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ABSTRACT
The first soil map of the whole Aosta Valley Region was produced at the 1:100,000 scale. We
used 691 soil profiles, attributed to 16 Cartographic (soil) Units, spatialized using a
Maximum Likelihood Estimation model available in ArcGIS software. Six maps were used as
base layers, representing the most important soil-forming factors: parent material,
vegetation/land use, mean annual precipitation, elevation, absolute aspect and slope angle.
The Maximum Likelihood Estimation was followed by an expert-based check that led to a
re-assignment of some wrongly attributed cartographic polygons. The validation process
revealed that the User’s and Producer’s Accuracies were rather high (between 47.5% and
84.4% for common soil types). A particularly high pedodiversity, associated to strong
geological, vegetational and climatic gradients was observed.
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1. Introduction

Soils are considered a limited and non-renewable
resource that plays a crucial role for ecosystems and
human life (Baruck et al., 2016; FAO, 2015). In fact,
soils provide a huge amount of valuable ecosystem ser-
vices (e.g. Barrios, 2007), such as a vital substratum for
biological communities, food and biomass production,
regulating nutrient and water cycling, regulating cli-
mate at the local scale via evapotranspiration and at
the global scale storing large amounts of organic car-
bon. Soils are part of the precious natural and cultural
landscapes thus satisfying recreational needs. They
also retain memory of the environmental conditions
that contributed to their formation, thus providing
scientific knowledge to humans, and acting as natural
and historical archives (Geitner et al., 2019). In particu-
lar, soils of mountain environments have the potential
to generate a significant diversity andmagnitude of eco-
system services that extend far beyond terrestrial sup-
port (Vargas et al., 2015). The preservation of
mountain soils and their knowledge (e.g. soil type,
physical and chemical properties, morphology, spatial
distribution, etc.) is thus of paramount importance to
ensure the provision of ecosystem services, represent-
ing a prerequisite of land planning and management.
In this context, soil maps represent the fundamental
basis for soil knowledge as well as a powerful tool for
decision makers in the framework of land planning
and management policies.

However, mapping soils in mountain areas can be a
difficult task due to their high small-scale variability
(Zanini et al., 2015) and the intrinsic complexity of
mountain landscape (e.g. steepness, elevation, etc., Bar-
uck et al., 2016). In addition, soils in mountainous
regions like the Alps are also highly vulnerable due to
disturbances by intense natural processes (Hagedorn
et al., 2010) and are also strongly influenced by ancient
and current human activities (e.g. FAO, 2015). Thus,
Alpine soils are highly variable over short distances,
leading to complex patterns of soil properties and
humus forms (Hagedorn et al., 2010). Additionally,
soil information in mountain regions, such as the
Alps, is often sparse and not available (e.g. it is often
not digitalized or included in unpublished project
reports) for practitioners such as regional adminis-
trations, public bodies, but also farmers and pro-
fessionals. Despite these difficulties, regional soil maps
can be extremely useful for landmanagement and plan-
ning. In particular, soil maps help in the identification
of vulnerable areas to soil loss and soil degradation,
and contribute to the knowledge of carbon stocks and
climate change mitigation (Pereira et al., 2017).
Examples of regional maps have been provided in
Italy for a variety of scopes such as mapping and pre-
vention (e.g. Lazzari et al., 2018; Piana et al., 2017).

The work was carried out in the Aosta Valley Region,
located in the north-western Italian Alps, where from
1990s to 2018 many soil sampling campaigns were
carried out in the framework of several national and
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EU-projects. 691 profiles, scattered around the whole
surface of the Aosta Valley Region, were used and
inserted in a database for the soil map realization.

Within the project EU-Links4Soil, this work aims
at providing the first systematic contribution to the
knowledge of the soils of the Aosta Valley Region on
a semi-detailed scale (1:100,000). This tool will be
available to the research community and stakeholders
(e.g. land use planners, decision makers, prac-
titioners), and will be the basis for further insights at
more detailed scale.

2. Methods

2.1. Environmental setting and base maps

The Aosta Valley Region is a rather small region
(3,262 km2) located entirely in the NW Italian Alps
(Figure 1), between 321 and 4810 m a.s.l.; more than

80% of the surface lies above 1500 m a.s.l., and the
total soil surface, including debris, talus and all loose
materials, is about 78% of the area (Amedei et al.,
2009). The remaining land surface is covered by gla-
ciers, rocky outcrops, lakes, urban areas and infra-
structures, i.e. non-soil surfaces.

Most of the rock types found in the entire Alpine
range are found in the region, where lithologies
belonging to the African and European continental
and oceanic plates coexist over a limited surface
(Bonetto et al., 2010): in particular, sialic rocks (gneiss
and micaschists) belonging to the African tectonic
plate outcrop in the south-eastern sector; ultramafic
(serpentinites), mafic (gabbros and amphibolites)
and calcschists, belonging to the Piedmontese ophioli-
tic complex, cross the whole region from the south to
the North-East, followed by sialic rocks, calcschists
and flysch belonging to the European plate to the
north-west. Glacial till and slope deposits cover wide

Figure 1. The Aosta Valley Region, in the NW Italian Alps.
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areas. The climate of the region is mostly inner-alpine
continental, with the exception of the south-eastern
sector, influenced by humid air masses of Mediterra-
nean origin, and the areas close to the western and
northern borders, partially influenced by Atlantic wes-
tern and north-western air masses. The average precipi-
tation values (including snow-water equivalent, Figure
2(b)) range between less than 500 and 2000 mm yr−1

(Mercalli, 2003); the central and western parts of the
region, surrounded by high mountains on all sides,
are dry (Ustic moisture regime, according to Soil Sur-
vey Staff, 2014). The precipitation regimes change
from east to west, with summer maxima in the eastern
part, connected with warm and humid Mediterranean
air masses, and winter maxima in the western parts
(mostly falling as snow), connected with western and
north-western Atlantic air flows.

The vegetation and land uses follow aspect,
elevation and rainfall gradients; a high variety of eco-
systems are thus found in the region (Amedei et al.,
2009).

Based on Jenny’s equation (Jenny, 1941), according
to which:

Soil = f (parent material,

living organisms, relief , climate, time)

six base maps have been used to spatialize soil types
and properties (Figure 2) according to the soil-form-
ing factors, with the exclusion of the factor ‘time’.
Four of these maps represented continuous variables:

. elevation, represented by the Digital Elevation
Model (DEM, 10 m, available on webgis at
https://mappe.regione.vda.it/pub/GeoNavSCT/
index.html?repertorio=modelli, Figure 1(a));

. mean annual cumulated precipitation (including snow
water equivalent, later on MAP), spatialized using kri-
ging methods from 70 rain gauges scattered in the
region belonging to theCentro Funzionale (Figure 1(b));

. slope angle, derived from the DEM (Figure 1(c));

Figure 2. (a) Elevation map derived from the 10 m DEM of the Aosta Valley Region; (b) Mean Annual Precipitation (MAP); (c) slope
angle; (d) Absolute Aspect; (e) Parent Material, reclassified from Bonetto et al. (2010); (f) vegetation/land cover maps, simplified
from Amedei et al. (2009).
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. absolute aspect (Figure 1(d)) derived from the
DEM (10 m), which considers the SW slopes as
the warmest, calculated according to the equation
(McCune & Leon, 2002):

|(180–|(aspect–225)|)|

Two of the base maps were categorical:

. the geological maps (scale 1:100,000; Bonetto et al.,
2010, available on webgis at http://geologiavda.
partout.it/GeologiaVDA/default/GeoCartaGeo.
The geological map was simplified, associating rock
types with similar effects on pedogenesis, while
slope deposits were reclassified according to their
lithological composition into 8 types (Table 1),
obtaining a parent material (PM) map (Figure 1(e));

. the Nature Map (Amedei et al., 2009, available at
https://mappe.regione.vda.it/pub/GeoNavSCT/
index.html?repertorio=Uso_Suolo), which has
been reclassified as well, reducing the number of
typologies to associate vegetation communities
and land uses similarly associated to pedogenetic
processes (Table 2, Figure 1(f))).

Other commonly used layers (e.g. slope convexity)
were tested but, as they did not influence the output,
they were omitted in the finalized model.

A total of 691 soil profiles were stored in a database
and used for spatialization of soil types after harmoni-
zation of field and laboratory data and classification
according to WRB taxonomy (IUSS Working Group
WRB, 2015). These profiles were obtained from soil
sampling campaigns performed between the 1990s
and 2018. In particular, 333 soil profiles were obtained
from several collaborations between Aosta Valley
Region and the DISAFA – University of Turin, Italy,
which resulted in many publications (i.e. Curtaz et al.,
2015; D’Amico, Bonifacio et al., 2014; D’Amico,

Freppaz et al., 2014; D’Amico, Freppaz et al., 2015;
D’Amico, Gorra et al., 2015; Pintaldi et al., 2016,
2018, 2019; Scalenghe et al., 2002; Stanchi et al., 2012,
2013, 2015) or from master theses under the supervi-
sion of DISAFA faculty members; 24 profiles were
obtained from an ongoing project between the Univer-
sity of Milano Bicocca and Gran Paradiso National
Park (dr. C. Canedoli and R. Comolli, unpublished);
18 profiles in vineyards were obtained from Minelli
(2008, available at Institute Agricole Regional, unpub-
lished); 41 were opened in 1995–1997 by IPLA (Istituto
per le Piante da Legno e l’Ambiente, unpublished); 130
derived from D’Amico et al. (2008) and D’Amico and
Previtali (2012), located in Mont Avic Natural Park; 18
were produced in 2004 by Michele D’Amico for ARPA
VDA (unpublished data) in the area between Pontey
and Chambave. After collecting all the available soil
data, during summer 2018, 138 additional profiles
were opened to get further information in understudied
areas of the region. All the used data are available at
https://mappe.regione.vda.it/pub/geonavsct/?
repertorio=SOIL_MAP.

An additional 25% of the total number of the profiles
was discarded because it was impossible to harmonize
data, mainly because of unsure environmental setting

Table 1. Parent material classification based on the 1:100,000
scale geological map; landslide and slope deposits and
unclassified sediments have been reclassified according to
their lithological composition and then attributed to the
other existing categories.

Lithology
Parent material

class

Calcschists, flysch, phillitic marbles 100
Mafic rocks (prasinites, amphibolites, metagabbros) 200
Ultramafic rocks (serpentinites) 300
Black Schists (carbon schists) 400
Landslide deposits Reclassified
Unclassified sediments Reclassified
Slope deposits Reclassified
Limestones, dolomites, carnioles, gypsum-rich rocks 500
Mixed glacial till 600
Sialic rocks (Granites, gneisses, mica-schists,
metamorphic conglomerates, quartzites)

700

Alluvial deposits 800

Table 2. Land use/vegetation classification used for the
production of the soil map.
Class (Amedei
et al., 2009) Description

Vegetation and
land cover class

22.1; 24.1; 62.15;
62.21; 63; 86.1;
86.3; 86.41

Non-soil: Lakes, ponds, rivers,
streams, barren rocks,
glaciers, urban areas, quarries

0

24.221 Riverbeds with herbaceous
cover

2000

31.42; 31.43; 31.52 Rhododendron ferrugineum,
Vaccinium ssp. and Juniperus
ssp. subalpine heaths

3000

61.611; 61.621;
31.81; 44.11;
44.13; 44.21

Alnus ssp. and Salix ssp.
formations

4000

34.314; 34.323;
41.731; 42.53;
42.55

Steppic endoalpine prairies,
xerophilous grasslands and
xerophilous Pinus sylvestris
and Quercus pubescens
formations.

5000

36.31; 36.34;
36.431

Subalpine Nardus stricta and
alpine Carex curvula and
Sesleria varia grasslands

6000

36.5; 38.2; 38.3 Fertilized pastures and
meadows

8000

41.11; 41.39; 41.41;
44.31; 41.B;
41.D1

Broadleaf mesophilous forests
and woodlands

9000

41.9 Castanea sativa formations 10000
42.12; 42.21;
42.221; 42.222;
42.1B

Montane Picea excelsa and
Abies alba forests

11000

42.322; 42.331;
42.41; 42.42

Subalpine Larix decidua, Pinus
uncinata and Pinus cembra
formations, with Ericaceae in
the understory.

12000

53.1; 54.2 Swamps 13000
61.11; 61.21; 61.22;
61.23

Talus slopes 14000

82.3; 83.321 Mixed crops 16000
83.21 Vineyards 17000
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and parent material characterization, or because of
missing parts in the description. Histosols (n = 22)
were discarded from this phase as well, as they are
strongly dependent on small-scale site conditions and
thus cannot be mapped at the considered scale.

The 691 soil profiles were subdivided into 23 soil
types, which in turn were partly associated and grouped
into 16 Cartographic Units, according to pedogenic
processes and similar ecological functioning (Table 3).

2.2. GIS mapping

The soil map of the Valle d’Aosta Region at the
1:100,000 scale (https://mappe.regione.vda.it/pub/
geonavsct/?repertorio=SOIL_MAP) was elaborated

using automatic GIS technique associated with
expert-based knowledge of the Aosta Valley landscape,
used to check the actual output of the GIS analysis. In
particular, we used the Maximum Likelihood Esti-
mation algorithm on ArcGIS 8.3, a technique that
allows classifying every cell of a raster by calculating
its probability density distribution, i.e. the probability
that each pixel belongs to a specific class, i.e. the carto-
graphic units-CUs (Cox & Wemuth, 1999), based on
environmental data. Given 15 CUs (CU 11 – Hypo-
calcic Rhodic Cambisol was excluded as it was highly
localized and not found in other areas of the region),
the algorithm computes the probability for each cell
of the raster map to belong to each of the classes
(CUs), according to the input variables (PM, Luse,

Table 3. Cartographic Units in the Aosta Valley soil map 1:100,000, and the most important environmental properties in which
they can be found.

CU ST – classification
Profiles

n° Figure Luse PM Climate regime
Area
(km2)

CU1 1.1 Albic Podzol 83 3.1 Subalpine forest with
Ericaceae, sometimes alpine
grassland

Sialic (gneisses,
micaschists, granites),
(mafic rocks,
serpentinite, glacial till)

Udic; very narrow belt at
high altitude in the
inneralpine area

168.83

1.2 Albic Ortsteinic
Podzol

36 Particularly stable areas

CU2 2.1 Entic Podzol 63 Subalpine Vaccinium spp.
heath, alpine Carex curvula
grassland, sometimes
pasture.

Serpentinite, Sialic
(gneisses, micaschists,
granites), mafic rocks,
glacial till

Udic; very narrow belt at
high altitude in the
inneralpine area

293.72

2.2 Entic Ortsteinic
Podzol

15 3.2 Particularly stable areas

CU3 Umbric Entic
Podzol

8 3.3 High altitude Festuca varia and
Carex curvula grassland

Mainly sialic rocks on steep
slopes

Udic, at high elevation 22.39

CU4 Dystric Cambisols
(Protospodic,
Arenic)

30 3.4 Alpine Carex curvula grassland Calcschists Udic, at high elevation 228.34

CU5 Haplic/Cambic
Phaeozems

45 3.5 Anthropogenic grassland and
pastures

All parent materials,
CaCO3 poor materials in
the inneralpine area

Udic/Ustic, montane belt 117.76

CU6 6.1 Calcic
Kastanozem

22 3.6 All land uses Calcschists and mixed till,
most common in the
western area

Ustic, mainly in the western
part of the region with
winter precipitation
maxima

95.70

6.2 Petrocalcic
Kastanozems

6 The same, on stable surfaces

CU7 7.1 Haplic Calcisols
(Hypercalcic)

16 All land uses, not under
subalpine forest or heath or
alpine grassland

Calcschists and mixed till Ustic, up to ca. 2350 m asl in
the driest areas

187.42

7.2 Haplic Calcisols
(Hypocalcic)

31

7.3 Petric Calcisols 15 3.7 Mostly on mixed till
CU8 Calcaric Regosols 17 3.8 All land uses Calcschists and mixed till,

alluvial fans
Ustic 127.26

CU9 Haplic/Cambic
Umbrisols

33 3.9 Alpine prairies and subalpine
and montane pastures

Serpentinite, Sialic
(gneisses, micaschists,
granites), mafic rocks,
glacial till

Udic 196.46

CU10 Eutric Cambisols 41 3.10 Montane forests Serpentinite, sometimes
on mafic rocks (Ustic
regime)

Mainly Ustic 76.68

CU11 Hypocalcic
Cambisols
(Rhodic)

3 3.11 Montane forests Serpentinite and
calcschists (Fenis-
Pontey)

Ustic, northward aspect 4.98

CU12 Dystric Cambisols 87 3.12 Montane forests and alpine
prairie

All parent materials Udic 262.79

CU13 Skeletic Regosols 93 3.13 Talus slopes, disturbed areas;
steppic forests on sialic PM
in Ustic climate

All parent materials All climatic regimes 474.27

CU14 Eutric Regosols
(Turbic)

12 3.14 Alpine tundra and deserts All parent materials Areas exposed to wind and
little snow cover

119.20

CU15 Fluvisols 12 3.15 All land uses Alluvial deposits All climatic regimes 26.38
CU16 Leptosols 19 3.16 All land uses All parent materials on

steep slopes with rocky
outcrops

All climatic regimes 93.35
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MAP, elevation, slope angle, absolute aspect), and
assigns it to the most probable class, using variance
and covariance matrices. This method is suitable to
be applied to a combination of continuous (MAP,
elevation, slope angle, absolute aspect), and discrete
variables (CUs, PM, Luse) (Roderick & Schluchter,
1985; Zare et al., 2018).

The resulting spatialization was then refined by
using raster filtering techniques, merging isolated pixels
and small patches (<10 hectares) with surrounding
areas; additionally, the shape of the resulting patches
was smoothed using PAEK (Polynomial Approxi-
mation with Exponential Kernel) geometric algorithms.

The obtained polygons were checked and visually
reclassified, where the model produced unlikely soil
types according to expert-based judgement. This
often happened where all variables but geology were
associated with specific soil types. A common example
is represented by large areas on sialic parent materials
in inner-alpine areas, under steppe-like grassland or
steppic xerophilous forests: the model led to Calcisols
(CU7), while this soil type was never found on sialic
PM. These polygons were thus reclassified to UC 13
– Regosols; another common example is represented
by polygons characterized by subalpine vegetation
on calcschists, which at first were classified as Podzols
(UC1, 2, 3) while in reality Podzols were almost never
found on calcschists. The CU of these polygons was
thus changed to UC12 – Dystric Cambisols.

A validation was performed by checking how well
each soil profile belonging to the training data set
fitted in the produced map. Additionally, 46 profiles
from Valsavaranche and Val di Rhemes, in the cen-
tral-southern sector of the Region (Università degli
Studi di Milano Bicocca, unpublished data) and 18
from Lys Valley, in the SE sector (Zanini et al., 2007
and unpublished profiles dug during field trips with
Forest Science students in 2017–2019), originally not
included in the model building, were used to check
the polygon classification error (validation data set).
The User’s and the Producer’s accuracies were calcu-
lated for individual CUs and also for pedogenically
associated CUs (i.e. ‘broadly correct’ in Table 3,
such as profiles classified as Albic Podzol – CU1,
included in Entic Podzol – CU2, or in Umbric Entic
Podzols – CU3 polygons; or profiles classified as Kas-
tanozems – UC6 included in Calcisols – CU7 poly-
gons; or Umbrisols – CU9 included in Umbric
Podzols – CU3 polygons). In particular, the User’s
Accuracy shows how well the presence of specific
CUs in the map indicates the presence of the same
soil types on the ground, and it is calculated from
the rows of the confusion matrix; the Producer’s
Accuracy indicates how well the presence of CUs in
the field is reflected in the output, i.e. if profiles attrib-
uted to each CU are in the correct polygons in the map
(calculated from the column values in the confusion

matrix, Table 3). 50% accuracies are usually con-
sidered a good result (e.g. Aitkenhead & Coull, 2019).

3. Results and discussions

Twenty one Soil Types (ST) have been grouped into
Sixteen Cartographic Units (CU), occupying a total
of 3086 polygons (Main Map). Each is characterized
by specific pedogenic processes leading to analogous
soils types with similar relationships with ecosystems
and land use. The main environmental properties
and soil types characterizing the CUs are shown in
Table 3 and Figure 3. A few CUs had rather few soil
profiles as they were typical of specific and well
characterized but little widespread environments
(e.g. CU3, CU11, CU14, CU15 and CU16, Table 1).
Most of the CUs represent common zonal soils,
derived from specific combinations of soil forming
factors. Climate (the balance between precipitation
and evapotranspiration) is one of the most important,
influencing leaching or base and carbonate accumu-
lation. CU 6, 7 and partly 8 can be only found in
Ustic pedoclimatic regimes, where evapotranspiration
exceeds MAP, thus favoring carbonate precipitation in
Bk horizons and limiting leaching. CU1, 2, 3, 4, 9, 12
can be only found in Udic pedoclimatic regimes: in the
inneralpine area, in fact, they are found at high
elevations, where low temperatures limit evapotran-
spiration. CU 5, 10 and 11 are also found in inneral-
pine areas with Ustic pedoclimates, but on CaCO3-
poor parent materials. CU3, 4, 5, 6, 9 are mostly devel-
oped under natural or anthropogenic grassland. CU
14 is locally found at the alpine belt, in areas exposed
to winds and thus subjected to intense freeze-thaw
cycles which cause cryoturbation (visible from
solifluction or different types of patterned ground).

CU 16, 15 and 13 are azonal soils, developed
respectively on steep rocky slopes, in alluvial areas
and in eroded, disturbed areas such as talus slopes,
proglacial areas, recent landslides. CU13 (Regosols)
is also common in Ustic climatic regimes on sialic
parent materials, where mineral weathering and the
formation of thick A horizons are inhibited by the
lack of a sufficient humidity.

CU11 can be considered a real soil endemism (Boc-
kheim, 2004), localized on few square km on montane
northward slopes in the eastern part of the Central
Valley, between Fenis and Pontey, on serpentinite
mixed with calcschists debris.

The validation procedure using the training data
set (Table 4) showed that the overall Producer’s
Accuracy was 60.1%, while the overall User’s Accu-
racy was 55.3%. Considering the pedogenically
associated CUs (e.g. Albic Podzols – CU1, Entic
Podzols – CU2 and Umbric Podzols – CU3), the
two accuracies increased to 78.4% and 75.6%
respectively. The Producer’s Accuracies ranged
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between 15.3 and 100%; six values were below 50%
(for CU2, CU9, CU10, CU12, CU15 and CU16).
Azonal soils (CU15 and CU16) had the lowest Pro-
ducer’s Accuracy values, as they were probably
observed in small-scale disturbed slopes or alluvial
plains included in other CU polygons.

The 21.7–76.3% of the training data set was cor-
rectly classified in the resulting map (User’s Accu-
racy); the values increased to 56.5–96.4% when
considering associated soil types. Broadly correct attri-
butions usually correspond to associated soil types in
polygons. Five CUs had a User’s Accuracy below

Figure 3. Examples of soil types belonging to the 16 CUs (Table 3). (a) CU1 – Albic Ortsteinic Podzol; (b) CU2 – Entic Ortsteinic
Podzol; (c) CU3 – Umbric Entic Podzol; (d) CU4 – Protospodic Dystric Cambisol; (e) CU5 – Haplic Phaeozem; (f) CU6 – Calcic Kas-
tanozem; (g) CU7 – Petric Calcisol; (h) CU8 – Calcaric Regosol; (i) CU9 – Cambic Umbrisol; (j) CU10 – Eutric Skeletic Cambisol; (k)
CU11 – Hypocalcic Cambisol (Rhodic); (l) CU12 – Dystric Cambisol; (m) CU13 – Eutric Regosol; (n) CU14 – Turbic Regosol; (o) CU15 –
Haplic Fluvisol (Arenic); (p) CU16 – Dystric Leptosol.
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Table 4. Confusion matrix for the training data set, showing the number of profiles included in polygons attributed to different CUs in the produced soil map.
CU N. Profiles in CU polygons* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 % User’s accuracy % broadly correct % wrong RG + FL

Training data set
1 128 78 26 2 1 3 2 9 4 4 60.9 81.3 13.3 5.5
2 80 23 38 4 1 3 1 7 1 2 47.5 81.3 15.0 3.8
3 18 1 7 5 4 1 27.8 94.4 5.6 0.0
4 53 2 2 27 5 2 4 2 3 2 3 1 50.9 69.8 13.2 17.00
5 38 23 2 1 2 4 3 3 60.5 71.1 21.1 7.9
6 31 1 2 19 5 1 1 1 1 61.3 80.7 12.9 6.5
7 59 6 45 3 2 1 1 1 76.3 91.5 3.4 5.1
8 28 1 1 1 7 11 3 1 3 39.3 67.9 21.4 10.7
9 23 2 2 1 5 2 6 3 1 1 21.7 56.5 21.7 21.7
10 32 1 2 1 1 17 4 5 1 53.1 59.4 21.9 18.8
11 5 1 1 3 60.0 80.0 20.0 0.0
12 74 4 5 1 1 7 6 39 8 3 52.7 70.3 14.9 14.9
13 75 2 1 2 5 1 2 3 55 4 73.3 80.0 20.0 0.0
14 35 1 1 3 1 5 9 11 1 3 31.4 57.1 31.4 11.4
15 4 1 1 2 50.0 50.0 50.0 0.0
16 7 1 1 2 4 50.0 50.0 25.0 25.0
Producer’s accuracy 68.4 46.3 81.8 84.4 52.3 65.5 72.6 64.7 15.6 41.5 100.0 47.0 58.5 78.6 15.4 18.2
Control data set Lys Valley
1 5 5 100.0 0.0 0.0 0.0
2 7 7 100.0 0.0 0.0 0.0
9 1 1 100.0 0.0 0.0 0.0
12 5 5 100.0 0.0 0.0 0.0
Control data set – Val di Rhemes and Valsavarenche
1 4 3 1 75.0 75.0 0.0 25.0
2 6 5 1 83.3 100.0 0.0 0.0
3 2 1 1 0.0 50.0 0.0 50.0
4 2 1 1 50.0 50.0 50.0 0.0
6 6 2 3 1 33.3 33.3 50.0 16.7
7 3 1 1 1 33.3 66.7 33.3 0.0
8 1 1 100.0 100.0 0.0 0.0
9 6 3 1 1 1 50.0 66.7 0.0 33.3
10 5 3 2 60.0 60.0 0.0 40.0
12 5 1 1 1 2 0.0 40.0 0.0 60.0
13 5 1 4 80.0 80.0 20.0 80.0
15 1 1 100.0 100.0 0.0 100.0
Producer’s accuracy 100.0 92.3 0.0 100.0 100.0 50.0 50.0 57.1 27.3 0.0 40.0 100.0 0.0

User’s and Producer’s Accuracies, broadly correct attribution, wrong attributions are shown. ‘% broadly correct’ refers to the amount of profiles which were included in mapping units with associated soil types (e.g. Albic Podzols in areas
dominated by Entic Podzols). RG + FL are Regosols and Fluvisols (azonal soils) included in other CU polygons, mainly because of localized morphological processes such as eroded areas, landslides, or small flatlands. Below, the control data
sets divided by area: Lys Valley and Val di Rhemes and Valsavarenche.
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50%: CU2, CU3, CU8, CU9, CU14. These CUs were
based on a limited number of profiles, well character-
ized pedogenically and ecologically but difficult to be
mapped at the 100,000 scale; CU9 had quite a high
number of profiles, but, as it is usually developed
under grassland and pastures at the subalpine altitudi-
nal belt, which were weakly spatialized at the con-
sidered scale (CU9), it had a rather low accuracy.
Azonal soils, located in disturbed locations such as
landslides or eroded surfaces, or on small particularly
steep or flat areas, such as Regosols and Fluvisols, were
sometimes included in different CUs for scale reasons
as well.

In the validation data set, the overall Producer’s
Accuracy was 61.5%, while the overall User’s Accu-
racy was 65.6% (Table 4). Considering the pedogeni-
cally associated CUs, the two overall accuracies
increased to 81.0% and 75.0% respectively. The 18
samples in the Lys Valley (SE sector), in particular,
were all correctly classified in the map (100% accu-
racy). The User’s Accuracy in the dataset from Valsa-
varenche and Val di Rhemes (Central sector of the
Region) was 52.8%, ranging between 33.3 and 100%,
while the Producer’s Accuracy was on average
46.8%, ranging between 0 and 100%. Considering
‘broadly correctly’ attributed soils (associating CUs
by related pedogenic processes), the User’s and Pro-
ducer’s Accuracies increased to an average of 65.2%
and 62.1% respectively. 12.8% of the profiles in these
valleys were wrongly classified, while 27.7% were
instead azonal soils located in geomorphically dis-
turbed locations, impossible to map at the 100,000
scale. The higher level of inaccuracy in these valleys
is related to the complexity of the geology, as mafic
amphibolites are often intermixed with calcschists or
even gneiss, creating very different soil types over
small scales, particularly in ustic soil climatic regimes
which limit weathering and carbonate and base leach-
ing which would lead to a homogenization of soil
types.

Overall, ca. 13.4% of the profiles were wrongly
attributed, i.e. the polygons in which they were located
were attributed to CUs genetically and ecologically
unrelated to the actual soil profiles (e.g. Kastanozem
instead of Dystric Cambisol). The accuracy of the pro-
duced map can be considered, thus, successful, par-
ticularly considering the extreme variability of
mountain soils across small scales (Baruck et al.,
2016).

Soils that occur less commonly tend to low User’s
Accuracies but high Producer’s Accuracies. This indi-
cates that their occurrence in the Aosta Valley can be
often overestimated. In order to reduce the uncer-
tainty of certain CUs, more soil profiles would be
necessary in the small areas in which those soils are
common.

4. Conclusions

The new Soil Map of Aosta Valley (1:100,000) shows
the main soil types distribution in a complex alpine
region, where large elevation, geological, vegetational
and climatic gradients exist over just few km. The 16
mapped CUs show very different soil types, which,
on a global scale, correspond to soils typically found
across a wide range of biomes, ranging from the
deserts (CU7) and the steppes (CU6), to the temperate
forests (CU10, CU12) and grasslands (CU5), to the
humid boreal forests (CU1, 2, 3) and grasslands
(CU9), to the tundra (CU4) and the cold desert Arctic
areas (CU14). The maps derived from the information
included in this soil map will be of great help in land
planning at a regional scale, that will benefit soil prac-
titioners and land planners.

The method used (automatic GIS analysis – Maxi-
mum Likelihood Estimation together with expert
based control of the GIS output) proved to be rather
effective in obtaining an accurate output, considering
the high complexity of mountain soils.

Software

The GIS elaboration and the map production were
performed using Esri ArcGIS 9.3. The used map pro-
jection was the Universal Transverse Mercator
WGS84 fuse 32N (EPSG 32632).
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