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profiles where the maximum vertical temperature gradient exceeded 0.1 °cm-1 were 

considered to have a thermocline, eliminating winter profiles. 

2.3.7 At the Bellrock WFDA, following the development of a thermocline in spring, there is no 

clear trend in its depth during the summer months. There is, however, considerable 

variation between individual profiles, broadly in the 10-40 m range (Fig. 7). From August 

to November, the depth of the thermocline increases, approaching the seabed as winter 

mixed conditions develop. 
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Figure 6. The annual cycle of the potential energy anomaly ((/)) of stratification in the box 

containing the Bel/rock WFDA. Each blue dot represents (/) for a single measured profile obtained 

from BODC or WOO. Red dots show the contribution of salinity stratification to (/). 
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Figure 7. Depth of the thermocline at varying times of year from historical vertical profiles in the 

vicinity of the Bel/rock WFDA. The thermoc/ine depth has been estimated as the depth of the mid­

point of the profile temperature range, with a threshold gradient used to eliminate well-mixed or 

only weakly stratified cases. 
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3 NUTRIENT BIOGEOCHEMISTRY AND PRIMARY PRODUCTION 

3.1 Methods 

3.1.1 To investigate the biogeochemistry of the study region, nutrient (nitrate, ammonium, 

phosphate, silicate), chlorophyll and oxygen data were extracted from the North Sea 

Biogeochemical Climatology (NSBC) (Hinrichs et al. 2017). The climatology contains 3D 

fields of monthly and annually averaged biogeochemical parameters on a 0.25° x 0.25 grid. 

The dataset has only sparse coverage of the NW North Sea, close to the Bellrock WFDA 

which has limited some of the conclusions drawn in this section. 

3.2 Nutrient and chlorophyll profiles at Bellrock WFDA 

3.2.1 In winter the water column at all sites is well-mixed and there is a relatively even vertical 

distribution of chemical tracers (nutrients, oxygen). When the water column is well-mixed, 

any enhancement in TKE will result in no change to the vertical distribution of nutrients. 

3.2.2 In summer months, surface waters become thermally stratified from the higher nutrient 

waters below. Surface maps (5 m) of the region show concentrations of 0-1 mmol m-3 at 

Bellrock WFDA (Fig. 8). In depth profiles where surface temperature is lower (and 

therefore there is weaker stratification), there is a higher concentration of nitrate and 

higher chlorophyll-a concentrations (a proxy for primary production) in the surface layer 

(Fig. 9). 
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Figure B. Surface maps {Sm} of nitrate, in mmol m-3, (upper panel) and salinity (lower panel) in 
winter {left) and summer (right}. 
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Figure 9. (a) Nitrate and (b) chlorophyll profiles at Bel/rock WFDA in July with temperature shown 
in colour. 

3.2.3 The temperature difference between surface and bottom waters increases during summer 

months (section 2.2.3), which separates nutrient rich deep waters from the surface where 

nutrients are consumed by phytoplankton. Nitrate concentrations are drawn down to near 

zero concentrations in surface waters when temperatures increase (Fig 9a). These low 

nitrate surface waters are typical for the upper 20m for summer months (Fig 10). 
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Figure 10. Seasonal nitrate profiles at the Bel/rock WFDA for February, May, July, August and 

November. 

3.2.4 The Bellrock WFDA develops an SCM in summer months where surface waters are 

thermally stratified and nutrient availability is likely limiting primary production in the 

upper 20 m (demonstrated by low chlorophyll concentrations, Fig 9b). 
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4 CONCLUSIONS 

4.1 Characteristics of the site 

4.1.1 This report has looked at the physical conditions (stratification and currents} and nutrient 

dynamics of the Bell rock WFDA. 

4.1.2 Characteristics of the Bell rock WFDA are: 

• Winter conditions are unstratified. 

• Stratification develops seasonally (spring-autumn} and is largely thermal. 

• Surface waters become nutrient-depleted in summer so increased mixing and fluxes 

across the thermocline would directly supply nutrients which drive increased 

production. 

• There is relatively little background flow, so the influence of enhanced mixing would be 

retained more locally than if there was significant background flow. This also means that 

the net effect on the local water column would be greater than if the impact was 

exported to adjoining waters. 

4.1.3 Extensive historical water column profiles and climatologies are available for the area 

around the Bellrock WFDA so there is a high level of confidence in our understanding of 

the seasonal evolution of the water column. 
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