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The Brazilian National Forest Inventory (NFI) is a cornerstone program for
monitoring the country’s forest resources, providing data to support public
policies and meet international climate commitments. A key component
of the forest functioning and dynamics is soil carbon. To support the NFI,
soil spectral libraries (SSL) along with spectroscopy-based models can be
developed to rapidly and cost-effectively estimate soil carbon content,
allowing to calculate carbon stocks and changes over time.

For this aim, a visible-near infrared (Vis-NIR) SSL was built for the state
of Rio de Janeiro, and Vis-NIR spectroscopy model was derived to predict
the carbon contents in NFI soil samples across the state. Soil Vis-NIR
spectroscopy is non-destructive, rapid, inexpensive, and precise, and
has been used to estimate various soil properties, including carbon
(Viscarra Rossel et al., 2006; Dematté et al., 2019).

To produce the SSL, soil samples at 0-20 and 30-50 cm depths were used,
obtained from the Rio de Janeiro state NFI (SFB, 2018), which took place
from 2013 to 2016 and employed a systematic grid sampling of 20 x 20
km, with a total of 251 sampling sites. A total of 355 samples (174 at 0-20
cm, and 181 at 30-50 cm) were used in the study. The NFI soil samples
were ground, sieved (2 mm), and dried at room temperature. Then, the
soil carbon content was measured by dry combustion in a CHNS 2400
elemental analyzer (Perkin Elmer, Waltham, EUA).

SoilspectralcurvesattheVis-NIRrange (350-2500nm)wereobtained
in the laboratory using an ASD FieldSpec 4 spectroradiometer
(Malvern Panalytical, Malvern, United Kingdom), averaging 100
repetitions per sample, and Spectralon® (Labsphere, North Sutton,
USA) as a white reference. Before spectral reading, the samples
were dried at 45 °C overnight to harmonize the water content.

Once collected, the soil spectral curves were transformed to
log(1/reflectance) (Figure 1).

FIGURE 1. Soil visible-near infrared spectral curves transformed to
log(1/reflectance)
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Source: Authors.

The Vis-NIR-based soil carbon content prediction model was derived
using cubist (Quinlan, 1993) via the Cubist package (Kuhn and Quinlan,
2024) in R (The Comprehensive R Archive Network, 2024). Cubist is
a multivariate method that combines decision tree-based modeling
to split the dataset into homogeneous subsets with multiple linear
regression to predict the target variable in each subset. This method
has been successfully used to predict soil carbon in other regions in
Brazil (Dematté et al., 2019; Moura-Bueno et al., 2021).

Prior to modeling, the samples were randomly split into a training (248
samples ~70%) and a testing set (107 samples ~30%). The training samples

35



were exclusively used to calibrate the cubist model, whereas the testing set 0.89 and root mean square error (RMSE) of 3.4 g kg™ (Figure 2A), and
served to validate the model soil carbon predictions. A committee of five validation, with a R2 of 0.66 and RMSE of 4.1 g kg (Figure 2B).
cubist models was used to improve the accuracy of the predictions.

Soil carbon contents in the Rio de Janeiro NFl vary from 0.1 to 49.5
g kg, with a mean, median and standard deviation of 15.5, 13.2 and
9.9 g kg, respectively. Soil carbon content predictions vary from 1.0
to 41.4 g kg!, with a mean, median and standard deviation of 15.5,
14.1 and 8.2 g kg, respectively. Observed and predicted soil carbon
contents were highly correlated in both model training, with a R2 of

FIGURE 2. Predicted versus observed soil carbon content in the of: (A)
model training; and (B) external validation
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The cubist models obtained soil carbon content predictions with
similar or better accuracy than previous studies in other regions
(Moura-Bueno et al., 2021) or nationwide (Dematté et al., 2019).
Regionally, Moura-Bueno et al. (2021) achieved RMSE of 53 t0 6.6 g
kg for soil carbon prediction from Vis-NIR data alone or combining
Vis-NIR, spectral classes and environmental covariates, whereas
Dematté et al. (2019) found a a slightly higher RMSE of 6.9 g kg™™.

The Vis-NIR spectroscopy models for soil carbon content prediction at
0-20 and 30-50 cm for Rio de Janeiro state allow assessing soil carbon
contents, stocks and changes, supporting future NFI campaigns across
the state. Other statewide soil-related projects may benefit from the
model produced here to expedite soil analysis. Accordingly, SSL and
Vis-NIR spectroscopy-based prediction models may be extended to
other soil properties as well as other states and regions in Brazil.
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