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Report Card 11. An analysis of water quality data recorded at Wexford Pier with Exo2 and Trios 

Opus Sonde’s. 

The Significance of Correlations between Physicochemical Saline Water Parameters in Studying 

Climate Change and Nutrient Inputs (Wexford Co. Co and the STREAM project). 

 

Introduction 

Correlations between physicochemical saline water parameters (such as temperature, salinity, 

oxygen, pH, and nutrients) are crucial in understanding climate change and nutrient inputs into 

estuaries and seas. These correlations provide valuable insights into the complex interactions within 

aquatic ecosystems, shedding light on natural processes and human-induced impacts.  

The world's estuaries and seas are vital to our planet's ecological balance as the confluences where 

terrestrial and marine environments converge. These dynamic ecosystems are now under constant 

pressure from climate change and the increasing influx of nutrients from human activities. 

Understanding the intricate web of interactions within these water bodies is essential to 

understanding change, safeguarding their health, and mitigating potential environmental crises with 

good planning. 

Figure 1 Wexford. 

 

As a simple example, this STREAM report card looks at correlations between water quality parameters 

recorded at Wexford Pier between the 9th and 20th of September 2023, encompassing a Spring and 

Neap tidal cycle. Measurements were taken on every sensor for 15 minutes, and over this period, 

there were 1081 readings of most of the physiochemical parameters. Except for N03 and SAC254 

sensors, which sensors intermittently returned sets of readings. For that reason data sets of n = 367 

and n = 921 were analysed respectively for these parameters. 
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Figure 2 Wexford County Council sensor box housing STREAM water quality sensors. 

 

 

The data recorded included the following in Table 1, and for a more 

detailed explanation of these water quality parameters, please see: 

  https://www.marinestream.eu/tool-kit-monitoring-for-monitoring-for-

coastal-and-marine-water-quality-physiochemical-parameters/ 

 

 

Table 1. The parameters recorded and measurements broadcasted live from the STREAM sensors 

on Wexford Pier (In association with Wexford County Council). 

Date Time Temperatu
re_C 

SpConductivit
y_mS 

Salinty_PSU Depth_m pH 

Turbidity_F
NU 

DO_pc DO_mgl fDOM_RFU fDOM_QSU Chlorophyll
_ugl 

Chlorophyll
_RFU 

BGAPE_ugl BGAPE_
RFU 

NNO3_mgl TSSQeq_mgl SAC254_lm Abs360_AU ABS210_AU 

ABS254_AU NO3_mg
l 

UVT254_pc NNO3_mgl_U
P 

TSSQeq_mg
l_UP 

SAC254_lm
_UP 

Abs360_AU
_UP 

ABS210_AU
_UP 

FIT_ERR
_UP 

ABS254_AU
_UP 

NO3_mgl_UP UVT254_pc
_UP 

OPUS_TIM
E 

Battery   

 

https://www.marinestream.eu/tool-kit-monitoring-for-monitoring-for-coastal-and-marine-water-quality-physiochemical-parameters/
https://www.marinestream.eu/tool-kit-monitoring-for-monitoring-for-coastal-and-marine-water-quality-physiochemical-parameters/
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Pearson correlation (Equation 1) coefficients were used between pairs of parameters to analyse the 

seawater quality data and identify correlations (associations or connections) between the 

parameters. 

Correlation coefficients range from -1 to 1, with: 

 Values close to 1 indicating a strong positive correlation (as one parameter increases, the 

other also tends to increase). 

 Values close to -1 indicating a strong negative correlation (as one parameter increases, the 

other tends to decrease). 

 Values close to 0 indicate little to no correlation between the parameters. 

 

Formula 1 in Excel 

In Excel the following formula was used: =CORREL(B2:B1081, C2:C1081) 

 

For example, formula 1 calculated the Pearson correlation coefficient between the Depth_m values 

(where they are in cells B2 to B1081) and the Salinity_PSU values (where they are in cells C2 to C1081). 

The cell references were adjusted to match the data location, for example, NO3 (n = 367) and SAC254 

(n = 921). 

Correlation coefficients can provide insights into the relationships between various water quality 

parameters in a dataset. However, it is essential to realise that correlation does not imply causation, 

and other factors or interactions may influence these relationships. Further analysis or domain 

knowledge may be required to understand the underlying processes. 
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Results 

The following parameters, Depth, Salinity, DO, pH, Chlorophyll, fDOM, and NO3, were compared from 

Wexford Pier between September 9 and September 20, 2023, for the purposes of this study (example), 

and Table 2 shows their correlation coefficients. As shown in Figure 3, interpreting relationships 

between physiochemical parameters is challenging with such diverse data. 

Figure 3. Depth, salinity, DO, pH, chlorophyll, fDOM, and NO3 were recorded with STREAM sensors 

on Wexford Pier between the 9th and 20th  of September 2023. 
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STREAM Depth, Salinity, DO, pH, Chlorophyll, fDOM and NO3 readings recorded between the 9th 
and 20th September 2023

Depth_m Salinty_PSU DO_mgl pH

Chlorophyll_ugl fDOM_RFU NNO3_mgl
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The Pearson-calculated correlation coefficients for depth, salinity, DO, pH, chlorophyll, fDOM, and 

NO3 are shown in Table 2. 

Table 2 shows the Pearson correlation coefficients between selected data sets (9th to 20th 

September 2023). 

*Correlations of significance are highlighted in Dark green, green, orange and red according to their significance.  

Below is an analysis of the correlation coefficients between the water quality parameters examined 

at Wexford Pier between September 9th and 20th, 2023: 

1. Depth_m: 

   - Strong positive correlation with Salinity_PSU (0.717): As depth increases, salinity tends to 

increase.  

   - Weak positive correlation with pH (0.153): Deeper waters appear to have slightly higher pH. 

   - Strong negative correlation with fDOM_RFU (-0.601): As depth increases, fDOM tends to 

decrease. 

   - Strong negative correlation with BGAPE_ugl (-0.789): In this example as depth increases, the 

concentration of blue-green algae pigments tends to decrease. 

   - Moderate negative correlation with NNO3_mgl (-0.254): Deeper waters tend to show lower 

nitrate nitrogen concentrations. 

   - Moderate negative correlation with SAC254_lm (-0.262): Deeper waters tending to have lower 

absorbance readings at 254 nm. 

 

Parameter

Tempe

rature

_C

Salinit

y_PSU

DO_m

gl pH

Chloro

phyll_

ugl

Turbidi

ty_FN

U

fDOM_

RFU

BGAPE

_ugl

NNO3

_mgl

SAC25

4_lm

TSSQe

q_mgl_

UP

Depth_m 0.07 0.717 -0.001 0.153 -0.06 -0.012 -0.601 -0.054 -0.789 -0.254 -0.262

Temperature_C 0.624 0.611 0.878 0.437 -0.444 -0.624 0.348 -0.129 -0.471 -0.536

Salinity_PSU 0.284 0.663 0.216 -0.255 -0.921 0.177 -0.918 -0.526 -0.521

DO_mgl 0.666 0.537 -0.22 -0.28 0.449 -0.124 -0.279 -0.342

pH 0.542 -0.538 -0.748 0.446 0.028 -0.507 -0.709

Chlorophyll_ugl -0.131 -0.328 0.765 0.195 -0.178 -0.34

Turbidity_FNU 0.283 -0.033 0.263 0.317 0.597

fDOM_RFU -0.288 0.912 0.568 0.663

BGAPE_ugl 0.201 -0.17 -0.273

NNO3_mgl 0.645 0.245

SAC254_lm 0.714
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2. Temperature_C: 

   - Strong positive correlation with Salinity_PSU (0.624): As temperature increases, salinity tends to 

increase (time of year?). 

   - Strong positive correlation with DO_mgl (0.611): As temperature increases, dissolved oxygen 

appears to increase. *But we also know that warmer water can hold less dissolved oxygen. 

   - Strong positive correlation with pH (0.878): As temperature increases, pH tends to increase. 

   - Moderate negative correlation with Chlorophyll_ugl (-0.444): Higher temperatures are associated 

with lower chlorophyll concentrations. 

   - Strong negative correlation with Turbidity_FNU (-0.624): As temperature increases, water 

appears to less turbid. 

   - Weak positive correlation with fDOM_RFU (0.348): Higher temperatures are associated with 

slightly higher fDOM. 

   - Weak negative correlation with BGAPE_ugl (-0.129): Higher temperatures are associated with 

slightly lower blue-green algae pigment concentrations. 

   - Moderate negative correlation with NNO3_mgl (-0.471): Higher temperatures are associated with 

lower nitrate nitrogen concentrations. 

   - Moderate negative correlation with SAC254_lm (-0.536): Higher temperatures are associated 

with lower absorbance at 254 nm. 

 

3. Salinity_PSU: 

   - Moderate positive correlation with DO_mgl (0.663): As salinity increases, dissolved oxygen tends 

to increase. 

   - Weak positive correlation with pH (0.216): As salinity increases, pH tends to increase (more 

oceanic waters). 

   - Strong negative correlation with Chlorophyll_ugl (-0.921): As salinity increases, chlorophyll 

concentration tending to decrease.  

   - Weak negative correlation with Turbidity_FNU (-0.254): As salinity increases, water tends to 

become less turbid. Less influence from the Slaney River? 

   - Strong negative correlation with fDOM_RFU (-0.918): As salinity increases, fDOM tends to 

decrease. 

   - Strong negative correlation with BGAPE_ugl (-0.525): As salinity increases, blue-green algae 

pigment concentration tends to decrease. 
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   - Strong negative correlation with NNO3_mgl (-0.521): As salinity increases, nitrate nitrogen 

concentration tends to decrease (Oceanic water tends to have less nutrients). 

 

4. DO_mgl: 

   - Moderate positive correlation with pH (0.666): As dissolved oxygen increases, pH tends to 

increase. 

   - Weak positive correlation with fDOM_RFU (0.449): Higher dissolved oxygen levels are associated 

with slightly higher fDOM. 

   - Weak negative correlation with BGAPE_ugl (-0.124): Higher dissolved oxygen levels are associated 

with slightly lower blue-green algae pigment concentrations. 

   - Weak negative correlation with NNO3_mgl (-0.279): Higher dissolved oxygen levels are associated 

with slightly lower nitrate nitrogen concentrations. 

   - Moderate negative correlation with SAC254_lm (-0.342): Higher dissolved oxygen levels are 

associated with lower absorbance at 254 nm. 

 

5. pH: 

   - Strong negative correlation with fDOM_RFU (-0.709): As pH decreases, (becomes more acidic), 

fDOM tends to increase. 

   - Moderate negative correlation with BGAPE_ugl (-0.507): As pH decreases, blue-green algae 

pigment concentration tends to increase. 

 

6. Chlorophyll_ugl: 

   - Strong positive correlation with Turbidity_FNU (0.764): Higher chlorophyll concentrations are 

associated with more turbid water. 

   - Weak negative correlation with fDOM_RFU (-0.178): Higher chlorophyll concentrations are 

associated with slightly lower fDOM. 

   - Weak negative correlation with BGAPE_ugl (-0.340): Higher chlorophyll concentrations are 

associated with slightly lower blue-green algae pigment concentrations. 

 

7. Turbidity_FNU: 

   - Moderate positive correlation with fDOM_RFU (0.597): More turbid water tends to have higher 

fDOM. 
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8. fDOM_RFU: 

   - Moderate positive correlation with BGAPE_ugl (0.662): Higher fDOM is associated with higher 

blue-green algae pigment concentrations. 

 

9. BGAPE_ugl: 

   - Weak negative correlation with NNO3_mgl (-0.170): Higher blue-green algae pigment 

concentrations are associated with slightly lower nitrate nitrogen concentrations. 

 

10. NNO3_mgl: 

    - Moderate positive correlation with SAC254_lm (0.714): Higher nitrate nitrogen concentrations 

are associated with higher absorbance at 254 nm. 

These correlations provide insights into the relationships between various water quality parameters 

in the dataset (9th September to 20th September 2023). However, the data set is limited and only 

reflects that period and some of the results may be misleading due to the small data set used. 

Conclusions 

Correlations between various physicochemical saline water parameters are instrumental in 

unravelling the complexities of estuarine and coastal ecosystems. These parameters encompass a 

range of factors, including temperature, salinity, dissolved oxygen levels, pH, nutrient concentrations, 

and more. Examining how these variables interact and influence one another holds significant 

implications for climate change research and the management of nutrient inputs. 

1. Climate Change Impacts: We know that rising global temperatures have profound consequences for 

aquatic ecosystems. For instance, studying correlations between temperature and salinity can help 

identify regions most vulnerable to temperature increases and salinity fluctuations. Such insights are 

invaluable for predicting shifts in species distributions, changes in phenology, altered migration 

patterns, and changes in primary productivity. 

2. Nutrient Loading: Human activities, such as agriculture and urban development, have significantly 

increased nutrient runoff into estuaries and seas. Correlations between nutrient concentrations, 

temperature, and dissolved oxygen levels can reveal the extent of eutrophication—excessive nutrient 

enrichment—and its impact on water quality. Understanding these relationships aids in developing 

effective strategies to mitigate nutrient pollution and its harmful consequences, such as harmful algal 

blooms. 

3. Biodiversity Conservation: Estuaries and seas are home to diverse ecosystems, from mussel beds to 

coral reefs. Studying correlations between physicochemical parameters, helps identify environmental 

conditions conducive to maintaining biodiversity. This knowledge is essential for knowledge-based 

conservation efforts and the protection of critical habitats. 



Report Card 11 September 2023 Draft RB 
9 

 

The STREAM project is part funded through the ERDF Ireland Wales 
Programme   
 

4. Predictive Models: State agencies and scientists can develop predictive models by establishing 

correlations between physicochemical parameters and environmental trends. These models will 

enable policymakers and resource managers to make informed decisions about habitat restoration, 

fisheries management, and climate adaptation strategies. 

In conclusion, the correlations between different physicochemical saline water parameters serve as 

powerful tools for monitoring, understanding, and addressing climate change's impacts and nutrient 

inputs on our estuaries and seas. They enable us to make evidence-based decisions to protect these 

vital ecosystems, ensuring their resilience and sustainability for future generations. 
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Appendix 1 

 

Dat
e 

Ti
m
e 

De
pth
_m 

Temp
eratur
e_C 

Salin
ty_P
SU 

DO
_m
gl 

pH Chlor
ophyll
_ugl 

Turbi
dity_
FNU 

fDO
M_
RFU 

BGA
PE_
ugl 

NN
O3_
mgl 

SAC
254
_lm 

TSSQe
q_mgl
_UP 

09/0
9/20
23 

07:
16:
06 

1.7
06 

20.17
8 

26.5
4 

10.
61 

8.
4 

14.67 10.52 6.18 46.9
5 

1.14
34 

21.0
86 

106.4
7 

09/0
9/20
23 

07:
31:
06 

1.7
48 

20.22
3 

27.3
1 

10.
79 

8.
45 

22.46 3.26 5.71 49.0
2 

0.34
54 

29.9
42 

352.8 

09/0
9/20
23 

07:
46:
06 

1.7
85 

20.26
4 

27.0
6 

10.
81 

8.
48 

18.89 3.61 6.28 80.5
4 

0.23
55 

9.98
78 

72.46
6 

09/0
9/20
23 

08:
01:
06 

1.8
36 

20.27
1 

26.9
7 

11.
12 

8.
53 

21.27 3.11 5.94 59.9
9 

0.22
95 

9.85
22 

21.82
9 

09/0
9/20
23 

08:
16:
06 

1.8
85 

20.10
1 

28.6 10.
37 

8.
45 

12.28 3.86 4.71 48.3
8 

0.20
41 

9.64
92 

25.96
8 

09/0
9/20
23 

08:
31:
06 

1.9
3 

0 28.6
2 

10.
57 

8.
45 

15.86 3.56 4.72 41 0.21
08 

8.43
32 

39.43
3 

09/0
9/20
23 

08:
46:
06 

1.9
86 

20.08
3 

28.5
2 

10.
76 

8.
46 

13.61 4.15 4.82 53.5
6 

0.12
71 

8.66
38 

23.58
6 

09/0
9/20
23 

09:
01:
06 

2.0
36 

20.13
2 

28.0
4 

10.
99 

8.
48 

10.88 3.34 5.54 33.1
2 

0.13
6 

8.10
73 

31.91
8 

09/0
9/20
23 

09:
16:
06 

2.0
91 

20.22
8 

27.2
5 

11.
36 

8.
5 

13.46 3.29 6.28 39.3
1 

0.18
75 

8.68
63 

36.43
2 

09/0
9/20
23 

09:
31:
06 

2.1
33 

20.23
9 

26.9
7 

11.
34 

8.
51 

16.25 3.05 6.47 44.0
6 

0.25
23 

8.74
6 

33.28
8 

09/0
9/20
23 

09:
46:
06 

2.1
81 

20.18
9 

27.4
7 

10.
98 

8.
48 

11.4 3.26 5.87 50.0
9 

0.27
16 

9.05
55 

40.36
2 

09/0
9/20
23 

10:
01:
06 

2.2
27 

20.17
8 

27.6
3 

10.
89 

8.
48 

11.94 2.9 5.9 32.9
4 

0.25
18 

8.75
12 

43.57
1 

09/0
9/20
23 

10:
16:
06 

2.2
53 

20.14
1 

28.1
4 

10.
52 

8.
46 

7.01 3.09 5.17 23.2
1 

0.23
35 

9.31
53 

30.48 

09/0
9/20
23 

10:
31:
06 

2.2
82 

20.11 28.4
3 

10.
48 

8.
45 

16 3.03 5.31 49.6
6 

0.16
98 

8.27
08 

36.26
9 
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09/0
9/20
23 

10:
46:
06 

2.2
93 

20.16
7 

28.0
4 

10.
41 

8.
46 

17.9 2.91 5.77 53.6 0.19
34 

8.44
4 

37.24
6 

09/0
9/20
23 

11:
01:
06 

2.3
09 

20.32
8 

26.9
7 

11.
19 

8.
52 

16.16 2.64 6.36 59.7
8 

0.20
18 

8.67
99 

32.58
5 

09/0
9/20
23 

11:
16:
06 

2.3
15 

20.20
7 

27.9
5 

10.
1 

8.
46 

10.33 2.48 5.46 29.1
2 

0.23
62 

9.71
3 

31.50
6 

09/0
9/20
23 

11:
31:
06 

2.3
25 

20.18
8 

28.1
3 

9.5
5 

8.
44 

8.98 2.72 5.5 27.4
7 

0.20
6 

9.45
15 

29.19
7 

09/0
9/20
23 

11:
46:
06 

2.3
39 

20.27
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27.6
9 

9.8 8.
48 
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63 

8.83
82 

31.22
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09/0
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01:
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2.3
31 

20.31
8 

27.5
8 

9.1
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09/0
9/20
23 

12:
16:
06 

2.3
4 

20.20
7 

28.2
3 

8.0
9 

8.
37 

13.46 3.57 5.16 29.0
8 

0.25
26 

9.24
91 

27.59
1 

09/0
9/20
23 

12:
31:
06 

2.3
4 

20.06
2 

29.0
5 

8.9
6 

8.
39 

9.96 2.91 4.43 19.9
1 
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76 

9.17
41 

31.68
6 

09/0
9/20
23 

12:
46:
06 

2.3
57 

20.14
2 

28.7
5 

8.8
1 

8.
39 
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8 

0.17
16 

8.24
2 
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2 

09/0
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23 

13:
01:
06 

2.3
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20.17
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8.
38 

6.37 2.26 4.87 21.7
4 
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34 
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37 
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46 
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08 
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7.58 2.26 4.43 32.2
3 

0.12
37 

8.34
07 
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