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Spiking is an approach to improve the accuracy of large-scale spectroscopic models when they are used to predict
at local scale. But, if models are to be spiked, do we really need large-sized spectral libraries? Different calibrations
relating the SOC and NIR spectra were obtained using PLS as regression method: i) model #1: local-scale model
(n=40); ii) model #2: local-scale model (n=88); iii) model #3: provincial-scale model (n=147); iv) model #4:
provincial-scale model, constructed with 50% of samples used in model #3 (n=73); v) model #5: provincial-scale
model, constructed with 25% of samples used in model #3 (n=36); vi) model #6: national-scale model (n=1096);
vii) model #7: national-scale model, constructed with 33% of samples used in model #6 (n=362). Each of these
models was used to predict the SOC contents in target site samples. In this work, nine target sites were evaluated.
Each target site is a relatively small area (from several hectares to a few square kilometers), where a dense sampling
was made. The coefficient of the determination (R2), root mean square error of prediction (RMSEP), bias, standard
error of prediction (SEP) and the ratio of performance to deviance (RPD) were calculated pooling the predictions of
the nine target sites. In overall, more than 900 local samples were predicted. The highest R2 values were obtained
with the national-scale models (R2 >0.85), and the lowest R2 values were obtained with the models of small size.
In general, the RMSEP tended to decrease with the increase of the models size. However, the predictions obtained
with the large-sized models were clearly biased, and despite the high R2 values, the RPD values were below 1.2.
We also obtained predictions when these models were spiked with eight local samples (i.e., from the target site).
After spiking, the predictions obtained with the small-sized models were substantially improved. As example of
the changes due to spiking, the predictions obtained with the smallest-sized model changed the R2 from 0.03 to
0.96, the RMSEP from 8.02% to 0.61% SOC, and the RPD from 0.39 to 5.20. The spiking effects on the large-
sized models were clearly smaller than in small-sized models. The added samples (i.e., the spiking subset) were
more influential on the small-sized than on the larger-sized models. We also obtained predictions when the spiking
subset was extra-weighted. The addition of several copies of the spiking subset increases the statistical weight of
these samples in the model, becoming more important than the other samples. Thus, the calibrations are forced
to fit preferentially to the extra-weighted samples. If the extra-weighted samples are representative of the target
site, then, an improvement of the predictions is expected. Indeed, the predictions were better than those obtained
with the spiked model. In this case, the most important improvements of the prediction quality were observed in
large-sized models, but the best results were obtained using small-sized models. When both approaches are used
(spiking with extra-weight) the results were very accurate (R2 >0.96; RMSEP<0.71% SOC; bias<0.21% SOC;
RPD>4.4) regardless of the number of samples used to construct the model. This is an interesting result, since it
suggests that large libraries are not needed to use the NIR spectroscopy as technique to predict at local scale. In
contrast, a few local samples (spiking subset) must be analyzed with the reference method. These results suggest
that the analytical efforts shouldn’t be focused exclusively in the development of large-sized calibrations.

Acknowledgements

C. Guerrero gratefully acknowledges to the Spanish Government Ministerio de Economía y Competitividad for
funding this research project (Ref. CGL2011-27001). C. Guerrero also acknowledges the Spanish Government
Ministerio de Educación for a travel grant (ref. JC2011-0342).


