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Evaluating Use of Ground Penetrating Radar and Geostatistic
Methods for Mapping Soil Cemented Horizon

Farideh Abbaszadeh Afshar — University of Jiroft, Iran
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Annamaria Castrignano — CRA — Research Unit for Cropping Systems in Dry Environments

(SCA), Bari, Italy

Depth to a root restricting (cemented) layer affects both soil moisture and nutrient availability.
The knowledge of the variability of cemented layers within the soil profiles provides valuable infor-
mation to decision-makers for agricultural activities. Soil surveys generally are time consuming,
labor-intensive and costly, whereas geophysical and geostatistical methods offer a rapid, inexpen-
sive and non-invasive approach to mapping soil characteristics. The ground penetrating radar
(GPR) is a geophysical tool that is a high-resolution electromagnetic technique used for many ap-
plications, including assessment of groundwater resources, mineral exploration, archaeological, and
environmental and agricultural studies. The agricultural applications may include such things as
determining limited soil depth restricted by bedrock; hardpan and cemented horizon, water table
depth, soil moisture content, and mapping shallow underground soil features affecting agricultural
production. GPR combined with the geostatistical method could be an efficient and valid approach
to provide large-scale measurements with fine-resolution data of substrate distribution. The ob-
jectives of this study are to use GPR data and to explore the capability of geostatistical methods
to incorporate these auxiliary variables for mapping cemented horizon in an arid region, Kerman
province located in south-eastern Iran. The measurements were performed using an impulse GPR
system with a center frequency of 250 MHz along ten parallel transects of 100 m length and 10
m distance between two consecutive transects. The processing of GPR data was performed with
ReflexW7.0 Software. The GPR data were interpolated with geostatistical analyses were done by
using the software package ISATIS. The results of the field observations on the pedons at study site
showed the cemented horizon at a depth of 35-45 cm. The GPR radargram also showed a distinct
interface between the two contrasting materials which usually corresponded to the occurrence of a
strong reflection event. The strong reflection corresponded approximately to the top of cemented
horizon. In addition the 3D soil model of GPR amplitudes signal by kriging method reproduces
the quite variable depth of the cemented horizon and the extent of its lateral and vertical variation.
In this study, the potential of geophysical and geostatistical to predict and mapping a cemented
horizon was evaluated in an arid region. The variation of cemented horizon provided valuable
information that is crucial in decision making for agricultural and engineering activities. The main
advantages of GPR and geostatistical methods are the speed of obtaining data and continuous
images, and rather good possibility to identify zones with markedly different properties.

keywords: Cemented horizon, Geostatistic, Ground penetrating radar
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Digital soil mapping in areas of mussunungas: algoritmos com-
parission
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Mussunungas is an ecosystem of physiognomic forms ranging from grasslands to woodlands. It
occurs over Spodosols originated from sandstones of the Barreiras Group from the Tertiary period,
and is situated across the Atlantic Rainforest domain of southern Bahia and northern Espirito Santo
States in Brazil. Areas of Mussunungas are particularly important for water infiltration dynamics
and is under threat as its vegetation is not recognized as belonging to the Atlantic Rainforest
Biome. This study aims at comparing classification algorithms to produce soil class maps of an
area where Mussunungas occurs. The study area is the conservation unity, RPPN Rio do Brazil,
located in Porto Seguro, Bahia, with an area of 1100 ha. A digital elevation model derived from
an ALOS-PALSAR image of 12.5m spatial resolution was used to derive morphometric maps, to
be used together with covariates such as geomorphology, euclidean distance between the points
soil points and indexes derived from Landsat-8 images, CBERS-4, and Sentinel-1 imagery. A soil
survey was carried out using a mixed-sample scheme combining data from a free-survey with data
from regular grid. A total of 203 soil points were described collecting samples for chemical and
physical analyses. R software was used for the classification using the "caret” package. Three
classifiers were tested: Extreme Gradient Boosting (xgbTree), C5.0, and Random Forest, with 10-
fold cross-validation. From the six soil classes identified in the area, Haplic Lixisol are dominant,
and as this occurs with inclusion of Dystric Cambisols, they were mapped together. Dystric
Gleysols occurs associated to Fibric Histosols and was joined in the same map unity. Stagnic
Podzols and Xanthic Ferralsols were thus each mapped as a single class. The xgbTree showed
better Kappa (0.68), followed by C5.0 and Random Forest with 0.65 and 0.63, respectively. The
similar performance of the classifiers showed no statistical difference. Larger confusion occurred
between Xanthic Ferralsol and Haplic Lixisol. The user’s accuracy of Podzols was good, varying
from 81 to 83% amongst classifiers. The morphometric covariates, elevation above sea, slope height
and normalized height showed the highest importance for soil prediction. A field validation of the
maps and visual interpretation of the maps overlayed with satellite images showed that the areas
were well delineated, proving a good performance of all classifiers for produce a soil class map
for the area of this study. We concluded that techniques of digital soil mapping can be used for
mapping areas of mussunungas over Podzols.

keywords: covariates, data mining, classification, Mussununga, Soil mapping
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Sensing of farm and district-scale soil moisture content using a
mobile cosmic ray probe (COSMOS Rover)
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In dryland cropping systems a grower only needs to know soil moisture at a few times during
the year when a management decision needs to be made, for example at the start of the season
when determining sowing and fertilizer rates. The information needs to be at the resolution of
an agricultural field (or finer) and for the whole profile. Cosmic ray probes are a technology that
can directly measure soil moisture at these resolutions, namely the horizontal footprint is a 150m
radius and the depth of measurement is up to 0.7m. There is a now a mobile cosmic ray probe
platform (COSMOS Rover) which could be used to provide a farm or district scale soil moisture
map at key times in the year for growers. However, there are a number of methodological issues
which need to be considered which we present in this work.

The first is a calibration issue which requires field measurements of soil moisture, soil carbon
and soil lattice water content. These are prohibitively expensive for real-world applications and in
this work, we compare the accuracy of the calibration between a detailed field survey as compared
to using readily available data such as existing soil moisture probes and existing soil maps.

The second issue is how to interpolate the soil moisture measurements while accounting for
the spatial support of measurements, and also variations in land use and other controllers of
soil moisture within the measurement footprint. The measurement interval is 30 seconds so the
horizontal support is 150m either side of the vehicle pathway over the travel distance of the vehicle
in 30 seconds. For interpolation, we adopt an area-to-point kriging framework to account for the
varying spatial support in addition to incorporating dense covariates (land use, geology) to improve
our spatial predictions.

The approach is illustrated with a case study in Muttama creek catchment in eastern Australia
where the dominant land uses are grazing and cropping.

keywords: Soil Moisture, COSMOS Rowver, dryland cropping systems, calibration, spatial predic-
tions
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Proximal sensing of soil crack networks using three-dimensional
electrical resistivity tomography
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Soil cracks function as primary conduits for water transport in expansive clay soils. Under-
standing and predicting the impact of crack networks on the hydrology of such soils is difficult due
in large part to the transient nature of crack networks. The size, position, and interconnected-
ness of soils crack networks changes with seasonal wetting and drying cycles. Currently, there are
limited tools for monitoring soil crack networks. In order to understand the impact of soil cracks
on hydrology, new tools are needed that can monitor the spatial-temporal dynamics of soil crack
networks. In this study we demonstrate the feasibility of electrical resistivity tomography (ERT)
as a non-invasive tool for proximal sensing of soil crack networks monitoring. Three-dimensional
ERT surveys were collected on a smectitic soil during a seasonal drying cycle. At the end of the
drying cycle, soil cracks were measured directly by in-filling cracks with cement and photograph-
ing cross-sections of the in-filled soil. Photographic data shows a good correlation with the ERT
images, demonstrating the utility of ERT as a tool for spatial-temporal monitoring of soil crack
networks.

keywords: prozimal sensing, soil cracks, electrical resistivity tomography, ERT
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Using digital microscopy for rapid determination of soil texture
and prediction of soil organic matter
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Soil particle size analysis is an expensive analytical procedure. There are two primary methods
accepted by certified soil analysis labs: hydrometer-based sedimentation and laser-based optical
techniques. The first method requires substantial labour, while the second is conducted using
costly equipment. This presentation describes a new system that is based on a commercially
available digital microscope equipped with an array of light emitting diodes. It is deployed using
a scratch resistant window in contact with measured soil. It takes just a few seconds to obtain
a high quality image of dry, grounded and sieved soil that is typically used for conventional soil
chemical tests. Our software uses an adopted wavelet decomposition technique to measure the
percentage of particles within specified size intervals (e.g., sand, silt, and clay). Given that the
level of magnification is known and the image resolution is around 2 micrometers, the instruments
separate soil particles into their respected size category: clay - below 2 micrometers, sand - above
50 micrometers, and silt between clay and sand. The unique feature of this approach is that
there is no need for sensor calibration and the results are expected to be comparable with those
of conventional analytical soil laboratories. Based on our research, standard measurement errors
range between 30 and 60 g per kg of soil, which is comparable to the observed dispersion among
results obtained from different commercial soil labs. Furthermore, in addition to the image texture
information component, image color was found to be suitable to predict soil organic matter content,
which is another essential soil property when it comes to optimized management of soil resources.
It was determined that, with proper calibration, soil organic matter content in mineral soil can be
predicted with the standard error of measurements around 5-7 g per kg of soil. Based on these
observations, we believe that the instrument developed can be used as an alternative to traditional
soil particle size distribution techniques at a much lower cost and can preserve, or provide better
measurement accuracy. Prediction of soil organic matter and in situ deployment of the instrument
are additional options that could be pursued in certain environments.

keywords: Proximal soil sensing, machine vision, microscope, soil texture, soil organic matter

17



Analysis of complementarities of different spectral analytics to
sense soil properties
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To date, the cost of soil sampling and analysis constitutes the greatest limitation for adjusting
site-specific management of agricultural inputs according to local needs. New methods, with
minimum distortion of proximal soil sensing, are being considered to replace the laborious and
expensive wet chemistry analytical techniques. Spectra-based techniques, including visible, near-
infrared, and mid-infrared spectroscopy, laser-induced break down spectroscopy (LIBS), as well as
machine vision are among the most favoured. Individually each of these methods has provided
positive results when attempting to predict specific physical and chemical soil properties. The
goal of this presentation is to discuss the complementarities of these methods in order to optimize
instrumentation and analytics for use in streamlining the analysis of solid soil samples. All of
the measurements were performed using 35 compressed air dried soil samples and assessed in
terms of measurement reproducibility and the accuracy of prediction. The results of leave-one-out
cross validation of locally established prediction models were ranked among each combination of
agronomic soil properties and measurement techniques as well as their combinations.

keywords: proximal soil sensing, soil spectrometry, LIBS, NIR, MIR
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Long-term diachronic series for soil carbon saturation evidence.
A case study on volcanic soils of reunion island under sugarcane
crops.
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The goal of the international ‘4 per mille’ initiative is to demonstrate that agricultural soils can
play a crucial role for food security and climate change, and particularly in tropical areas where
knowledge on soil carbon potential sequestration is still needed. The study is located at Reunion,
a young tropical volcanic island in the Indian Ocean, 700km east of Madagascar, that presents
a range of tropical soils comprising almost half of the 30 types recorded worldwide. Our work
is focused on the drivers of soil organic carbon (SOC) content dynamics in the different types of
volcanic soils under long-term sugarcane crops (more than 60% of the agricultural area). For doing
so, a huge database on soil constituents has been mobilized. It was built over the last 20 years and
represents more than 20 000 soil samples predominantly originated from sugarcane plots. Long-
term diachronic series on SOC contents should be extracted from the database. Geolocated data
combined with GIS tools allowed us to create a SOC map of Reunion and data mining tools, such as
BRT, have been used to prioritize the drivers of SOC contents and evaluate the storage capacities
of these young volcanic soils. In the conditions of the study, soil type was the main driver of SOC
content, ahead of climate conditions and agricultural practices. Ferralsols, on the west and north
coast, exhibit the lowest SOC content whereas Andisols, at higher altitudes, show the highest SOC
contents for the 0-30cm layer. Long-term diachronic series showed almost constant SOC contents
under sugarcane crops on the whole range of soils over time. Sugarcane cropping system produce
high organic carbon inputs (residues and roots, 1.2 Mg C ha~'y~!) and agricultural practices in
Reunion (mulching, one tillage every ten years on average) would maintain high SOC contents.
All those considerations will suggest that soil carbon saturation is reached under sugarcane crops
for all soil types. And hence, no more SOC storage is possible, but any land use change could
decrease the soil organic carbon already stored in these soils. Soil carbon saturation rate, showed
by long-term diachronic series, is therefore a better indicator than SOC content to develop soil
carbon potential storage scenarios.

keywords: Soil organic carbon, tropical volcanic soils, long-term diachronic series, sugarcane, soil
analyses database, data mining
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Concept of entropy in spatial distribution of vegetation in satellite
images
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The study of the dynamics of the vegetation cover is one of the most important applications of
the observation of the Earth from the space and it is related to root zone soil moisture. Numerous
studies have addressed the analysis of vegetation at different scales, spatial and temporal focusing
on two aspects: the radiometric characterization of different types of vegetation and the spatial
distribution of vegetation. The later is the result of a complex interaction between vegetation
and certain environmental factors such as climate, animals and man activity. A previous step
to understand the complex dynamics of the ecosystems is to be able to characterize the spatial
patterns of this distribution in which soil play a major role.

In the present work we discuss the spatial distribution of vegetation based on entropy concept.
However, ther are different expressions related to it: entropy dimension, relative entropy, config-
uration entropy and configurational entropy per cell. Each one of them presents differences and
complementary information.

In order to establish these comparisons, a multispectral image acquired on 8 August 2000 by
the Ikonos satellite was selected. This satellite, in orbit from September 24-1999 at a height of
681 km, is capable of providing panchromatic images with a spatial resolution of the order of 1
m, and multispectral images, with 4 bands covering the visible region and the near infrared of the
electromagnetic spectrum, with a spatial resolution of the order of 4 m. Both with a radiometric
resolution of 2048 levels of gray (11 bits).
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It is a prevailing way to use soil samples to build soil-environment relationships and then
to predict the soil properties of the study area. An assumption widely used for building soil-
environment relationship is that those locations with similar environmental conditions have similar
soils. Based on this assumption, the soil property at each unvisited location can be predicted
according to its environmental similarity to each individual soil sample, which is often computed
based on environmental covariate values just on this locations and soil sample locations. The
spatial neighborhood information is ignored in this way, although the soil at each location is also
affected by the environmental condition of its surrounding area. With the assumption that the more
similar the environmental conditions in the spatial neighborhood between two locations the more
similar the soils are, a digital soil mapping method based on the spatial neighborhood similarity
of environmental covariates was proposed in this research. The proposed method identifies the
characteristic neighborhood size of each environmental covariate for each unvisited location and
each soil sample and then calculate the spatial neighborhood similarity on individual environmental
covariate between the unvisited location and each soil sample. The similarity on environmental
condition between the unvisited location and each soil sample is computed by integrating the
spatial neighborhood similarities on individual environmental covariates. The soil property value
on each unvisited location is estimated to be the average of soil property values of soil samples
weighted by the corresponding similarities on environmental condition. The prediction uncertainty
is also provided. As a case study, the proposed method was applied to mapping soil organic matter
(SOM) content (%) in the topsoil for an area (about 60 km?) in Heilongjiang province, China.
The evaluation results with an independent soil sample set showed that the proposed method got
higher accuracy due to its consideration of the spatial neighborhood information during computing
the similarity of environmental condition.

keywords: digital soil mapping, soil-environment relationship, similarity, spatial neighborhood,
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Soil properties interrelationships are rarely included in digital soil mapping (DSM) because
most DSM models take a univariate approach and map soil properties individually. In some cases
multivariate approaches have been used to incorporate correlations between soil properties. Cok-
riging is a well-known example of such multivariate approach. A more recent approach is structural
equation modelling (SEM), which has the advantage that it can incorporate pedologically-driven
system interrelationships. We explored the use of SEM as a multivariate technique for DSM in a
23 000 km? study area in the Argentinian Pampas. The modelling process of SEM is driven by a
conceptual model, which is translated to a mathematical model that is calibrated with empirical
data. Since soil processes operate along the soil profile, SEM may be suitable for multiple layer
soil prediction. Hence, theoretical relationships between soil properties at different horizons can be
included and used for prediction. The objectives of this study were: (1) to apply SEM for multi-
layer and multivariate soil mapping; (2) test SEM functionality for model improvement through
model suggestions; and (3) assess whether the modelled covariation among soil properties matches
the covariation observed in the data. We applied SEM to simultaneously model and predict the
lateral distribution of the cation exchange capacity (CEC), organic carbon (OC) and clay content
of three major soil horizons, A, B and C. We used petrological relationships between these soil
properties to build a conceptual model. Next, we derived a mathematical model and calibrated
it using environmental covariates and soil data from 320 soil profiles. Environmental covariates
included digital elevation model derivatives, MODIS products and distance to river as a proxy of
parent material distribution. Cross-validation of predicted soil properties showed that the highest
amount of variance explained statistics were achieved for OC (24%) and for clay (60%) of the A
horizon and CEC (50%) of the B horizon. We also assessed the covariation of soil properties and
demonstrated that SEM reproduces the system error variance-covariance more accurately than
multiple linear regression, which is generally applied in DSM. Accurate modelling of the covaria-
tion is important for stochastic simulation, such as required for uncertainty propagation analyses.
We conclude that SEM can be used to predict several soil properties at multiple layers and, at the
same time, provide graphical information of the relationships among system variables.

keywords: structural equation modelling, mechanistic models, soil property interrelationships,
covariation assessment, conceptual models
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We have developed a framework for a Bayesian Belief Network (BBN) to model soil erosion. A
BBN is a graphical probabilistic model which allows for the integration of different types of data
from various sources as well as incorporating expert knowledge where data are lacking and explicitly
accounting for uncertainty. We are currently developing the model to integrate observations of
erosion, land management and soil spectroscopy. This work builds on an inherent erosion risk
assessment based on soil drainage, topography and, as in many erosion risk assessments, where
erodibility is defined as a function of topsoil texture (Lilly et al., 2002). A key aspect to this work
is to improve the representation of soil erodibility in the model. To do this firstly we are exploring
relationships between measured soil aggregate stability, land management and soil properties.
Concurrently we are using infrared (IR) spectroscopy to provide additional information on the
overall soil physical and chemical composition, in particular, the composition of clays and organic
matter which influence erodibility. Ultimately, we aim to develop a robust and rapid method to
predict those soil characteristics which define erodibility in-field using FTIR spectroscopy as a
means to monitor soil quality.

keywords: Soil erosion, Bayesian Belief Network, Infrared spectroscopy
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Terrestrial Laser Scanning (TLS) is increasingly used to create very high resolution digital
terrain models (DTMs). However, little is known about the accuracy of TLS derived DTMs
covering several hectares in heterogeneous environments. We investigated the accuracy of DTMs
derived from TLS data and compared them to conventional, high-quality airborne laser scanning
(ALS) based DTMs. Two different interpolation methods, TIN and IDW, where used to create
DTMs with cell sizes ranging from 0.2 to 4 m. Furthermore, we examined the effect of the different
DTM resolutions, accuracies and acquisition techniques on topsoil pH prediction models. The pH
models were based on linear regression models with only terrain attributes as covariables. The
study area is characterized by a complex mirco-topography which is covered by dense evergreen
forest and dense ground vegetation. The pH of the topsoil varies in the study area between 3.5
and 7.0.

The results showed that up to a resolution of one meter, the TLS based DTMs were more ac-
curate compared to the ALS DTMs for both interpolation methods. The accuracies of DTMs were
also reflected in the performance of the pH models. Generally, the model performance decreased
with decreasing resolution. However, the TIN based models with cell sizes of 0.2 m had a lower R2
than the models with 0.5 m resolution. The best soil pH model was based on a 0.5 m DTM derived
from TLS. Tt explained 62% of the pH variance whereas the best ALS derived model explained
50% of the variance and was also based on a cell size of 0.5 m.

The pH models showed that submeter DTM resolutions are required to predict topsoil pH
accurately in the study area because the pH varied over a large range within short distances. We
conclude that TLS data significantly improve DTMs and pH models compared to the models based
on high-quality ALS data in heterogeneous environments.

keywords: DTM, Topsoil pH modelling, Terrestrial laser scanning, Airborne LiDAR, Accuracy,
Terrain attribute
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The data fusion is a growing research field, which finds a natural application in the remote
sensing, in particular, for performing supervised classifications by means of multi-sensor data.
From the theoretical standpoint, to address such an issue, the Bayesian setting provides an elegant
and consistent framework. Recently, a methodology has been successfully proposed incorporating
a geostatistical non-parametric approach for improving the estimation of the prior probabilities
in the scope of the supervised classification. In this respect, a limitation affecting the Bayes
computation in the multi-sensor data is the naive approach, which considers independent all the
sensor measurements. Obviously, such hypothesis is unsustainable in practice, because different
sensors can provide similar information. Therefore, an enhancement of the previous described
method is proposed, introducing the smooth multivariate kernel method in the Bayes framework
to furtherly improve the probability estimations. A peculiar advantage of the smooth kernel
approach concerns the fact that it is inherently non-parametric and consequently overcomes the
multinormality data hypotesis. A case study is presented based on the data coming from the
AQUATER project.

keywords: Data fusion, Remote sensing, Multivariate kernel density estimation, Geostatistics
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Soil properties play an important role in modeling land surface hydrological processes. How-
ever, due to the strong variability detected at all spatial scales the characterization of the soil
variability remains a crucial challenge, especially over large areas. For this reason, in several stud-
ies, soil parameters are inferred indirectly based on hydrological measurements (e.g., streamflow,
soil moisture) to improve the predictive capability of the hydrological models. For that purpose,
several approaches and strategies are available in literature. However, the characterization of the
uncertainty itself has received much less attention. The aim of the study is to assess the effect
of different uncertainties in soil properties on simulated hydrological states and fluxes at different
spatial and temporal scales. The study is conducted based on the data collected in the Neckar
catchment (Germany). The original soil map is perturbed based on three methods. These perturba-
tion methods introduce the same error (variance) but with different spatial structures (correlation
lengths) that are assumed to not be resolved in the original soil map. The generated soil properties
are used as input for the distributed hydrological model mHM (www.ufz.de/mhm). The model
outputs (e.g., river discharge and soil moisture) are aggregated to different spatial and temporal
scales. The results show how the three perturbation methods produce different results depending
on the observation scale. Streamflow acting as an integrative hydrological response of the catch-
ment is affected only by the perturbation of long spatial structure. Soil moisture represents more
local hydrological conditions and it is affected by the small-scale variability introduced. The study
underlines the importance of a correct characterization of the uncertainty in soil properties. By
that, soil maps with additional information regarding the unresolved soil spatial variability would
provide a strong support to hydrological modelling applications.

keywords: uncertainty, catchment, hydrological model
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Reliable information on plant and soil health is important for early detection and prevention
of pests, diseases or abiotic stresses. While diseases in agricultural systems can often be reliably
assessed via remote sensing, it is unknown to what extent subtler changes in soil biodiversity could
be detected. Plants have a multitude of positive and negative interactions with soil microorganisms
which can all affect plant quality. Therefore, it seems plausible to detect shifts in soil microbial
communities remotely by measuring plants response, on the leaf level or even above. We tested
the hypotheses that 1) plants growing with different microbial communities will vary in leaf hy-
perspectral reflectance, and 2) the spectra from plant communities can be used to derive microbial
communities. We measured hyperspectral reflectance patterns of Achillea millefolium and Tri-
folium repens and the whole mixed plant community with 7 plant species, growing on sterilized
soils inoculated with field soil. Microbial communities varied in composition caused by serial di-
lution, resulting in decreasing bacterial diversity. Largest differences in the leaf vegetation indices
were found between the most diverse soils and the non-inoculated control soils. The community
level measurements showed stronger treatment signals than the leaf measurements. We will dis-
cuss the potential and constraints for detecting changes in soil microbial communities via plant
hyperspectral reflectance.

keywords: soil microbial biodiversity, field spectroscopy, plant proxies
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Using Near Infrared Spectroscopy in determining the mineralogi-
cal variations of the London Clay Formation, Whitecliff Bay, Isle
of White, UK.

Ibrahim Bashar — School of Farth and Environmental Sciences, University of Portsmouth, UK,
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Suggested geotechnical variations within the various lithologies of the London Clay Formation
had been attributed to its mineralogical variations which required its constituent minerals to be
further examined. Near Infrared reflectance spectroscopy has been extensively used in the predic-
tion of various soil properties, identification of clay minerals and related soil chemical properties.
The study uses the technique of Near Infrared (NIR) spectroscopy on soil samples obtained from a
section of the cliff and foreshore exposures of the London Clay Formation at Whitecliff Bay, Isle of
Wight, UK. The technique helps in the identification and quantification of clay minerals, particu-
larly those that are responsible for susceptibility of the Formation to expansion and shrinkage. The
soil samples were measured at reflectance intervals of 1300 nm to 2500 nm using ASD LabSpec
5000 spectrometer with the resultant spectra subjected to analysis using the statistical method
and The Spectral Geologist (TSG) software. Results showed that the London Clay mineralogy is
dominated by clay groups such as; Kaolins, White Micas, and Smectites. The research recognizes
and identifies the mineralogy within the London Clay Formation by bringing together data relat-
ing to composition, mineralogy, and reflectance which helps provides valuable information on the
geotechnical interpretation of the Formation using spectral techniques.

keywords: Near-infrared Spectroscopy, Mineralogy, London Clay Formation

28



Standardization of world soil profile data to support global map-
ping and modelling

Niels Batjes — ISRIC - World Soil Information, Netherlands
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Johan Leenaars — ISRIC - World Soil Information, Netherlands
Ad van Oostrum — ISRIC - World Soil Information, Netherlands

Procedures for collecting, compiling, standardizing/harmonizing and subsequently providing
quality-assessed world soil profile data to the international community, as developed in the frame-
work of WoSIS (World Soil Information Service), are described. Harmonization, as defined by
the Global Soil Partnership (GSP), involves “providing mechanisms for the collation, analysis and
exchange of consistent and comparable global soil data and information”. Areas of harmonization
include those related to: a) soil description, classification and mapping, b) soil analyses, ¢) ex-
change of soil data, and d) interpretations. Seen the breadth and magnitude of the task, so far
we have focused on developing and applying procedures for handling and standardizing legacy soil
profile data, with special attention for the selection of soil properties considered in the Global-
SoilMap specifications: organic carbon, pH, texture (sand, silt, and clay), coarse fragments (> 2
mm), cation exchange capacity, electrical conductivity, bulk density, and water retention. These
properties are commonly considered in digital soil mapping and can be used to address a wide
range of global issues, such as food security, combatting land degradation, and adaptation and
mitigation to climate change.

The standardized data are served to the international community using two formats. Static
snapshots in TXT format, with a time stamp and identifier (doi), are provided to allow for consis-
tent citation purposes. For example, the ‘July 2016’ snapshot includes standardized data for some
94,000 profiles. Newly standardized data are gradually added to a dynamic version of the dataset
that can be accessed ‘24/7 using WFS connection in GIS applications (some 109,000 profiles as
of March 2017); the number of measured data for each property varies between profiles and with
depth. Both the static and dynamic versions are freely available at: http://www.isric.org.

Future releases of WoSIS will consider a wider range of soil properties (e.g. content of nitrogen,
phosphorus and other (micro) nutrients), including data derived from soil spectrometry. Instru-
mental to enhanced usability and accessibility of data managed in WoSIS will be the continued
harmonization of soil property values and further standardization of soil analytical method descrip-
tions. Development and testing of such procedures, in partnership with data providers, will allow
for the fulfilment of (future) demands for global soil information, and enable further collation of
standardized soil data shared by partners and third parties.

keywords: soil profile data, data sharing, standardization, harmonization
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Soil and Environment software, a tool for soil management

Francisco Bautista — Centro de Investigaciones en Geografia Ambiental, Universidad Nacional
Autonoma de México, Mexico
Angeles Gallegos — Skiu, Scientific Knowledge in Use, México, Mezico

Government agencies dedicated to environmental protection often do not have soil scientists
S0 it is necessary to generate easy-to-use tools to interpret soil properties in the evaluation of the
environmental functions of soils. The objective of this work was the elaboration of a software by
means of which the properties of the profile of the soil become interpretations of the environmen-
tal functions of the soils. Soil and Environment (SE) software can be used to: a) evaluate the
environmental functions of soils; and b) to elaborate degradation and conservation scenarios based
on the erosion process. The data required to operate the software are: thickness of horizons, bulk
density, stoniness, organic carbon, cation exchange capacity and texture, and others. The envi-
ronmental functions of the soil that can be evaluated with SE are: a) allowing deciding to select
the best sites for housing construction considering their damping power of contaminants such as
heavy metals and organic substances; b) To select the soils suitable as habitat for wild flora and
fauna; c) To select sites for aquifer recharge; d) Identify soils that stores over of the organic carbon
contributing to reduce climate change; e) Identify soils with archaeological importance (human
history, such as ancient temples or buildings); f) To appreciate soils with geological importance
(history of the land, such as soils with the bones of prehistoric animals, soils with evidence of
ancient sea beds, etc.); g) Identify soils with greater aptitude for food production. The evaluation
results of environmental functions and predictive models can be presented by graphs. Export of
tabular and graphical information is possible as well as the spatial reference data into the GIS.
Friendly interface for data input and output and database management is designed for users who
do not know SQL query language.

keywords: Environmental functions of soils, Soil properties, Software
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App Soil Calculator
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The Soil Calculator app has a database to store the properties of the soil, the data that can
be registered and stored in the app are: a) profile information (profile name, geographic location,
weather, photography and Site observations); b) basic properties (number and name of horizons,
depth, aggregate stability, volume of coarse fragments, bulk density, textural class and pH); and ¢)
auxiliary properties (nitrogen, carbon, K20, P2Os5, cation exchange capacity, NO3, field capacity
and permanent wilting point). Soil Calculator offers aids to the user to capture the basic properties
of the soil; these aids were created based on the guidelines for the description of soils in the field of
FAO and the USDA. Soil Calculator allows calculations at the soil profile level for the amount of
fine earth, organic carbon, nitrogen, phosphorus, potassium, cation exchange capacity and nitrates
in units of weight per unit area, either per hectare or square meter. It also offers the conversion
of units between the International System and the English System. Soil Calculator is a tool for
professionals related to the study of soils, such as farmers, foresters, urban planners, agricultural
entrepreneurs, architects, experts and non-experts in the soil science. Soil calculator is available
for free download in the Play Store

keywords: Soil properties, Database, Mobile app
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Algorithms for quantitative pedology
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The Algorithms for Quantitative Pedology (AQP) project was started in 2009 to organize a
loosely-related set of concepts and source code on the topic of soil profile visualization, aggregation,
and classification into an R package. Over the past 8 years, the project has grown into a suite of
related R packages that enhance and simplify the quantitative analysis of soil profile data. Central
to the AQP project is a new vocabulary of specialized functions and data structures that can
accommodate the inherent complexity of soil profile information; freeing the scientist to focus on
ideas rather than boilerplate data processing tasks. These functions and data structures have been
extensively tested and documented, applied to projects involving hundreds of thousands of soil
profiles, and deeply integrated into widely used tools such as SoilWeb. Components of the AQP
project currently serve an important role in routine data analysis within the USDA-NRCS Soil
Science Division. The AQP suite of R packages offer a convenient platform for bridging the gap
between pedometric theory and practice.

keywords: R, Software, Visualisation

32
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Saskatchewan, a province in western Canada, has a total area of 651,900 km? and a population
of approximately 1.2 million people, nearly half of whom live in the two largest cities. The land
base is dominated by agriculture in the southern half and boreal forest in the north. The sparse
population, coupled with intensive resource use, places high demand on the province’s soils with
limited capacity for management oversight. At present, although most of the provincial soil survey
information can be downloaded for viewing on a GIS platform, the files are not user-friendly and
hence are under-utilized. Most people still rely on paper or pdf copies of the original soil surveys. In
addition, most of the provincial soil maps are at a scale of 1: 100,000, which limits their usefulness
for landscape modeling and precision agriculture applications.

To overcome these limitations, we have undertaken to improve the accessibility and quality
of Saskatchewan’s soil information. The first phase of the project is the development of an open
source, user-friendly platform for viewing and querying our soil information, with the ability to
develop themed maps for several of the most commonly requested soil properties, and the option
to query a full suite of properties for the province as a whole and/or for specific locations. This
platform is designed to be user-friendly for an audience ranging from farmers to policy makers and
for applications from education to research. It also includes the option to upload information. At
this time, the focus is on facilitating the uploading of georeferenced point files (photos, publications,
datasets), but the capacity for uploading new soil survey data is also in development. The latter
is of particular relevance given the need for refining the resolution of our soil information. The
second phase of the project involves testing and implementing digital soil mapping procedures that
are feasible given the challenges we face in Saskatchewan. 1) We lack a high-resolution digital
elevation model that captures the variable Prairie Pothole topography. 2) We lack sufficient point
data to take full advantage of the emerging data driven techniques. The ultimate goal will be to
develop DSM methodologies that can be implemented on a local to regional scale, leveraging the
increasing use of drones for topographic mapping to gradually build a refined map at the 1: 10,000
scale or better. This presentation will provide an overview of our progress and challenges to date.

keywords: Saskatchewan, digital soil mapping, crowdsourcing, spatial scale, Prairie Pothole Re-
gion, Canada

33



Soil Spectral Library of Ethiopia (SSL-ETH), Version-I
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Infrared spectroscopy (IR) is currently being used in the Ethiopian Soil Information System
(EthioSIS) project with the aim of predicting soil properties for Digital Soil Fertility Mapping
on a large amount (>100 000) of soil samples. The objective of using the IR spectra, especially
Mid-infrared (MIR) is primarily to be able to reduce analytical cost and secondly to reduce the
problem of inter-laboratory variation in wet chemistry analysis. After air-drying and sieving the
soil through a <2 mm sieve the samples have been analyzed for nutrients using the Mehlich-3
multi-nutrient extraction method and the extract has been analyzed with Inductively Coupled
Plasma (ICP) for Ca, K, Mg, Na, P, S, Al, B, Cu, Fe, Mn, Zn, Co, Si, and Mo. CN analyzer is
used to analyze the C and N contents, and the pH of the soils was determined in H20 using 1:2 soil
to solution ratio using pH-meter. In this study, 61,331 soil samples collected from 80% of current
crop land and 20% potential agricultural lands were collected from 540 administrative districts of
Ethiopia. The samples represent topsoil, a depth of 0 - 20 cm for annual croplands and 0 — 60 cm
for perennial croplands. The < 2mm sieve samples were further sub-sampled and sub-grinded to
a mesh size of 0.5 mm, all the soil samples were scanned with replicates using a Bruker-TENSOR
27 spectrometer with the HTS-XT accessory. The spectra were captured using diffuse reflectance
mode in the parts of MIR and NIR region (7,000 — 600 cm~!). All the soil spectra were averaged
and preprocessed using vector normalization, first derivative using the Savitzky-Golay smoothing
method and CO2 region is removed. Kennard-Stone algorithm was used to select 20% calibration
and 80% validation datasets. The reference soil dataset was log-transformed to best fit to partial
least squares regression (PLSR) model and the model performed better in predicting C with R2 <
0.91; Si with R2 < 0.91; N with R2 < 0.87 and pH with R2 < 0.52; and the model performed poor
in predicting B, P, Na, S and Mn. MIR soil spectral library of Ethiopia can be used to monitor
spatiotemporal variabilities and digitally map some of the soil properties quickly and at a low cost.

keywords: SSL-ETH, soil properties, IR spectra, ICP, prediction, digital soil mapping
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Acid sulfate soils are often called the nastiest soils in the world (Dent & Pons, 1995). Releasing
a toxic combination of acidity and metals into the recipient watercourses and estuaries, these
soils represent a crucial environmental problem. Moreover, these soils can have a considerable
economic impact through the resulting corrosion of concrete and steel infrastructures, or their
poor geotechnical qualities.

Mapping acid sulfate soil occurrence thus constitutes a key step to target the strategic areas
for subsequent environmental risk management and mitigation. Conventional mapping (i.e. soil
sampling and subsequent pH measurements) has typically been used for acid sulfate soils. Recently,
supervised classification modelling techniques were assessed for mapping acid sulfate soil occurrence
and demonstrated promising predictive results at catchment or regional extent (Beucher et al.,
2015, 2016).

Since acid sulfate soils contain large amounts of soluble salts, they yield strong electromagnetic
(EM) anomalies, appearing as diffuse and round-shaped high electrical conductivity (EC) areas.
EM induction data collected from an EM38 proximal sensor hence enabled the refined mapping of
acid sulfate soils over a field (Huang et al., 2014).

Measuring the apparent soil electrical conductivity (ECa) can provide data on the spatial
variation of soil salinity, which is associated with acid sulfate soil occurrence, but also of soil
texture. The spatial distribution of different acid sulfate soil material types (clay, silt, sand, etc.)
may have a great influence on the related environmental hazards (e.g. leaching of acidity) and
their spatial variability at the extent of a field.

The present study aims at developing an efficient and reliable method for the detailed predictive
mapping of acid sulfate soil occurrence. Different machine learning approaches will be assessed over
a field located in western Finland, using soil observations and various environmental predictors
(Quaternary geology maps, EM data collected from a DUALEM proximal sensor, and remote
sensing data, such as airborne gamma-radiometric data, a LiDAR-based Digital Elevation Model
and different terrain parameters derived from it).

Preliminary results show that soil texture variation could not be identified since fine-grained
sediments homogeneously cover the study area. An inversion software called Aarhus Workbench
(Auken et al., 2015) was also applied to create 2-D models of EC from the measured ECa. These
EC models could enable detecting the transition zone, which represents the most acidic layer
overlying the reduced parent sediment horizon (i.e. the sulfide reservoir with a high acidifying
potential). This information appears as critical in the management of environmental risks related
to acid sulfate soils.

Auken, E., Christiansen, A. V., Fiandaca, G., Schamper, C., Behroozmand, A. A., Binley, A.,
Nielsen, E., Effersg, F., Christensen, N. B., Sgrensen, K. 1., Foged, N., and Vignoli, G., 2015. An
overview of a highly versatile forward and stable inverse algorithm for airborne, ground-based and
borehole electromagnetic and electric data. Exploration Geophysics, 2015, 223-235.

Beucher, A., Siemssen, R., Fr6jdo, S., Osterholm, P., Martinkauppi, A., Edén, P., 2015. Artifi-
cial neural network for mapping and characterization of acid sulfate soil: Application to Sirppujoki
River catchment, southwestern Finland. Geoderma 247-248, 38-50.
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Releasing acidity and metals into watercourses, acid sulfate soils represent a critical environ-
mental problem worldwide. Identifying the spatial distribution of these soils enables to target the
strategic areas for risk management.

In Denmark, the occurrence of acid sulfate soils was first studied during the 1980’s through
conventional mapping (i.e. soil sampling and the subsequent determination of pH at the time of
sampling and after incubation, the pyrite content and the acid-neutralizing capacity). Since acid
sulfate soils mostly occur in wetlands, the survey specifically targeted these areas.

Recently, a digital soil mapping approach was assessed to create a predictive map for potential
acid sulfate soil occurrence in the wetlands of Jutland (c. 6500 km?; Beucher et al., 2016). An
Artificial Neural Networks method was applied using 8000 soil observations and 16 environmental
variables, including geology, landscape type and terrain parameters.

Visible-Near-Infrared (Vis-NIR) spectroscopy constitutes a rapid and cheap alternative to soil
analysis, and was successfully utilized for the prediction of soil chemical, physical and biological
properties. In particular, the Vis-NIR spectra contain diagnostic features for hydroxides, clay
minerals, iron oxides and iron sulfates which are typically present in acid sulfate soils (Shi et
al., 2014). Soil spectroscopy may thus efficiently supplement the mapping of acid sulfate soil
occurrence.

The present study aims at predicting acid sulfate soil occurrence in the Skjern River catchment
(c. 2500 km?). Different machine learning approaches will be assessed using soil and environmental
data, together with laboratory Vis-NIR spectral data available for the study area. Absorbance
values (400-2500 nm) were measured for 600 soil samples with a DS2500 instrument (Peng et
al., 2015). The spectral data were summarized using principal component analysis (PCA). The
first two principal components (PC) explained 99% of the variability in the spectra. Kriging was
applied to upgrade PC scores information from point to image scale for further use within the acid
sulfate soil occurrence modelling.

Beucher, A., Adhikari, K., Madsen-Breuning, H., Greve, M.B., Osterholm, P., Fr&jds, S.,
Jensen N.H., Greve, M.H., 2016. Mapping acid sulfate soils in Denmark using legacy data and
LiDAR-based derivatives. Emerging frontiers in Pedometrics. Special Issue, Geoderma. In press.

Peng, Y., Xiong, X., Adhikari, K., Knadel, M., Grunwald, M., Greve, M.H., 2015. Modeling
soil organic carbon at regional scale by combining multi-spectral images with laboratory spectra.
PLoS ONE 10 (11).

Shi, X.Z., Aspandiar, M., Oldmeadow, D., 2014. Reflectance spectral characterization and
mineralogy of acid sulphate soil in subsurface using hyperspectral data. International Journal of
Sediment Research 29, 149-158.

keywords: Acid sulfate soils, Digital soil mapping, Vis-NIR spectroscopy

37
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Soil moisture is a key property for managing and modelling our environment for many end users
from hydrologist to farmers to climatologists. Due to its importance there are multiple approaches
being used to estimate or measure it in the field. Examples include direct measurements with soil
moisture probes and radar estimates of soil moisture. Each has their advantages and disadvantages
and for the most part these are related to the spatial support over which the measurements are
made. In this work we define the spatial support as the vertical and horizontal area over which the
estimate is made. In the case of soil moisture probes we effectively have a point horizontal support
as in most cases the measurement volume is quite small, and in most cases sensors are arrayed
vertically giving discrete point measurements throughout the soil profile. In terms of mapping soil
moisture, probes are generally sparse in density. Radar estimates of soil moisture offer full spatial
coverage and have a horizontal support of 250m and up to 20-40 km, however their vertical support
is the first few cms of the soil profile. Other types of measurements are also available, e.g. cosmic
ray probes which has a horizontal support of 250 m and vertical support of ~0.3-0.6 m. The issue
is then how to use all of different types of soil moisture data in one model while accounting for
their varying spatial supports.

To achieve this we present an approach which allows estimates of model parameters for datasets
where observations have different spatially supports, and subsequent prediction with this data at
any support vertically and horizontally. The approach is based on area-to-point kriging with
residual maximum likelihood estimation of model parameters. We use 2 case studies with different
soil moisture data streams. These include point measurements from soil moisture probes, remotely-
sensed radar estimates, measurements from cosmic ray probes and whole-profile estimate of soil
moisture from a water balance model.

keywords: spatial support, linear mixed models, soil moisture
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Joint multifractal analysis of the influence of topography and soil
texture on soil water storage

Asim Biswas — University of Guelph, Canada

Multifractal analysis describes the variability and heterogeneity in the distribution of a variable
by characterizing and summarizing the variability across scales. Joint multifractal analysis has been
widely employed to characterize scale relationships between two variables co-existing along a single
geometric support. In this study, the joint multifractal analysis was carried out for three variables
coexisting in the same geometric support in order to describe the influence of topography (relative
elevation) and soil texture (sand content) on water storage within the soil profile. Soil water
storage was measured down to 1.4 m depth along a transect of 576 m long from the hummocky
landscape of central Saskatchewan, Canada along with sand content and relative elevation. Joint
multifractal analysis was conducted considering both the strange attractor formalism and the
method of moments. The variability in soil water storage, sand content and relative elevation
were scale dependent. The spatial variability in relative elevation was strongly reflected on water
storage across analyzed spatial scales but the joint multifractal spectrum for sand content and water
storage suggested a lower degree of correlation. The change in multifractality was also observed
when both relative elevation and texture varied highly. This clearly demonstrated the capability of
joint multifractal analysis to completely characterize the scaling behavior among three variables.

keywords: scaling, joint multifractal, three factors, soil water storage, topography, soil texture,
geometric support
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Multitemporal Soil Pattern Analysis for Organic Matter Estima-
tion on Arable Fields using Multispectral Satellite Data
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Due to the high socioeconomic and ecological relevance of soils, qualitative and quantitative
soil data at multiple scales are urgently required for land and resource management, soil protection
strategies, and more specific tasks in precision agriculture. For precision agriculture, soil data at
multiple scales is important to help optimise farm inputs. Therefore, remote sensing data analysis
can provide innovative, inexpensive and rapid tools for soil property prediction.

High-temporal, high-spatial resolution multispectral satellite imagery and time series offer great
potential for soil information extraction, soil patterns derivation, mapping of potential site-specific
management zones and soil surface units. The common problem with a single satellite image
is the existence of heterogeneous spatial reflectance patterns associated with different land uses
and vegetation conditions. This means static soil reflectance patterns persist aside from temporal
patterns caused by crop types, vegetation phenology and field management practices. To reduce
the disturbance of the temporal patterns, a Multitemporal Soil Pattern Analysis (MSPA) method
for soil organic matter (OM) prediction using RapidEye time series has been developed and applied
to German production fields. The method transferability was tested within the same soil landscape,
showing a generally low prediction error (RMSE: 0.3 OM-%).

We present the MSPA method, which makes it possible to i) separate the static soil pattern
from the temporal pattern, ii) identify most suitable bare soil images, and iii) evaluate the spa-
tiotemporal variability of the soil reflectance pattern. This enables the generation of functional
soil maps based on stable soil reflectance pattern at the field and the multiple-field landscape
scale. The method consists basically of following steps: (1) selection of best suitable datasets (bare
soil images) out of satellite time-series using automated classification based on NDVT thresholds;
(2) soil reflectance pattern detection using standardised principal component analysis; (3) evalua-
tion of spatiotemporal soil pattern stability using statistical per-pixel analysis; (4) functional soil
mapping based on statistical analysis and stepwise exclusion of temporal effects. To enhance the
operability of the MSPA approach, a further development is needed from a RapidEye-sensor inde-
pendent approach to a hybrid method capable of utilising imagery from multiple satellite imaging
sensors, such as RapidEye, Gaofen-2 and Sentinel-2. Furthermore, the MSPA method applicability
to diverse soil landscapes is being studied on different geographical regions in China and the UK
with greatly varying a) soil landscape genesis, b) climatic conditions, and ¢) cropping systems.
Results from these studies will be presented.

keywords: Precision agriculture, Multitemporal analysis, Reflectance Pattern, Bare soil, Soil
organic matter, Remote sensing, Sentinel-2, RapidFEye, Gaofen-2
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Spectral mixing for vis-NIR diffuse reflectance spectroscopy
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Diffuse reflectance spectroscopy has been widely used for rapid prediction of different soil prop-
erties. Nowadays soil spectra and corresponding reference soil properties can be accessed from
global spectral libraries. However, to ensure accurate predictions at local scale, local data need
to be incorporated into the model. To reduce the effort of acquiring local data, we suggest to
use spectral mixing and to generate synthetic spectra. Those spectra can be used additionally to
actually measured local spectra to increase the weight of local information. We use the Synthetic
Minority Oversampling Technique (SMOTE) originally introduced by Chawla et al. (J. artif. in-
tell. res., 2002, 16, 321-357) for classification problems and further developed by Torgo et al.
(Progress in Artificial Intelligence, Springer, 2013, 378-389) for regression. SMOTE linearly mixes
two soil spectra and calculates reference soil properties by a weighted average. We conducted a
laboratory study to evaluate whether this method is suitable to generate useful synthetic spectra
with accurate reference soil properties. Therefore, we mixed different soil samples with known
reference carbon content and measured the spectral reflectance of the mixed soil samples. We
generated synthetic spectra with the same mixing ratio to compare with the measured ones. Our
first results show that SMOTE with its linear mixing assumption can indeed be used to produce
synthetic spectra. However, their quality varies according to the similarity of original spectra
and the mixing proportion. We present the results from our laboratory study and show how the
synthetic spectra can be used for modelling of soil organic carbon.

keywords: vis-NIR spectroscopy, soil organic carbon, spectral mizing
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Developing methods for the predictive mapping of the potential environmental impact from acid
sulfate soils is important because recent studies (e.g. Mattbéck et al., under revision) have shown
that the environmental hazards (e.g. leaching of acidity) related to acid sulfate soils vary depending
on their texture (clay, silt, sand etc.). Moreover, acidity correlates, not only with the sulfur
content, but also with the electrical conductivity (EC) measured after incubation. Electromagnetic
induction (EMI) data collected from an EM38 proximal sensor also enabled the detailed mapping
of acid sulfate soils over a field (Huang et al., 2014).

This study aims at assessing the use of EMI data for the predictive mapping of the acidifying
potential in an acid sulfate soil area in western Finland. Different supervised classification mod-
elling techniques, such as Artificial Neural Networks (Beucher et al., 2015), will also be evaluated
to generate predictive maps.

In the study area, an EMI-survey using a DUALEM proximal sensor was carried out during
the autumn of 2016. The collected apparent soil electrical conductivity (ECa) measurements were
interpolated using ordinary kriging. An inversion software called Aarhus Workbench (Auken et al.,
2015) was used to create 2-D models of EC from the measured ECa. An unsupervised classification
method was applied on the interpolated ECa map and LiDAR-based elevation data to partition
the study area into homogeneous units. A soil sampling scheme was carried out based on this
information, samples being taken from each unit.

From every sampling site, five soil cores were taken down to two meters depth with a manually
operated soil corer; one primary soil core in the middle and four soil cores distributed evenly
around the primary soil core. The primary soil core was used for detailed characterization of
soil properties (grain size, structure, texture, field-pH, oxidation depth, ground water level) and
acidifying potential (incubation-pH and titratable incubation acidity) whereas the four other cores
were used for checking the soil variability. Soil observations from the primary cores are used as
calibration and validation data within the modelling.

In addition to the EMI data, the present study relies on other environmental predictors: Quater-
nary geology maps and remote sensing data, such as airborne gamma-radiometric data, a LiDAR-
based Digital Elevation Model (DEM), and different land surface parameters derived from this
DEM (e.g. slope gradient, distance to channel network, flow accumulation and wetness index).

Preliminary results show that the acidifying potential is generally high and that it varies within
the soil cores. The interpolated ECa map and EC models both appear to indicate the field drainage
system. EC models could also enable detecting the transition zone, which constitutes the most
acidic layer overlying the anoxic horizon (i.e. the sulfidic parent material with a high acidifying po-
tential). Additionally, soil texture variation could not be identified because fine-grained sediments
homogeneously covered the study area.

Auken, E., Christiansen, A. V., Fiandaca, G., Schamper, C., Behroozmand, A. A., Binley, A.,
Nielsen, E., Effersg, F., Christensen, N. B., Sgrensen, K. I., Foged, N., Vignoli, G., 2015. An
overview of a highly versatile forward and stable inverse algorithm for airborne, ground-based and
borehole electromagnetic and electric data. Exploration Geophysics, 2015, 223-235.

Beucher, A., Siemssen, R., Fr6jds, S., Osterholm, P., Martinkauppi, A., Edén, P., 2015. Artifi-
cial neural network for mapping and characterization of acid sulfate soil: Application to Sirppujoki
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River catchment, southwestern Finland. Geoderma 247-248, pp 38-50.
Huang, J., Nhan, T., Wong, V.N.L., Johnston, S.G., Murray Lark R., Triantafilis, J., 2014.
Digital Soil Mapping of a coastal acid sulfate soil landscape. Soil Research 52, 327-339.
Mattbick, S., Boman, A., Osterholm, P. Hydrogeochemical impact of coarse-grained post-
glacial acid sulfate soil materials. Under revision in Geoderma.
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Can soil spatial prediction models from different areas be similar?

Lubos Boruvka — Czech University of Life Sciences Prague, Czech Republic
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Vit Penizek — Czech University of Life Sciences Prague, Czech Republic
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Jakub Houska — Czech University of Life Sciences Prague, Czech Republic

Spatial prediction of soil properties in various scales is necessary for numerous applications and
assessment. There is a vast number of prediction models in digital soil mapping differing in their
complexity, target soil properties, structure of auxiliary data, resolution etc. This is caused both
by available data and by different natural conditions. This contribution aims in an assessment of
differences between soil spatial prediction models based on the same structure of input data, but
developed for different regions.

Models for spatial prediction of soil organic matter (SOM) and clay content in soils were sep-
arately developed for three different districts of the Czech Republic, namely (i) Rychnov nad
Knéznou, ranging from flat area on the west to mountainous regions on the east, with expected
principal influence of topography, (i) Litoméfice, characterized by variable geology, and (iii) T4~
bor, with variable topography combined with frequent hydromorphic conditions. Available legacy
soil data were used, supported by all possible primary and secondary relief parameters (altitude,
slope, aspect, horizontal and vertical curvature, contributing area, topographic wetness index,
etc.), land use from the CORINE (COoRdination of INformation on the Environment) database,
and information from geological maps. Several model types were applied, including regression
trees, random forests, multivariate adaptive regression splines, artificial neural networks, and geo-
statistics. The output of the models were tested by leave-one-out cross validation, as well as on an
independent validation dataset.

The models built in different regions, though generally similar, differed particularly in the
selection, importance and weight of individual environmental covariates, confirming thus different
role of individual soil forming factors in different conditions. An attempt to combine the models to
obtain a more universal prediction less dependent on the particular region was done. The combined
models will be further tested on larger areas.

keywords: digital soil mapping, spatial prediction, auxiliary data, environmental covariates
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Thermal remote sensing for digital soil mapping

Colby Brungard — New Mexico State University, USA
Nathan Lopez-Brody — New Mexico State University, USA

Incoming solar radiation reaching the earth’s surface is reflected, absorbed, or transmitted.
Reflected visible-near Infrared solar radiation has been extensively used to derive environmental
covariates for digital soil mapping. Remote sensing which measures energy emitted in the mid-,
and thermal-infrared range (i.e., thermal remote sensing) may be useful as a digital soil mapping
covariate, but this has been little explored. We investigate the utility of thermal remote sensing for
deriving covariates for digital soil mapping. We first briefly discuss challenges and opportunities
in acquiring thermal remote sensing imagery and review how thermal imagery can be transformed
into physically-based covariates. We then demonstrate the use of land surface temperature and
thermal inertia derived from thermal remote sensing as physically-based covariates for modeling
soil depth in a semi-arid environment.

keywords: Thermal Remote Sensing, Digital Soil Mapping, Soil Depth
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Optimal stratification for validation of digital soil maps

Dick Brus — WUR, Biometris, Netherlands

Lin Yang — 1State Key Laboratory of Resources and Environment Information System, Institute
of Geographical Sciences and Resources Research, Chinese Academy of Sciences, China

A-Xing Zhu — Key Laboratory of Virtual Geographic Environment, Nanjing Normal University,
China

The quality of soil maps can best be estimated by collecting additional data at locations selected
by probability sampling. The data can be used in design-based estimation of map quality measures
such as the spatial mean of the squared prediction errors (MSE). In areas with large differences
in accessibility it can be attractive to account for these differences in selecting sampling locations.
Sampling at lower densities in remote areas may increase the sampling efficiency. One of the
options is stratified random sampling. We consider the situation where no ancillary point-specific
information is available on the prediction errors. A novel method is presented that can be used
to construct optimal strata using an estimate of the point-specific sampling costs. The optimal
strata are constructed for optimal allocation of the total sample size to the strata, assuming a
constant variance of the prediction errors within the strata. The minimization criterion is the
sum of the variance of the estimated MSE and a penalty term. This penalty term equals 0 when
the expected total costs are less than or equal to the available budget, and is proportional to
the difference between expected total costs and the available budget otherwise. The stratum
boundaries and the total sample size are optimized by simulated annealing. A sequence of vectors
with stratum boundaries (cost values) and of sample sizes is generated. For the vector with stratum
boundaries this is done by selecting randomly one stratum boundary and replacing this boundary
by a randomly selected new boundary within the interval defined by the neighbours of the selected
stratum boundary. The stratification method is tested in a simulation study and a real-world
case study in Anhui, PR China. In the simulation study the point-specific costs are simulated
by drawing from an exponential distribution with rate parameter 0.1. The simulated costs were
multiplied by a constant (1, 5 and 10) to obtain cost distributions with different variances, and
a constant was added (5, 10 and 50) representing fixed sampling costs. In the case study a map
of the accessibility costs, modelled as a function of hiking costs and car travel costs, is used. The
proposed optimization method gave plausible results in limited computing time (< 1 minute). We
aim at extending the method so that prior knowledge about the prediction error, e.g. in terms of
prediction error variances, is exploited in the optimal stratification.

keywords: probability sampling, design-based estimation, mean squared error, accessibility, sam-
pling costs, stimulated annealing
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Spatial modeling of geomorphometric variables for natural hazard
valuation to desertification in tropical zones
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This work aimed to generate a spatial model to estimate the natural hazard to desertification
in tropical areas, using geomorphometric variables, used as hazard indicators for the desertification
process. The selected geomorphometric attributes are obtained from the digital elevation model
(DEM), and correspond to relief indicators showing trends of degradation, gratification and hy-
drological modeling of the landscape, associated to flows such as runoff, erosion, sedimentation,
accumulation of materials and surface wetness. The calibration of the model was performed in
the Amaime river basin in the Valle del Cauca department (Colombia - South America) from the
STRM (Shuttle Radar Topography Mission) with a spatial resolution of 30 m. The attributes:
slope, curvature (horizontal and vertical), topographic wetness index (TWI) and factor length-
slope (L-S) were calculated. The data were processed using the algorithms of SAGA 2.0.8 (System
for Automated Geoscientific Analyzes, University of Gottingen, Germany) for the calculation of the
geomorphometric parameters and hydrological modeling. The results were graded using indicators
tables elaborated in this research, with the assignment of dimensionless values to pre-established
ranges and categories, regarding the degree of participation in the causes or processes of degradation
and desertification. The calibration allowed to establish that the spatial modeling of geomorpho-
metric indicators identifies and groups areas with similar level of geomorphometric hazard that
forms part of the natural hazard that causes desertification processes in tropical zones. For the
Amaime river basin, the natural hazard is conditioned by the expression of the topographic at-
tributes in the different relief units. Areas with a high geomorphometric hazard occupy 44.8% of
the area and comprise piedmont and mountain positions, where slopes ranging from slightly to
strongly steep (> 25%) predominate. As a consequence, with the slope predominating the slope
length and inclination factor length-slope (L-S) is classified as medium to high, a condition found
mainly on hillsides and mountain tops, where the loss of materials and moisture may be greater
Magnitude favoring processes of degradation. 36.8% of the basin (38,457 ha) has a low hazard
level, and correspond to sectors of deposit of materials and humidity located in the flat part and
in smaller area between the valleys of the broken zone.

keywords: DEM, Land degradation, Hazard, Geomorphometric
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Use of drone high resolution images to quantify soil erosion

Stéphane Burgos — Bern University of Applied Sciences, School of Agricultural, Forest and Food
Sciences HAFL, Switzerland
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Precision agriculture has recently experienced substantial development and provides new man-
agement tools for the farmer and for soil protection. Here we present a case study that demonstrates
the potential of remote sensing using drone as a new tool for sustainable agriculture. Aerial images
were taken by a drone and for each flight an orthophoto and a digital surface model (DSM) were
obtained. A digital terrain model (DTM) was then computed based on the DSM. These two models
enable to compute a differential depth model (DDM) allowing the calculation of the eroded volume
on open land. This DDM also enables automatic detection of erosion gullies based on the resulting
depth difference. In this study, we show that such methods based on new technologies constitute
useful tools for the farmer. The use of these different models, coupled to the RGB images enable
(i) to understand the water flows on open land thanks to the DSM and (ii) to improve agriculture
sustainability by differentiating cultural practices leading to increased erosion in a given place
from those limiting the erosion risk. Moreover, such results also allow understanding the spatial
causes of erosion (roads, plought rills). Adequate management measures can then be taken on the
catchment scale in order to limit the loss of soil, which can be regarded as an almost non-renewable
resource, considering that it takes one century to build one centimetre of soil.

keywords: Drone, erosion, high resolution images, detection, GIS
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Predicting Scottish soil properties using X-ray powder diffraction

Benjamin Butler — The James Hutton Institute, United Kingdom
Stephen Hillier — The James Hutton Institute, United Kingdom

The terrestrial environment, and its human exploitation, both depend on the ability of soil
to perform key functions. Well-functioning soils sustain ecosystems and are vital to life in the
Earth’s critical zone. As demands placed on soil increase, there is a pressing need for its sustain-
able management, a prerequisite of which is up-to-date soil information. In recent years the use of
spectroscopic techniques as a rapid, cost-effective and reproducible measure of multiple soil proper-
ties has gathered momentum. Such ‘digital’ approaches can reduce the cost of soil mapping by an
order of magnitude compared to conventional surveying, therefore their application to monitoring
soil over greater spatial and temporal resolutions is particularly valuable.

In contrast to spectroscopic techniques, the application of X-ray powder diffraction (XRPD) to
the prediction of soil properties has yet to be realised. The use of XRPD in soil analysis is typically
associated with identification and quantification of the crystalline mineralogy from the diffracted
signal, whilst there is also a diffuse background signal related to amorphous constituents. The
combination of crystalline and amorphous information in each soil diffractogram can be utilised in
the same way that visible and infra-red spectra have been used to produce predictive models of
soil properties.

Here, XRPD was used to measure 1,246 Scottish soil samples taken from an objective 20 km
surveying grid used for the National Soil Inventory of Scotland. Organic soil horizons were excluded
for this investigation, leaving 844 mineral soil samples. Cubist, a machine learning algorithm, was
then used to develop calibrations for the prediction of 8 soil properties (total carbon, total nitrogen,
pHH2O, cation exchange capacity, aqua-regia extractable potassium, and the sand, silt and clay
size fractions) from the XRPD measurements. Data were separated into calibration (75%) and test
(25%) sets by random sampling. Upon applying the calibration models to the test sets, the R2
of the Cubist predictions (compared to laboratory measurements) ranged from 0.51 (pHH20) to
0.91 (carbon). For direct comparison, Cubist models were also computed for the same soil samples
measured using near infra-red spectroscopy (NIRS). Evaluation of both calibration models shows
the use of XRPD to outperform NIRS (higher R2, lower root-mean-square error) for the prediction
of all tested soil properties except for pHH20O and base saturation. The results ultimately highlight
the potential for XRPD to be used for the prediction of soil properties, and also in developing our
understanding of soil property — mineralogy relationships.

keywords: Soil mineralogy, Soil properties, Data mining, X-ray powder diffraction
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Digital Soil Mapping of soil properties across GB: case studies
from Scotland and England
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Soil data harmonisation is a prerequisite for digitally mapping soils across Great Britain (GB)
as, historically, soils data were collected by two separate survey organisations operating in Scotland
and in England and Wales. It is therefore fundamental to firstly create a unified dataset of soil
properties prior to developing models to predict those properties across GB. After investigation of
the laboratory and sampling methods across Scotland and England and Wales, a dataset of key
soil chemical and physical properties was derived. This study focusses on the depth distribution
of these soil properties in two test areas: north eastern Midland Valley in Scotland and western
England for six standard depth intervals specified in the GlobalSoilMap project (0-5, 5-15, 15-
30, 30-60, 60-100, 100-200cm). The depth function of these soil properties was modelled using a
mass preserving spline and predictions of soil property values across the areas were trained using
Multivariate Adaptive Regression Splines (MARS) which were then deployed to the test areas.
The model used a range of environmental covariates, based on the SCORPAN model (McBratney,
2003) and maps were generated at a resolution of 100m cells. The results for each soil property
at their specific depths are presented. The models performed well in these areas though they had
different covariates. Further work is needed to investigate whether these models can be developed
and applied to the whole of GB.

keywords: data harmonisation, Great Britain, Soil properties, GlobalSoilMap, Multivariate Adap-
tive Regressive Splines (MARS)
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A routine chemometrics approach to estimate soil organic carbon
in croplands exploiting LUCAS topsoil database.

Fabio Castaldi — UCL, Belgium
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The importance of spectroscopy for the quantification of the soil organic carbon (SOC) con-
tent and other soil properties is reflected by the increasing number of large soil spectral libraries
collected in the world. In this regard, we tested two different routine chemometrics approaches
to estimate SOC in three local spectral libraries (Belgian loam belt, Wallonia and Luxembourg),
without the need for chemical laboratory analyses. In the first approach we used a regional library
(REQUASUD) collected within the Wallonia region (Belgium) and currently used for routine soil
fertility analysis, while the second approach is based on a standardized multivariate model exploit-
ing the European topsoil database (LUCAS) in order to predict soil properties in a comparable
manner across Europe.

In the light of the huge variability of the spectral responses to SOC content and composition,
a rigorous classification process is necessary to subset large spectral libraries and to avoid the
calibration of global models failing to predict local variation in SOC content. In this regard, the
LUCAS topsoil database was subset into seven soil classes using a clustering analysis based on a
large number of soil properties. Consequently, the samples belonging to each class were used to
calibrate specific partial least square regression (PLSR) models to estimate SOC content in the
three local libraries.

The REQUASUD library provided a satisfactory overall accuracy: RMSE is 4.6 g kg=! and
the RPD 2.10. However, the accuracy reached by REQUASUD model is lower than that obtained
using the LUCAS dataset, except for Belgian loam belt, where the statistics were identical.

Using the LUCAS database, SOC was estimated with a good accuracy both within each local
library (RMSE: 1.2 + 5.4 g kg=!; RPD: 1.41 + 2.06) and for the samples of the three libraries
together (RMSE: 3.9 g kg=!; RPD: 2.47). The use of LUCAS database could improve the estima-
tion accuracy provided by a regional model, allowing, in theory, to estimate SOC everywhere in
European croplands according with a uniform approach.

keywords: Soil organic carbon, Spectral library, Croplands, LUCAS topsoil database, chemomet-
rics
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Integration of GPR measurements with sparse textural data for
characterizing forest soils: an application of data fusion in south-
ern ltaly (Calabria)
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Geophysical sensors, coupled with traditional laboratory analyses, are useful to study soil prop-
erties over large areas with fine spatial resolution. The study was aimed to evaluate the potential
of ground penetrating radar (GPR) to characterize forest soils of a catchment in southern Italy
(Calabria). The catchment (139 ha) is located in the Sila Massif at a mean elevation of 1130 m
a.s.l. and mainly covered by Calabrian pine. Chestnut and crops also occur. The bedrock consists
of weathered Paleozoic granodiorithic rocks whereas terraced Holocene sands crop out in the east-
ern sector of the catchment. The soils are classified as Typic Xerumbrepts and Ultic Haploxeralf
(USDA).

GPR data were collected with a monostatic system with a central frequency of 250MHz (Noggin
Sensors & Software Inc, Mississauga, Ontario, Canada), using a global positioning system (GPS)
device for recording profile location. The data were processed to enhance the signal to noise ratio
and corrected to compensate for changes in surface elevation, and depth conversion. Temporal
amplitude maps (time slices) were transformed to depth maps by using the estimated velocity of
radar wave propagation of 9.3 cm/ns. In addition, 140 soil samples were collected up to 0.20-m
depth and analysed in laboratory for soil texture. A multivariate data fusion geostatistical approach
was used to map the GPR signal amplitude over the whole catchment up to the soil depth surveyed
by GPR using a local DEM of 5-m scale resolution and texture as auxiliary information.

Preliminary results showed higher attenuation values of GPR signals near the valley sides and
where colluvial soils with higher clay content occur, intermediate attenuation in the shallow soils
near the water divide, whereas higher amplitude of GPR signal resulted where loose sandy soils
crop out. The spatial relation was inverted at the deeper depths. The work demonstrates the
potential of non-invasive geophysical method for forest soil characterization and the issue is worth
being investigated further.

keywords: Data fusion, Geostatistics, Forest soil, Ground penetrating radar, Bonis catchment
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Determination of naturally occurring concentrations of trace ele-
ments in New Zealand soils
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In the last decade, largely due to legislative imperatives, there has been a substantial effort
placed in determining the ambient background concentrations of various soil trace elements for
managing land, especially in Europe. These studies have typically involved large-scale system-
atic sampling efforts, with detailed data analysis using spatial techniques. In New Zealand no
similar studies have been conducted, although there are regulatory requirements for knowledge
of background concentrations of naturally occurring elements for the purposes of managing land.
Previous New Zealand studies on background soil concentrations have been undertaken at regional
levels and have used different pedological and geological groupings to define background concen-
trations, which does not allow for the assessment of inter-regional similarities and differences in
concentrations and the factors influencing these. This in turn, limits the ability to predict likely
concentrations in locations for which no data is available. We note that there are numerous terms
used to define the ‘background’ concentrations of soil trace elements, which are often used inter-
changeably or defined differently in different contexts.

To fill this data gap, we collated existing data from Regional Council soil quality monitoring
programmes, regional background soil studies, and one regional grid-based sampling programme.
This yielded highly clustered regional data with varying land use across New Zealand. The site-
based trace element data was complemented with data from three GIS-based polygon spatial
databases that regionally and/or nationally delineate areas interpreted to have distinct common
pedological and/or geological properties. Specific parameters were extracted from these databases
to provide some assessment of the geological origins of the soil, since the underlying geology is
generally regarded as a major contributor to the geochemical signals in soils and surficial material.
The range of trace elements varied greatly between regions, but our analysis was limited to arsenic,
cadmium, chromium, copper, lead, nickel, and zinc.

Land-use effects were evident for most trace elements considered, with the effects observed
differing for the individual trace elements. Spatial correlation was evident, due to the clustered
nature of the samples, and the predicted spatial concentration distributions of log-concentration
were formed using a Generalised Least Squares model. A rock-group based parameter was found
to provide the best fit and was used to generate predicted background concentration distribu-
tion. These predictions provide a first-pass estimate of trace element background concentrations
across most of New Zealand with data available at https://Iris.scinfo.org.nz/ to facilitate usage by
consultants and regulators.

keywords: Soil trace elements, Background concentrations, Spatial models
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Successful agricultural crop production is highly dependent on the soil nutrient status and
configuration. However, the spatial distribution of most soil parameters has been mapped only
to a limited extent in Zambia. This entails that the country depends on global estimates of soil
parameters for various applications. This study was carried to map the spatial distribution of
soil organic carbon (SOC), phosphorus and acidity. The study was based on 1715 geocoded field
data points across Zambia at which soil samples were collected. The soil samples were analysed
for oxidizable carbon using the Walkley-Black procedure. The soil reaction (pH) was determined
by the electrometric method while the available phosphorus (P) was determined by the Bray and
Kurtz 1 method. Ordinary kriging (OK) was applied to model the spatial distribution of available
P and soil pH with spherical variograms. Given that the data points were sparsely distributed
across the entire country, OK was selected as the method of interpolation since there was adequate
data for computation of variograms. Results indicated that there was a variation in the spatial
distribution of available P, SOC and soil pH across the country. The average standard error was
0.5660 which was approximately equal to the RMSE of 0.5644 in the OK model used to map soil
pH, and the RMSE standardized close to one (1). This means that the predicted soil acidity map
was correctly assessing the variability of soil pH across the country. In the case of SOC which
was mapped with IDW, the mean prediction error was -0.0035 indicating that the predictions were
not biased. However, the prediction errors in the OK model for soil P were very large with the
RMSE standardized of 0.7 indicating that the model used was underestimating the variability of P
at locations that were not sampled. Therefore the SOC and soil pH maps could be used to guide
management strategies for soil acidity and SOC. The map for soil P can be used to refine sampling
strategy so as to improve its reliability.

keywords: spatial variability, soil pH, Soil organic carbon, available phosphorus

54



A Method Research on Digital Soil Mapping Using ES-RS-GIS in
Semi-arid Sandy Land: A Case Study of Horqin Left Back Banner
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Abstract: The digital soil mapping (DSM) has been one of the hottest issues in soil science,
while the conventional soil survey mapping need a lot of manpower and material resources. DSM is
based on the relationship of soil and landscape. This study explored methods for DSM in semi-arid
sandy area, taking into consideration pedogenesis and soil distribution. Horqin Left Back Banner,
located in Inner Mongolia, is a typical semi-arid sandy area. The distribution of soil types is mainly
determined by terrain in the county as climate and parent material are consistent. For example,
Swamp soil is around lakes, Meadow soil is in periphery of the lake and between dunes. With
the high salinity of groundwater, Meadow soil develops into Saline-alkali soil. Because Swamp
soil, Meadow soil and Saline-alkali soil are subject to the impact of groundwater, soil moisture is
high. Aeolian sandy soil is in the upper part of dune without the impact of groundwater and has
the largest distribution in Horqin Left Back Banner. According to vegetation coverage and soil
fixed condition, Aeolian sandy soil can be divided into shifting, semi-fixed and fixed. Although
the terrain is the mainly controlling feature, it is difficult to use DSM to obtain soil map without
high precision terrain date. The remote sensing data is sensitive to soil moisture and vegetation
coverage; therefore, we took a new remote sensing data analysis as DSM with the knowledge of
soil genetic characteristics and distribution in this study. Swamp soil was interpreted according
to drought condition in springtime. Meadow soil and Saline-alkali soil were classified in terms
of reflectance of image. Shifting, Semi-fixed and Fixed aeolian sandy soils were distinguished by
vegetation coverage in summer when the vegetation growth was well in one year. Based on ES,
GIS and RS, DSM results were as follows: Aeolian sandy soil, Meadow soil, Swamp soil and Saline-
alkali soils take percentages of 83.29%, 15.68%, 0.49% and 0.54%. In Aeolian sandy soil, Shifting,
Semi-fixed and Fixed aeolian sandy soil take percentage of 0.62%, 19.47% and 79.91%.

keywords: Semi-arid region, Soil genetic classification, Digital soil mapping
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The need for rapid and inexpensive techniques for high-resolution soil information has led to
improvements over traditional methods, and in particular those based on visible near-infrared
(vis—NIR) spectroscopy. While vis—NIR has been used for soil classification for some preliminary
studies, how to combine spectral information from soil profiles remains a substantial challenge.
This study was undertaken to investigate the potential of vis—NIR to discriminate soil classes on
profiles containing various soil horizons.

We took 130 soil profiles at Zhejiang province, of which were classified in the field at suborder
level according to Chinese Soil Taxonomy (5 soil orders and 10 suborders). Subsoil samples were
taken by diagnosis layers (A, B and C). Support vector machine (SVM) algorithm was used to
determine the soil classes, by analyzing quantitatively their diffuse reflectance spectra in the vis—
NIR range. For SVM is a binary classification algorithm, the qualitative analysis was conducted by
combining the votes of each sample from the same profile and the class got most votes in one profile
was defined as their predicted soil class. Readily available variables (soil color) and well-predicted
properties (soil organic matter, soil texture and pH) using vis-NIR spectra were added as auxiliary
information.

Using synthesized model (spectra plus auxiliary soil information), SVM produced better clas-
sification performances at soil order level and suborder level (accuracy were 68.29% and 63.51%
respectively) than spectra independently (accuracy were 60.69% and 58.54% respectively). They
suggest that vis—NIR spectroscopy combining votes gained from SVM could make an essential
contribution to the identification of soil classes in an effective approach of soil classification even
when profiles contain various soil horizons.

keywords: Soil Classification, Multi-horizontal Profiles, Vis-NIR spectroscopy
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Diffuse reflectance spectroscopy (DRS) is a multi-collinear, multivariate problem that attempts
to relate the reflectance response of a soil sample to its measured properties. Partial least squares
regression remains the default and most reliable parametric method for prediction of published soil
DRS studies. However, this method has drawbacks in that all bands included contribute to the
final model. While the number of bands used can be reduced by using known absorption regions, it
is difficult to know a priori which bands are related to the target property, as there can be complex
interactions between minerals, organic matter, and particle size. The problem then becomes how
to reduce the number of variables while simultaneously improving results.

To address this issue, new methods from the field of genomics, that deal with very high di-
mensional multi-collinear datasets, were evaluated for application in soil DRS modeling. The first
method, sparse partial least squares regression (SPLSR), is an extension of PLSR that imposes
sparsity on the dimension reduction step of PLSR so that at each step of the algorithm, it searches
for relevant variables through optimization of direction vectors. Sparsity is imposed by a threshold-
ing parameter, which must be tuned by cross-validation along with the number of latent variables.
The second method, heteroscedastic effects model (HEM), is an extension of ridge regression. Like
genomics, chemometrics is interested in retaining variables that are relevant, however weak they
may be. Similar to ridge regression, HEM applies a shrinkage factor across all variable but in-
stead of the shrinkage factor being equal across variables, a larger penalty is leveraged against
unimportant variables thereby reducing their influence on the model output.

We applied these methods to datasets collected from two agricultural villages in southern India,
Kothapally and Masuti, and compared them to PLSR. In Kothapally, SPLSR improved model
metrics for clay, pH, and available soil phosphorus, copper, and zinc, while HEM improved model
metrics for clay, SOC, pH, TN, and available soil potassium, phosphorus, and boron. In Masuti,
SPLSR improved model metrics for silt, sand, SOC, pH, and available soil copper, while HEM
improved model metrics for clay, sand, IC, and available soil copper. The results demonstrate
that SPLSR and HEM can improve prediction results compared to the standard method PLSR.
Although the improvement was small in these case studies, these methods may prove useful for
predictions on different types of soils.

keywords: Diffuse reflectance spectroscopy, chemometrics, visible-near-infrared, sparsity
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Soil spectral prediction models are typically calibrated and validated using data collected from
a specific geographic region. Models can be transferred to new regions in an attempt to extend
the model but they typically suffer from increased uncertainty in estimations. Spiking has been
proposed as a means of alleviating the issue of uncertainty when transferring models. Spiking
involves taking a subset of samples from the target area, recalibrating the model with the subset,
and applying the new model to the target area. Multiple methods have been devised mostly using
a larger national or regional level model with several local sets.

We evaluate a local-to-local assessment of transferring and spiking using local datasets from two
agricultural villages in southern India separated by 300 km. Both villages have similar climatic
conditions (semi-arid tropics) and soils. From each village, ~255 topsoil samples were taken,
analyzed, and scanned in the visible-/near-infrared (VNIR) spectral range. Spiking was done in
both directions with each village serving as the source and target area. The initial calibration model
was generated from the source area using 70% of the samples. The target dataset was then split
50/50 into the spiking and validation datasets. From the spiking dataset, subsets were generated
that represent 1, 2.5, 5, 10, 15, 20, 30, 40, and 50% subsets. The spiking subset generation was
performed using random subsetting and systematic subsetting, where samples are selected along
the distribution of the soil property. Each larger subset was ensured to contain the samples from
the next smallest subset so that direct comparisons could be made. Unspiked and spiked models
were then applied to the target validation set.

Results show that clay and sand models transfer relatively well with (R2: 0.63-0.81), albeit
with higher root mean square error (RMSE) (7.71-18.3%). After 5% spike, results improved and
leveling off after 30% spike. SOC and IC models did not transfer well (R2:0.01 - 0.27). Spiking
improved models for SOC and IC but only in one direction of spiking with results leveling off at
30% spike. Total nitrogen models improved with spiking but only in one direction. Models for
exchangeable potassium and soil available boron did not see much improvement with spiking, even
at higher levels. Soil available Zn only improved in one direction with systematic sampling. Our
results show that spiking improves models for soil properties with discernable spectral features
with 30% of samples needed to improve prediction results.

keywords: Spiking, Diffuse reflectance spectroscopy, Visible-near-infrared, Chemometric
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Approximately 40% of the world’s land surface, and up to 68% in the UK is managed by
ploughing to provide optimal conditions for crop establishment and growth. As ploughing involves
the mechanical mixing of soil to a depth 20 cm, it can degrade soil structure increasing the chances
of soil erosion, and so contributing to the pollution of water bodies. These concerns have led to
increased interest in conservation agriculture including zero tillage, a practice defined as planting
into unprepared soil whilst disturbing less than a third of the soil surface. Zero tillage presents
many potential benefits, including increased soil organic matter, greater aggregate stability and
reduced soil erosion. There is, however, conflicting literature on its potential to sequester more
carbon and reduce greenhouse gas emissions. We report a study to assess how zero tillage alters soil
biophysical properties on paired fields of ploughed and zero tilled soils across the East Midlands of
England, and map these variations and estimate their effects across the region. The study entailed
sampling close pairs of fields, one in zero tillage and the other under conventional cultivation. As
a consequence of the sites being selected opportunistically, after surveys to find farmers willing
to collaborate, all analyses are model-based. Preliminary results indicate an increase in organic
matter content, microbial biomass carbon and water content under zero tillage, with a decrease
in global warming potential, increasing over time in comparison to ploughed soils. Ploughed soils,
imaged by X-ray Computed Tomography had a more porous structures in the top 5 cm whilst
soils under zero tillage the upper layers were more consolidated. Further investigation into the
effect of macro scale variables by modelling greenhouse gas fluxes and analysis of X-ray images will
demonstrate the key mechanisms driving the biophysical changes between zero tilled and ploughed
soils, study the climate change mitigation potential of zero tillage and enhance our understanding
of the relevant processes at larger scales.

keywords: Zero tillage, Greenhouse gas emissions, X-ray computed tomography, Carbon, Co-
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Itatiaia National Park (INP) was the first conservation unit established in Brazil, in order
to protect endemic species, and due to singularity of landscapes features and ecology and geo-
morphology, unusual for Brazilian Southeastern region. Despite many studies in the INP, with
botanical and faunal themes, knowledge about soils is still scarce. In this sense, the study goal
was to analyze, using R software and Algorithms for Quantitative Pedology package (AQP), the
variability of some soil properties (C, N, H+Al) and their relationship with terrain attributes, as
a support for characterize the profiles and to define units for soil digital mapping in the INP high
altitude Plateau, Rio de Janeiro State. The soil dataset was compounded by 53 soil profiles, with
a total of 231 horizons/layers, and the total carbon content (C), total nitrogen (N) and potential
acidity (H+Al) contents along the soil profile were analyzed. The terrain attributes comprised to-
pographic covariates and remote sensing data. The total carbon and total nitrogen were superior
in the folic and histic horizons (O and H, respectively), due to the Histosols typical process of
formation. The potential acidity showed a larger range in the folic horizons, with values varying
between 5 cmolc.dm 3 and 45 cmolc.dm 3, and there was a general decrease of C, N, and H+Al
with depth. Exception for the Histosols with drainage restrictions (histic horizons) and located
in the lower portion of valleys, with colluvial deposition and different sources of organic material.
The mineral soils were deeper, showed lower potential acidity and usually were covered by Atlantic
forest vegetation, differing form the Histosols that have a sparse vegetation typical of high altitude
fields. The INP soils are predominantly shallow, have high contents of C and H+Al, and are highly
vulnerable to degradation, an aspect that should be taken in account in the park’s management
plan. The slice-wise method allowed to represent the soil attribute values in a 1 cm layer, in the
soil profile collection. This is useful to study soil attributes variability along soil depth and the
inter relations between soil attributes. The correlation between C and terrain attributes showed
positive trends regarding to elevation (above sea level), and negative for data obtained from the
spectral bands (RapidEye sensor). The information obtained from the soil survey and analyzed
through AQP package is valuable to support decision-making regarding the park’s management
plan, as well as providing material for future research.
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Proximal sensing of soil surface properties in relation to crust-
ing, and rainfall-runoff processes: from portable to UAV-based
platforms
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The adverse impacts of surface runoff and erosion processes are well known. At present, accu-
rate and reliable assessments of runoff and soil loss are complicated by the fact that the relevant
underlying mechanics are strongly affected by small-scale spatial and temporal variability. Con-
sequently, runoff and erosion models, as a support for mitigation practices, are limited in their
predictive capabilities as the required input data is typically not available.

Given the recent development in light-weight (imaging) spectroscopy sensors, we performed
a pilot study to assess the capability of a set of UAV-borne sensors to detect changes in key
soil surface properties affecting runoff and erosion: these include soil crusting stage, micro-scale
roughness and residue cover.

During a first phase, a set of laboratory experiments with a rainfall simulator and soil box-plot
samples have been carried out to artificially generate soil crusts in structural and depositional
stages. Water and sediment discharge have been collected and measured during the rainfall simu-
lation, before and after crust development. The evolution of particles segregation and reflectance
changes of the crust has then been captured, under sunlight conditions, with three multi-spectral
cameras operating in the VIS and NIR domain, differing for band selection, band width and
image resolution (Parrot Sequoia, Tetracam, Canon S110 NIR) and one miniature spectrometer
(OceanOptics STS series). A ASD FieldSpec was used for reference measures. A similar experi-
ment was carried out under real-life conditions on a bare, agricultural field, before and after natural
rainfall events. With the same sensors, at this time mounted on a UAV, we acquired images at
different altitudes (thus with different GSD — Ground Sampling Distance) of permanent plots, to
evaluate the capability to distinguish crust types and residue cover through multi-spectral analysis,
and roughness through photogrammetry.

Preliminary results from the laboratory experiment show that specific spectral signatures can
be employed to distinguish crusted from non-crusted soil, also in accordance with previous studies.
On the field, uncertainties on spectral results in crust detection raise with the GSD, while roughness
and residue cover can be determined with acceptable accuracy. Finally, and based on this analysis,
we discuss the potential and limitations of UAV-borne spectral sensors to detect the spatial and
temporal variability in soil surface conditions.

keywords: prozimal sensing, soil surface, rainfall-runoff, soil crusting, imaging spectroscopy,
UAV
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The plant-available water capacity (PAWC) of soil is an important determinant of yield, and
has been identified as one of the major sources of variability in grain yield within a field. Knowledge
of the spatial variability of PAWC within a field is useful for site-specific management. However,
field measurements of PAWC are costly and time consuming. We measured the spatial variability
of apparent electrical conductivity (ECa) using Geonics EM38 sensor at times when soil the profile
was wet and dry, in order to infer PAWC for three cropping fields near Biloela (Site 1; 64 ha;
24°33’ S, 150°54’ E), near Goondiwindi (Site 2; 257 ha; 28°18” S, 150°31’ E) and near Moree
(Site 3; 189 ha; 29°03’ S, 149°81’ E) in north-eastern Australia. The simple regression model
showed a significant relationship between ECa (measured in both vertical and horizontal dipole
modes at the wet and dry profiles) and profile volumetric moisture to 1.5 m. The coefficient
of determination between measured soil water and profile-average ECa in vertical dipole mode
were substantially higher than profile-average ECa in horizontal dipole mode, therefore, we used
profile-average ECa in vertical dipole mode to predict soil profile’s PAWC. Variability of predicted
PAWC with measured PAWC showed reasonably good agreement (r2<0.29-0.49). The areas with
low PAWC matched reasonably well with areas that had higher concentrations of subsoil Cl- and
higher surface-soil exchangeable sodium and/or magnesium. We delineated potential management
classes using spatial and temporal variability of grain yield and ECa in vertical dipole mode.
To determine if management by potential management classes was justifiable over conventional
uniform field management, we conducted on-farm replicated experiments and simulated grain
yield using a farming system model APSIM (Agricultural Production SIMulator) run for different
growing seasons for winter wheat (1970-2012). Consistent with on-farm experiments, the simulation
results justified dividing Site 1 and Site 3 into management classes, though differences between the
simulated yields for the two zones at Site 2 were not significant. Results from on-farm experiments
also suggested that application of ameliorants in low PAWC areas, and varying fertilizer nutrients
input with spatial variability of PAWC, could improve profitability, and also reduce nitrate-N
losses. The results underpin the value of PAWC at fine spatial resolution, for farm-scale decision
making to improve economic and environmental outcomes.

keywords: Plant-available water capacity, Electromagnetic induction, Management classes, Agri-
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Particulate matter (PM) from several emission sources typically exhibits an elevated level of
magnetism compared to uncontaminated soils or plants. Through prolonged deposition of these
particles, historical pollution can be reflected by an increase in soil magnetism, whereas the seasonal
emission impact is captured in the vegetation. Our study combined soil magnetic susceptibility
mapping with bio-magnetic vegetation monitoring to assess the impact of airborne pollution and
to distinguish between sub-recent and recent air pollution, respectively.

Magnetic measurements were conducted across a 90 ha pinewood near the Ghent (BE) harbor
area, situated on a large coversand ridge. The diamagnetic sandy soil rendered only negligible
magnetic influence, so that anthropogenic enhancement of soil magnetism could easily be discerned
from the natural background signal. Topsoil and downhole mapping revealed enhanced magnetic
signals in the upper, organic soil horizont, while the spatial surface distribution revealed a clear
pattern of higher values towards the harbor area. Lastly, the correlation between the magnetic
signal and heavy metal concentrations in soil samples was investigated, revealing correlations up
to 0.88 for selected elements. As such, the magnetic soil map can be interpreted in terms of a
qualitative pollution distribution map.

While extreme magnetization was also attested on understorey vegetation samples (blackberry
and fern leaves), the observed spatial distribution was more diffuse, potentially relating to the
complex short-term deposition and throughfall processes of PM in the forest. In addition, poorer
correlations were observed between the magnetic signal of the vegetation and the heavy metal
loadings (up to 0.66). This could possibly relate to the abovementioned processes, to recent
changes in industrial emission patterns or to the internal uptake of heavy metals by plants.

These preliminary analyses show the potential of evaluating the impact of recent and sub-
recent airborne pollution by soil magnetic proxies and bio-magnetic monitoring. However, specific
issues (e.g. upscaling, varying land use, vegetation and soil heterogeneity) need to be taken into
account when optimizing the reproducibility of such an approach. Along with a presentation of the
preliminary analyses of combined mapping of soil and vegetation magnetization, we will therefore
discuss the potential and pitfalls of the approach.

keywords: environmental magnetism, bio- and soil monitoring, anthropogenic pollution
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Ecosystem services provided by groundwater dependent wetlands
in karst areas: carbon storage and sequestration
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Turloughs are topographic depressions in Irish karst, which are intermittently flooded on an
annual cycle via groundwater sources and have substrate and/or ecological communities charac-
teristic of wetlands. Turloughs are designated a Priority Habitat in Annex 1 of the EU Habitats
Directive (92/43/EEC) as well as GWDTEs under the Water Framework Directive (WFD).

These ecosystems, if properly managed, yield a flow of services that are vital to humanity,
including the production of goods (e.g., food), life support processes (e.g., water purification),
and life fulfilling conditions (e.g., beauty, recreation opportunities), as well as the conservation of
options (e.g., genetic diversity for future use). One of these services is the sequestration of carbon
which is linked to climate change, one of the most serious environmental threats facing humanity.

The InVEST software was used to estimate the potential for carbon storage and sequestration.
InVEST is a multi-module tool developed to inform decisions about natural resource management.
Maps of land use and stocks in four carbon pools (aboveground biomass, belowground biomass,
soil, dead organic matter) from previous surveys were used to estimate the amount of carbon
currently stored in the landscape. Additional data on the market or social value of sequestered
carbon and its annual rate of change, and a discount rate were also used in an optional model that
estimates the value of this ecosystem service to society.

keywords: Turloughs, groundwater dependent wetlands, Irish karst, ecosystem services, soil carbon
sequestration, climate change
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Soil organic matter (SOM) has been identified as a key element in soil fertility and also in the
global carbon cycle. SOM content of 0-20 cm topsoil is the essential to regional agro-ecosystem
models. Reliable assessment of the spatial distribution of SOM content and its dynamics provides
a valuable base against subsequent evaluation of soil measurements and agro-ecosystem models.
Most digital soil mapping (DSM) relied on spatial correlation (e.g., Kriging, IDW) only, which is
not always effective for DSM. Hence, this should be improved by integrating external auxiliary data.
This study conducted a extensively soil investigation on cropland of Zhejiang, eastern China from
2007 to 2008, and a total of 35,571 soil profiles was collected. Soil properties, including SOM, soil
total nitrogen, soil pH, bulk density and cropping pattern, were measured/recorded in laboratory
tests/soil investigation. The satellite-derived data, such as nomalized difference vegetation index
(NDVI), elevation, and land cover, was also extracted and integrated with soil properties and
climate data as the external auxiliary data. Then, A hybrid method (RFOK), which is composed
of random forest (RF) and ordinary kriging (OK), was adopted to evaluate spatial characteristic
of SOM concentration. In this RFOK method, RF was used to address the association between
external auxiliary data and SOM content, OK was used to address spatial correlation among the
residuals generated in the RF stage. Meanwhile, the SOM spatial distribution was also interpolated
by using ordinary kriging (OK) method for comparison purposes. The results showed that the
prediction accuracy of SOM by using RFOK with the inclusion of auxiliary information in the
hybrid model (R2<0.73, RMSE<5.63) was better than using only OK (R2<0.56, RMSE<8.09).
The partial dependence plot showed that soil total nitrogen, bulk density, the climatic factors are
considered as the most important indicators, while the effect of the soil texture, slope and elevation
on the SOM content is negligible. It was also observed that the mean SOM concentration ranged
between 2.3 g kg—1 and 46.8 g kg—1 in the top 20 cm, and the spatial distribution of the SOM
content with a 250m spatial resolution in eastern China was achieved. Incorporating satellite-
derived data, soil properties and land cover information can improve accuracy of SOM mapping
and this is expected to be useful in future DSM activities.

keywords: random forest, nomalized difference vegetation index (NDVI), regression model, residues
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Over 70% of the Australian sugarcane industry operates in alluvial-estuarine areas characterised
by sodic and infertile soils. There is a need to supply ameliorants and improve fertilisers and
minimise off-farm pollution to the Great Barrier Reef. Therefore, information is required about
the spatial variation in soils. However, traditional approaches are cost-prohibitive. Herein we
showed how a digital soil mapping (DSM) approach can be used to identify soil management
zones. In the first instance, ancillary data, including electromagnetic induction and gamma-ray
spectrometry data were collected. Using a fuzzy k-means clustering algorithm management zones
from two to six were identified. Using restricted maximum likelihood (REML) analysis of various
topsoil (0-0.3m) and subsoil (0.6-0.9m) physical (e.g. clay) and chemical (e.g. exchangeable sodium
percentage [ESP], exchangeable calcium and magnesium) properties, 3 zones were determined from
minimising the mean squared prediction error. To manage the moderately sodic topsoil ESP of
zones 3A and 3C and sodic 3B, different gypsum requirements were prescribed. Lime can also
be added differentially to address low exchangeable Ca in zone 3A, 3B and 3C. With regard
to exchangeable Mg, zones 3A and 3C do not require any fertiliser, whereas zone 3A requires
the addition of a moderate amount. The results were consistent with percentage yield variance,
suggesting the lower yield in 3C due to topsoil sodicity and strongly sodic subsoil with higher
clay content. We concluded that the DSM approach was successful in identifying soil management
zones and can be used to improve structural stability and soil fertility.
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Models for soil evolution are progressively becoming invaluable tools to provide soil information.
SoilGen2 model is one of such models with capabilities to simulate soil formation over multi-
millennia time scale. This research aims to evaluate the potential of simulated soil clay content
by SoilGen2 model as soft data in Regression Kriging in sparely sampled areas. An area of 201
km? was chosen in the North of Vietnam to collect 100 soil observations which were then analyzed
for Clay content of the topsoil in the laboratory. Besides, SoilGen model was used to simulate
the Clay content for 2000 years at the same locations, using a uniform substrate (both spatially
and in depth) as initial status. The simulated clay contents (soft data) then replaced, after an
error correction by linear regression, the measured clay contents (hard data) in the input dataset
for regression kriging with 4 proportions: 100% of hard data, 50% of hard data and 50% of soft
data, 25% of hard data and 75% of soft data, 100% of soft data. In regression kriging, the hard
data will get the weight 1 and the soft data get a weight representing 1/1+variance. There are
six predictive covariates linked to the soil formation factors including geology, land use, elevation,
slope, topographic wetness index (TWI), land use normalized difference vegetation index (NDVT).
In order to estimate modelling uncertainty and compare model performance for different dataset
combinations, a 10-fold cross validation scheme was computed. The results in terms of RMSE and
ME are calculate for each dataset combination to evaluate the added value of simulated data in
Regression kriging. The research results may help to improve the efficiency of Digital Soil Mapping
by adding soft data in developing countries like Vietnam where the funds for soil sampling are very
limited.
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Reflectance spectroscopy has increasingly been proposed as an alternative to describe soil prop-
erties. Acquisition of on-the-go spectral data in the field has several advantages over static ap-
proaches, like deriving information with high spatial density. However, some issues arise from this
acquisition approach due to sensor movement and heterogeneous soil condition in the field. Meth-
ods for correcting for these matters, like external parameter orthogonalization (EPO) and direct
standardization (DS), have been applied so far mainly to correct for “in situ” factors when static
field measurements were taken. In this study, EPO, DS and orthogonal signal correction (OSC)
are tested in the context of on-the-go spectra acquisition for prediction of soil properties, in special
properties related to liming (i.e. pH in CaCl2, pH in SMP buffer, organic matter, calcium and
magnesium content, potential acidity, sum of basis, cation exchange capacity and its saturation by
basis, lime requirement and moisture content). Correction methods slightly improved prediction
accuracy of lime requirement, for instance, with RMSE reduction from 1.43 to 1.17 ton ha™!, for
study site 1 after OSC, and from 0.59 to 0.44 ton ha—!, for study site 2 after DS. However, models
based on laboratory data still had considerably better performance with RMSE of 0.99 and 0.43
ton ha=! for site 1 and 2, respectively. “Global” (i.e. one general correction model for a given
field) or “specific” models (i.e. multiple correction models, derived according to clusters indicated
by fuzzy k-means algorithm applied to OSC components) performed considerably worse in com-
parison to other studies, and application of “specific” models did not improved correction results.
Probably on-the-go data acquisition causes inconstant issues and interaction between them can
occur, which decreased efficiency of the correction methods tested. Considering the high sensi-
tivity of predictions based on field data to the approach used to interpolate spectral information
and the relatively poor performance of correction methods, more investigation is need to improve
predictions based on on-the-go spectral readings using external parameters removal. Homogeneous
spatial distribution of factors not related to the properties of interest (i.e. external factors), or at
least in a degree allowing correction, may not happen when current measurement systems are used
and these need further development considering these issues.

keywords: soil chemical properties, proximal soil sensing, external parameter orthogonalization,
direct standardization, orthogonal signal correction.
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The disruption of the Fundao dam in Mariana-MG-Brazil in 2015 led to the spill of 46 million
m? of iron ore tailings in the Rio Doce basin, one of the most damaging in Brazilian history, and
worldwide. Knowing the dynamics of tailings deposition features and depth. along the terraces and
floodplains, under traditional agro-pastoral uses, is fundamental for developing tailored recovery
plans. The objective of this work was to evaluate the best electromagnetic frequency to identify the
depth and internal fesatures of the sedimentary tailings in a tributary of the Rio Doce through the
Ground Penetration Radar (GPR). GPR techniques allow detecting different layers of materials
according to their dielectric properties. GPR emits and receives electromagnetic waves through
antennas that, when processed in a computational environment, generate radargrams where it is
possible to distinguish and analyze the behavior of soil characteristics in subsurface. The study
area is located at coordinates 20.29635 © S / 043.19537 © W. We used the GPR model SIR-3000
and 3 antennas with frequencies of 200, 400 and 900 MHz, using ranges of 7, 3 and 1 meter
respectively. A 10-fold constant was adopted for the tailing, classified as sandy loam by textural
analysis A transect of 36 meters perpendicular to the river bank was done to evaluate the behavior
of the tailings. Undisturbed samples were collected at depths 0-10 and 10-20 cm and soil density
and moisture of the tailings were evaluated by volumetric method. The GPR data were processed
in the Radan program 7, in which radargrams obtained were submitted to filters to remove noise
and improve the electromagnetic signal. It was observed that the deposition depth varied from 10
cm to 1 meter, with a clear limit with the subsurface truncated horizon of the underlying soil. At
between 10-22 meters from the river bank, we noticed a atipical signal in the radargram, where
large differences in grain size and moisture of the tailings were detected. This anomaly is observed
at a depth of 5.5 meters, and captured by the 200 MHz antenna. With the 400 MHz antenna
that penetrated to the depth of 2.5 meters it was possible to better distinguish wetter areas, while
with the antenna of 900 MHz gave the best radargram detail at 80 cm range. Moisture analyzes
in the horizon of 0-10 ¢cm and 10-20 ¢cm were 0.13% and 0.15%, respectively, with no significant
differences. However, the radargram showed great contrast between the talings deposit (wetter)
and the underlying soil. The 900 MHz antenna allowed a better distinction of the surface material,
but no resolution for estimating the depth, easily identified by the 400 MHz antenna. Thus the
combined use of 900 and 400 MHz antennas were efficient for the in situ analysis of the tailings
depth and features.
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Diego J. Gris — UFSM, Brazil

Alrad Spectra is a graphical user interface (GUI) implemented in R programming language. It
uses spectroscopic data to process the spectra and then generate models to predict the Y variable.
The GUI was developed to accomplish tasks such as perform a large range of spectral preprocessing
techniques, implement several multivariate calibration methods, statistics assessment, graphical
output, validate the models using independent data sets, and predict unknown Y variables. Alrad
Spectra has four main modules: Import Data, Spectral Preprocessing, Modeling, and Prediction.
Data file can easily be loaded by the Import Data module. In Spectral Preprocessing module, the
preprocesses available are smoothing, binning, absorbance, detrend, continuum removal, Savitzky-
Golay derivatives, standard normal variate, multiplicative scatter correction, and normalization.
The spectral curves and data table of each preprocessing can be saved whenever required. In
the Modeling, predictive models can be built by different multivariate calibration methods such
partial least squares regression, support vector machines, random forest, artificial neural network,
and Gaussian process regression. The Prediction module is implemented in order to predict the Y
variable using the built models. The capacity of performing multiple tasks, being free and open-
source, easy to operate, and requiring no initial knowledge of R programming language are features
that make Alrad Spectra a useful tool for general public, researches, precision agriculture managers,
and for the usage in analytical laboratories. The implementation of Alrad Spectra is demonstrated
by applying visible near-infrared reflectance spectroscopy for soil organic carbon prediction. The
greatest SOC prediction performance was achieved by partial least—squares regression model with
standard normal variate spectral preprocessing (R?<0.81, RMSE<0.51%, RP1IQ<2.84).

keywords: Chemometrics analysis, Visible Near-infrared spectroscopy, R programming, Soil or-
ganic carbon
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Rapid detection of alkanes and polycyclic aromatic hydrocarbons
(PAH) in oil-contaminated soils using visible near-infrared spec-
troscopy and chemometrics
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Abdul M. Mouazen — GHENT UNIVERSITY, Belgium

The recent developments and applications of rapid measurement tools (RMT) such as visible
near-infrared (vis-NR) spectroscopy can provide ‘fit for purpose’ and cost effective data for inform-
ing risk assessment and managing oil-contaminated sites. While vis-NIR spectroscopy has been
used to detect and quantify on-site hydrocarbons in soils and sediments, it is not appropriate for
the elucidation of hydrocarbon compound structures and therefore advanced chemometrics meth-
ods are needed to expand the applicability of vis-NIR spectroscopy. In the present study, 74 oil
contaminated soil samples collected from the Niger Delta were scanned using an analytical spectral
device spectrophotometer with a spectral range of 350-2500 nm. The vis-NIR signal for each soil
sample was then analyzed using partial least squares regression (PLSR) and random forest (RF)
regression. Reference alkanes and PAH fingerprints of the oil-contaminated samples were deter-
mined using sequential ultrasonic solvent extraction followed by gas chromatography- coupled to
mass spectrometry (GC-MS) analysis. Prior to the model development, spectra were subjected
to pre-processing including successively, noise cut, maximum normalization, first derivative and
smoothing. The pre-processed spectra were divided into calibration (75%) and validation (25%)
sets. The alkane and PAH concentrations determined by GC-MS and the vis-NIR based spectra
were subjected to PLSR and RF with leave-one-out cross-validation (LOOCV) to establish calibra-
tion models. Results showed that RF calibration models for both alkanes and PAH outperformed
PLSR, indicating that vis-NIR signal acquisition followed by RF can provide a rapid and cost
effective means to inform risk assessment for oil-contaminated sites.

keywords: Total petroleum hydrocarbons, vis-NIR spectroscopy, chemometric methods, site inves-
tigation
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A combination of soil sensors provides useful and efficient land-
scape genesis information for archaeological prospection

Reinier Ellenkamp — RAAP Zuid Nederland, Netherlands

Fenny van Egmond — Wageningen Environmental Research &amp; ISRIC - World Soil Information,
Netherlands
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A combination of EMI, GPR, gammaspectrometry and archaeological soil profiling was used in
a commercial project to map the landscape genesis, soil lithology and the archaeological potential
of a 50 ha development area. This was more efficient and yielded better and more detailed results
than a traditional archaeological mapping with twice the budget could have done. The area consists
of recently equalised river terraces of the river Meuse in the Netherlands which have formed by
a meandering river on top of braided river sediments that have been effected by wind erosion.
The three sensor techniques were applied on a 10 m grid. 30 ha were measured with a MS4000
gammaspectrometer and 300 MHz Zond GPR and 30 ha were measured with a Dualem 21S EMI
system. The zones had a 5 ha overlap. The raw geophysical data were used for planning the
archaeological test pits and soil profile transects perpendicular to the variation (196 soil profiles
of 0-2 m). These results were then used to interpret the geophysical data. This provided a
detailed insight in paleo- and current landscape genesis and lithology up to 2 to 4 m depth. Based
on both paleolandscape and current disturbances the archaeological potential was derived and
verified using 300 new soil profiles. This validation showed that 80 % of the lithological variation
in this complex area had been mapped. The high level of detail, the improved understanding of
the spatial structure and the joint coordination of geophysical and archaeological mapping allowed
for a better comprehensive geomorphogenical and archaeological interpretation than would have
been possible otherwise. The techniques applied, although of limited use separately, complemented
each other in depth range and precision, spatial detail and type of soil texture information. This
led to a high quality result within a limited budget. The gammaspectrometer raw data provided
a reliable variation map of the topsoil, concurrent with soil type variation. The GPR showed
detailed soil textural layering and accurate depths in combination with the profiles. Especially
the archeologically relevant gravel layer was mapped well. The EMI yielded detailed shallow soil
texture variation, some old ditches and recently disturbed zones. It also provided rough texture
indications for the deeper soil layers. As a recommendation to the Province of Limburg, the client,
an optimal workflow has been formulated using GPR, EMI and archaeological profiling. The results
are also useful in the geotechnical planning of the development area.

keywords: Soil sensing, EMI, GPR, Gammaspectrometer, Archaeology, Lithology, Prospecting,
Geomorphogenesis, Lithogenesis, River-terrace
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Assessment of soil ecosystem services at landscape scale by direct
soil monitoring and modelling.
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Soil is a natural capital that provides several ecosystem services that ensure human wellbeing
and sustainable socio-economic development. Among international researchers, the landscape scale
is considered the relevant scale to assess soil ecosystem services. This spatial scale allows a bio-
physical evaluation to take into account both landscape features and management practices. The
aim of this study was to develop a methodology to quantitatively evaluate and map two environ-
mental regulation ecosystem services - carbon sequestration and erosion regulation. In a 10 km?
study area in north-western France (Brittany), sixty-four soil observations were selected using the
conditioned Latin hypercube sampling method. This approach used elevation, a topographic wet-
ness index, natural gamma emission of potassium, and grassland frequency over 15 years to select
points with a good representation of the study area. The biophysical quantification of climate-
regulating ecosystem service was based on the changes in the soil organic carbon (SOC) stock
over a period of seven years. The assessment of erosion regulation ecosystem service was based on
the observed difference between potential and present soil erosion, both estimated by the Revised
Universal Soil Loss Equation (RUSLE). To characterize spatial distribution of climate-regulating
ecosystem service, two approaches were used. The first was to spatialize the changes in SOC stock
using a soil digital mapping approach with the Random Forest method and a calibration dataset
of 64 points. The second was to assign a value of the indicator for each type of land use. Uncer-
tainties related to the soil ecosystem services estimations were also investigated using the Monte
Carlo approach. The main results of this study were: 1) inherent soil properties especially soil
waterlogging and land use trajectory were the most explanatory factors for the spatial distribution
of carbon sequestration; 2) the erosion regulation ecosystem service was highly correlated with
topographical factors; 3) interactions (situation of synergy and antagonism) between selected soil
ecosystem services were mainly dependent on landscape features and land use. Overall, providing
a biophysical evaluation of soil ecosystem services in coherence with agronomic decision scales,
is still a challenge. Moreover, multiscale assessment of soil ecosystem services, taking account of
the various soil processes evolution over time, allows comparison of actual situations with the five
dimensions of soil security. These projections have implications for future planning monitoring of
agro ecosystems, and can be integrated into land use decision-making.

keywords: Direct soil monitoring, Soil ecosystem services, Landscape scale, Conditioned Latin
hybercube sampling method, Uncertainty propagation
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Measuring functional pedodiversity using spectroscopic informa-
tion

Mario Fajardo — The University of Sydney, Australia
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Pedodiversity studies greatly depend on the discretization of the soil continuum via various soil
classification standards. Soil taxonomic systems are constructed considering soil properties and
their organization in the soil profile. Therefore, it seems logical that the pedodiversity of an area
could be calculated by considering the simultaneous variation of multiple soil properties within that
area. With the aim of creating a bridge between these two lines of thinking, this study presents
the development of two new indices of pedodiversity (HULLdiv and EIGENdiv) which consider
continuous variables as input.

The soil input information tested was a) Visible and Near Infrared (Vis-NIR) reflectance values
and b) values of five soil properties predicted from Vis-NIR spectra. Both indices were employed to
measure the pedodiversity at different extents in two perpendicular transects containing 27 (North
to South) and 22 (East to West) locations respectively in New South Wales (NSW), Australia.
Each location considered natural and intervened land use. The indices successfully represented
the pedodiversity of the area of study, however they were different depending on the input soil
information i.e., raw Vis-NIR and predicted properties. HULLdiv was affected by extreme soil
observations and as a result its discrimination power between areas with different soil diversity
was inferior.

On the other hand, EIGENdiv represented well the pedodiversity of an area, despite the ex-
treme observations. The results showed good agreement with conventional methods for assessing
pedodiversity i.e., Shannon’s and Simpson’s indices. However, the new indices were more discrimi-
nating by being able to better represent the landuse effect. This study represents the first attempt
to measure pedodiversity in a continuous way using Vis-NIR information.

The previous results are presented in Fajardo et al. (2017). This work will give an insight of
the practical use of these indices as well as examples using other datasets not presented in the
original publication.

Fajardo, M.P., McBratney, A.B., Minasny, B., 2017. Measuring functional pedodiversity using
spectroscopic information. CATENA 152, 103-114.

keywords: Pedodiversity, Functional Diversity, Multidimensional space, Conver Hull, Figenvector
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Slakes: A soil aggregate stability android application
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We have developed a new methodology for the assessment of soil slaking in the form of a
smart phone application (Android). First, we had developed an image recognition algorithm that
measures the projected area of soil aggregates immersed in water at regular intervals. Our results
showed that the kinetics of the slaking process can be effectively modelled using a three coefficients
model (a, b and ¢), which are closely related to selected soil properties and land-use.

Coefficient a, is equivalent to the maximum slaking potential of the samples, and is found to
be linearly related to exchangeable sodium, pH, clay percentage, calcium/magnesium and total
carbon/nitrogen, and non-linearly related to total carbon. The coefficients b and ¢ reflect the
initial slaking and the slaking rate respectively and these were found to be linearly related to
nitrogen and total carbon.

The originally methodology was presented in Fajardo et al. (2016) using a dataset covering
great part of the agro-ecological variability of New South Wales (NSW), Australia. In this dataset,
the coefficient a, was significantly lower in the natural sites reflecting a higher aggregate stability
in those soils.

Having observed the potential of the methodology, we developed a smart phone application
that is capable to measure the projected area of soil aggregates immersed in water in time, fit a
model and return coefficients that can be finally used as a soil aggregate stability indicator.

Fajardo, M., McBratney, A.B., Field, D.J., Minasny, B., 2016. Soil slaking assessment using
image recognition. Soil and Tillage Research 163, 119-129.

keywords: Android, Image recognition, Soil Aggregate stability, Digital Soil Morphometrics
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Soil NIR-spectra and high-resolution satellite images to monitor
the characteristics of active layer most related to permafrost ther-
mal behaviour, Crater Lake CALM site, Deception Island, Marine
Antarctica.
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Juanjo Peon — Oviedo University, Spain

The test was performed in Crater Lake CALM (Circumpolar Active Layer Monitoring) site. The
CALM site is equipped among others with 5 sensors of surface soil temperature, 7 deep boreholes,
and 2 air temperature sensors. There are also a CALM net consisting of 16 shallow boreholes
(depth of 45 cm) homogenously distributed every 20 meters in the CALM plot. The boreholes are
equipped with i-button sensors, which have been recording permafrost active layer temperature
data every three hours, every day since 2008. In December 2016, during the last steps of the
snow cover melting and the beginning of the permafrost active layer, the surface soil layer of the
CALM site was sampled. Soils around the 16 short boreholes were taken. Using a fine borer, the
thickness of the active layer was also measured in each short borehole during five consecutive times
in alternate days. In laboratory, texture and mineralogy of all samples were analysed. NIR-spectra
of the samples were also taken to obtain the spectral signature and quantify the soil colour. The
main objective of this test is looking for relationships among the measured soil properties, thermal
behaviour, and the evolution of the active layer thickness in the early stages of the snow cover
melting. NIR-spectra of soil will be used to build transference functions between the active layer
properties most related to the thermal behaviour and satellite images with high spatial resolution,
such as QuickBird and WorldView II.

keywords: permafrost, active layer monitoring, NIR spectra, satellite images
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Large scale modelling of soil organic matter using DTM variables
and geographically weighted regression
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Terrain attributes derived from digital elevation model (DEM) have been used widely for map-
ping soil organic matter (SOM). There are significant correlations between terrain variables and
SOM. Terrain variables are exhaustive and spatially extensive and provide potentially volumi-
nous data sets with relevant information at unsampled locations. Nevertheless, at large scales
and depending on the geological and geomorphological setting the correlations between DEM vari-
ables and SOM could have geographical variations. The use of Geographical Weighted Regression
method (GWR) could be very useful to discover spatial patterns of SOM associated to geomor-
phological features. In this paper 350 soil samples distributed over an area of 10.600 km? was
used to analyse the relation between relive variables and SOM. Altitude, slope, distance to the
coast, aspect, seasonal radiation and climate variables as average annual temperature and precip-
itation were calculated at 200 m of pixel size. The calculated DEM variables and concentration
of SOM were analysed using GWR. As result the variables distance to the coast, altitude and
winter radiation explain the most part of the variance (R, 54) in the model. But the coefficients
of the regression equations show geographical dependence. These results have to be interpreted in
relation to the lithology and geomorphological evolution of the studied area.

keywords: Soil Organic Carbon, Digital Elevation Model, Geographical Weighted Regression,
Mapping soil
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Laser scanner technologies to monitoring mountain peatlands re-
covering

Susana Fernandez — Oviedo University, Spain
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The present research is part of a Life Project entitled "Inland Wetlands North of the Iberian
Peninsula: Management and restoration of wetlands and hygrophilous environments” TREMEDAL
(LIFE 11/ENV/ES/707), in which 25 wetland sites spread all over the north of Spain were selected
to be analyzed. In fact, the aim of the project is to protect and restored those sites as well as to
improve their conservation status and store seeds of bog plant species.

Comella Polje, a glacio-karstic depression site in Picos de Europa National Park (in Asturias
Principality) harboring the most biodiverse peatland plant communities in the Cantabrian Moun-
tain Range is one of the TREMEDAL test sites. The total exclusion of livestock and wild herbivores
in three parcels of this area is expected to be followed by changes in top soil morphology and water
table regimes with consequences in the evolution of peatland hubs and vegetation.

To quantify the impact of grazing exclusion in the evolution of peatland hubs and rates of
vegetation growth, a series of very detailed topographic surveys were made using a terrestrial laser
scanner (TLS). The point cloud obtained has a great density (about 0.2 points/cm2), providing
a good approximation to the real topography. Both, the terrain inside and outside the parcel are
being measured at intervals of one year and compared in order to find differences in the vegetation
growth patterns. In 2013, 2014, 2015 and 2016 points clouds were obtained. The comparation
between the four DTM obtained show significant differences in terrain elevation between points
inside and outside the plot. Also, the recovery of natural vegetation along the analyzed time
period provokes irregular distribution of the altitudes inside plot. This result confirms the initial
hypothesis that the impact of animals on the vegetation growth could be quiantify using lasser
scanner technologies.

keywords: Recovery vegetation monitoring, Laser scanner, Digial Terrain Models
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Using a Portable XRF for Classifying Volcanic Paddy Soils of West
Sumatra, Indonesia
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This study investigates geochemical data obtained rapidly from a portable X Ray Fluorescent
can be used to classify paddy soils derived from volcanic ash in Western Sumatera, Indonesia.
Seventy-nine paddy topsoil samples were collected in along an altitudinal gradient of 44 — 1220 m
a.s.] along areas if mountain (Mt) Marapi, Mt. Sago, Mt. Singgalang, Mt. Tandikek and Caldera
Maninjau. Geochemical analysis was carried out using a portable x-ray fluorescent spectrometer
(XRF).

Linear discriminant analysis was carried out using 10 geochemical concentration of soils as
input (Si02, A1203, Fe203, CaO, MgO, K20, SO3, P305, Ti and Zr). The results showed that
geochemical characteristics of topsoils derived from different volcanoes are distinct. Mahalanobis
distance statistic clearly separated soils of Mt. Sago with other four soils. Soils from Mt. Marapi
were also dissimilar with other three soils, while soils from Mt. Singgalang-Tandikek and Maninjau
were more related. Clear differentiation among weathering indices was also observed, and the
following sequence of the degree of weathering can be inferred: Sago > Maninjau > Marapi >
Singgalang-Tandikek.

In conclusion, although the soils have been cultivated with paddy for hundreds of years, they
still retain distinct geochemical signatures that can be revealed using a portable XRF. Portable
XRF offers a rapid analysis and classification of volcanic soils.

keywords: Weathering indices, Discriminant analysis, X-ray fluorescent, Andisols.
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Quantifying the uncertainty in a model reconstruction of a soilscape
for archaeological land evaluation
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Process-based soil development models can be applied as temporal interpolators to estimate
soil properties at points in time. In geo-archaeological studies, the (pre-)historical state of soil
and landscape is reconstructed to better understand the land occupation history and its spatial
patterns. We reconstructed a Middle Bronze Age (MBA, 1331 BCE) soilscape for part of Flanders
using a simulation model for groundwater flow (MODFLOW) in combination with a soil formation
model (SoilGen). The reconstructed groundwater data related to 40x40 m2 cells at full spatial
coverage while the reconstructed soil data pertain to the pedon scale at 97 locations. As these
data were to be used for a land evaluation for a Bronze Age Land Utilization type, the reconstructed
soil data must be interpolated to full extent.

At the simulation locations, values of soil and groundwater properties were known from the
mapping (1953) so that simulation errors could be quantified. Under the assumption that model
errors were similar in the MBA and 1953, we investigated how errors in the modelling and the
spatial interpolation contributed to the uncertainty in the land evaluation. The effect of error of
the soil and groundwater models was assessed by generating perturbations of soil and groundwater
data using Choleski decomposition of the error-covariance matrix at the 97 locations. The effect
of the interpolation of the soil data was assessed by Sequential Gaussian Simulation of the error
variogram of regression kriging. The effect of both uncertainty contributions was quantified by
inserting the perturbations or realisations in the land evaluation procedure. The error leads to
a diversity value connected to the land evaluation outcome at the pixel level. Diversity maps
resulting from the model error and the interpolation error were created and compared, and the
soil properties that were the main contributors to uncertainty were identified. This approach gives
useful information on priorities to increase reliability of such soilscape reconstruction by aiming at
either a better model error (for specific properties) or a higher spatial density of point simulations.

keywords: soil development model, soilscape reconstruction, uncertainty analysis, archaeology
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Soil hydrological classification mapping in Scotland using DSM
and Random Forests
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The nature and spatial distribution of soils and their attributes have a profound influence on
catchment hydrology and runoff characteristics. The Hydrology of Soil Types (HOST) classification
is a classification scheme based on regional soil maps of the UK which uses expert knowledge to
link soil hydraulic indicators (identified during soil surveys) with dominant runoff processes in the
form of different conceptual models of subsurface runoff processes and pathways through the soil
profile and/or parent material. The HOST decision scheme has been optimised by regressing base
flow index (BFI) and standard percentage runoff (SPR) (both used to estimate catchment runoff
response) to the proportions of various HOST classes occurring within the watersheds of selected
test catchments. HOST class information in Scotland is available as dominant class (based on
higher areal coverage) within each polygon of the National Digital Soil Map (1:250 000 scale).

The study presented here is part of an ongoing project which aims to explore the application
of Digital Soil Mapping (DSM) techniques for mapping soil hydrological properties and regulatory
functions. In particular, this study aims to investigate the performance of Random Forests (RFs)
for the spatial prediction and disaggregation of HOST classes at a target 100m grid resolution. RFs
were selected as the statistical inference engine due to their ability to utilise both discrete-valued
and continuous valued covariates and their successful application in the spatial prediction and dis-
aggregation of soil types. For comparison reasons, two study catchments are selected in NW and
NE Scotland that have distinct differences in their soil type composition, topography and hydro-
logical response characteristics . Training sampling points in the two catchments are determined
using a random weighted-area spatial sampling scheme and the training dataset is developed using
the HOST class values at each point location along with attributes derived from a collated database
of environmental covariates (SCORPAN factors). Validation of the predicted HOST class spatial
distribution within the study catchments is performed in two ways: a) comparison of predicted to
calculated HOST class values at the profile locations of the National Soil Inventory of Scotland
(NSIS) and b) comparison of catchment hydrological response based on the proportions of pre-
dicted and existing HOST classes. Study results are expected to help improve hydrologic response
predictions at small ungauged catchments and provide new insight on the coupling of DSM and
hydropedological datasets.

keywords: HOST, hydropedology, DSM, Random Forests, spatial prediction
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Gully erosion susceptibility mapping (GESM) is essential to take preventive or control measures,
reduce environmental damages and economical costs produced by gully erosion in arid and semi-
arid area. The purpose of this study is to produce GESM using different data mining models in
calcareous soils at Ekbatan Dam drainage basin. Three modeling technique, Generalized Linear
Model (GLM), Random Forest (RF) and Multivariate Adaptive Regression Spline (MARS) are
used and their results are compared for GESM. The study area is an 18.5 km? located at Ekbatan
Dam drainage basin (Hamadan-Iran), where agriculture activities are limited by intense erosion.
By means of extensive field surveys, GPS route of gullies and visual interpretation of satellite
images available from Google Earth, we prepared a digital map of the spatial distribution of gullies
in the study area. To prepare explanatory variables that affected soil erosion, using the conditioned
latin hypercube sampling (cLHS) technique and free survey 130 locations were sampled to create
spatial distribution of some soil properties. DEM-derivatives, land use and normalized difference
vegetation index (NDVI) maps created by stereo imagery of Spot-6 satellite. Geology map digitized
from 1:100,000 scale geological scanned map of Hamadan Province. Road and river networks,
derived from 1:25,000 scale topographic maps. The functional relationship between gully erosion
occurrence and controlling factor were calculated using the mentioned models (GLM, RF, and
MARS). The performance of each models was evaluated using the receiver operating characteristic
(ROC), including the area under the curve (AUC), in 10-fold cross-validation. According to the
results, RF showed the better performance (with mean AUC<94.92%) in compared with MARS
(with mean AUC<87.31 %) and GLM (with mean AUC<82.88%) for calculate the probability
to host a gully for each point of study area. Actually these results show that the GLM, RF, and
MARS models produced reasonable accuracy in gully erosion susceptibility mapping. The outcome
maps can be a useful tool for regional planners, because they assist in identifying areas at risk of
gully erosion and improve our understanding of landscape evolution.

keywords: Gully erosion susceptibility, Data mining models, ROC curve, Iran
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In precision agriculture the lack of affordable methods for mapping relevant soil attributes is
a fundamental problem. It restricts the development and application of advanced models and al-
gorithms for decision making. The project “I4S - Integrated System for Site-Specific Soil Fertility
Management” combines new sensing technologies with dynamic soil-crop models and decision sup-
port systems. On the one hand, model based knowledge about processes in soil and crops should
dictate the selection of sensors for assessing soil fertility factors. However, quite often a factor can-
not be measured directly by a single sensor. Using sensors with different measurement principles
improves the estimation of soil fertility factors such as plant available K, P, Mg, humus and soil
texture. On the other hand, soil sensors can detect properties that were not regarded in soil-crop
models as inputs up to now. This may even lead to switching from mechanistic “white-box” mod-
eling to machine learning “black-box” modeling. To become effective in soil management, sensor
system and models have to be user friendly and affordable. Involving many sensors can cause
technical difficulties due to interference and is expensive. Some sensor systems may emit harm-
ful radiation such as x-rays or high power laser pulses. Choosing the appropriate set of sensors
will become an important aspect of decision making in precision agriculture. So, sensor based
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site-specific soil fertility management is only feasible if a decision support system regards natural
processes, technical, and socio-economic options and limitations.

keywords: Proximal soil sensing, fusion of soil sensors, soil-crop models, decision support systems,
site-specific soil management
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Effects of Measurement Protocols and Data Mining Techniques
on Soil Proxy Model Extraction: A Czech Case Study

Asa Gholizadeh — Czech University of Life Science, Czech Republic
Nimrod Carmon — Tel-Aviv University, Israel

Ales Klement — Czech University of Life Sciences Prague, Czech Republic
Eyal Ben-Dor — Tel-Aviv University, Israel

Lubos Boruvka — Czech University of Life Sciences Prague, Czech Republic

Soil spectroscopy has shown to be a fast, cost-effective, environmental-friendly, nondestructive,
reproducible, and repeatable analytical technique. However, not only the soil components but
also types of instruments, protocols, sampling methods, sample preparation, spectral acquisition
techniques, and analytical algorithms have an influence on the spectral performance. Therefore
it’s important to characterize these differences and to establish a simple common standardization
procedure in order to minimize the technical factors that alter reflectance spectra which will enable
all users to create robust spectral models over large geographical extents. To quantify this alteration
and propose a standardization method, a joint project between Czech University of Life Sciences
(CULS) and Tel-Aviv University (TAU) was conducted to estimate Cox, pH-H20, pH-KCl, Fe-d,
Fe-ox, Mn-d, and Mn-ox. 78 soil samples from five agricultural lands from different parts of the
Czech Republic and two different protocols for soil spectral and chemical measurement and two
data mining techniques were analyzed. Spectral measurement at both laboratories was done using
ASD spectroradiometer. CULS protocol was based on employing Dark Box (DB) environment,
Partial Least Square Regression (PLSR) model and k-fold cross validation, while TAU protocol
was carried out using a Contact Probe (CP) and Internal Soil Standard (ISS) procedure. At
TAU, spectral modelling was performed using the PARACUDA II, a new machine learning and
data mining engine which automatically develops 512 individual models for each soil property
and evaluates the model population behavior and the best model selection under the internal
calibration-validation 75%-25% technique. The results demonstrated that spectra based on the
CULS setup demonstrated significantly higher albedo intensity and reflectance values relative to
the TAU setup reflectance. The TAU protocol also improved the analytical results as compare
to the CULS (NON-ISS) protocol; however, keeping the spectral measurement stages constant
by a strict setup reduces the effectiveness of ISS significantly. The paper also highlights that
PARACUDA T1I engine proved to be a powerful tool to assess higher results than the regular
scheme such as PLSR that is traditionally used by many users. Such initiative is not only a way
to unlock current limitations of soil spectroscopy, but also helps the soil society for development
of an agreed-upon protocol to contribute to the construction of the Soil Spectral Libraries (SSLs).

keywords: Soil spectroscopy, Protocol and standard, Data mining, Internal soil standard, Soil
spectral library
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Soil organic carbon stocks prediction in Brazil

Lucas C. Gomes — Federal University of Vicosa, Brazil

Elpidio I. Fernandes Filho — Federal University of Vicosa, Brazil
Eliana de Souza — Federal University of Vigcosa, Brazil

Raiza M. Faria — Federal University of Vicosa, Brazil

Gustavo V. Veloso — Federal University of Vicosa, Brazil

Carlos E.G.R. Schaefer — UF'V, Brazil

This study evaluated an approach for predicting soil organic carbon (SOC) stocks in the Brazil-
ian territory down to 1m depth for all biomes and soil types using environmental and bioclimatic
variables. To obtain the highest performance of prediction we tested five machine-learning al-
gorithms: Cubist, Random Forest, Linear Regression, Support Vector Machine, and ExtraTrees.
Soil data were obtained from a compilation made by the Brazilian Agricultural Research Agency
(Embrapa), based mainly in the RADAMBRASIL country survey. The dataset totalized 8,530 soil
profiles with 37,939 samples, in which the main chemical and physical properties are available.
From the dataset, 3,278 samples were used to adjust a pedotransfer function for estimating bulk
density for missing depths, based on SOC and clay contents, using the linear regression method.
To model the vertical distribution of SOC stocks we used mass preserving equal-area quadratic
splines to interpolate the distribution of SOC and bulk density at standard depth intervals (0—5,
5—15, 15—30, 30—60, and 60—100 cm). The covariates database was composed of 78 variables in-
cluding bioclimatic (temperature and precipitation), soil and biome maps, vegetation indexes and
morphometric maps derived from a digital elevation model, with a grid of 1 km?. To select the most
important covariates for each depth we used the Recursive Elimination Feature of the Random
Forest, in which the main variables selected were: precipitation, temperature, slope height, soil
class, standardized altitude, terrain surface convexity and vegetation indexes (NDVI, EVI). Pre-
dictions of all machine-learning algorithms were compared using nested ten-fold cross-validation
and independent validation. Independent validation was performed separating the dataset into
10 sets with 90% for training and 10% for validation. Accuracy assessments of predictions were
compared by means of statistical indexes: root mean squared error (RMSE) and R-squared (R2).
Overall, Random Forest showed the best performance in predicting SOC stocks for all depths, with
a highest performance for 15-30 cm soil depth (R2 < 0.30, RMSE < 0.94 kg m~2) and was selected
for the spatial prediction of SOC stocks. In total, the soils store approximately 87 PgC within the
top 1 m and the 0-30 cm layer reaches 48 PgC. Also, 30% of the total carbon stock is present in
protected areas (conservation units). The Amazonia biome possesses the highest amount of carbon
(44 PgC). Regarding SOC stock among soil classes, more than 53% of the total SOC stock was
found in the Oxisols and Ultisols. This study is the first in predicting SOC stocks for the whole
of Brazil’s territory using machine-learning algorithms and could be used for future soil carbon
inventories and to highlight the importance of nature reserves for protecting soil organic carbon.

keywords: Carbon stock, Machine-learning, Organic carbon, Soil mapping
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Variation of soil property depth functions

Jenna Grauer-Gray — University of Wisconsin-Madison, USA
Alfred Hartemink — University of Wisconsin-Madison, USA

Soil property depth functions can be used to identify soil processes that involve translocation
and transformation as well as to locate pedological and lithological discontinuities. Within a given
soil, every soil property has its own vertical distribution pattern that can be expressed as a depth
function. We constructed depth functions using 10 cm interval sampling in 3 soils: a Mollisol, an
Alfisol, and an Entisol. We used soil property data to estimate soil property depth function types.
We found that the depth function type of a soil property can vary considerably between soils. The
Ca concentration depth function types were irregular (Mollisol), disjoint (Alfisol), and exponential
(Entisol). We found that, within a soil, the depth function type varies between soil properties. In
the Alfisol, the depth function types were exponential for soil organic carbon (SOC) concentration,
minimum-maximum for pH, disjoint for Ca and Ti concentration, maximum-minimum for Al con-
centration and peak for Fe concentration. Some soil property depth functions reflected changes in
soil horizon or parent material. The depth functions of Ca concentration in the Alfisol and SOC
concentration in the Mollisol matched horizon boundaries. The Ti concentration depth function in
the Alfisol reflected the change in parent material. Other depth functions (i.e. Al and Fe concen-
tration) showed continuous changes with depth that did not overlap with horizons boundaries. It
is expected that fine resolution sampling of soil profiles will result in an increased use of soil depth
functions as a pedological research tool.

keywords: digital soil morphometrics, pedology, soil depth function
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Raster sampling of three soil profiles from Wisconsin, USA

Jenna Grauer Gray — University of Wisconsin - Madison, Department of Soil Science, USA
Alfred Hartemink — University of Wisconsin - Madison, Department of Soil Science, USA

Three soil profiles in Wisconsin, USA were sampled using a 10x10 cm raster: a Mollisol (1x1 m),
an Alfisol (1x1 m), and an Entisol (1x0.5 m). The profiles were described in the field, and samples
were taken from each cell and analyzed for soil color (HSV cylindrical-coordinate representation),
soil organic carbon (SOC) concentration, and soil texture. SOC, texture, and color were used
to revise delineation of horizons and their boundaries. Raster data verified the boundary of the
Mollisol A2/Ab, the Alfisol Bt/2Bw, and the Entisol Ap/Bw1 horizons. Using clay content, an E
horizon was identified in the upper part of the field-delineated Bt horizon of the Mollisol. Clay
content, color and SOC concentration were also used for the Ap/Bt horizon boundary in the Alfisol.
Raster data also showed considerable variation of soil properties within horizons. It is concluded
that raster data can detect horizons that were not identified in the field, and can revise or verify
field-delineated horizon boundaries.

keywords: soil carbon, digital soil morphometrics, soil profiles, pedology, Mollisol, Alfisol, Entisol,
soil color, soil texture, soil horizons
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High resolution modelling of soil organic carbon in West Green-
land

Philipp Gries — Eberhard Karls University Tibingen, Germany
Peter Kiihn — Eberhard Karls University Tibingen, Germany
Thomas Scholten — Eberhard Karls University Tibingen, Germany
Karsten Schmidt — Eberhard Karls University Tibingen, Germany

The soil organic carbon (SOC) pool in the first 300 cm of arctic soils includes about 50 % of the
estimated global terrestrial belowground organic carbon, which makes about 1024 Pg C and up to
496 Pg within the upper permafrost one meter. The Arctic is sensitive to climate change. Hence,
thawing of permafrost-affected soils to greater depth and for longer periods increases the release
of CO2 and CH4 to the atmosphere, which queries soils as an important carbon pool. Especially
in arctic environments, sparse soil data and limited knowledge of soil processes cause underesti-
mation of SOC stocks. Due to different regional climatic conditions, changing soil-environmental
conditions result in varying soil organic carbon contents in Greenland. In West Greenland, coastal
oceanic conditions turn into continental climate at the ice margin showing less precipitation, higher
insolation and increasing permafrost thickness.

This study comprises a prediction approach of SOC at two different study areas in West Green-
land using digital soil mapping (DSM) and data mining (DM) techniques (e.g. Random Forest,
RF). The objectives are (i) to identify major environmental factors controlling spatial variation of
SOC, (ii) to create high-resolution maps of SOC (iii) and to estimate SOC stocks.

Respecting different climatic conditions, one study area is situated next to the ice margin in
the Kangerlussuaq area and the second one is located near Sisimiut at the coast. Both study areas
(2 km?) are representative for each region and have similar environmental settings. Soil samples
(SOC, bulk density) were taken from depth increments (0-25, 25-50, 50-100, and 100-200 c¢m) at
40 sampling locations in each study area. Input data of the DSM model includes soil data from
fieldwork, a set of terrain attributes and remote sensing data.

First results comprise area-wide calculation of SOC stocks and dominant covariates for both
study areas using RF (R?/RMSE). Within the Kangerlussuaq study area, the average SOC stock
of the upper 25 cm is 7.56 kg/m?. There, the most important environmental variables of the
RF model (0.62, 1.22) are aspect and soil moisture. At Sisimiut, using RF (0.65, 6.24) results
in an average SOC stock of 12.12 kg/m? of the upper 25 cm and identifies elevation, aspect and
vegetation as most important environmental variables. We assume for the Sisimiut area that south
facing areas have high SOC stocks due to higher biomass production because of higher insolation.

keywords: digital soil mapping, carbon stocks, machine learning
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Past, present and future of physical, chemical and biological pro-
cess knowledge in pedometrics

Sabine Grunwald — University of Florida, USA

‘Pedo’ and ‘metrics’ emphasize two perspectives, where the former highlights pedological knowl-
edge and the latter the methodology and computational tools used to understand the past, current,
future conditions and change of soils. This understanding of pedology and physico-, biological- and
chemical transformations has been transposed into sophisticated maps and models. The main focus
in this talk is on the “Why” and “How” soils develop, degrade, improve or are sustained in terms
of their performance to meet needs (e.g., crop yield in context of food security), functions (e.g., soil
carbon sequestration), values and benefits (e.g., water holding capacity), conditions (e.g., various
soil properties) or overall perceptions (soil health, quality, and security). Since the invocation of pe-
dometrics we have seen shifts in how physical, chemical, and biological process knowledge has been
incorporated in soil models. An increased understanding of relationships between environmental
factors and soil properties as well as biogeochemical cycles derived from empirical measurements
(e.g. vadose zone) have afforded to improve our body of knowledge. Trends to couple these soil
models explicitly with the human and life dimensions are underway to move from simpler model
representations (e.g., incorporation of land use) to models that explicitly account for human ac-
tions, values, beliefs, decisions, and other organisms (e.g., microbial processes) allowing improved
back- and forecasting (e.g., global climate change) and evaluation of scenarios (e.g., adaptation in
soil management). Improved soil-environmental data availability through remote and proximal
sensing technologies combined with advancements in computational ability have afforded to build
ever better soil factorial models rooted in empirical science. Specialized process-based soil models
to simulate soil change (quasi)mechanistically have been used in standalone mode or embedded in
holistic Earth System Simulation Models and ecosystem models. Trends and issues related to how
we transpose what we know about soils at a point (site) to spatial and temporal model scales and
associated uncertainties will be addressed. I will also discuss the mainstream paradigms in pedo-
metrics rooted in empiricism and reductionism (i.e., deduct data and process-knowledge at finer
and finer scales and build more detailed and complex models) in light of the needs to synthesize
soil knowledge to resolve the global grand challenges and crises of our time.
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Organic carbon in Swiss cropland soils 1985-2014

Andreas Gubler — Swiss Soil Monitoring Network NABO, Switzerland
Peter Schwab — Swiss Soil Monitoring Network NABO, Switzerland
Daniel Wichter — Swiss Soil Monitoring Network NABO, Switzerland
Feliz Stumpf — Swiss Soil Monitoring Network NABO, Switzerland
Armin Keller — Swiss Soil Monitoring Network NABO, Switzerland

Soil organic carbon (SOC) is a key factor regarding most soil functions. However, consistent
long-term data on SOC contents at national level are scarce. The Swiss Soil Monitoring Network
NABO assessed SOC contents of 31 cropland sites sampled six times from 1985 to 2014. The
results provide insights into the temporal evolution of SOC in Swiss croplands in the context of
the agricultural management. Furthermore, the sensitivity of the used monitoring scheme may be
assessed.

keywords: soil monitoring, soil organic carbon, minimum detectable change
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Seeing inside a pedologists head: are machine learning algorithms
landscape specific?

Jacqueline Hannam — Cranfield University, United Kingdom
Joanna Zawadzka — Cranfield University, United Kingdom
Ronald Corstanje — Cranfield University, United Kingdom
Thomas Mayr — Cranfield University, United Kingdom

In digital soil mapping (DSM) often only one inference method is applied or a couple are tried
and the best performing is chosen based on the model validation statistics. Whilst this is a valid
approach from a pedometric point of view it does not tell us if there are any underlying pedological
reasons why x method was better than y. This kind of information is useful when operating at the
landscape scale when strategic or policy decisions are commonly made within these contexts.

We compare a DSM taxonomic soil map produced at a national scale by Random Forests and
a Bayesian network. The final soil associations were selected based on the best performing model
after validation using independent field data. It is evident that some areas favour one method over
the other and in other areas there is little differentiation between the two models in the landscape.
Where there is a fragmented pattern in the optimal model selection this is often due to the efficacy
of the training data. In landscapes where one model is obviously more successful over a wider area
we discuss why this may be the case. In these areas the way the inference system makes a decision
(ensemble decision trees vs conditional probabilities) and the pattern of soils within the landscape
may be compatible. It could potentially identify areas where the soil patterns are more stochastic
or where there are feedbacks between some of the covariates. This additional information is useful
when using the soil map for strategic purposes for example for identifying areas for monitoring
soil conditions or to predict a likely outcome to a perturbation such as climate change or land
management.

keywords: digital soil mapping, soil landscapes, soil monitoring
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The Pedon is at the Core of Digital Soil Morphometrics

Alfred Hartemink — University of Wisconsin, USA

The pedon is at the core of many soil investigations whether that is for digital soil mapping
purposes, site characterization, or pedological research. In this talk an overview is provided how the
pedon, and its two-dimensional representation (the soil profile), is studied. An overview is presented
of the measurement of soil properties and morphometric characteristics, soil depth functions, and
soil profile imaging and mapping. The overall purpose is enhanced understanding including more
objective ways of identifying and delineating soil horizons and treating the soil as a continuum
with depth. Digital soil morphometrics can be viewed as the use of proximal soil sensors and other
instruments to study soil profiles. There has been considerable progress in the in-situ measurement
of soil properties and soil functions linking a range of instruments with soil inference systems. Some
progress has been made in the mapping of the soil profile that includes raster sampling of a soil
profile wall, digital image analysis of soil profiles, and monolith scanning. This has resulted in
improved soil horizon delineation and assessment of soil horizon purity, and the realization. At
last, there may be a recurrent pattern in soil feature at different levels that can be studied using
similar pedometrics approaches.
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Validation of the 250m Soil Grids in Canada

Juanzia He — Government of Canada, Canada

Xiaoyuan Geng — Government of Canada, Canada

Bert Vandenbygaart — Government of Canada, Canada

Tim Martin — Government of Canada, Canada

Tomislav Hengl — ISRIC, Netherlands

Robert MacMillian — LandMapper Environmental Solutions Inc., Canada
Cindy Shaw — Government of Canada, Canada

The latest version of SoilGrids at 250m resolution has been released. Regional assessment and
verification of the released data are still needed in order to guide the use and future improvement
of the data. Two sets of independent point soil data were selected to validate the predicted soil
total organic carbon (TOC) of the 250m SoilGrids. The first set of point data was acquired from
the Canadian Forest Service (CFS) for the non-agriculture areas in Canada. The second set was
retrieved from the Canadian National Pedon Database(NPDB).

The LFH and organic horizons information is widely recorded from the pedons from non-
agricultural areas. In contrast, the recorded top horizons of the pedons from agriculture regions
generally of mineral provenance. The two groups of the pedon data were used separately in the
validation method. All of the validation pedon points were preprocessed and modeled to uniform
depths. The zero depth of each pedon was adjusted to the terrain surface, which meant no negative
depth values Soil TOC values at the five standard depths (5, 15, 30, 60, 100 cm) were retained
using the SPLINE tool (Malone et al. 2009). The TOC values of the 250m SoilGrids at similar
depth intervals were extracted at each of the validation points.

With the independent measured and the predicted SoilGrid soil TOC data, the validation in-
cluded examination of scatter plots, calculation of RMSE (Root-Mean-Square-Error), bias (mean
error of prediction), and R2 (the coefficient of determination). Log-transformations were applied
where normality of the distribution was not attained for calculating the R2. The R2 values and
the scatter plots suggested that the SoilGrid predicted TOC in the non-agricultural areas better
than that in the cultivated regions. However, the linear relationship between the measured and
predicted data was weak to moderate, and the R2 values ranged from 0.01 to 0.55. The RMSE
and bias of the TOC values for both the non-agriculture and agriculture land were large espe-
cially at the 5 cm depth. However the RMSE and bias were reduced as the depth increased. In
summary, the TOC prediction of the SoilGrids is better in non-agriculture areas than that in cul-
tivated regions. For the future revision of the 250m SoilGrid, more training point data should be
used from Canada. Organic and Peatland soils should be modeled separately from mineral soils.
Environmental covariates that are unique to Canadian soil development may contribute to the
improvement of future predictions.

keywords: Soil, Soil Carbon, DSM, Canada
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How universally is soil carbon increasing in New Zealand’s hill
country?

Carolyn Hedley — Landcare Research, New Zealand
Pierre Roudier — Landcare Research, New Zealand

Hill country represents a significant part of New Zealand’s agricultural land. These landscapes
are characterized by steep slopes, and are prone to erosion. Previous studies indicate the rate of soil
carbon accumulation in hill country is highly variable, and processes affecting stock changes differ
for contrasting topographic units. In the recent years, resampling of 23 National Soil Database sites
at mid-slope positions provided strong evidence of soil carbon increase for these specific sampling
sites since the 1980s. However, there is little data available for other topographic units (such as
swales, summits, gullies): the spatial pattern of these variations of soil carbon is largely unknown.

This poster will introduce a new project that will establish a soil monitoring framework for
New Zealand hill country, leveraging the wealth of environmental data-layers now available. This
will guide the selection of new National Soil Database sites for resampling in places previously
under-sampled to reduce uncertainty in estimates of changes in soil carbon stock at different slope
positions and for different soil orders. The framework will provide a statistically robust method
for monitoring ongoing soil carbon changes for New Zealand hill country, and for National Carbon
Accounting and Emission Trading Scheme systems.

keywords: Soil monitoring, Soil carbon, Spatio-temporal variability

95



Soil texture estimation via mobile gamma-spectrometry: advanced
evaluation using support vector machines

Tobias Heggemann — University of Bonn, INRES, Soil Science and Soil Ecology, Germany
Gerhard Welp — University of Bonn, INRES, Soil Science and Soil Ecology, Germany

Sylvia Koszinski — Leibniz Centre for Agricultural Landscape Research (Leibniz-ZALF e.V.), Ger-
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Matthias Leenen — University of Bonn, INRES, Soil Science and Soil Ecology, Germany

Karsten Schmid — University of Tibingen, Department of Geosciences, Char Soil Science and
Geomorphology, Germany

Stefan Pdtzold — University of Bonn, INRES, Soil Science and Soil Ecology, Germany

High resolution soil data are an essential prerequisite for the application of precision farming
techniques. Sensor-based evaluation of soil properties may replace laborious, time-consuming and
expensive soil sampling with subsequent measurements in the lab. Gamma spectrometry generally
yields information that can be translated into topsoil texture data after adequate calibration. Yet,
preliminary studies show that transferability of local or regional calibration models is restricted
because of widely differing mineralogical soil composition and pedogenesis. However, nonlinear
models using support vector machines shall be developed in order to be extrapolated to a wide
range of different landscape settings. Applying such models would make sampling, analyses and
local calibration dispensable. Our recently published results in this regard (Heggemann et al.
2017, Soil Till. Res.) refer to spectra that were recorded directly in the field using a tractor-based
spectrometer, but in a stationary stop-and-go mode. In an ongoing project (“I4S - Intelligence for
Soil”) in the frame of the German Federal BonaRes program we actually evaluate the preciseness
and usability of spectra and universal models recorded on-the-go, i.e. from a driving tractor.
Predicting sand, silt and clay contents while driving over the field would enable us to directly
adapt texture-related agronomic measures such as lime and fertilizer application “on-the-go”.

keywords: proximal soil sensing, online sensor, machine learning
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The power of Random Forest for the identification and quantifi-
cation of technogenic substrates in urban soils on the basis of
DRIFT spectra

Jannis Heil — University of Wuppertal, Germany
Xandra Michaelis — Ruhr University Bochum, Germany
Bernd Marschner — Ruhr University Bochum, Germany
Britta Stumpe — University of Wuppertal, Germany

In the past, large amounts of domestic waste and unwanted by-products from industrial pro-
cesses, such as ashes from municipal solid waste incineration and slags from metallurgy processes
were produced and often were deposited unregulated in the urban environment. The incineration
of municipal solid wastes has been increasingly adopted around the world to deal with the ever-
growing amounts of waste. Slags, on the other hand, are generated as solid by-products during
metal production, with annual worldwide production reaching over 50 million tons. Some of these
technogenic substrates contain high concentrations of hazardous substances, such as salts, PAHs,
or heavy metals, so that an identification of such substrates is necessary.

As traditional methods are slow and costly, we developed a spectroscopic based data mining
method to identify different technogenic substrates in soils. Out of 174 soil samples, 13 different
samples were chosen, finely ground (<200 pm), and mixed with different finely ground inciner-
ation plant ashes and zinc furnace slags at different levels of concentration from 5 — 50%. The
spectra of pure substrates and mixtures were determined using diffuse reflectance Fourier trans-
form spectroscopy (DRIFT) in the mid-infrared region (MIR, 4000-400 cm-1) at a resolution of
2 cm~!. The DRIFT spectra were used to develop classification models using the random forest
algorithm (RF), one of the latest improvements in ensemble learning. Prior to analysis, different
mathematical pretreatments were performed to improve the model performance.

RF was able to separate the pure substrates perfectly, without any pretreatment. Soil/substrate
mixtures could be classified at a low uncertainty for technogenic substrate concentrations 10%.
Forming the first derivative of the spectra reduced the model error by the factor of two to 4 — 7%.
For the detected substrates, RF was also able to determine the level of concentration (low, medium,
high), albeit with higher error rates. We showed that RF can be a powerful classification system
to identify potential pollutants in soils. With our approach, we present a rapid and cost-effective
method to identify and determine technogenic substrates in soils, an approach which could be
adapted to a broad range of pollutants, also to other media than soil.

keywords: Urban soils, Technogenic substrates, Diffuse Reflectance Spectroscopy, Data Mining,
Random Forest
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Mapping the patterns of organic matter decomposition in a high
mountain environment

Niels Hellwig — Institute of Geography, University of Osnabriick, Germany
Kerstin Anschlag — Institute of Geography, University of Osnabrick, Germany
Gabriele Broll — Institute of Geography, University of Osnabriick, Germany

High mountain environments are characterized by a high heterogeneity of landscape attributes.
Moreover, soil sampling in these areas faces limited terrain accessibility. Spatial modeling of soil
properties thus requires techniques that cope with both scarce data and small-scale variations of
environmental factors.

In the context of the D.A.CH. project “Effect of climate on coarse woody debris decay dynamics
and incorporation into the soils of forested Alpine areas” (DecAlp) soil ecological relationships and
processes were investigated in an area in the Northern Italian Alps (Val di Sole / Val di Rabbi,
Trentino). Data on humus forms serve as valuable information about the decomposition of organic
matter. The aim of this study was to map spatial patterns of decomposition processes inside the
forested parts of the study area by implementing models from the local to the landscape scale.

Spatial modeling was based on humus form data and included topography and vegetation as
relevant covariates. Different approaches were used according to the model scale: At the local scale,
humus forms were associated with the ground cover at the forest floor and the microtopography
in a rule-based approach. At the slope scale, random forests were utilized to spatialize patterns
of decomposition processes, depending on terrain attributes (from a digital terrain model), forest
characteristics (from a vegetation map) and quantitative field estimates of the forest ground cover
(e.g. no vegetation, moss, grass). At the landscape scale, modeling was based on decision tree
analysis and fuzzy logic. The model results were assessed in terms of the goodness of fit, the validity
of the model structure, the uncertainty of the humus form data and the applicability regarding
varying landform types.

The model predictions reveal a high spatial variability of decomposition processes. At the
local scale, variations of humus forms coincide with small-scale variations of the forest ground
cover (e.g. no vegetation, moss, grass). At the slope and landscape scale, forest humus forms
show a trend according to factors such as elevation and slope exposure. At high elevations and
north-exposed slopes, environmental conditions for the decomposition of dead organic matter are
generally less favorable in comparison to low elevations and south-exposed slopes. The model
assessment highlights the suitability of different model approaches depending on the scale, but also
reveals uncertainties in some places of the study area due to the scarcity of humus form data.

keywords: Upscaling, Tree-based modeling, Fuzzy logic, Humus forms, Italian Alps
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End of kriging? Or how tree-based Machine Learning Algorithms
can be used to generate more accurate spatial predictions with
combined geographical and feature space covariates

Tomislav Hengl — ISRIC, Netherlands

Kriging (the best linear unbiased prediction for spatial data) has been for over 40 years among
the most used technique for spatial prediction of soil variables. This talk will demonstrate, using
real-life data sets, that Machine Learning Algorithms (MLA) that utilize buffer distances between
sampling points as covariates can be used to produce equally good, frequently more accurate pre-
dictions than kriging; if auxiliary or feature space covariates (e.g. RS images) are added to the
model then MLAs generate more accurate predictions than regression-kriging. The advantages of
MLAs (the focus of this work is on tree-based MLAs such as Random Forest, Gradient Boosting,
Cubist and/or Bayesian Additive Regression Trees) vs linear geostatistical models will be demon-
strated using several standard soil mapping data sets (Ebergotzen, Meuse, Edgeroi). It will be
further shown that advantages of ML As over kriging methods are especially distinct in cases where
relationship between soil variables and geographical and feature space covariates is non-linear and
complex, and when models are based on millions of measurements. In addition, it will be shown
that MLAs show also numerous other advantages over kriging due to increasing possibilities for
interpretation of modelling results (sorting of the predictor variables based on importance, visu-
alization of complex non-linear relationships, detection of possible outliers and blunders in the
input data). These discoveries imply that, in principle, MLAs could be used to partially or com-
pletely replace kriging in soil mapping. There are still many challenges, however, in front of MLA
users: how to improve computational efficiency? how to derive spatial uncertainty for MLA-based
predictions? how to generate spatial simulations? how to include variable uncertainty in soil
measurements in model fitting? and similar.

keywords: machine learning, random forest, regression-kriging, soil predictive modelling, automa-
tion, big data
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Hyperspectral Imaging of Soil Cores

Eleanor Hobley — Technical University of Munich, Germany
Markus Steffens — Technical University of Munich, Germany
Stefanie Kriegs — Technical University of Munich, Germany

Obtaining reliable and accurate data regarding the spatial distribution of different soil com-
ponents is difficult due to issues related with sampling scale and resolution on the one hand and
laboratory analysis on the other. When investigating the chemical composition of soil, studies
frequently limit themselves to two dimensional characterisations, e.g. spatial variability near the
surface or depth distribution down the profile, but rarely combine both approaches due to limi-
tations to sampling and analytical capacities. Furthermore, when assessing depth distributions,
samples are taken according to horizon or depth increments, resulting in a mixed sample across the
sampling depth. Whilst this facilitates mean content estimation per depth increment and therefore
reduces analytical costs, the sample information content with regards to heterogeneity within the
profile is lost.

Hyperspectral imaging can overcome these sampling limitations, yielding high resolution spec-
tral data of down the soil profile, greatly enhancing the information content of the samples. This
can then be used to augment horizontal spatial characterisation of a site, yielding three dimensional
information into the distribution of spectral characteristics across a site and down the profile.

Soil spectral characteristics are associated with specific chemical components of soil, such as
soil organic matter or iron contents. By correlating the content of these soil components with their
spectral response, high resolution multi-dimensional analysis of soil chemical composition can be
obtained. Here we present a hyperspectral approach to the characterisation of soil organic matter
down cores obtained from agricultural soil profiles in Germany, outlining advantages and issues
associated with the methodology.

keywords: Vis-NIR, Deep soil, Multivariate analyses
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There is widespread recognition of the significant value of peatlands and their ability to store
large amounts of soil organic carbon. Recent surveys have been undertaken to assess the condition
of peatlands and this includes calculating the amount of carbon stored. An important factor in this
calculation is the accurate determination of peat depth, i.e. the depth of highly organic material
which is above mineral soil or parent material. Several different methods are used to measure peat
depth in the field. For instance, there have been some attempts to use ground penetrating radar.
Manual measurement using augers are still commonly used, but this is time-consuming and only
provides a depth reading at a single point. Some previous studies have reported on the use of
electromagnetic induction (EMI) to non-invasively estimate the depth of peat. These studies have
been limited in scope and there have not been any published EMI studies on peatlands in the UK.
In this study, a DualEM 21S was used to record the electromagnetic signal along a transect of
the Moidach More peatland in north-east Scotland, UK. The Moidach More has been the site of
numerous intensive studies since the 1950s and thus, there is a large amount of legacy peat depth
data. The peat depth varied significantly along the transect and the maximum depth surveyed was
3 m. The EMI transect was undertaken in the summer (1 September) when the antecedent moisture
levels were moderate. The EMI data were processed and inverted using EM4Soil software. The
inverted EMI data were modelled to see if the depth of the peat could be predicted. A Generalized
Additive Model was used to capture non-linear relationships. The initial model was between peat
depth and the mean of the conductivity data in a moving window of 10m around the measured
depth locations (~20 points). The initial results showed a 38% of explained deviance and an R2
of 0.4. Further modelling will include environmental covariates, such as morphological features
(elevation, slope) and remote sensing indices (vegetation, moisture). Given the small number of
peat depth measurements available particular attention will be paid to model selection to avoid
overfitting. These results show some promising potential for EMI data to be used for peat depth
surveying. It is proposed that future research is undertaken on a larger dataset (>100) which
should reduce uncertainty and provide a more powerful predictive relationship.

keywords: peat depth, soil organic matter, EM inversion, EM/Soil, Generalized Additive Model
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Detailed and accurate information on soil organic matter (SOM) content is important for many
applications, like the assessment of greenhouse gas emissions, carbon sequestration and the fixation
and leaching of pesticides. In the Netherlands the fate of pesticides in the soil-plant system
is modelled with GeoPEARL, a dynamic, multilayer model. Previous research showed that SOM
content was the most important source of uncertainty in the prediction of the leaching concentration
with this model. The aim of this research was to use all information in the Dutch Soil Information
System, both data on point support and soil maps, to construct a three-dimensional (3-D) map of
SOM. A large part of the point data on SOM were field determinations. These field determinations
of SOM were calibrated against laboratory measurements, to eliminate bias and to obtain an
estimate of the precision of the field determinations. SOM predictions at multiple depths were
obtained by 3-D simple kriging with varying local means. The local means were modelled as a
stepwise trend in three dimensions, the spatial structure of which was derived from typical soil
profile descriptions of the units of the Soil Map of the Netherlands 1:50 000. For the topsoil (15
cm) the stepwise trend was further differentiated according to three land use categories. The local
means, averages of log-transformed SOM-values, were estimated from a stratified random sample
of 1210 locations. Legacy data at points selected by non-probability sampling were not used for
estimating the local means to guarantee unbiasedness. Residuals of the local means at 766,000
locations were interpolated by 3-D simple kriging based on the sum metric 3-D variography in
both horizontal space and depth. Leave one out cross-validation on the 1210 locations showed that
the mean prediction error was 0,029 and the root means squared error was 0,034. The mean squared
deviation ratio is 0.79, indicating that the estimated prediction accuracy is an overestimation and
actual errors at the validation locations are smaller.

keywords: Three-dimensional Interpolation (3-D), Geostatistics, Kriging, Digital soil mapping,
Organic matter, Carbon, pesticides, Soil information system, Soil map
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Accurate and detailed spatial soil information is essential for environmental modelling, risk
assessment and decision making. The use of Remote Sensing data as secondary sources of in-
formation in digital soil mapping has been found to be cost effective and less time consuming
compared to traditional soil mapping approaches. But the potentials of Remote Sensing data in
improving knowledge of local scale soil information in West Africa have not been fully explored.
This study investigated the use of high spatial resolution satellite data (RapidEye and Landsat),
terrain/climatic data and laboratory analysed soil samples to map the spatial distribution of six
soil properties — sand, silt, clay, cation exchange capacity (CEC), soil organic carbon (SOC) and
nitrogen — in a 580 km? agricultural watershed in south-western Burkina Faso. Four statistical
prediction models — multiple linear regression (MLR), random forest regression (RFR), support
vector machine (SVM), stochastic gradient boosting (SGB) — were tested and compared. Inter-
nal validation was conducted by cross validation while the predictions were validated against an
independent set of soil samples considering the modelling area and an extrapolation area. Model
performance statistics revealed that the machine learning techniques performed marginally bet-
ter than the MLR, with the RFR providing in most cases the highest accuracy. The inability of
MLR to handle non-linear relationships between dependent and independent variables was found
to be a limitation in accurately predicting soil properties at unsampled locations. Satellite data
acquired during ploughing or early crop development stages (e.g. May, June) were found to be
the most important spectral predictors while elevation, temperature and precipitation came up as
prominent terrain/climatic variables in predicting soil properties. The results further showed that
shortwave infrared and near infrared channels of Landsat8 as well as soil specific indices of redness,
coloration and saturation were prominent predictors in digital soil mapping. Considering the in-
creased availability of freely available Remote Sensing data (e.g. Landsat, SRTM, Sentinels), soil
information at local and regional scales in data poor regions such as West Africa can be improved
with relatively little financial and human resources.

keywords: Soil property mapping, Remote Sensing, RapidEye, Landsat, Multiple linear regression,
Random forest regression, Support vector machine, Stochastic gradient boosting
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Mapping and immediate forecasting of soil water content (theta) and its movement can be
challenging. Although apparent electrical conductivity (ECa) measured by electromagnetic induc-
tion has been used, it is difficult to map the depth-specific theta along a transect or across a field.
Across a 3.95-ha field with varying soil texture, an ensemble Kalman filter (EnFK) was used to
monitor and nowcast theta dynamics in 2-d and 3-d over 16 days. The EnKF combined a physical
soil-water tipping bucket model fitted with theta measured by soil moisture sensors and an artificial
neural network model established using estimates of true electrical conductivity (sigma) generated
by inversion of DUALEM-421S ECa data. Results showed that the spatio-temporal variation in
depth-specific theta along the transect and across the field can be successfully modelled using
the EnKF approach (Lin’s concordance < 0.89, RMSE < 0.03 ¢cm3/cm3), which was superior to
the physical and empirical models. Soil water dried fast at the beginning of the irrigation and
decreased with time and soil depth, which were consistent with the classical soil drying theory
and experiments. It was also found that the soil dried fast in the loamy and duplex soils across
the field, which was attributable to deep drainage and preferential flows. It was concluded that
the EnKF approach can be used to better the irrigation practice so that variation in irrigation is
minimised and irrigation efficiency is improved by applying variable rates of irrigation across the
field. In addition, soil water status can be potentially nowcasted using this method with weather
forecast information, which can provide guidance to farmers for real-time irrigation management.

keywords: DUALEM-421S, data assimilation, deep drainage, irrigation efficiency, real-time irri-
gation management
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We can create a classification based on a common set of principles. In order to do this, there
is the requirement for a universal database. This database needs to be comprehensive, non-
duplicated, have the capacity for other suitable taxon to be added to it, and at the same time
to be small and simple. As an initial step, soil profile description data and taxa from two differ-
ing taxonomies have been successfully combined into a single database, referred to as the Total
Reference taxonomic database, or TRex. This has the data range to suit most soil properties in
both Australia and the United States, but there is extensive duplication and issues of equivalence
(whether a taxonomic tier such as Order, Suborder or Great Group of one taxonomic system is
equivalent to the same tier of another taxonomic system). We propose an additive model by
which the impediments of redundancy and equivalence can be countered and demonstrate how a
combined data set can be created that is just as effective for the purpose of creation of a world
taxonomy, yet has less unnecessary overlap. These ideas are incorporated, creating a hybridized
data set that covers that same ranges as TRex in principal component space, yet is significantly
smaller, making distance calculations and optimizations of various kinds much faster. This system
is tested by the addition of taxa from an independent data set in New Zealand. The possibility
of merging and simplifying of such different systems and the addition of independent third party
data demonstrates the possibility of similar mergers with taxonomies of other nations, creating a
global data pool for a world taxonomic system.

keywords: Soil classification, Soil Tazonomy, Soil profile description, Soil taxonomic description
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We develop modularly built software group for desktop, on-line, and mobile platforms in order
to support and promote soil data collecting, -data sharing, and -data utilization. Software modules
are available independently, and freely. Data visualization and distribution for end-users is served
by SiteViewer module. In this module soil maps or tabular soil data are available for the desired
locations. The module serves the tasks of landowners and forest managers. The SiteProfessional
module is suitable to create and manage personal or shared soil databases among the users. It
serves the needs of soil experts in surveying or mapping tasks to optimize sampling density and to
check data availability of the given area. It is also suitable to build quality checked, national soil
profile database. Our initiative supports the best utilization and archiving of existing data came
from either former or future surveys. We also want to provide a virtual place and data store for
co-operating expert groups. Last but not least we want to support land managers to access high
quality soil data.

keywords: sharing soil data, personal and joint soil databases, software development, biulding soil
database

106



Mapping the Suitable Sites for Rice Production Using Analytical
Hierarchy Process and Geographical Information System

Md Monjurul Islam — University of Tsukuba, Japan
Tofael Ahamed — University of Tsukuba, Japan
Ryozo Noguchi — University of Tsukuba, Japan

Bangladesh is the smallest country in the South-Asia with high density of population. Food
security is not just an economic issue but also a political and societal problem in Bangladesh faces
today. To feed the huge population there is no more alternatives without increase the agricultural
production; maximum utilization of land resources. But the production is not so upright due to
appropriate knowledge and scientific application of Soil.

Land is called the unique source of all material wealth. Soil is a vital part of the natural
environment. The importance of land is therefore too much as it is influencing the standard
of living. Usually Rangpur division is vulnerable than any other part of Bangladesh. To rise
production, it is essential to secure lands for achieving optimum application of resources. Land
Suitability Assessment (LSA) is one of the most important tools to increase rice production in
the poverty prone areas. Therefore, the aim of the study was to identify the suitable sites for
rice farming in the northern part of Bangladesh. To satisfy the research, a multi-criteria analysis
was done and produced a suitable map for rice production with the integration of Geographical
Information System (GIS) and Analytical Hierarchy Process (AHP). Data were collected from
ground truth information and regional offices, Landsat and MODIS satellite databases of vegetation
indices provided by USGS. The recent raster image from Google Earth Pro was used to confirm
the consistency of suitability analysis. The suitability levels were ranked based on FAO land
suitability classification as: Highly Suitable (S1), Moderately Suitable (S2), Marginally Suitable
(S3), Currently Not Suitable (N2), and Permanently Not Suitable (N1).

To create the suitability map for rice weighted sum overlay tool in ArcGIS 10.3 was used. Then,
the suitability map for rice production in the study area was designed. The weighted overly was
done and found that 32.67% (192087 ha) was permanently not suitable and 1.19% (6997 ha) was
currently not suitable for rice farming which occupied with settlement, water bodies, river and
forest. Instead, 22.74 % (133702 ha) of study area was highly suitable, while 28.54% (167804 ha)
was moderately suitable, 14.86% (87371 ha) was marginally suitable. This research provided info
at local level that could be used by rice producer to select suitable fields and then it can be apply
in other crops. It will also helpful for the extension workers and policy makers who serves in the
agricultural sector.

keywords: Land Suitability Assessment (LSA), Geographical Information System (GIS), Rice
Farming, Bangladesh, Analytical Hierarchy Process (AHP)
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An increased soil salinity is one of the severe land degradation factors that inhibits growth
and development of crops. Therefore, up to date soil salinity information at increasing spatial and
temporal resolution is vital for appropriate management practices and reclamation strategies. But
conventional soil sampling are slow, expensive, and often cannot deliver the temporal and spatial
resolution required.

The canopy temperature change is one of the stress indicators in plants. Its behaviour in
response to salt stress on individual plant level is well studied in controlled experiments, but
its potential for landscape scale studies is not investigated yet. In our study, possibilities of
satellite thermography for landscape scale soil salinity assessment of cropped areas were studied.
The performance of satellite thermography is compared with other approaches that have been
used before, like Normalised Difference Vegetation Index (NDVI) and Enhanced Vegetation Index
(EVI). The study areas were Syrdarya province of Uzbekistan and four study areas in Australia.
The diversity of the study areas allowed us to analyse behaviour of canopy temperature of different
crops (wheat, cotton, barley) and different agriculture practices (rain fed and irrigated). MODIS
and Landsat TM multiannual satellite images were used to measure canopy temperature. As
ground truth for Uzbekistan study area we used a provincial soil salinity map. For the Australian
study areas we used the EC map for the whole country. ANOVA was used to analyse relations
between the soil salinity maps and canopy temperature, NDVI, EVI. Time series graphs were
created to analyse the dynamics of the indicators during the growing season.

The results showed significant relations between the soil salinity maps and canopy temperature.
The amplitude of canopy temperature difference between salinity classes varies for different crops,
but the trend of temperature increase under increased salinity is present in all cases. The calculated
F-values were higher for canopy temperature than for all other compared indicators. Also the visual
comparison of the soil salinity map and the canopy temperature map show similar spatial patterns.
The NDVI and EVI maps look more random and noisy and patterns are less pronounced than for
the canopy temperature map. The strongest relation between the soil salinity map and canopy
temperature was usually observed at the end of a dry season and in the period of maximum crop
development.

Satellite thermography appeared to be a valuable approach to detect soil salinity under agri-
cultural crops at landscape scale.

keywords: soil salinity, satellite thermography, landsat, modis, vegetation indices
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Due to several international agreements on climate change abatement (UN Framework Con-
vention on Climate Change, Decision 529/2013/EU of European Parliament and of the Council)
Germany is in duty to report greenhouse gas emissions from agricultural soils. Moreover, en-
hanced carbon storage in soils can be accounted for as greenhouse gas mitigation strategies. For
such reports and policy decision making, a harmonized, representative, and reliable database of
soil carbon stocks was missing so far. Thus, the German National Soil Inventory started over in
2011 assessing soil carbon contents and stocks in a nation-wide harmonized sampling system. A
8*8 km grid defined the 3100 sampling points under arable land, grassland and plantation crops.
Landscape and soil type were described for each point and disturbed and undisturbed soil samples
were taken from a 1 m3 pit. Sampling depths were 0-10, 10-30, 30-50, 50-70, and 70-100 cm.
Further, from soils rich of carbon, an additional sampling of the subsoil was conducted at 100-150
and 150-200 cm. In order to evaluate the spatial heterogeneity on the field scale, eight additional
soil cores were taken in a distance of 10 m around the pit. All samples were analyzed in the same
lab following standardized protocols. In order to evaluate effects of arable management on soil
carbon contents, farmers managing the field of a sampling point filled in a questionnaire covering
the last ten years before sampling. Thus, we are able to link land use and arable management
(tillage, fertilization...) information with the carbon stock measured.

This enormous database of harmonized soil carbon data is a valid basis of several ongoing and
future subprojects. Currently, the team is working on (i) site specific and anthropogenic drivers of
arable soil’s carbon stocks via machine learning, (ii) vulnerability of carbon in organic and mineral
soils via density fractionation and incubation, (iii) predictability of soil carbon fractions via near
infrared spectroscopy, (iv) models which predict an arable site as a sink or a source for soil carbon,
(v) stratification of the sampling area (Germany) in order to enhance the predictability of soil
carbon stocks, and (vi) regionalization of soil carbon data for the generation of maps via machine
learning. The poster will present the design of the project and selected results.

keywords: arable soil, soil carbon, soil management
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Soil carbon fractions (C-fractions) are important to understand terrestrial carbon fluxes and
ecosystem processes that affect soil carbon (C) stocks. Soil samples can be divided into fractions
that are labile and easily decomposable (LA) and fractions with more stabilised resistant C (RE),
where access by microorganisms is restricted. Various methods have been proposed to separate
the soil samples into C fractions, however all of them are very time-consuming. Near-infrared
(NIR) reflectance spectroscopy has been used as fast method to evaluate various soil properties
with reasonable accuracy and low costs. The aim of the present study is to test a more rapid
alternative to quantify LA and RE soil C-fractions based on the NIR analysis of bulk soils. The
C-fractions of 140 topsoil samples (0-10 cm) from the German Agricultural Soil Inventory (GASI)
were obtained by conventional methods. These samples were also scanned in the NIR region to
obtain their spectra. We developed quantitative NIR models to predict the C-fractions in the
GASI samples. In this presentation, we analyse what degree of accuracy can be expected from
NIR spectroscopy for predicting different levels of Fractionation of soil organic carbon.

keywords: soil organic carbon fractions, near infrared reflectance spectroscopy, memory-based
algorithms
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Assessment of land capability for a crop requires the bringing together of data on soils, climates
and crop requirements. In Malaysia, the main method to identify suitable species for agriculture
is soil-crop suitability classification based on a range of soil properties that can impose limits
on crop growth. This method has been used widely by governmental agencies to propose crop
diversification projects since the 1970s. As information on genotypic and agronomic characteristics
of crops and environmental factors such as climate become available, new methods of suitability
assessment can be designed and tested. For instance, climate suitability indices that consider
suitability as a function of temperature and rainfall at any location can be combined with the soil
data to improve the accuracy of crop recommendations. In this work we combined a soil-based
method with a climate suitability index to develop a recommendation tool primarily for currently
underutilised crops. The assessment tool was then tested with data from globally available soil
and climate datasets to validate the accuracy of the augmented suitability criteria. Crop, soil
and climate data were acquired from the FAO EcoCrop database. This data includes optimal and
absolute minimum and maximum temperatures and rainfall for each cultivated species, together
with the length of the growing season. Other information such as optimal soil pH level, depth,
texture, fertility level, salinity resistance and drainage requirements were also incorporated into
the tool. Soil data was extracted from the ISRIC global soil grids dataset; this database provides
maps that are the result of interpolations of soil profiles across the globe. Climate information
was extracted from the WorldClim dataset which provides gridded maps of historical averages at
the global scale. A script for data processing and suitability calculation was developed using R
statistical language. The combined soil-climate-crop suitability assessment tool was tested in the
Bera district of Pahang, Malaysia. We will demonstrate the advantages of the new analytical tool
in comparison with the traditional method of land capability assessment and its use by farmers to
determine how their cropping systems might be diversified. We will also discuss the implications
of using globally available datasets for the purpose of local crop suitability assessments.

keywords: crop suitability, soil, climate, classification
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Due to the low availability of data on the soils of Haiti, digital soil mapping is suitable for
providing quick and accurate spatial information to support decision makers in agricultural and
environmental planning programs. This study aims to map soils in western Haiti by comparing
Multinomial Logistic Regression (MLR) and Random Forest (RF) classifiers. Digital soil mapping
(DSM) techniques were evaluated to delimit soil classes in western Haiti (~4300 km?). A soil
survey was carried out through a mixed sampling strategy, describing 140 soil profiles, for which
samples were taken for physical and chemical analyses. The algorithms MLR and RF were applied
in the classification process based on soil-landscape relationship, involving climate, lithology and
landscape attributes as predictor variables. Classifier performances were assessed using Kappa
index derived from a confusion matrix and map validation was carried-out using an independent
sample of 118 points. A comparison between the classifiers was carried out through 7 statistic.
Kappa index determined in this process 0.47 for MLR and 0.33 for RF indicate that the classifi-
cation performance can be characterized as good for MLR and moderate for RF. A statistically
significant difference between Kappa values was encountered with a 7 statistic of 1.98 at a 5%
significance level. Kappa index in validation of the final map was 0.49; while the overall accuracy
value was 0.59. Map units with the largest percentage in the study area were: Entisols (32.4%),
rock outcrops (22.1%) and Mollisols (13.2%). The approach proved to be promising as a method
to map the soils of other parts of the country.

keywords: Soil survey, Soil Mapping, Auxiliar data, Data mining
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On-the-go proximal soil sensors offer promising benefits to the mapping of soil spatial variability,
as they provide an increased density of measurements at a relatively low cost. Numerous on-the-go
sensors have been developed based on a variety of design concepts. Among them, mapping apparent
soil electrical conductivity (ECa), along with field elevation, has become a standard practice in
mapping field heterogeneity. In this study, a DUALEM-21S sensor and a real-time kinematic
(RTK) Trimble AgGPS 542 global navigation satellite system (GNSS) receiver were fused and the
data from both sensors were logged using the dedicated DUALEM__DAQ software. The generated
ECa and elevation maps reflect systematic and random sources of soil variation as well as numerous
errors caused by the mapping procedures. Taking the ECa data as an example, a general framework
for processing the data was developed. Pre-processing of the data was mainly based on the time
intervals, the distance between every two point measurements (i.e. speed) and the change of the
variables within a small window of neighbor measurements. Other parameters were also considered,
for example, pitch and roll. The detailed steps include (i) raw data screening, (ii) median filtering
each ECa value, (iii) removing the starting (warm up) uncertain values, (iv) removing the start-
and end-pass delays, and the stop-and-go segments within the field, (v) removing the points with
over speed limits, (vi) removing ECa values outside the user-defined minimum and maximum
ECa limits, (vii) removing small patches or narrow strips with extremely low or high ECa that
are not closely related to the immediate neighbors, and (viii) removing the values when pitch or
roll changes are outside the acceptable limit. The pre-processing procedures for the logged RTK
elevation data, as well as other on-the-go sensors, are similar. In this study, several fields from
Quebec and Ontario, Canada, were selected as examples to demonstrate the detailed pre-processing
procedures. About 5% to 20% of the data were regarded as erroneous data and were thus removed
from the raw data for different fields. This technique allows more accurate representation of soil
electrical conductivity and field variability, which provide important data layers in algorithms for
prescribing variable rates of production inputs.

keywords: on-the-go proximal soil sensing, pre-processing, apparent electrical conductivity, eleva-
tion
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Proximal soil sensing (PSS) is a promising approach when it comes to detailed characterization
of spatial soil heterogeneity. Since none of existing PSS systems can measure all soil information
needed for implementation precision agriculture, sensor data fusion can provide a reasonable al-
ternative to characterize the complexity of soils. In this study, we fused the data measured using a
gamma-ray sensor, an apparent electrical conductivity (ECa) sensor, and a commercial Veris MSP3
platform including a optical sensor measuring soil reflectance at 660 nm and 940 nm, a soil ECa
sensor and a pH sensor, with the addition of topography for the prediction of several soil properties,
i.e. soil organic matter, pH, buffer pH, phosphorus, potassium, calcium, magnesium, aluminum.
A total of 65 sampling locations were selected from a 38.5 ha field in Ontario, Canada. Among
them, 35 locations were selected by a random stratified sampling strategy. The stratification grid
was 1 ha. Sampling was prohibited in areas near the field boundaries and within a safety margin
from the drainage system. 20 locations were selected using a neighbourhood search approach ; a
spatial data integration strategy. These two sample datasets were used as the calibration dataset
to build the model between soil properties and readings from different proximal soil sensors. The
remaining 10 sensing locations were used as an independent validation dataset. Partial least square
regression (PLSR) was performed on the data from each individual sensor and different sensor com-
binations (sensor data fusion). For most soil properties, predictions based on sensor data fusion
were better than those based on the output of individual sensors. By fusing the data from all of the
proximal soil sensors, more properties can be predicted simultaneously (R2>0.5, and RPD>1.50).
After choosing the optimal sensor combination for each soil property, different digital soil mapping
methods, including support vector machines (SVM), random forest (RF), multivariate adaptive
regression splines (MARS), regression trees (RT) and back-propagation artificial neural network
(BP-ANN) were used to estimate variograms and pursue regression kriging. High resolution maps
were thus interpolated with the most successful methods. The performance of the two different
sampling strategies was compared by the prediction accuracy from the validation samples. We
thus conclude that proximal soil sensor fusion paired with the digital soil mapping method is a
promising way to offer the essential soil information needed for precision agriculture.

keywords: vis-NIR spectroscopy, Gamma ray, electrical conductivity, topography, sensor fusion,
data fusion, digital soil mapping
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Mid-infrared (MIR) diffuse reflectance spectroscopy can provide rapid and relatively accurate
predictions for a number of soil properties. Along with air-dried ground spectral measurements
in the laboratory, much attention has been given to determining soil properties in situ. The soil
moisture effect has received much attention while research on other effects is scarcely reported. The
differences in soil compaction has a significant influence on structure and porosity and thus, on the
reflected spectra. The objective of this study was to create different soil compactions on natural
wet soil samples in the laboratory and examine their effects on the MIR spectra, and compare
them with in situ collected spectra. A total of 120 (56+64) locations were selected from two
agricultural fields from Macdonald farm of McGill University: one organic field and one mineral
field. At each location, the MIR spectra were recorded in situ using a portable MIR, spectrometer
(898-1811cm™1). The level of compaction was measured using a portable penetrometer at the
same time. After which, bulk samples were collected and packed into plastic bags, sealed to avoid
the loss of soil moisture and sent to the laboratory. Spectroscopic measurements using the same
equipment were carried out in the laboratory on those 120 samples at three different compactions
(initial compaction, medium compaction and high compaction). After the spectral measurements,
a range of properties were measured. Partial least square regression models were developed between
these properties and the spectra measured at four different compactions (in situ, cl, ¢2 and c3).
By comparing the predictions, we concluded that the influence of different compaction levels on
mineral soil and organic soil is different. For both fields, with some compaction level, prediction
with spectra on compacted soil in the laboratory is always more accurate than for in situ conditions.
Predictions with compacted soils are closer to those with air-dry non-ground samples.

keywords: mid-infrared spectroscopy, in situ, soil compaction, organic soil, mineral soil, soil
organic matter, soil texture

115



Can organic carbon in soil cores be predicted by VNIR and MIR
techniques in alpine landscape?

Xiaolin Jia — Institute of Agricultural Remote Sensing and Information Technology Application,
Zhejiang University, China

Songchao Chen — Institute of Agricultural Remote Sensing and Information Technology Applica-
tion, Zhejiang University € INRA InfoSol Unit & UMR SAS, INRA, AGROCAMPUS OUEST,
France

Yuanyuan Yang — Institute of Agricultural Remote Sensing and Information Technology Applica-
tion, Zhejiang University, China

Lianging Zhou — Institute of Agricultural Remote Sensing and Information Technology Application,
Zhejiang University, China

Wu Yu — Department of Resources and Environment, Tibet University, China

Zhou Shi — Institute of Agricultural Remote Sensing and Information Technology Application,
Zhejiang University, China

1. Introduction

Carbon is the essential component of all organic matter. The Qinghai-Tibet Plateau is an
important part of the global terrestrial ecosystem because it is a large and concentrated distribution
area of frozen soil at low latitudes. It is not only sensitive to global climate change, but also plays
an important role in the Asian climate and global climate change. To our knowledge, no studies
have reported the potential to predict SOC in individual soil cores (0-100 c¢m) in an alpine region.
The aim of this research was to evaluate the potential of predicting the SOC concentration in
individual soil cores using VNIR and MIR DRS.

2. Materials and methods

The study area is located on the Sygera Mountains in the southeast of the Qinghai—Tibet
Plateau, China. Elevation of forest land ranges from 3300 to 4300 m above sea level, and alpine
shrub and meadows are found above 4300 m. We examined 24 soil cores (0-100 cm) from the
Sygera Mountains on the Qinghai-Tibet Plateau, considering field-moist intact VNIR, air-dried
ground VNIR and air-dried ground MIR spectra at 5-cm intervals. According to the elevation,
two thirds of soil cores in each class, shrub meadow, forest and total dataset, were divided into a
calibration set and the remaining cores were divided into a validation set. Preprocessed spectra
were used to predict SOC in the soil cores by partial least square regression (PLSR) and support
vector machine (SVM).

3. Results and conclusions

The SVM models performed better in three predictors with the ratio of performance to inter-
quartile distance (RPIQ) and R2 values typically exceeding 2.00 and 0.80, respectively. The SVM
using the DRS technique indicated accurate predictive results of SOC in each core. The RPIQ
values of the shrub meadow, forest and total dataset predition by air-dried ground VNIR were
respectively 1.97, 2.68 and 1.99, compared to the values by field-moist intact VNIR (1.95, 2.07,
1.76) and air-dried ground MIR (1.78, 1.96, 1.74). Generally, the results were more accurate at
0-60 cm soil depth than at 60—100 cm, indicating suitability of spectroscopic techniques for the
prediction of SOC stock density. We conclude that the DRS technique is an efficient and rapid
method of SOC prediction and has potential in dynamic monitoring of SOC stock density on the
Qinghai-Tibet Plateau.

keywords: soil profile, VNIR, MIR, organic carbon
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Rapid heavy metal soil surveys at large scale with high sampling density could not be con-
ducted with traditional laboratory physical and chemical analyses because of the high cost, low
efficiency and heavy workload involved. This study explored a rapid approach to assess heavy
metals contamination in 301 farmland soils from Fuyang in Zhejiang Province, in the southern
Yangtze River Delta, China, using portable proximal soil sensors. Portable X-ray fluorescence
spectroscopy (PXRF) was used to determine soil heavy metals total concentrations while soil pH
was predicted by portable visible-near infrared spectroscopy (PVNIR). Zn, Cu and Pb were suc-
cessfully predicted by PXRF (R2 >0.90 and RPD >2.50) while As and Ni were predicted with less
accuracy (R2 <0.75 and RPD <1.40). The pH values were well predicted by PVNIR. Classification
of heavy metals contamination grades in farmland soils was conducted based on previous results;
the Kappa coefficient was 0.87, which showed that the combination of PXRF and PVNIR was
an effective and rapid method to determine the degree of pollution with soil heavy metals. This
study provides a new approach to assess soil heavy metals pollution; this method will facilitate
large-scale surveys of soil heavy metal pollution.

keywords: portable X-ray fluorescence spectroscopy, portable visible-near infrared spectroscopy,
soil heavy metals contamination
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Monitoring the surface soil moisture (SM) acts a critical role in applications such as hydrology,
meteorology and agriculture. The passive microwave remote sensing as a monitoring tool for large
regions has been widely applied. However, these sensors always own a coarse spatial resolution of
about 25 to 50 km. To validate these satellite SM data, addressing the scale mismatch between its
coarse-scale estimates and local scale measurements is one of the key issues. Downscaling is consid-
ered to be an implement method to predict SM at fine resolution for matching the scales. Following
the available data sources, the downscaling approaches of passive microwave remotely sensed SM
data fall into two basic categories. One is to combine the passive and active microwave estimates,
and the alternative is based on optical/thermal remotely sensed data. The latter is preferred be-
cause of the accessibility and high temporal-spatial resolution of optical/thermal remotely sensed
data. This paper aims to examine the potential of a hybrid geostatistical downscaling method
named area-to-area geographically weighted regression kriging (GWATARK) for validating passive
microwave remotely sensed SM product.

The GWATARK method is applied to improve the spatial resolution of Advanced Microwave
Scanning Radiometer 2 (AMSR-2) and Soil Moisture and Ocean Salinity (SMOS) SM products.
This downscaling model involves a trend component and a residual component, employing opti-
cal/thermal remotely sensed data as explanatory variables (e.g., land surface temperature, vegeta-
tion index, temperature-vegetation index, apparent thermal inertia and soil evaporative efficiency).
The downscaled SM predictions of 1 km resolution during one-year period are obtained over the
upstream area of the Heihe River Basin in northwestern China where includes a ground-based
monitoring network. The downscaled predictions are compared with the area-averaged SM of 1
km resolution from in situ measurements within the study area. Furthermore, the SM data are
validated for different temporal and spatial by using statistical parameters, such as bias (BIAS),
root mean square error (RMSE), correlation coefficient (R) and the slope of the linear regression
(S). It shows that GWATARK downscaling method improves the statistics of SM data for both
AMSR-2 and SMOS products, indicating that the downscaled predications can explicitly represent
the variability of SM at fine resolution. The GWATARK has strong potential to be as a tool to
evaluate coarse-scale remotely sensed soil moisture data.

keywords: soil moisture, downscaling, validation
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Remediated sites that have been previously contaminated may still have the potential to cause
harm to humans and the surrounding environment. It is for this reason that many remediated
sites require monitoring to ensure managed soil contaminants do not become exposed or leach into
groundwater. If contaminants enter waterways or groundwater, the area of impact can extend
beyond the site of the contaminant source.

Bicentennial Park - a recreational area within Sydney Olympic Park (Sydney, Australia), was
a wetland system treated as a landfill for industrial and municipal waste. The area was remediated
in 1988 by covering the landfill with ~50cm of soil and transforming it into parkland. In con-
trast, more recent remediation methods use clay capping and geotextile fabric to prevent leaching
and re-emergence. The method used for remediation of Bicentennial Park in combination with
soil movement and erosion over time elevates the risk of human and environmental exposure of
contaminants.

Relatively few studies involve monitoring of previously contaminated sites and those that do
generally compare samples pre- and post-remediation; even fewer compare between multiple sam-
pling events. A significant amount of time has passed since Bicentennial Park’s opening in 1988
and over the years it has been surrounded by remediation work and major road networks with
increasing traffic density. During this time it is possible that in addition to original contaminants
being exposed, new sources of contamination have emerged.

The objectives of this study are to determine whether there has been any change in soil heavy
metal concentrations over time, and whether or not subsequent recontamination has occurred. We
will compare heavy metal concentrations in soil samples obtained from Homebush Bay in 1990
not long after creation of the parklands, samples taken in 2002 following remediation of Sydney
Olympic Park, and samples taken in 2015- 25 years since the initial survey.

To compare the three datasets the study will use trivariate linear mixed models to build a
space-time model for the three datasets. This will be used to predict at three spatial supports -
over a 20 metre grid, block support of different previous land uses, and across the entire site. For
each spatial support we will examine contrasts for years 2002-1990, years 2015-2002 to determine
whether there has been any change in concentrations and whether there are re-emerging sources.

keywords: Monitoring, Linear mired modelling, Remediation, Environmental change, Sydney,
Soil contamination
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Proximal soil sensors are moving the domain of quantitative soil science from the laboratory
into the field. To utilise these sensors effectively platforms must be developed to access sensor
information and predict soil properties in near real-time. We present a framework to predict soil
attributes in-situ from the conjoint use of visible and near-infrared (VisNIR) diffuse reflectance
spectroscopy and portable x-ray fluorescence (pXRF) spectroscopy. We further demonstrate how
information from these sensors can be combined with a spectral inference system (SPEC-SINFERS)
to greatly amplify the number of properties predicted. The effectiveness of the platform was
assessed on fifteen soils across the state of New South Wales, Australia. At each location a soil
pit was dug and three 1 m vertical transect surfaces were prepared at 0.5 m lateral spacing. Each
transect was scanned using VisNIR and pXRF at 2.5 cm intervals to give a total of 123 (3 x
41) scans per device at each soil pit. Scanning took place under field moist conditions and bulk
samples were taken at 10 cm intervals for laboratory analysis. We explore if these devices can
provide effective characterisation in terms of a range of attributes including: mineral composition;
texture; organic carbon; pH; and cation exchange capacity. This information may be utilised in
the field for improved decision making, including multi-phase mapping techniques, management
zone delineation and pedogenesis investigations.

keywords: prozrimal soil sensing, digital soil morphometrics, soil inference system
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In many developing countries the availability of soil data is limited and often collected through
different small geographic soil surveys each with varying depth supports. In this study we used two
soil survey datasets of soil carbon collected using non-probabilistic sampling schemes namely; (a)
country-wide soil survey (n < 387) with data available based on soil horizons and (b) regional soil
survey (n < 166) with data available based on fixed depth support. Rather than pre-processing
the data with equal-area quadratic splines or other depth functions to harmonise the depths of
observations, we used the approach by Orton et al. (2016) based on area-to-point kriging to fit one
model for all depths to the data in its original vertical support. We split the individual datasets
separately as model calibration (85 %) and validation (15 %) using a conditional latin hypercube
sampling algorithm using a variety of environmental covariates that coincided with the individual
sampling locations. A linear mixed model (LMM), with spatially- and vertically-correlated random
effects modelled through a product-sum covariance model, was used for analysis. Thereby all data
could be modelled in a single step without need for prior harmonization. Fixed effects were modelled
based on a linear function of covariates (terrain, climate, remote-sensing data), and models with
and without interaction terms with depth were compared. We present validation results and finally
maps of predictions across Sri Lanka for three depth intervals (0-0.3 m, 0.3-0.6 m and 0.6-1.0 m)
at a spatial support of 100 m. This constitutes the first ever country-wide soil attribute mapping
carried out in Sri Lanka using modern digital soil mapping techniques. The outcomes of this
work will provide valuable information on the soil carbon distribution across the tropical island.
Additionally, information generated will act as a base towards development of a country-specific
national carbon accounting model. This study also demonstrates spatial modelling of soil attributes
with limited data collected over varying vertical supports, a common problem in most developing
countries.
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Profound changes in soil characteristics and soil health are observed due to land degradation
processes. This affects human nutrition and health through impacts on food production. There
is, therefore, a growing need and an interest in soil health mapping to assist decision-making
regarding land use policies and soil management. Soil health tests developed recently are provided
as quasi-point data in specific plots and there is, therefore, a crucial need to develop techniques
to provide soil health mapping over wide areas, for example, to increase farming efficiency via
precision agriculture.

Here, we address the landscape scale at which spatial variability is affected mainly by three
factors: soil type; surface topography; and water distribution. Topography and water distribution,
as soil functions that affect soil quality, include the ability: i) to accept, hold, and release nutrients
and other chemical constituents; and ii) to accept, hold and release water to plants and surface and
groundwater recharge. It is, therefore, hypothesized that soil health can be predicted efficiently in
space by evaluating soil attributes simultaneously using regression kriging with topography and/or
its derivatives as covariates.

The aim of this study was, therefore, to explore the potential to map soil health over an agricul-
tural catchment using topographic terrain indices as covariates. Secondary aims were assessment
of model residuals and validation of the use of Landsat 7 data as further auxiliary variables.

Based on the stratified random sampling method, 130 point measurements of the soil were dis-
tributed spatially in the Harod valley, Israel, and 15 soil properties were measured at each, during
20-23/03/2011. Based on these data, the Cornell Soil Health Test (CSHT) was evaluated using
scoring functions. The CSHT was then interpolated in the Harod valley basin using Regression
Kriging. Terrain indices, wetness index, Stream power index, Sediment transport index, Profile
curvature, Planar curvature, and Topographic slope were used as covariates to predict hydromor-
phological processes as they were reported as correlating with erosion, deposition, compaction and
saturation.

The results show that there is a spatial pattern in the model residual’s which is correlated
with remotely sensed vegetation indices and landform attributes. The use of NDVI, NDIMDIR as
auxiliary variables together with Terrain indices, reduced the RMSE in the interpolated map. How-
ever, the reduction in RMSE could lead to biased representation of soils, due to foliage at planted
fields in the catchment. Reclassification of Terrain indices into more discrete groups reduced this
variability in the interpolation procedure.

keywords: Soil Health, Geostatistcs, Regression Kriging, Spatial interpolation
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The physical characterization of soil horizons based on colour is a key diagnostic method in
the description of soil profiles, and has been integrated in to diagnostic keys such as the World
Reference Base for Soil Resources [2]. The Munsell colour system has been the primary qualitative
or semi-quantitative means to describe soil colour.

At the same time, the main quantitative way to describe colour in soil science is through the
CIE L*a*b* system. In this colour space system, the colour coordinates (a*, b*) are separated
from the lightness (L*) coordinate [3].

Flatbed scanners have been used previously for colorimetric characterization of rocks and sed-
iments [1].

In this study, we explore the feasibility of using flatbed scanners to derive colorimetrically
accurate images and data of soil samples, and hence assess the suitability of the method as a diag-
nostic tool for soil characterization. The basic principle underlying our approach is to characterise
and calibrate scanners using a variety of colour charts/targets. We tested the accuracy of these
calibrations through analysis of a soil sample set containing 161 spectrophotometrically analysed
soils.

The efficacy of our approach was tested with 2 low-cost scanners, and included analysis of 2
commercial colour charts, 6 printed colour charts, and 3 editions of the Munsell Soil Colour chart
to assess optimum colorimetric calibration methods. For both scanners tested, we found that
accurate colour characterization could be achieved for >95% of the studied soil samples (AEab*
colour errors of <3, equating to a colour difference barely perceptible by the human eye).

Of all the studied printed charts, the Munsell soil colour charts gave the best result to charac-
terize scanners colorimetrically. This is an encouraging result given their popular use amongst soil
scientists. We find that using a Munsell chart for scanner calibration can provide mean AEab* of
<2, with AEab* <3 for more than 90% of tested samples.

These results demonstrate the merit and efficacy of this rapid and low cost approach for soil
colour evaluation.

1.Kemp, D.B. 2014. Colorimetric characterisation of flatbed scanners for rock/sediment imag-
ing. Computers & Geosciences, 67, 69-74.

2. WRB 2014. World reference base for soil resources. International soil classification system
for naming soils and creating legends for soil maps. TUSS Working Group. World Soil Resources
Reports No. 106. FAO, Rome.

3. Wryszecki, G. & Stiles, W.S., 2001. Color Science: Concepts and Methods, Quantitative
Data and Formulae, 2nd ed. Wiley, New York
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Within-field variation of soil properties is increasingly imaged by geophysical soil sensing
(ground penetrating radar, electrical conductivity (ECa), resistivity (ER) and, more recently,
gamma ( ) radiometry) and on-the-go measurements at field scale are progressing well. Continu-
ous ground and airborne -spectrometry, respectively, are known to be a good choice for topsoil
investigation at field scale, but still need to be tested for consistency and transferability in case of
regional approaches. For quite some time, airborne -ray spectrometry is used to explore and map
geological units across large areas. Here, we question the ability of airborne information to reflect
areas of soil textural properties within a hummocky ground moraine landscape with comparable
parent material.

Two regions of the Uckermark, Kraatz (10 km?) and Dedelow (12 km?), were investigated by
a helicopter mission in autumn 2014 equipped with a -device (RS-500, Radiation Solutions Inc.,
CAN). Two fields (25 ha each) in both regions were mapped at about the same time by a tractor-
driven -device (RS-700, Radiation Solutions Inc., CAN) and accompanied by ground truth soil
sampling (120 positions). At field scale, ground- and airborne based -spectrometric maps of K, U,
Th and total counts were used to be related to site (point) specific soil information. For regional
aspects, existing soil maps of textural units were compared with the airborne maps.

Gamma derived maps of different raster cell sizes were analysed for their spatial association
with soil texture at reference points, their spatial validity and transferability to other fields. At field
scale the ground-based information was more accurate in reflecting point information compared to
the airborne information. We attribute this to the very large footprints of airborne measurements.
Nevertheless, for the regional purpose the airborne information seems an unavoidable means to
support digital soil mapping for larger environments and its spatial patterns.

keywords: Gamma spectrometry, proximal soil sensing, field scale, regional scale, soil texture
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Digital Soil Map uncertainty is usually evaluated from a set of independent soil observations
— i.e. that are not used for calibrating the DSM model -. As any statistical parameters derived
from a set of individuals, the uncertainty indicators — e.g., R2, ME, PICP,...- could be sensitive to
the number and the locations of these soil observations. To our knowledge, this issue has not be
considered yet in the literature since it would require performing a sensitivity study from a base
spatial sampling that had to be dense and extended enough for picturing the real underlying soil
pattern and allowing the test of multiple sampling schemes, which is not feasible in practice.

In this paper, such sensitivity analysis is performed from the virtual pattern of topsoil clay
content of bare soil surfaces at 5 meter resolution over 300 km? in the Cap Bon region (Tunisia).
This pattern, derived from a hyperspectral image, was accurate enough (R2val < 0.75), free of
visible artefacts and pedologically plausible for being considered as a fair representation of reality.

We estimated the uncertainty of a DSM model obtained by calibrating from virtual values of
clay content a Quantile Random Forest using relief soil covariates and geographical location (the r
and n of “scorpan”). Different sampling methods and numbers of validation sites were considered,
each time with 100 repetitions. The result showed that i) the range of variation on the uncertainty
indicators raised a lot below a given number/density of validation sites, whatever the sampling
method; ii) a non-negligible uncertainty range may remain for large/dense validation datasets.

We will discuss these results in the perspective of better assessing the quality of the Digital
Maps of soil properties that are currently being produced across the world.

keywords: Digital Soil Mapping, Uncertainty assessment, Spatial sampling, Imaging spectroscopy
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The biogeochemical cycle of Si has become a subject of increasing interest in recent years
because of its interconnection with the C cycle and global change. Recent studies have suggested
that land use and particularly agriculture can modify the Si cycle. However, the consequences of
such a modification for the global Si cycle and for the growth of crops which are Si accumulators
(most of the cereals) are still not well constrained. The bioavailable Si fraction is govern by several
factors, among which the amount in total Si (Si-tot) that represent the long term weatherable pool.
This amount has thus to be quantified at the territory scale. However, its determination is time
consuming and costly. It is performed by ICP-AES after mineralization by sodium peroxide and
sodium carbonate fusion. We thus propose an alternative estimation of the Si-tot at the French
territory scale, within the project BIOSISOL (ANR-14-CE01-002), based on the samples of the
French soil monitoring network (RMQS). This network consist in 2130 sites sampled in a regular 16
x 16-km grid. We measured topsoil Si-tot at 630 sites of the RMQS network consisting in one point
out of four from this network (that is 450 points) and a set of 150 points selected randomly among
the remaining sites. Mid-infrared reflectance and a large set of soil properties were measured at all
sites of the RMQS. These soil properties are particle-size distribution, pH water, organic carbon,
Total N, soluble and total P contents, calcareous, CEC and exchangeable cations (K, Ca, Mg, Na),
Bo and 8 trace elements (Cd, Cr, Cu, Co, Ni, Pb, T1, Zn). The dataset was then divided in 3 sets:
Calibration, validation and test sets. The two formers were defined using a repeated folding step
within the 650 sites and the latest corresponded to the 1500 remaining sites. Using a regression
rule algorithm called CUBIST, we found that Si-tot was very well predicted by the mid-infrared
spectroscopy (validation R? ~ 0.98 and test R?2~0.97) and by conventional pedotransfer functions
using soil properties (validation R? ~ 0.98). This last model was used to evaluate the MIR model.
Based on the MIR predictions, we then mapped the concentration of Sitot across France using
digital soil mapping techniques.
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Legacy soil profile databases are among the most important sources of information for many
mapping and modelling approaches among others. Although soil profile information is collected for
several decades, changes in sampling and soil laboratory methods often makes regional and global
database diverse in many scales. Many harmonization approaches have been made, and global soil
databases are available for the users, but these databases are heavily loaded with missing data,
either for individual soil horizons, or complete parameters for the soil profile.

In this study different data mining and missing data filling methods are compared using legacy
soil profile databases including the WISE 3.1 database and the AfSIS legacy soil profile database.
Methods using only the studied soil profile to fill data gaps were also used along with methods
using a training dataset to fill in missing information. Data mining methods were also tested with
the use of the complete database and also tested using sub databases with soil profiles within the
same taxonomic group. Results show that in the case of an available quality checked training
database data filling results compared to methods like equal area spline function can yield similar
results for some soil taxonomic groups and better for taxonomic groups with soil property changes
difficult to model with an equal are spline function.

With the definition of a complete reference global soil profile database data mining techniques
could improve the soil profile data filling approaches and could result in better base information
for mapping and modelling of soil properties and classes.

keywords: soil profile data, data gaps, random forest, equal area spline
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Optimizing spatial sampling for multiple objectives

Murray Lark — British Geological Survey, United Kingdom

In the early days of pedometrics its practitioneres were quick to observe that when we have
a variogram of a soil property we can use it to find the best choice of sample grid spacing to
support prediction by kriging. Given a maximum acceptable kriging variance we can find a grid-
spacing that achieves this. Since then the idea of optimizing spatial sampling to achieve objectives
couched in terms of the precision of predictions or estimates has become a commonplace. The
use of spatial simulated annealing has allowed sampling schemes to be optimized with respect to
various objective functions so that, for example, the overall prediction error variance, expressed as
a combination of the kriging variance (which depends on spatial coverage) and variance parameter
error (which requires some spatial clustering of sample points), can be optimized within irregular
regions, perhaps in the presence of existing data or exhaustive covariates.

In practice we may be interested in more than one objective function. In addition to achieving
acceptable precision of estimates or predictions we may also want to have an acceptable proba-
bility of detecting plumes of a pollutant. Other secondary objective functions may include the
total distance to be covered visiting the sample points or the technical properties of a wireless
sensor network (such as the number of alternative routes for data transmission, or the total power
consumption). A simple approach to this problem is to optimize a weighted combination of all
objective functions. However, the weights in such a case are generally arbitrary, and it is known
that not all good solutions are accessible this way.

In this paper I shall present an approach to multiple objective optimization which searches for
design solutions on a Pareto front. These solutions are mutually non-dominating, which means
that no one solution is better than any other on all criteria. The Pareto front consists of a set
of solutions which are Pareto efficient, in this sense, and from which an acceptable subset can be
selected. The challenge is to find the front. I shall show how this can be achieved using a version of
simulated annealing, the AMOSA algorithm, which has been used for various tasks in optimization
including the design of electronic components.

keywords: Sampling, Optimization, Multiple objectives
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Past, present and future of mathematical methods in pedometrics

Murray Lark — British Geological Survey, England

Pedometrics as a science is concerned to understand the variation of the soil in space and
time in quantitative terms. This science underpins the provision of meaningful predictions of soil
properties at a location and support in space and time, which is required for management or policy
decisions. In order to count as meaningful a prediction should have some non-arbitrary measure
of its uncertainty. In both senses pedometrics is underpinned by mathematics, most commonly
statistical sampling theory or the theory of random functions. Sometimes, when these approaches
seem inadequate, pedometricians turn to computation with little or no mathematical underpinning.
In my view this is a mistake, but it may be a fruitful one if we can identify the shortcomings of
current methodology and then engage in informed speculation about what established or emerging
mathematical apparatus might help us to make progress. That, after all, is how Beckett, Webster,
Burrough and others developed pedometrics out of soil survey in the period from around 1965 to
1980. In the course of this review I shall look back, examining how ideas from stochastic geometry,
information theory, spectral analysis and state-space modelling have contributed to pedometrics.
I shall ask why we do things the way we (usually) do, and what problems this may cause (whether
we spot them or not). I shall then make some suggestions about where new terrain for further
pedometrical cultivation might be found in the mathematical landscape.
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Soil root zone plant-available water holding capacity (RZ-PAWHC) is one of the most sensitive
soil parameters determining crop growth. This study produced the first map of the rootable depth
and the RZ-PAWHC of sub-Saharan Africa (SSA). First, geo-referenced data for 28,000 soil profiles
were used as input for digital soil mapping techniques to produce soil property maps of SSA (sand,
silt, clay, bulk density, organic carbon, cation exchange capacity, exchangeable aluminium and
sodium, pH-H O, electric conductivity, coarse fragments, drainage class and depth to bedrock).
The variance explained R2 varied between 52% and 77% for these basic soil properties but was
critically low (<30%) for coarse fragments content and drainage class. Next, these maps were used
as input data to (pedotransfer) functions, rules and criteria, which we developed and parameterised
based on literature review, to produce derived maps of soil water retention at field capacity and
wilting point, the soil fine earth fraction from coarse fragments content and, for maize, the soil
rootable depth. Mapped versus observed water retention had an R? of 72% and a RMSE of 0.10
cm?/cm?. The map of rootable depth could not be adequately validated due to lack of adequate
data on rootability. Results were aggregated to a RZ-PAWHC map of SSA with a spatial resolution
of 1 km?. RZ-PAWHC ranges between 0 and 235 mm with an average of 74 mm. In soils with
unrestricted rootability to 150 cm (maximal rooting depth of maize), the average effective PAWHC
is 113 mm and, excluding coarse fragments, 137 mm. The total soil volume of SSA potentially
rootable for maize (approximately 30,000 km?) was reduced by one-third (10,500 km?) due to soil
conditions restricting root zone depth, of which 4,800 km? are due to inadequate aeration and 2,500
km? due to sodicity. The overall assessment of RZ-PAWHC could not be adequately validated but
the accuracy seems most limited by the accuracy of the soil property maps from which the maps
of RZ-PAWHC and especially rootable depth were derived.

keywords: soil depth, root depth, soil water, soil map, Africa
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Building a national (german) mid infrared database for soils
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Mid infrared spectroscopy (MIRS) is a lab based analytic technique, which allows to derive a
lot of soil parameters at little expense and effort. MIRS is actually a link between very precise
conventional lab analyses and often less precise non-invasive sensors which gather data directly in
the field (e.g. EMI, Vis-NIRS). Since MIR spectra only deliver proxy information on interesting
soil parameters, calibrations are required. They provide statistic relations between the results
of conventional lab analyses and MIR spectra (e.g. via PLSR). As a rule, these calibrations are
only locally valid; this hampers a more broad use of MIRS in soil analysis. Within our BonaRes-
I4S study, our aim is to minimize this drawback by setting up a national MIR database. This
primarily means to contact various soil archives and to collect thousands of soil samples which
already have been analyzed by conventional lab methods. We will record MIR spectra of these
samples. Our hypotheses are that a broad and comprehensive spectral database may allow two
things: (A) Robust, multivariate statistics make it possible to construct calibration models being
supraregionally valid. (B) For new soil samples to be analyzed, their MIR spectra may be used, to
select the most similar spectra in the database. These spectra are then used to build a quasi-local
calibration model. A dataset of about 1000 soil samples from the LUCAS archive of the Joint
Research Center in Ispra (Italy) is used to demonstrate that supraregional calibration models are
possible for diverse soil characteristics.

keywords: proximal soil sensing, MIRS, topsoil quality
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Have extractable phosphorus and potassium contents evolved in
French agricultural soils since 20047
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In the last 25 years, amounts of phosphorus and potassium brought to soils through mineral
fertilisers have decreased by 70% in France, without organic compensation. This situation con-
duced to a reduction of nutrients balances. The aim of this study was to estimate if the decreased
fertilisation could be linked with a significant decrease of extractable P and K contents in soil. The
French National Soil Test (FNST) database was used to study this hypothesis. It gathers results
of physico-chemical analysis performed on agricultural topsoils samples, at farmers’ request. The
spatial and temporal sampling strategy were not controlled. The sampling year is known and
the localisation is given by the municipality of origin of the sample. Two periods were compared:
1990-2004 and 2005-2014. A total of 2,516,743 and 2,161,811 soil test results for KoO and P50O5
respectively were available in the FNST database, equitably allocated between the two periods.
Analytical results were grouped within administrative spatial entities (cantons - groups of munic-
ipalities; small agricultural regions - 713 units in France), and statistical estimator of nutrients
contents were calculated after a resampling procedure (Monte Carlo approach) aiming at limiting
sampling biases. Two indicators were studied: the evolution of extracible nutrients contents and
the evolution of the agronomic diagnosis performed with the software RegiFert. The agronomic
diagnosis evaluates the necessity of fertilisation to reach the potential yield considering the crop,
the soil nutrient status and other soil characteristics. Results are provided according to 3 diagnosis
classes: low, intermediate and high fertility. Evolution of contents was assessed using the non-
parametric Mann—-Whitney test, and evolution of diagnosis was assessed using the adequation 2
test with a limit p-value of 0.1, combined with expert rules on the evolution of the count of results
into each fertility class between the two periods. Extractable P contents exhibit a clear decrease: P
content decreased by more than 10% in 42.2% of the total cultivated area (TCA), with contrasted
regional situations according to intensity of the animal production. The evolution of extractable
K content was very low: it decreased for only 4.5% of the TCA. Evolution of agronomic diagnosis
is very narrow, meaning that evolution in nutrients contents was too limited to significantly im-
pact fertilisation recommendations. However, the overall decline in nutrients availability in soils
encourage vigilance and soil fertility monitoring through regular soil testing.

keywords: Soil monitoring, extractable nutrients, soil tests, National scale

132



Modelling the electrical conductivity of soil in the Yangtze delta
in three dimensions
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Numerous processes, past and present, have given rise to lateral and vertical variation in the soil
and to its indi-vidual properties such as its salinity and electrical conductivity. The resulting pat-
terns of variation are complexand appear to comprise both random and deterministic components.
The latter dominates vertically as trendsin most soil profiles, and in the situation we describe it
is prominent in the horizontal plane, too. Describing this variation requires flexible choice of co-
variance function. The processes of model estimation and predictionby kriging in three dimensions
are similar to those in two dimensions. The extra complexity of the three-dimensional variation
requires practitioners to appreciate fully the assumptions that their choices of modelimply and to
establish ways of testing the validity of these assumptions. We have examined several covariance-
functions more commonly used to describe simultaneously variation in space and time and adapted
them tomodel three-dimensional variation in soil. We have applied these covariance functions to
model the variationin salinity in reclaimed land in the Yangtze delta of China where the apparent
electrical conductivity (ECa) hasbeen measured at numerous points down to 1.1 m. The mod-
els take into account random and deterministic com-ponents in both the horizontal and vertical
dimensions. The most suitable mixed model was then used to krigethe ECa on a fine grid from
which three-dimensional diagrams of the salinity are displayed.

keywords: Saline soil, Electrical conductivity, Three-dimensional variation, Space—time covari-
ance functions, REML, E-BLUP
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Sensing of soil organic carbon with portable spectrometers
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The development of portable vis-NIR (vis-NIRp) and mid-infrared (mid-IR) spectrometers is
enabling the rapid, real-time and accurate proximal sensing of soil properties. However, before
using these techniques in field applications, we need to assess their performance under laboratory
conditions. Here we assessed two portable spectrometers: a mid-IR (mid-IRp) and a vis—-NIR
(vis-NIRp) for the determination of soil organic carbon (SOC) concentrations. We also compared
their predictions to those made using the bench-top mid-IR (mid-IRb) spectrometer. Our aims
were to determine the accuracy and uncertainty of scanning mid-IR and vis—NIR spectroscopy to
estimate the SOC content of soil to a depth of 1 m using portable spectrometers.

For our experiments, we used 578 soil specimens systematically sub-sampled from four depths
of each of 150 soil cores sampled to a depth of one-meter from a 600 ha farm in northern New South
Wales, Australia. The sub-samples were ground dried, crushed and ground to particle sizes of 2
mm and 0.5 mm for our analysis. We developed predictive models using the machine learning
algorithm Cubist and used 50 bootstraps to derive robust predictions and assess the uncertainty
of our models.

As might be expected, the prediction of SOC with the mid-IRb (R2 < 0.96, RMSE < 0.17)
on 0.5 mm particle size outperformed predictions made with spectra of mid-IRp (R2 < 0.91,
RMSE < 0.26) and vis—NIRp (R2 < 0.88, RMSE < 0.30). Predictions made using mid-IRp and
0.5 mm particle size were more accurate than those made with vis-NIRp, but their uncertainties
were larger. There is no clear difference found from the prediction results for mid-IRp (R2 < 0.84,
RMSE < 0.35) and vis—NIRp (R2 < 0.81, RMSE < 0.38) on 2 mm particle size.

We conclude that the both potable mid-IRp and vis—NIRp spectrometers performed well to
estimate SOC under laboratory conditions. Particle size has more impact than spectral ranges on
the prediction of SOC concentrations. Though better prediction accuracy can be obtained using
finer particle size, preparation requires more effort. The accuracy of predictions using samples
ground to 2 mm were sufficiently accurate and would enable many more sample measurements,
which can benefit the spatial characterisation of soil organic C.

keywords: mid-IR, vis-NIR, particle size, soil core, uncertainty
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Portable XRF technology has gained acceptance as an analytical approach for the estimation
of soil elemental and chemical properties. The technique is relatively easy-to-use, rapid real-time
and non-destructive. However, there have been few studies that have assessed the XRF technique
under different conditions. Thus, our aims here was to design an experiment to assess the effects
that different particle sizes, water contents and excitation times have on the XRF spectra of four
different soils with different clay contents from four intact soil cores.

We sub-sampled each of them into 5 replications and used a 3-way factorial design, with three
particle sizes ( 1 mm, 2 mm and natural aggregates), three gravimetric water contents (air-dry,
10% and 20%), and three excitation times (15, 30 and 60 seconds). X-ray spectra were recorded
using a portable XRF spectrometer to give 540 spectra in all. Six (Si, K, Ca, Ti, Fe and Cu)
of characteristic elemental peaks were identified for analysis. We used an analysis of variance
(ANOVA) to identify significant differences between our factors and using the peak intensity and
peak area of six elemental peaks as our response variable.

As might be expected, longer excitation times generally improved detection limits. There was
a strong linear relationship between intensity of XRF spectra and measurement times. The results
from the ANOVA showed that, for Si, all treatments were significantly different for both mean peak
intensity and area. For K, Ca, Fe and Cu there was no significant difference in mean peak intensity
and area between 2 mm particle size and the soil aggregate. However, peak height and area for Ti
were significantly different. There were significantly difference in peak intensity and area between
the 1 mm particle size and the soil aggregate, except in the case of Cu. Similarly no significant
difference for moisture was found between air-dry and 10% moisture content except in the case of
Cu for peak area. When the soil wetter, for Ti, K, Ca, Ti and Fe there were significant difference
in peak intensity and area between air-dry and 20% moisture content, except Cu in terms of peak
intensity.

Our results suggested that measurement time has the biggest effect on signal intensity, while
particle size and moisture are secondary effects. However, signal intensity was better for drier
soil with smaller particle sizes. Thus, all of these factors will affect the accuracy of proximal soil
sensing with portable XRF.

keywords: portable, XRF, ANOVA
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Accurate digital soil maps of soil organic carbon (SOC) are needed to evaluate soil fertility,
estimate soil organic carbon stocks, and for ecological and environment modeling. We used 5982
soil profiles collected during the second national soil survey of China with 19 soil landscape-
environment predictors to derive a spatial model of the concentration of SOC in the 0-20 cm. The
environmental predictors relate to the soil forming factors and include elevation, vegetation and
climate. We developed the model using the machine learning algorithm Cubist combined with the
non-parametric bootstrap to derive estimates of model uncertainty. We optimized the Cubist model
using a 10-fold cross validation and the best model used 17 rules, 5 committees and 5 neighbors.
The cross validation correlation coefficient between the observed and predicted values was 0.62 and
the relative error was 0.72 g/kg. We then generalized the model over China and mapped the SOC
distribution at 90 m resolution. The predicted spatial distribution of SOC over China shows larger
values area in the eastern Tibetan Plateau, the north of Heilongjiang province, the northeast of
Mongolia, and the small part of the Tianshan Moutain in Xinjiang. The small concentrations of
SOC occur in the Loess Plateau and most of the desert areas in Northwest China. Results show
that the average SOC content in surface soil is 24.82 g/kg. Our work provides an up-to-date map
that can decision-making in the formulation of policy for carbon offset schemes. The map will also
help the design of future soil surveys and the development of monitoring networks in China.
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Spatial predictions of soil properties are performed in digital soil mapping and error predictions
are assessed against measured values when available. Rarely the errors associated with measure-
ments, pedotransfer functions and database transections are directly assessed in error spatial pre-
dictions. Because of discrepancies between soil measurements and spatial predictions, one to one
comparisons for error assessments are difficult and impractical, especially in the context of large
databases. Thus, various data generalizations are used, which could also affect the spatial error
predictions. The objective of this study was to assess the soil pH errors associated with the use
of: (i) different measurement methods; (ii) pedotransfer functions and (iii) database transections.
Data from the International Soil Exchange protocol were used to assess the accuracy of measured
soil pH by various laboratories. Pedotransfer functions to convert soil pH 1:1 water to soil pH 1:5
water and equal-area spline functions and soil horizon weighted means were used and compared
for the GlobalSoilMap standard soil thickness (0-5, 5-15, 15-30, 30-60, 60-100; and 100-200 cm).
The accuracy of soil pH 1:1 water measured by various laboratories across the world on same soil
samples was 0.7 pH, while the accuracy within laboratories varied between 0.2 and 0.3 pH. The
use of a simple linear regression equation to predict soil pH 1:2 water from pH 1:5 water had a root
mean square error (RMSE) of 0.44 pH. The errors between spline function and weighted means
for soil pH 1:5 water for the STATSGO database varied from 0.2 to 0.4 pH between standard
depths, but only from 0.1 to 0.2 for the SSURGO database. The errors of splined soil pH 1:5
water between SSURGO and STATSGO for all standards depths varied between 0.5 and 0.7 pH.
However, the errors of splined soil pH 1:5 water between measured data (KSSL) and STATSGO
and SSURGO were greater and varied between 0.7 and 0.8 pH. An ideal comparison to assess
the impact of different measurement methods, pedotransfer functions and database transections
would require that spatial predictions and measured values be made on the same scale, from the
same area and on the same samples. Given that such comparisons are the exception and not
the norm, the quantification of the errors that result from differences in measurement methods,
pedotransfer functions and database transections are a good indicator of the accuracy predictions
to be considered for informing management decisions.

keywords: error predictions, pedotransfer, soil pH
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Can conditioned latin hypercube sampling capture pedodiversity?
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Conditioned latin hypercube sampling (clhs) has advanced to be a standard sampling approach
for statistical soil-landscape modelling, also known as digital soil mapping. Latin hypercube sam-
pling (lhs) was developed to sample a number of n parameters in such a way that the density
function of each of the n parameters is well represented by the selected k samples. This is achieved
by subdividing the density function of each parameter into k quantiles and selecting one sample
per quantile. Finally, the so obtained k values for each parameter are combined with those of
the other parameters, either randomly or in some predefined way. However, if these parameters
represent soil forming factors within the reality of an actual landscape or their respective proxies
from satellite images, digital elevation models, geophysical sensors etc., then the selection of a
certain landscape position for sampling and, hence, the selection of a certain parameter value in
one of the parameter quantiles, automatically results in the selection of values in one of the quan-
tiles of the other parameters as well. As a consequence, the selection of one sample per quantile
needs to involve an optimisation approach as implemented in clhs. Meanwhile, several adaptations
were made to overcome practical difficulties that might arise during the actual sampling campaign
in the field, other problems remain widely unnoticed: (1) The values which fall into the various
quantiles of a certain parameter do not have the same probability of being selected as was the
case in lhs, a flaw which is even enhanced while more parameters are considered and/ or more
points are selected. And (2) as a consequence to the optimisation process, the selected points are
not independent from one another. Finally, (3) due to the selection of one particular parameter
combination, important other landscape positions cannot be sampled and will neither be present
in the dataset, nor in the thereby obtained statistical soil-landscape model. So the power of clhs
to capture the heterogeneity and, hence, the pedodiversity of a landscape is very limited as it will
always result in a too simplified version of the reality within the selected samples, and will, there-
fore, most probably lead to biased models. Stratified random sampling methods, which sample
landscape units formed by e.g. methods of pattern recognition, are more suitable for this purpose.

keywords: conditioned latin hypercube sampling, digital soil mapping, sampling design
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The spatial variations of soil organic carbon (SOC) stocks and controlling factors in mainly
agricultural area of Taoyuan, northwestern Taiwan, was less concerned in last decade. In this
study, dataset for estimating the SOC stock in agricultural soils was obtained from a detail soil
survey by Taiwan Agricultural Research Institute (TARI) recently. The databases have all the
SOC and few soil bulk densities of three townships of Taoyuan, near 27,559 ha, with different land
uses. Near 4410 soil profiles were sampled in every 250 meters by 250 meters by soil auger from
surface to 150 cm depth. The bulk densities were estimated by pedotransfer function for arable
soils in Taiwan. SOC contents and SOC stocks in 3 soil depths (0-15, 15-30, and 30-60 cm depth)
were interpolated by ordinary kinging methods with GS+ and ArcGIS. Re