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Summary 

The SALUS Model Validation Report (MVR) Is a type 2 validation report that defines the 
project domain in terms of practice categories, crop functional groups, climate zones soil 
texture classes/ clay content for CO2 sequestration rotes.  

The MVR provides thorough, well-documented, and methodologically sound validation of 
the SALUS model for use in Soil Enrichment Protocol (SEP) projects. The report includes all 
required elements, including model description, sourcing and discussion of calibration and 
validation datasets, bias assessment and uncertainty quantification. 

 

Detailed Evaluation by Section 

1. Model Description and Public Availability – Requirements met 

The MVR provides a detailed description of the SALUS model version 11.3.21. The 
description includes the model’s structure, conceptual/storage pools, and biogeochemical 
processes in crops and soil.   

The model is publicly documented in the peer review literature, and a version is available 
online and upon request. The MVR references a sizeable number of peer-reviewed 
publications supporting the model’s development and application in different agricultural 
settings (see table 1 in MVR). Formulations and concepts are drawn from well-known and 
frequently used soil biogeochemical models. Parameters are well documented in the MVR 
(section 3.2 and table 3).  

 

2. Model Calibration -  Requirements met 



The calibration process is well described.  Parameter sets are fixed across the project 
domain and therefore are never site-specific. There are crop-specific parameters that vary 
by maturity group. This is acceptable under the guidance. 

Calibration datasets are distinct from validation datasets. The calibration is well 
documented, and calibration has been done in multiple model – data comparisons, many 
of which have been peer reviewed. There is no complete model inversion to a particular 
data set, rather parameters were adjusted and tuned along with different studies and 
through time and model development. Additional parameterization stems from existing, 
and well documented soil organic matter decomposition models. Parameters for soil 
organic matter are listed in table 3 in the MVR. Crop growth is parameterized in two 
different ways, depending on whether the growth of a specific crop is sufficiently described 
to enable detailed parameterization of growth phases. Crop parameters have been 
provided to the IME.  

 

3. Project Domain Definition -  Requirements met 

The MVR defines: 

• Practice Categories (Soil Disturbance and Cropping) 
• Crop Functional Groups (C4 Annual Grass, Annual Legume, C3 Annual Grass) 
• Land Resource Regions (a total of 9 across NE central US) and  
• IPCC Climate Zones (Cool Temperate Moist, Cool Temperate Dry, Warm Temperate 

Moist, and Warm Temperate Dry) 
• Soil texture classes and clay content (spanning from coarse sands to fine clay)  

 

4.  Assembling the Validation dataset – Requirement met 

All validation data sets are reported and cited. The MVR includes a comprehensive 
literature and dataset review process. Data are drawn based on a literature data base query 
and inclusion/exclusion criteria are documented and transparent (section 5.2 1b). Some of 
the data stems from public benchmark repositories. These repositories have high quality 
assurance processes as they are linked to studies that have been described in peer review 
literature.  

 There are clear inclusion/exclusion criteria, a justification for data representativeness and 
validation data set is distinct from calibration, SOC stocks stem from multi-year 
baseline/treatment pairing. Missing data are handled transparently. An extensive table (8.2) 



provides a detailed tabulation of study used including measurement technique, number of 
observations used in validation and experiment location. Per requirement, measurement 
uncertainties for replicated values are not listed, however the IME is unsure about the 
rationale, since there is also no need to report the mean, and I do not think that this 
hampers the MVR.  

Measurement methods, experimental time period, number of observation and depths of 
SOC measurements were stated for each validation study, as per guidance. 

 

5. Input and parameters – Requirements met 

The report details the necessary input requirements for the model for model simulations. 
There is no site or zone-specific parameterization. All SALUS parameters are global and 
vary with environmental predictors. The only specific parameterization is cultivar 
dependent, which is acceptable.  

 Input needs for the model are listed in table 7. The MVR also details smart 
input/initialization values that act as representative and sensible defaults. 

 

6. Bias and Pooled Measurement Uncertainty (PMU) – Requirements met 

The MVR calculates model bias and PMU for each PC/CFG  combination.  The MVR uses 
Equation 3.1 from the SEP guidance to compute bias at the study level and then aggregates 
these to compute the mean bias for each PC/CFG. Bias values range from -0.10 to +0.09 
Mg CO₂e/acre/year, indicating minimal systematic deviation. The report includes a ranked 
list of study-level biases, highlighting the distribution and magnitude of individual 
deviations.  

PMU values range from 2.95 to 5.82 Mg CO₂e/acre/year depending on the PC/CFG 
combination. A linear relationship established between PMU and sampling depth is clearly 
illustrated and used to normalize comparisons across studies with varying sampling depth 
protocols. 

I applaud in the MVR the care with which uncertainty in bulk density, and the uncertainty 
with different depth is propagated to calculate PMU.  

A complete example to calculate PMU and model bias (Senthilkumar 2009) is provided, as 
required. 



Model bias for each study, sorted by value are provided in table 13.  All values of PMU and 
average model bias for each PG and CFG are provided in table 14. For all six PC/CFG 
combinations evaluated, the mean model bias is well below the corresponding PMU 
thresholds. 

 

7. Model Prediction Error - Requirement Met 

The MVR calculates prediction intervals using standard deviation of residuals.  

Coverage: At least 90% of observed values fall within the 90% prediction interval for all but 
one PC/CFG combination (Cropping/C3 Annual Grass), which still achieves 88%—a result 
deemed acceptable given the small sample size and non-normal distribution. Model 
prediction error, biases, and comparison against PMU for each CFG/PC are detailed in 
table 18. The additional Leave-One-Out Cross Validation is further supporting robustness 
of the model 

 

8. Visualizations -  Requirements met 

The report includes scatterplots of modeled vs. measured values (Figure 12), histograms of 
residuals (Figure 11), and prediction interval overlays for each PC/CFG (Figure 13). These 
visualizations clearly demonstrate the model’s predictive performance and the 
appropriateness of the uncertainty bounds. 

 

9. Reporting and Verification Readiness – Requirement met 

The MVR is structured to support third-party verification and includes all required 
documentation. 

 

10. Notable Strengths 

• Extensive validation dataset compilation and transparent filtering 
• Rigorous statistical treatment of bias and uncertainty, including error propagation 

and accounting for variable depths across studies.  
• Clear documentation of assumptions and limitations 
• Inclusion of leave one out cross validation for robustness 

 



Minor Observations that have been resolved during correspondence with MVR authors 

Some proprietary parameter data are not publicly disclosed but are available to reviewers, 
which is acceptable under the guidance. Can the developer provide the crop parameters as 
stated on page 16?  
File SALUS model parameters for MVR.xlsx provided to the IME 

Can the developer provide the functions of how decomposition rates are affected by 
environmental variables to the IME, as stated on page 14?  
File SALUS Soil carbon model internal wiki.pdf provided to the IME where this information is 
detailed.  

Although not required for the report, I would like to see for each CFG evaluation the number 
of studies in which a CFG is in the regenerative practice only or is present in both baseline 
and regenerative sample. For example, planting of legumes is often a regenerative practice 
and hence a legume may not appear in the baseline. Similarly, a cover corn-corn (baseline) 
vs. a corn-rye-corn would have c4 in the baseline and both c3 and c4 in the regenerative 
practice. Maybe table 11 would be a good place to indicate this.  
Table 11 has been updated with the requested numbers in parentheses 

Model description: Root inputs into the soil come from turnover only, respiration produces 
CO2 and hence respiration carbon is not injected into the soil (page 5).  
Updated 

Editorial comment: page 10: move reference (14) in front of full stop.  
Updated 

Please define ‘smart default’ for parameter. I assume this the choice of sensible 
parameters, but maybe a bit more description would be helpful.  
Added more detail about “smart default” 
 

The CAP data set was filtered to only include significant data. It makes sense, significance 
only appears with increased length x increased replication. However, such filtering also 
biases since it removes potential zero effects. I don’t think it is a deal breaker, however it 
would be beneficial for the report to include the total number of studies and the included 
number of studies in the report.  
Clarified this on page 29 

Equation 16: I believe both SOC_0 and SOC_i should be std_SOC,0 and std_SOC_i, 
respectively. In addition, Eq 16,17 hold true only if layers are equidistant.  
Updated 



There’s only one study site available for dry temperate climate validation. Is this a caveat 
for model application there?  
Added a caution statement on page 32 


