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Abstract

This data article presents a high-resolution map of available water content (AWC)

for Senegal, derived from the iSDA Africa dataset and the USDA Rosetta3 model,

as well as the method used for its production. The map covers the entire country

at a resolution of 30 m and provides a valuable resource for hydrological studies

and spatialized crop model simulations in the region where water is a limiting fac-

tor for crop production. The dataset is based on existing soil properties data and

leverages pedotransfer functions (PTFs) to estimate water retention capabilities

from soil properties. This AWC map derived from datasets with enhanced accu-

racy offers a more precise estimate of soil water retention capacity, which can be

instrumental in informing water and agricultural management, policy decisions

and investments. The dataset, including intermediate variables, is available in geo-

tiff format at Cirad Dataverse under the DOI 10.18167/DVN1/SGNSII and com-

plies with FAIR data principles, allowing its broad reuse. The code used to

produce this dataset is also made available under the DOI 10.5281/zenodo.

10078399, so that AWC maps can be produced for any territory covered by the

iSDA Africa product.
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1 | INTRODUCTION

Soil water availability is recognized as a vital ecosystem
service, playing a key role in nutrient cycling, primary
production (Dobriyal et al., 2012), climate regulation, gas
exchange and water flow management, as well as erosion
and flood control, water purification and the provision of
food, feed, fibre and fuel (Adhikari & Hartemink, 2016).
In Sub-Saharan Africa, where agriculture predominantly
relies on rainfed systems and where food security mainly

depends on subsistence crops, estimating the availability
of water in soil is critical for monitoring crop develop-
ment, predicting crop yields and hence ensuring food
security. One important factor for estimating the water
available to crops is the available water content (AWC),
which refers to the difference between the soil water
retention (SWR) at field capacity (FC, when the soil has
drained excess water and can hold no more water against
gravity) and the SWR at the permanent wilting point
(PWP, when plants can no longer extract water from the
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soil). This metric represents the total amount of water
that can be stored in the soil and made available to plants
under normal conditions. AWC is an important parame-
ter in bucket-type models, used in hydrological
(e.g., HBV, Seibert & Bergström, 2022; Staudinger
et al., 2021) and crop modelling (e.g., DSSAT, Jones
et al., 2003; AquaCrop, Salman et al., 2021; SARRA-H/O,
Baron et al., 2003; Dingkuhn et al., 2003) applications.

Quantifying the spatial variation of AWC is crucial
for planning and risk mitigation purposes (Poggio
et al., 2010). In the context of food security studies, accu-
rate AWC maps are essential for predicting yields in
water-limited areas, as they provide plausible estimates
of soil water holding capacity for spatialized crop simula-
tion models, which simulate water balance considering
factors such as climate, rainfall, soil properties, crop
management practices and plant growth.

Traditional approaches for generation of AWC maps
are based on geostatistical extrapolation of direct AWC
measurements and/or values derived from soil properties
surveys through pedotransfer functions (PTFs). These PTFs
use readily available soil data, such as texture and organic
matter content, to estimate soil hydraulic properties. Identi-
fying the most generic and accurate PTF for a specific
region and soil properties dataset can be challenging, as
PTF accuracy and applicability depend on factors such as
regional soil characteristics, the range of soil properties in
the development dataset and the particular hydraulic prop-
erties of interest. Turek et al. (2023) emphasize that PTF
development must occur alongside the development of
suitable extrapolation and upscaling techniques to accu-
rately represent soil spatial heterogeneity. Among the
many PTFs available, the USDA model Rosetta3 (Zhang &
Schaap, 2017) was developed against an extensive dataset
of US soils, and stands out due to its widespread use and
validation across different regions. Rosetta3 estimates soil
parameters for the van Genuchten-Mualem (VGM) water
retention model based on soil texture data, including sand,
silt and clay content, while sometimes incorporating addi-
tional properties such as bulk density. From these parame-
ters, it becomes possible to compute SWR at matric
potentials corresponding to FC and PWP.

Combined with existing soil properties maps, a num-
ber of global SWR and/or AWC maps were derived using
these PTFs (Turek et al., 2023). However, the increased
availability of Earth Observation datasets and their use as
covariates led to the development of new digital soil map-
ping (DSM) methods. As a consequence, soil properties
maps now reach high levels of spatial resolution, preci-
sion and accuracy, which leads to a renewed interest in
the context of AWC mapping. While this approach
already has been explored by T�oth et al. (2015) using the
SoilGrids250 dataset (Poggio et al., 2021), a new DSM

dataset for soil properties, iSDA Africa (Hengl
et al., 2021), proposed a continent-wide high-resolution
30 m product that has not been used yet for this purpose.
The iSDA Africa dataset provides a valuable resource for
methods based on PTFs, as it covers various chemical
and physical properties at multiple depths. It presents a
30-m resolution soil information system for Africa, fea-
turing the most extensive compilation of reference soil
sampling points (N ≈ 150,000) and Earth Observation
data to date, which allows for detailed pan-African maps
of soil nutrients. To our knowledge, no other paper citing
this dataset has had more reference points. A recent
review showed that the highest resolution so far for AWC
products was obtained using the Africa Soil Information
Service (AfSIS, https://africasoils.net) 250 m world soil
dataset (Turek et al., 2023). According to Hengl et al.
2021, the original AfSIS 250 m maps had limitations,
including data harmonization issues and a lack of satel-
lite data (particularly Sentinel-2 data). By contrast, iSDA
suggests an average improvement in the R2 value from
0.6 at 250 m resolution to 0.8 at 30 m predictions.

In this paper, we introduce as a pilot a high-resolution
map of AWC for Senegal, derived from the 30 m iSDA
Africa soil properties maps and the USDA Rosetta3 model.
This map provides a valuable resource for spatialized
hydrological and crop modelling in the region, where
water is a limiting factor for crop production. We provide
a detailed description of the workflow used to produce the
map, including the methods used to derive AWC from the
soil properties maps. The workflow and the dataset com-
ply with FAIR data principles (Findable, Accessible, Inter-
operable, and Reusable), allowing other scientists,
whether soil scientists or those in related disciplines, to
use the dataset in their own research.

2 | MATERIALS AND METHODS

The high-resolution map of plant-AWC for Senegal was
produced by computing SWR capacity from 30 m soil
property maps obtained from the iSDA Africa initiative,

Highlights

• We offer available water content (AWC) maps
for Senegal.

• The methods and code used here are provided
and can be used to model AWC across Africa.

• They can be easily adapted to produce refined
datasets as newer versions of iSDA become
available.
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using PTFs implemented in the USDA Rosetta3 model. To
achieve this objective, we followed a five-step workflow:

1. Downloading soil properties maps for silt, clay, sand,
bulk density and depth to bedrock from the iSDA data
repositories;

2. Running the Rosetta3 model to estimate SWR
parameters;

3. Calculating volumetric water content at FC (water
content at �30 kPa) and PWP (water content at
�1500 kPa) matric pressure levels using the estimated
SWR parameters;

4. Computing AWC and interpolating filtered values;

Steps 1 to 4 were repeated twice: once for the 0–20 cm
horizon and once for the 20–50 cm horizon.

5. Finally, integrating AWC values over the entire soil
depth to produce the high-resolution map.

2.1 | Step 1: The iSDA Africa soil
properties database

In this study, we used the iSDA Africa dataset (Hengl
et al., 2021), which provides 30 m resolution soil proper-
ties maps for Africa. These maps were generated from an
extensive compilation of soil samples (approximately
150,000), as well as 250 m resolution (MODIS, PROBA-V,
climatic variables and others) and 30 m resolution (digi-
tal terrain model derivatives, Landsat, Sentinel-2 and
others) image covariates, using a 2-scale 3D Ensemble
Machine Learning framework implemented in the mlr R
package (Hengl et al., 2021). The iSDA Africa database
aims to support various applications, including soil and
fertilizer policies, agronomic advice, environmental pro-
grams and nutrition interventions. From this dataset, we
used soil properties predictions for silt, clay and sand
content, as well as fine-earth bulk density at two depth
intervals (0–20 cm and 20–50 cm), and retrieved from the
Zenodo repository on 15 April 2023 (v0.13). We also used
predictions for depth to bedrock, which was retrieved
from Amazon S3 bucket on 19 April 2023 (Table 1).

2.2 | Step 2: Estimation of the VGM SWR
curve parameters using the USDA Rosetta3
PTF model

The VGM model is a mathematical model used to
describe the relationship between water content, water
potential and unsaturated hydraulic conductivity in
porous media, particularly soils. The model's parameters,

such as the water retention curve shape coefficients α
and n, and the saturated water content θs, can be esti-
mated using PTFs calibrated for given geographical
extents from extensive soil datasets. While these PTFs
have been widely used and validated in various regions,
it is essential to recognize that their accuracy may vary
depending on local soil characteristics and the quality of
the input data. A widely used PTF is the USDA Rosetta3
model, developed by the United States Department of
Agriculture (USDA) based on a large dataset of US soils.
Notably, the Rosetta3 model offers different levels of
complexity, depending on the available input data
(e.g., texture only or texture plus other soil properties). In
this study, we used a Python implementation of Rosetta3,
available online at https://github.com/usda-ars-ussl/
rosetta-soil under commit hash 1b67533, to perform a
pixel-wise computation of the VGM parameters from the
iSDA Africa silt, clay, sand content, as well as fine-earth
bulk density datasets. As the model employs a bootstrap
resampling method to estimate the uncertainty of predic-
tions, offering univariate and bivariate probability distri-
butions of the predicted parameters, seven maps were
generated: decimal logarithm of α shape parameter, deci-
mal logarithm of n parameter, residual water content (θr)
mean and standard deviation (SD), saturated water con-
tent (θs) mean and SD, and diagnostic codes. Further-
more, maps of antilogged values for α and n were
produced. We invite our readers to refer to Table 2 for a
summary of produced maps.

2.3 | Step 3: Calculation of the
volumetric water content at FC and PWP

The VGM model was employed to compute the volu-
metric water content at FC and PWP using the

TABLE 1 References of downloaded datasets.

Dataset
Version and
download date doi/URL

Silt v0.13, 15/04/2023 https://doi.org/10.5281/
zenodo.4094610

Clay https://doi.org/10.5281/
zenodo.4085160

Sand https://doi.org/10.5281/
zenodo.4094607

Fine-earth
bulk
density

https://doi.org/10.5281/
zenodo.4087905

Depth to
bedrock

NC, 19/04/2023 https://isdasoil.s3.
amazonaws.com
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VGM retention parameters calculated in Step 2, thus
establishing a functional relationship between volu-
metric water content (θ) and soil suction pres-
sure (h).

θ hð Þ¼ θrþ θs�θrð Þ= 1þ α jhjð Þn½ �m,

where θ(h) is the volumetric water content at a given soil
suction pressure h (cm or kPa); θr is the residual water
content; θs is the saturated water content; α, n and m are
empirical shape parameters specific to the soil type,
determined via the PTF; jhj represents the absolute value
of soil suction pressure h; m = 1–1/n.

The retained suction pressure for FC and PWP were
�30 and �1500 kPa, respectively, usually adopted as
thresholds for calculating the AWC following USDA con-
ventions (Soil Survey Staff, 2014). As a result, two supple-
mentary maps were produced: volumetric water content
at FC (θfc) and at PWP (θpwp) (Table 2).

2.4 | Step 4: Calculation of AWC and
spatial interpolation of missing values

The AWC (θa), which is the difference between θfc and
θpwp, as well as its equivalent in water height in

TABLE 2 Summary of the soil variables maps produced for Senegal.

Origin step in production
workflow Filename Units Description

Step 2: estimation of the VGM soil
water retention curve parameters
using the USDA Rosetta3 PTF
model

senegal_alpha_0_20cm
senegal_alpha_20_50cm

cm�1 Alpha shape parameter: air-entry
pressure parameter of the VGM model

senegal_npar_0_20cm
senegal_npar_20_50cm

arbitrary n parameter: VGM curve shape
parameter

senegal_theta_r_mean_0_20cm
senegal_theta_r_mean_20_50cm

%vol Mean value for residual water content
(θr) estimated by the Rosetta3
bootstrapping

senegal_theta_r_std_0_20cm
senegal_theta_r_std_20_50cm

%vol SD value for residual water content (θr)
estimated by the Rosetta3
bootstrapping

senegal_theta_s_mean_0_20cm
senegal_theta_s_mean_20_50cm

%vol mean value for saturated water content
(θs) estimated by the Rosetta3
bootstrapping

senegal_theta_s_std_0_20cm
senegal_theta_s_std_20_50cm

%vol SD value for saturated water content
(θs) estimated by the Rosetta3
bootstrapping

Step 3: calculation of the volumetric
water content at FC and PWP

senegal_theta_fc_0_20cm
senegal_theta_fc_20_50cm

%vol Volumetric water content at FC (θfc),
Estimated by the VGM model

senegal_theta_wp_0_20cm
senegal_theta_wp_20_50cm

%vol Water content at PWP (θpwp),
estimated by the VGM model

Step 4: calculation of AWC and spatial
interpolation of missing values

senegal_theta_a_0_20cm
senegal_theta_a_20_50cm

%vol Volumetric available water content (θa),
obtained by subtracting volumetric
water content at PWP from volumetric
water content at FC

senegal_theta_a_mm_interp_0_20cm
senegal_theta_a_mm_interp_20_50cm

mm/cm Available water content, expressed as
height of water (mm) per depth unit
of soil (cm), and interpolated via
nearest neighbour method

Step 5: calculation of AWC integrated
along the soil depth

senegal_pawc_mm_0_50cm mm Integrated available water content,
expressed as height of water (mm), on
the 0- to 50-cm depth horizon

senegal_pawc_mm_0_bedrock mm Integrated available water content,
expressed as height of water (mm), on
the horizon from surface to bedrock

Abbreviations: AWC, available water content; FC, field capacity; PTF, pedotransfer function; PWP; permanent wilting point; SD, standard deviation; VGM, van
Genuchten-Mualem.
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millimetres (θa_mm) were computed. During the compu-
tation of the water retention properties, nan values were
introduced as a result from the incertitude in the estima-
tion of soil properties. In practice, pixels exhibiting a sum
of silt, clay and sand fraction above 100% were set as
errors. Subsequently assigned nan values were later
replaced with interpolated values to produce a final map
of plant-available water content (PAWC). The nearest
neighbour interpolation method seemed a reasonable
choice in this context and given the spatial density of
valid estimations, and was preferred for map production
performance reasons. Four maps were produced as a
result from this step (Table 2).

2.5 | Step 5: Calculation of AWC
integrated along the soil depth

Two PAWC were calculated, for two different soil depths:
50 cm and depth to bedrock. The first value, PAWC 0–
50-cm, corresponds to the PAWC down to the depth cor-
responding to the lower limit of the deepest horizon at
which iSDA soil properties predictions are being per-
formed. The second value, PAWC 0-bedrock, corresponds
to the PAWC value extrapolating the soil properties of
the 20–50 cm horizon on the 50-cm-bedrock depth hori-
zon. These values are calculated using the QGIS Raster
calculator using the following formulas:

PAWC0�50cm ¼ θamm interp 0�20cm �20þθamm interp 20�50cm �30:

PAWC0�bedrock ¼ θamm interp 0�20cm �20þθamm interp 20�50cm

� depth to bedrock�20ð Þ:

Two final maps were thus introduced in our dataset
(Table 2).

2.6 | Data handling

Data handling from steps 1 to 4 was performed with
Python 3.9.6 using Pandas, Numpy and Xarray libraries.
The openly available Jupyter notebook used in the soft-
ware pipeline for this computation, allowing massive par-
allelization, is available on our GitHub repository:
https://github.com/SARRA-cropmodels/iSDA-calcs and
deposited on Zenodo under the DOI 10.5281/zenodo.
10078399. Step 5 was performed using the Raster calcula-
tor function of QGIS v3.26.2-BuenosAires.

3 | RESULTS/DATA DESCRIPTION

We present a high-resolution map of AWC for 0- to
20-cm and 20- to 50-cm depth intervals for Senegal
derived from 30 m soil properties maps using the iSDA
Africa dataset and the USDA Rosetta3 model. The map
covers the entire country, providing a spatially explicit
representation of AWC and intermediate calculation vari-
ables (Figures 1–3). As 39.55% of the map extent has valid
values for PAWC estimation, we can say that, in average,
the informational resolution of this map is about 2650m2,
nearly equivalent to what can be obtained by using
50 � 50-m pixels. The AWC map shows a wide range of
values across Senegal, with the lowest values in the
Louga/Saint Louis regional frontier area, and the highest
values in the southwest of the country in the Ziguinchor
and Fatick delta regions (see Figure 3). The mean AWC
on the first 50 cm of soil across the extent of Senegal is
60.2 mm, with a SD of 13.0 mm. The minimum and max-
imum AWC values are 12.1 and 106.6 mm, respectively.

In addition to the PAWC map, we also provide maps
of the water retention curve shape coefficients α and n
(Figure 1), and the saturated water content θs (see

FIGURE 1 Maps of the (a) α shape parameter, and (b) n parameter of the van Genuchten-Mualem model, in the 0–20 cm horizon, as

calculated by Rosetta3 model from iSDA soil properties map.

LAVARENNE and LEROUX 5 of 9
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Figure 2). These maps can be used to estimate other soil
hydraulic properties and to improve the accuracy of crop
simulation models.

Although the iSDA soil properties maps included
uncertainty layers, our calculations only considered the
iSDA Africa mean values, as we did not perform

resource-intensive bootstrapping computations to
account for the variability in soil property predictions as
inputs for the Rosetta3 model. Regarding the variability
of iSDA soil properties, we made a plausibility assump-
tion that the sum of soil texture fractions input into
Rosetta3 should not exceed 100% (as this would be

FIGURE 2 Mean value for (a) saturated water content (θs), (b) residual water content (θr), (c) volumetric water content at permanent

wilting point (θpwp) and (d) volumetric water content at field capacity (θfc) in the 0–20 cm horizon, as calculated by Rosetta3 model from

iSDA soil properties map.

FIGURE 3 Integrated available water content, expressed as height of water (mm) and interpolated via nearest neighbour method (a) in

the 0–50 cm horizon and (b) down to the bedrock, as calculated from iSDA soil properties map.
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representative of a high level of incertitude in the estima-
tion of at least one of the soil texture fractions), and a
methodological choice stating that we should not normal-
ize these values before calculation. Consequently, 67.24%
of pixels were discarded, and computations were per-
formed using only iSDA's raw soil property estimations at
points with plausible soil properties for sand, silt, clay
and coarse fragment fractions. From these data, we calcu-
lated water retention capabilities at the two soil depth
intervals provided by iSDA. We computed the PWC for
both horizons covered by the iSDA dataset and further
calculated PWC down to the bedrock by extrapolating
the soil properties of the 20–50 cm horizon.

The map of interpolated AWC, as well as the interme-
diate variables, is available in GeoTIFF format at Cirad
Dataverse under the DOI 10.18167/DVN1/SGNSII. The
dataset is available in digital form and in standard formats
(geotiff files), with a defined licence (CC BY 4.0) and
online access procedure, including a Digital Object Identi-
fier (DOI), to ensure accessibility and reproducibility.

4 | DISCUSSION

AWC maps are useful resources for comprehending
water dynamics and availability in Africa, where agricul-
ture, and hence food security, primarily depends on rain-
fall. These maps can inform hydrological models and
spatialized crop simulation models alike, and facilitate
yield prediction in water-scarce regions, which rely on
soil water holding capacity. The accuracy of such simula-
tions hinges on the precision of input data, particularly
soil water holding capacity, often estimated using
PAWC maps.

DSM campaigns are typically used to construct these
AWC maps, through geostatistical extrapolation of
numerous soil samples. In this data article, we introduce
a high-resolution AWC map for Senegal, derived from
the 30 m iSDA Africa dataset and the USDA Rosetta3
model. This represents the first country-wide AWC data-
set at 30 m resolution, benefiting from iSDA's efforts in
Africa. The iSDA Africa paper's authors acknowledge
that predictions might not be accurate enough for imme-
diate farm-scale management due to uncertainties at
smaller scales, but they can serve as a starting point for
further sampling and refinement (Hengl et al., 2021).

In determining the appropriate dataset for bedrock
depth in our calculations of θa to PAWC in the soil pro-
file, we evaluated two options: the ISRIC Africa
SoilGrids—Depth to Bedrock (Hengl et al., 2015) and the
iSDA dataset. A comparative analysis, involving visual
inspection of the seasonal vegetation dynamics across the
country using MODIS remote sensing products (results

not shown), revealed notable differences between these
datasets. The iSDA's depth to bedrock data showed a con-
siderable variance from the ISRIC's data. Notably, we
observed a stronger correlation between areas of higher
water retention capacities, as estimated from our AWC
maps, and regions of greener vegetation in the iSDA data-
set. This correlation was less evident in the ISRIC dataset.
Furthermore, the ISRIC dataset lacked a quality metric
for its depth to bedrock map, whereas the iSDA dataset
demonstrated a concordance correlation coefficient of
0.725 and an RMSE of 41 cm. Given these findings and
the importance of data source homogeneity, we opted to
use the iSDA dataset as our depth reference. Our maps
offer a valuable resource for spatialized crop model simu-
lations in the region where water is a limiting factor for
crop production. Other similar products also exist.
For example, Leenaars et al. (2018) introduced the RZ-
PAWHC dataset, derived from ISRIC soil properties
maps, which provides a 1 km resolution. Interestingly,
their approach focuses on maize plants' rooting capacity,
considering certain physicochemical factors that influ-
ence potential rooting depth. Their study presents the
first spatially explicit maps of rootable depth and root
zone plant-available water holding capacity
(RZ-PAWHC) for sub-Saharan Africa, using georefer-
enced data from 28,000 soil profiles and DSM techniques.
The average RZ-PAWHC for the region is 74 mm, with
an associated root zone depth of 96 cm, largely limited by
rootable depth and sensitive to FC definitions. This data-
set was produced directly from DSM using point data,
while we leverage existing maps specifically created for
Africa. However, as the authors discuss, their approach
seems to lack observational validation. Additionally,
Turek et al. (2023) introduced a global 250 m point-based
mapping approach for global SWR using data from the
WoSIS Soil Profile Database, resulting in improved soil
data availability and quality. The point-based mapping
method demonstrated higher accuracy than map-based
approaches for 330 and 15,000 cm suction, with similar
results for 100 cm suction, potentially due to limited
SWR observations.

While we believe that our approach, which takes
advantage of the high-resolution iSDA product and
applies plausibility filtering, may lead to a higher quality
dataset, this mapping exercise is based solely on the reuse
of existing datasets and should be validated using ground
truth measurements in future work. One advantage of
our method is that it can be easily adapted to produce
refined datasets as newer versions of iSDA become avail-
able, particularly with the inclusion of data from the EU
Copernicus Sentinel satellites and other upcoming mis-
sions (the product is aimed at being updated regularly,
and its distribution methods are thought this way as they
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are provided through a STAC server at https://isdasoil.s3.
amazonaws.com). Also, another advantage is that this
method can be applied to any other country in Africa as
iSDA data are available at the continental level.

By offering a more accurate estimate of water avail-
ability for crops, our map could significantly improve the
reliability of crop simulation models, ultimately helping
to optimize agricultural practices, ensure food security
and support sustainable land management. The enhanced
accuracy of these models using the high-resolution AWC
map can also be instrumental in informing policy deci-
sions and investments in agriculture. By providing more
reliable predictions of potential crop yields and identifying
areas where water is a limiting factor, our map can help
guide the development and implementation of targeted
interventions, such as irrigation infrastructure or water
management practices, to close yield gaps and increase
agricultural productivity. For example, and depending on
each crop type, areas with low AWC values may require
irrigation or other water management practices to achieve
optimal yields, while areas with high AWC values may be
suitable for rainfed agriculture. In a comparable state of
idea, AWC maps could be used to refine suitability maps
at the country scale.

Overall, leveraging high-resolution datasets like our
PAWC map not only enhances the accuracy of water
availability estimates for crops but also provides added
value through flexibility, as it allows for aggregation to
lower resolutions when needed, ensuring a more compre-
hensive understanding of water resources for optimal
agricultural management and policy decisions.

5 | CONCLUSION

In this data article, we presented a high-resolution AWC
map for Senegal, derived from existing datasets and a
widely-used PTF. Rather than conducting an extensive
field campaign, we leveraged the iSDA Africa dataset,
which is based on the most extensive compilation of soil
samples for Africa to date. By applying plausibility filter-
ing and a widely-validated PTF, we produced a map that
can significantly improve the accuracy and reliability of
crop simulation models in the region, where water avail-
ability is a limiting factor for crop production.

Our approach not only offers a valuable resource for
agricultural and land management practices, but it is also
in line with the principles of open science. The dataset
we produced is available in geotiff format at Cirad's Data-
verse (DOI 10.18167/DVN1/SGNSII) and complies with
FAIR data principles, making it readily available for
other researchers to use in their own research. The

detailed description of the workflow used to produce the
map, including the methods and code used to derive
PAWC from the soil properties maps (DOI 10.5281/
zenodo.10078399), will enable other researchers to use it
for their own research and facilitate comparisons with
similar products.

The presented dataset can also be used to inform
soil and fertilizer policies and investments, agronomic
advice to close yield gaps, and environmental programs
or interventions targeting nutrition. While this article
focuses on the case of Senegal, the method can be
applied equally to all the countries covered by iSDA
Africa or any other relevant soil properties map
dataset. Notably, we also provide a link to the same
work performed for Burkina Faso, accessible at the
DOI 10.18167/DVN1/QNX5HU.

In conclusion, we hope that our high-resolution AWC
map will contribute to the broader effort of improving
food security and sustainable land management in the
region. By leveraging existing datasets and open science
principles, we demonstrate that valuable resources can
be produced in a cost-effective and collaborative manner,
ultimately leading to better decision-making and resource
management.
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Haefele, S. M., McGrath, S. P., Acquah, G. E., Collinson, J.,
Parente, L., Sheykhmousa, M., Saito, K., Johnson, J.-M.,
Chamberlin, J., Silatsa, F. B. T., … Crouch, J. (2021). African
soil properties and nutrients mapped at 30 m spatial resolution
using two-scale ensemble machine learning. Scientific Reports,
11(1), 6130. https://doi.org/10.1038/s41598-021-85639-y

Jones, J. W., Hoogenboom, G., Porter, C. H., Boote, K. J.,
Batchelor, W. D., Hunt, L. A., Wilkens, P. W., Singh, U.,
Gijsman, A. J., & Ritchie, J. T. (2003). The DSSAT cropping sys-
tem model. European Journal of Agronomy, 18(3-4), 235–265.
https://doi.org/10.1016/S1161-0301(02)00107-7

Leenaars, J. G. B., Claessens, L., Heuvelink, G. B. M., Hengl, T.,
Ruiperez Gonz�alez, M., van Bussel, L. G. J., Guilpart, N., Yang,
H., & Cassman, K. G. (2018). Mapping rootable depth and root
zone plant-available water holding capacity of the soil of sub-
Saharan Africa. Geoderma, 324, 18–36. https://doi.org/10.1016/
j.geoderma.2018.02.046

Poggio, L., De Sousa, L. M., Batjes, N. H., Heuvelink, G. B. M.,
Kempen, B., Ribeiro, E., & Rossiter, D. (2021). SoilGrids 2.0:

Producing soil information for the globe with quantified spatial
uncertainty. Soil, 7(1), 217–240. https://doi.org/10.5194/soil-7-
217-2021

Poggio, L., Gimona, A., Brown, I., & Castellazzi, M. (2010). Soil
available water capacity interpolation and spatial uncertainty
modelling at multiple geographical extents. Geoderma, 160(2),
175–188. https://doi.org/10.1016/j.geoderma.2010.09.015

Salman, M., García-Vila, M., Fereres, E., Raes, D., & Steduto, P.
(2021). The AquaCrop model – Enhancing crop water productiv-
ity. FAO. https://doi.org/10.4060/cb7392en

Seibert, J., & Bergström, S. (2022). A retrospective on hydrological
catchment modelling based on half a century with the HBV
model. Hydrology and Earth System Sciences, 26(5), 1371–1388.
https://doi.org/10.5194/hess-26-1371-2022

Soil Survey Staff. (2014). Kellogg soil survey laboratory methods man-
ual. Soil survey investigations report no. 42, version 5.0.

Staudinger, M., Seibert, J., & Van Meerveld, H. J. (2021). Representation
of bi-directional fluxes between groundwater and surface water in a
bucket-type hydrological model. Water Resources Research, 57(9),
e2020WR028835. https://doi.org/10.1029/2020WR028835

T�oth, B., Weynants, M., Nemes, A., Mak�o, A., Bilas, G., & T�oth, G.
(2015). New generation of hydraulic pedotransfer functions for
Europe: New hydraulic pedotransfer functions for Europe.
European Journal of Soil Science, 66(1), 226–238. https://doi.
org/10.1111/ejss.12192

Turek, M. E., Poggio, L., Batjes, N. H., Armindo, R. A., de Jong van
Lier, Q., de Sousa, L., & Heuvelink, G. B. M. (2023). Global
mapping of volumetric water retention at 100, 330 and
15 000 cm suction using the WoSIS database. International Soil
and Water Conservation Research, 11(2), 225–239. https://doi.
org/10.1016/j.iswcr.2022.08.001

Zhang, Y., & Schaap, M. G. (2017). Weighted recalibration of the
Rosetta pedotransfer model with improved estimates of hydrau-
lic parameter distributions and summary statistics (Rosetta3).
Journal of Hydrology, 547, 39–53. https://doi.org/10.1016/j.
jhydrol.2017.01.004

How to cite this article: Lavarenne, J., & Leroux,
L. (2024). High-resolution mapping of available
water content in Senegal using iSDA Africa dataset
and USDA Rosetta3 model. European Journal of
Soil Science, 75(2), e13461. https://doi.org/10.1111/
ejss.13461

LAVARENNE and LEROUX 9 of 9

 13652389, 2024, 2, D
ow

nloaded from
 https://bsssjournals.onlinelibrary.w

iley.com
/doi/10.1111/ejss.13461 by C

IR
A

D
, W

iley O
nline L

ibrary on [02/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.geoderma.2015.08.009
https://doi.org/10.1016/j.geoderma.2015.08.009
https://agritrop.cirad.fr/522840/
https://agritrop.cirad.fr/522837/
https://doi.org/10.1016/j.jhydrol.2012.06.021
https://doi.org/10.1371/journal.pone.0125814
https://doi.org/10.1038/s41598-021-85639-y
https://doi.org/10.1016/S1161-0301(02)00107-7
https://doi.org/10.1016/j.geoderma.2018.02.046
https://doi.org/10.1016/j.geoderma.2018.02.046
https://doi.org/10.5194/soil-7-217-2021
https://doi.org/10.5194/soil-7-217-2021
https://doi.org/10.1016/j.geoderma.2010.09.015
https://doi.org/10.4060/cb7392en
https://doi.org/10.5194/hess-26-1371-2022
https://doi.org/10.1029/2020WR028835
https://doi.org/10.1111/ejss.12192
https://doi.org/10.1111/ejss.12192
https://doi.org/10.1016/j.iswcr.2022.08.001
https://doi.org/10.1016/j.iswcr.2022.08.001
https://doi.org/10.1016/j.jhydrol.2017.01.004
https://doi.org/10.1016/j.jhydrol.2017.01.004
https://doi.org/10.1111/ejss.13461
https://doi.org/10.1111/ejss.13461

	High-resolution mapping of available water content in Senegal using iSDA Africa dataset and USDA Rosetta3 model
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Step 1: The iSDA Africa soil properties database
	2.2  Step 2: Estimation of the VGM SWR curve parameters using the USDA Rosetta3 PTF model
	2.3  Step 3: Calculation of the volumetric water content at FC and PWP
	2.4  Step 4: Calculation of AWC and spatial interpolation of missing values
	2.5  Step 5: Calculation of AWC integrated along the soil depth
	2.6  Data handling

	3  RESULTS/DATA DESCRIPTION
	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


