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Seasonal nitrate-carbon-oxygen coupling along the Lambayeque coast in the northern Humboldt 
upwelling system: association with land-based nitrogen pressure 

Dear Anonymous Referee #2, 

We thank you for the careful assessment and constructive comments. We revised the manuscript 
point by point. The revisions improve methodological traceability, metrological terminology, and the 
interpretation of covariance in operational model fields. They do not alter the reported results or 
principal conclusions. The clean manuscript and the version with tracked changes accompany this 
response. 

Comment 1 
Methodology, Sect. 2.2, lines 74-81. The authors state that the three-dimensional variables were 
extracted from the first available model depth layer. Please report the nominal depth, in metres, 
represented by this layer and provide the measurement units for all extracted marine variables, rather 
than for nitrate alone. If the nominal depth differs among the Copernicus product components, this 
should also be stated. A concise sentence or compact supplementary table would be sufficient and 
would make the extraction procedure fully reproducible. 

Response 

We agree. Sect. 2.2 now reports the nominal centre depth of the shallowest model layer as 
0.4940254 m below the sea surface. The same vertical coordinate applies to all three-dimensional 
components used in the study. Surface pCO₂ remains identified separately because it is distributed 
as a two-dimensional surface variable without a depth dimension. 

The revised paragraph also lists the unit of every extracted marine variable: surface nitrate 
concentration, mmol m⁻³; total alkalinity, mol m⁻³; DIC, mol m⁻³; surface pCO₂, Pa; chlorophyll a, 
mg m⁻³; phytoplankton carbon, mmol C m⁻³; NPP, mg C m⁻³ d⁻¹; and O₂, mmol m⁻³. This 
information follows the official Copernicus product metadata. 

Changes made in the manuscript 

• Sect. 2.2 now reports the common nominal layer depth of 0.4940254 m. 
• Sect. 2.2 now states that the vertical coordinate does not differ among the extracted three-

dimensional product components. 
• Sect. 2.2 now provides the measurement units for all eight marine variables and distinguishes the 

two-dimensional surface pCO₂ field. 

Comment 2 
Discussion, Sects. 4.3-4.5, lines 205-240. Please add a brief qualification indicating that the recurrent 
NO₃⁻-DIC-pCO₂-O₂ correlations may partly reflect shared seasonal forcing and covariance represented 
within the same operational biogeochemical model, alongside environmental coupling within the marine 
system. The manuscript already avoids causal interpretation, but an explicit distinction between 
covariance observed in model fields and independently validated process coupling would further 
strengthen the discussion. This clarification does not require any additional analysis. 

Response 

We agree. Sect. 4.5 now states that the companion variables originate from the same operational 
PISCES biogeochemical model and share physical forcing, data-assimilation architecture, spatial 
grid, and monthly aggregation. The revised text recognises that the correlations can reflect both 



environmental coupling and covariance generated by common seasonal forcing and model 
structure. 

We also added an explicit inferential boundary. The manuscript now states that the analysis 
identifies covariance among co-located model fields and does not independently validate process 
coupling. Independent in situ hydrographic and biogeochemical observations are identified as the 
required test. Sect. 4.3 adds the complementary qualification concerning water-mass mixing, 
salinity-dependent variability, vertical transport, and upwelling-related water-column changes. 

Changes made in the manuscript 

• A new paragraph in Sect. 4.3 addresses shared hydrographic controls. 
• A new paragraph in Sect. 4.5 distinguishes model-field covariance from independently validated 

process coupling. 
• The second conclusion paragraph now specifies that the multivariable correlations were observed 

within the co-located Copernicus model fields. 

We appreciate the reviewer’s comments, which helped us improve the clarity and reproducibility of the 
manuscript. 

On behalf of the authors, 

Walter Manuel Hoyos-Alayo 

Corresponding author 
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