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Problem Identification:

Oceanic water masses present conservative oceanographic parameters like temperature and salinity.

Correlations between nutrients and some of these parameters have been identified. However, these correlation can 
be masked by system heterogeneity and measurement uncertainty. This masking will be larger when large, 
heterogeneous systems are studied.
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Methodology:
Sampling:

Portuguese Continental Platform, between 40.12º N and 
40.46º N and 8.96º W and 9.30º W
Sampling dates: October 2018 and April 2019
Number of samples, n = 20
Grid of 15 x 20 nautical miles
Distance between samples, d = 5 x 5 nautical miles
Sampling level: 25 m

Analysis:
Segmented Flow Analysis

Uncertainty Modelation:
Monte Carlo Simulations of georeferenced information 
applied to Temperature and NOx
Single Sampling (SS) modeling strategy used

Purpose:
Estimate the correlation between pairs of parameters, 
considering the impact of system heterogeneity, sampling 
uncertainty and sample analysis uncertainty

Location of the sampling positions (B01 to B24) where water samples 
were collected, at 25 m depth, on two sampling occasions (October 
2018 and May 2019), implanted over Google Earth images.

Results:

• the total uncertainty main contributor is the uncertainty arising from sampling;
• the relative expanded uncertainty associated with NOx is 1 to 2 orders of 

magnitude higher than that of t;
• an agglomerate of points at lower concentrations of NOx, more evident in May 

2019, is observed.
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October 2018 

 

 

r = -0.700, n = 2553 

May 2019 

 

 

r = -0.630, n = 2714 

Correlations between NOx and t for the two 
sampling occasions (rcrit ≈ 0.40 for n = 2500)

Simulated uncertainty of the measurement of NOx and t, from random sampling, in the studied area for 95% 
confidence level on two sampling occasions and relevant uncertainty components. (§ - Value obtained by 
the Monte Carlo Method; Analytical components of uncertainty are, for NOx: 𝑠′I= 1.21% (Oct2018), 𝑠′I= 6.10% 
(May2019) and 𝑢′T= 3.09%). 𝑠′S, 𝑠′r, 𝑠′I and 𝑢′T are, respectively, the sampling, repeatability, interm. precision
and veracity standard uncertainties and Ú’ is the relative expanded uncertainty (k=2, ≈95 % conf. Level)

Parameter
October 2018 May 2019

Mean § 𝒔′𝐒 (%) § 𝒔′𝐫 (%) 𝑼′ (%) Mean § 𝒔′𝐒 (%) § 𝒔′𝐫 (%) 𝑼′ (%)

NOx / µmol L-1 1.18 34.9 1.02 70.0 0.789 57.0 4.61 115

t / ºC 16.7 1.60 0.009 3.19 16.7 1.60 0.009 3.21

Conclusions:
• A stronger temperature stratification in May 2019 can explain a somewhat weaker correlation between studied 

parameters than the one determined for October 2018  A more heterogeneous water mass masks temperature 
and NOx correlation;

• The correlation is slightly affected by system heterogeneity;

Nevertheless, it can be stated that the correlations are meaningful


