estimate of C emissions from organic soils is ca.
0.81 Mt CO, equiv. yr-l (mean emissions from organic soils under Cropland, Grassland and Wetlands for
2008-2012, calculated from Anon, 2014). In short, the C emissions from organic soils are significant, often
neglected or under-estimated and need to be accounted for in the national GHGIs.

1.3. Greenhouse Gas Inventory

As a party to the United Nations Framework Convention on Climate Change, Switzerland submits an

annual inventory of all greenhouse gas emissions and removals (Anon, 2014). One of the seven sectors for

which emissions and removals are calculated is Land Use, Land-Use Change and Forestry (LULUCF).

Different land use types are associated with different greenhouse gas emission factors. Switzerland uses a
spatially-specific approach to represent Land-Use and Land-Use Change (tier 3 approach). The territo
surface is partitioned into a 1 ha grid and each hectare is assigned to a land use type for a given reporting

period; these hectares are then summarised in a Land Use and Land-Use Change matrix. Additionally,

rates of C stock changes (in the soil and in dead and living biomass) are assigned to each cell in this

matrix. C stock changes across the whole country are then calculated by multiplying these rates by the

occurrence of the Land Use and Land-Use Change combinations.

In addition to land use, there are further aspects which are associated with different C stocks and C stock
changes. The following are considered in Switzerlandd
and whether a surface occurs on organic or mineral soi
additionally classified by these characteristics; this spatial stratification of the Land Use and Land-Use

Change categories should improve the precision and accuracy of the estimate of greenhouse gas

emissions. Thus, forests are classified according to the 5 forestry production regions; permanent grassland,

copses, shrub vegetation and forests are classified according to the 3 altitude zones; and all land use types

(except buildingsand constructi on, sur f)ame elassifiadtaecording to witether theyh er | a
occur on organic or mineral soil (Anon, 2014). In order to apply this additional spatial stratification, it is

necessary to define these regions. With regards to soils, it is therefore necessary to know where

Swi t z e rorgamio ahd mineral soils are.

1.3.1. Justification / Mandate

An estimate of the |l ocation of Switzerl andbs organic
the location of organic soils for the inventory is based upont wo sources of i nformati on:
Suitability Map (Swiss Federal Statistics Office, SFSO, 2000) and the Federal Inventory of Raised and
Transitional Bogs (Grinig et al., 1986). This estimate is however insufficient for several reasons. Firstly, the

Soil Suitability Map (SFSO, 2000), for the purpose of producing an organic soil map, is imprecise, both in

terms of geographic scale (1:200,000) and in terms of its attribute information. The Soil Suitability map was

not produced with the aim of locating soil types, rather with the aim of classifying surfaces by their suitability

for agriculture and forestry. A consequence of this is that the mapping units that were until now used to

represent organic soil for the GHGI include gl ey s (AGlI eysodolmumifMl)yvifsilodvihu
impervious al | uvi al soils (AGrundnasse Alluvioneno), as wel
Secondly, there is a general knowledge gap regarding organic soil under forests i a point already

highlighted by Rihm (2011); this is partly a consequence of the bias of the Raised Bog Inventory towards

! The share of peat used in commercial horticulture in Switzerland is unknown. The share of peat
consumed in the EU that is used for professional and hobby horticulture is ~95 % (excluding energy, which
corresponds to the Swiss situation where peat is no longer used as an energy source), and an estimated
65 % - 75 % of this is used in the professional horticulture sector (calculations based on data from Altmann,
2008).
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open spaces but is also an outcome of the tendency of soil maps to focus on agriculturally-relevant land,
rather than forests.

1.4. Organic Soils in the GHG Inventory

Organic soils as considered for the GHG inventory are defined as follows (IPCC, 2006):

AfOrganic soils are found in wetl ands or -useatypes (ége e n
Forest Land, Cropland, Grassland, Settlements). Organic soils are identified on the basis of criteria 1 and 2,

or 1 and 3 listed below (FAO, 1998):

1. Thickness of organic horizon greater than or equal to 10 cm. A horizon of less than 20 cm must have
12 percent or more organic carbon when mixed to a depth of 20 cm.

2. Soils that are never saturated with water for more than a few days must contain more than 20 percent
organic carbon by weight (i.e., about 35 percent organic matter).

3. Soils are subject to water saturation episodes and have either:

a) At least 12 percent organic carbon by weight (i.e., about 20 percent organic matter) if the soil has
no clay; or

b) At least 18 percent organic carbon by weight (i.e., about 30 percent organic matter) if the soil has
60 % or more clay; or

¢) An intermediate, proportional amount of organic

This report deals with organic soils formed under water-saturated conditions, i.e. peaty organic soils; we
exclude the freely drained organic soils that form in aerobic conditions.

1.5. Project Aims

The over-arching aim of this project is to improve the estimate of the distribution of peaty organic soils
(hereaft er ¢6oopegtlands irc Swezerlarld $o6the GHGI, and to do this in the form of a digital

map which will be converted to a 1 ha grid for the GHGI. Specifications and other considerations are as
follows:

1. Integrated in this map should be an indication of the certainty that each site contains organic soil.

2. The system should be efficient, by using available data sets or information sources; however, it should
be possible to add additional data sets to the map in the future to improve the estimate of organic soils,
leading to either an increase or a decrease in the estimate of organic soils.

3. The map should be transparent and reproducible.

4. As part of the quality assessment of the map, an assessment of regions or cantons for which
significant data sets are missing should be made.

5. Lastly, recommendations for how to improve this estimate of organic soils in the future need to be
made.
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2.Met hods

The strategy used to locate organic soils for the GHGI in this project was to utilise existing data sets and
information sources that indicate the presence of organic soil. Sites that potentially contain organic soll
include sites that were once mires but have since been destroyed, as well 6 | i wires; ¢ghé occurrence of
organic soil can therefore be derived from information about the soil or about the vegetation. Because there
is no single data set available for Switzerland that reliably demarcates organic soil surfaces, an approach of
combining multiple information sources was used.

Once the individual data sets had been assessed and processed, an automated workflow was developed to
produce the map. Such a workflow meets the first three project aims (see previous page, section 1.5) and
plays an important role in quality control of this map. More specifically, it means that the assessment of
6certaintyd of s ur f acwas aufopated. [Teisi$ imporitam asntensndaf ¢housamds of
surfaces were produced in creating this map and it would be impossible to assess these manually. This
workflow means the map could be reproduced in a standard manner, with reduced chance of human error
(project aim number 3) and will allow newly acquired data sets to be easily and quickly added to the map
(project aim number 2). The assessment of regions for which there are few relevant data sets (project aim
number 4) is dealt with in sections 4.4 and 4.5.1, and recommendations for future work (project aim number
5) are given in section 5.

2.1. The Information Sources
Information sources were targeted based on the following three principles:

Firstly, because the final map should show national coverage, information sources that were either
available for the whole country, or that were created at the canton level and that were available for most
cantons were prioritised. Local high-quality data sets were sought for regions or cantons that were
otherwise sparsely covered by data sets.

Secondly, data sets had to contain precise mapping unit(s), which should enable a surface to be
unambiguously classified as organic soil or not. A mapping unit incorporating, for example, peat-building as
well as non-peat-building vegetation, was considered too imprecise.

Thirdly, the maps had to be of a sufficiently large scale. Although digital data do not have a scale in the
sense of paper maps (a representative fraction), they do not have unlimited resolution, meaning there is a
scale beyond which a given digital map is unsuitable for use (Goodchild, 2011). For a map created from
other maps, this scale is determined by the scale at which the component maps were digitised (if
appropriate) and by the scale(s) of the component data sets or maps. For the GHGI, the completed map of
organic soils will be converted to a 100 m x 100 m grid, which corresponds to a detection size of 100 m to
200 m. These detection sizes require component maps to be of scale at least 1:100,000 to 1:200,000
(Tobler, 1988). In addition, the heterogeneity of the landscape and the size of the surfaces in question need
to be considered: the geometry-based generalisation that is introduced during the map-making process and
that increases as the mapping scale is reduced is especially important to consider when mapping organic
soil surfaces, as these tend to occur as relatively small patches in the landscape (Fell et al., 2014); this is
certainly the case in Switzerland, a topographically very heterogeneous country. The majority of data sets
chosen for the organic soil map of Switzerland have a scale 1:25,000 or larger (i.e. more detailed), with
exceptions being maps that cover regions for which there is otherwise little information available.

In the following sections, the data sets or information sources that were used to construct the new
estimates of organic soils are described. It is mentioned throughout that surfaces were scored to represent
their reliability as evidence of organic soil; the scores are displayed in square brackets (as [A], [B] or [C]). It
i s al so stated whi ch data sets or i nf oandnahich were s our c
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consider ed(whemrmd dsenotrmégnti on e d, the information source was
Sections 2.3.3 and 2.3.4 describe these characteristics, as well as the general attribute information

captured for each data set. It is recommended to refer to this section first to understand the meanings of

these scores.

Metadata regarding the coverage of maps and some information relevant to their use in this project are
given in the following parts of this section. Other information, including the scale, data source, survey dates
(where known) and publication date are given in appendix |. All data sets were obtained and processed as
vector data models. The Swiss Reference System CH1903 (Anon, 2008) was used throughout.

2.1.1. Spatial Datasets

The majority of information sources considered for the map of organic soils were maps, from which relevant
surfaces were directly digitised or extracted.
2.1.1.1. Soil Maps

Several local or regional soil maps exist for Switzerland; these have been produced either at the canton
scale, at the community scale or for 1:25,000 map sheets. The soil maps that were obtained and used in
this project are shown in Table 1 and Figure 1.

Table 1: Soil maps used in the project

Canton, map

sheet (M.S.) or Coverage Comment
region
GE 13,360 ha (~47 % of canton) Pedological map, avoiding forests

Predominantly in agricultural areas of the main

GL 751 ha (~1 % of canton . .
( 0 ) valley bottom (Linth), avoiding forests

Altbiron and Wauwil regions, catchment area
LU 15526 ha (~10 % of canton) g

of the Sempachersee
SO 15,966 ha (~20 % of canton)

Predominantly in agricultural areas, avoidin
SG 46,593 ha (~25 % of canton) y g g

forests

Parts of the communities
SZ Schibelbach, Tuggen,
Wangen and Reichenburg

Predominantly in agricultural areas, along the
main valley bottom (Linth)

TG Covers all of canton
VD 157,095 ha (~56 % of canton) ~ Work in progress
Predominantly in agricultural areas, avoidin
ZG 11,013 ha (~46 % of canton) y g g
forests
Predominantly in agricultural areas, avoidin
ZH 76,064 ha (~44% of canton) y g g
forests
M.S. Baden
M.S. Davos

M.S. Grindelwald
M.S. Hochdorf
M.S. Hitzkirch
M.S. Hornli

M.S. Laufenburg
M.S. Luzern

Covering all non-urban surfaces
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M.S. Lyss

M.S. Murten

M.S. Rheinfelden

M.S. Uster

M.S. Wohlen

M.S. Zurich

M.S. Zurzach

Seeland, BE, FR 4,670 ha
Moosseetal, BE 3,500 ha

Figure 1: Distribution of soil maps used in the project; national boundary and lake boundaries © Swisstopo; sources
and / or proprietors of original data (soil maps) listed in appendix |

Additional maps are available digitally for BS / BL (1:5,000) but no organic soils were identified from these
maps.

With the exception of one map (the pedological map of canton Geneva), all but the last two soil maps listed
in Table 1 follow the nomenclature and classification schemes of the Swiss soil classification system (Peyer
& Frei, 1992; Brunner et al., 1997; Brunner et al., 2002; Brunner et al., 2010). In this system, the soil types
fiMoor 0 and fRdeadh:bmoar @and Gem{-moor) are classified as organic damp soils (organische
Nassboden or sols humides) and meet the requirements of organic soils from the IPCC (2006) (section
1.4).

Ot her soi l types (mostly gley soils) can be <claassi fi
anmoor) o r  fi a n(pacartdurbegn®. Such soils possibly meet the IPCC requirements of organic soils;
however, the overlap between these soils and organic soils (as defined by the IPCC) is only partial,
meaning that some anmoorig or antorfig soils should be classified as mineral soil. Anmoorig soils contain
10-30 % organic matter (Peyer & Frei, 1992; Brunner et al., 2002); the IPCC requires > 20 % or > 30 %
organic matter, depending on clay content. Thus, some but not all anmoorig soils are organic soils

Agroscope Science | No. 26 / 2015































































































































































































































































