
Response to Anonymous Referee #1 
Manuscript ID: egusphere-2026-3633 

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

Dear Anonymous Referee #1, 
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 
The Methods section should specify the exact depth represented by the first available model layer, identify 
the release or version of the Copernicus Marine Service product, and clarify whether the 2025 records 
consisted exclusively of analysed fields or included forecast fields at the date of data extraction. These 
details are required to establish the vertical representativeness, temporal status, and reproducibility of the 
marine dataset. 

Response 
We agree. We consulted the official Product User Manual for GLOBAL_ANALYSISFORECAST_BGC_001_028 
and expanded Sect. 2.2. The revised text identifies Product User Manual Issue 1.4 (November 2025), alongside 
the product ID and DOI already reported. 
The shallowest common layer of the three-dimensional monthly datasets is centred at 0.4940254 m below the 
sea surface. This vertical coordinate is shared by the nutrient, carbon, plankton-functional-type, and biological 
components used in the study. Surface pCO₂ is a two-dimensional surface field and has no depth dimension. 
We also clarified the temporal status. The P1M-m datasets used here are monthly means of best-analysis fields 
under the operational schedule documented in Issue 1.4. The records analysed in this study were therefore 
analysed monthly fields and did not include forecast fields. The exact extraction date remains reported in the 
manuscript. 

Changes made in the manuscript 
• Sect. 2.2 now reports Product User Manual Issue 1.4 (November 2025), Product ID 

GLOBAL_ANALYSISFORECAST_BGC_001_028, and DOI 10.48670/moi-00015. 
• Sect. 2.2 now reports a nominal depth of 0.4940254 m for all extracted three-dimensional variables and 

identifies surface pCO₂ as a depth-independent two-dimensional field. 
• Sect. 2.2 now states that the monthly P1M-m records were best-analysis fields and did not contain forecast 

fields. 

Comment 2 
The expressions “nitrate content” and “NO₃ content” should be replaced consistently throughout the 
manuscript, including headings, figure axes, captions, and the main text, with “surface nitrate 
concentration”. This terminology is metrologically appropriate for a dissolved constituent quantified in mmol 
m⁻³ and would improve terminological consistency across the manuscript. 

Response 
We agree and applied the requested terminology consistently. The expressions “nitrate content” and “NO₃ 
content” were removed from the scientific headings and graphical axes. The revised wording is “surface nitrate 
concentration”. 
We also revised the relevant figure captions so that the measured quantity and its unit are stated consistently. 
The scientific meaning and numerical values are unchanged. 

Changes made in the manuscript 
• The heading of Sect. 3.3 now reads “Surface nitrate concentration in the northern and southern marine sectors 

(2022-2025)”. 
• The heading of Sect. 3.4 now reads “Association of surface nitrate concentration with marine-coastal ecosystem 

variables”. 
• The x-axes of Figures 3 and 4 and the y-axes of Figure 5 now use “Surface nitrate concentration (mmol m⁻³)”. 
• The captions of Figures 3-5 now use “surface nitrate concentration”. 



Comment 3 
The Discussion should acknowledge more explicitly that the strong covariation among NO₃⁻, dissolved 
inorganic carbon, total alkalinity, and surface pCO₂ may partly arise from shared hydrographic controls, 
including water-mass mixing, salinity-dependent variability, vertical transport, and upwelling-related changes 
in water-column structure. This interpretation should be presented alongside the proposed biogeochemical 
coupling to avoid attributing the observed covariance exclusively to coordinated biological or chemical 
transformations. 

Response 
We agree. A new paragraph in Sect. 4.3 now treats water-mass mixing, salinity-dependent variability, vertical 
transport, and upwelling-related changes in water-column structure as shared controls that can alter nitrate, DIC, 
total alkalinity, surface pCO₂, and O₂ concurrently. 
The paragraph explicitly frames the observed pattern as a combined expression of physical and biogeochemical 
variability. It avoids interpreting the correlations as evidence of coordinated biological or chemical transformations 
alone. Sect. 4.5 was also expanded to separate covariance in co-located model fields from independent process 
validation. 

Changes made in the manuscript 
• A new paragraph was added to Sect. 4.3 after the opening interpretation of the nitrate-carbonate-system 

relations. 
• A new qualification was added to Sect. 4.5 concerning common seasonal forcing, shared model structure, and 

the need for independent in situ validation. 
• The second conclusion paragraph now begins by specifying that the correlations were observed within 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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