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Introduction

A synthesis is presented of tidal and normal tidal lengths, L and LNTL, salt intrusion lengths, LS, salinity stratification, ΔS, tidal range, R, residence times, T, depths, H, 

suspended particulate matter, SPM, loss-on-ignition, LOI, freshwater runoff, Q, and catchment areas, AQ, for the estuaries of southwest England, using published 

hydrological data and water-column data collected in a systematic way (Uncles et al., 2015) close to high water (HW). The relationship between maximum surface SPM 

(SPMmax) and LOI within the estuaries and their dependence on R and L is explored. The salt intrusion length of the estuaries as a fraction of tidal length, LS/L, is 

investigated as a function of Q and R. Regression expressions are derived for both estuarine freshwater residence times, which are applicable to low runoff, spring-tide 

summer conditions, in terms of R and L, and for morphological properties of tidal length, depth at the mouth, and bed slope, in terms of parameters derived from theoretical 

work by Prandle (2004). [Uncles, R.J., Stephens, J.A., Harris, C., 2015. Estuaries of southwest England: salinity, suspended particulate matter, loss-on-ignition and 

morphology. Progress in Oceanography 137, 385-408. Prandle, D., 2004. How tides and rivers determine estuarine bathymetry. Progress in Oceanography 61, 1-26.]

Figure 1. Surveyed estuaries of the southwest 

Peninsula and their river systems. River 

gauging stations are shown (with identifiers)

Figure 2. (a), Mean spring tidal range; (b), Mean High 

Water Interval; (c, d), significant wave height exceeded for 

10% and 75% of the year, with wave period (dashed line)

Figure 3. Smoothed, monthly-mean salinity distributions 

in the region; (a), surface - February; (b), bottom -

February; (c), surface - August; (d), bottom - August

Figure 4. images of the near-mouth areas of the northern 

and western-most surveyed estuaries (Figure1)

Figure 5. images of the near-mouth areas of the 

southern and eastern-most surveyed estuaries
Figure 6. (a), annual-mean runoff, QM, v. AQ; (b), 

LNTL v. AQ; (c), QM v. LNTL. Outliers are in red 

Figure 9. (a) Surface and bed 

SPM v. S for the Taw and 

Parrett; (b), SPMmax v. prediction 

in terms of  R and  L; (c), ditto in 

terms of tidal prism, VTP

Figure 7. (a) Surveyed tidal length, L, 

v. LNTL; (b), LS for the near-bed 

isohaline-5 contour, LS5 , as a % of L, 

v. its regression ‘prediction’ in terms of  

R and Q; (c), ditto for isohaline-2,  LS2

Figure 10. (a) LOI v. SPM with 

fitted curve; (b), LOI of SPMmax

v. SPMmax; (c), ratio of LOI for 

SPMmax to the LOI of SPM in 

the freshwater river v. SPMmax

Conclusions
(1) Freshwater runoff and estuary length are strongly related to catchment area; (2), salt intrusion length is always greater than 74% of the estuary length during low runoff, 

spring-tide summer conditions and, on average, is more than 90% - there is a statistically significant relationship between salt intrusion length and tidal range (increased 

intrusion) and freshwater runoff (decreased intrusion); (3), salinity stratification is strongly, positively correlated with a measure of the relative balance of freshwater and tidally-

induced current speeds; (4), residence times are strongly correlated with tidal range and tidal length - longer estuaries with smaller tides have longer residence times than 

shorter estuaries with stronger tides; (5), SPMmax varies from 2 to 20,000 mg l-1; (6), SPMmax is strongly related both to tidal range and tidal length - long, strongly tidal 

estuaries have greater concentrations; (7), LOI of SPM is strongly related to SPM concentration - low concentrations (less than a few mg l-1) typically have LOI>50% and high 

concentrations (greater than a few hundred mg l-1) typically have LOI<10%; (8), LOI in the freshwater SPM is negatively correlated with maximum estuarine SPM concentration, 

so that SPM within the high-turbidity reaches of southwest estuaries is significantly different from that entering the estuary in their freshwater inflows; (9), observed scaling 

relationships between estuary tidal length and H and R, and depth at the mouth in terms of Q, are similar to those given by theoretical work.

Figure 8. ΔS and residence times 

T; (a), ΔS v. Simmons’ Ratio; (b), 

T v. regression ‘prediction’ in terms 

of R and L; (c), T v. regression 

‘prediction’ in terms of tidal prism

Figure 11. Estuarine 

morphology at mean springs 

(MS); (a), LMS v. theory; (b), 

depth at the estuary mouth  v. 

theory; (c), Bristol Avon HW 

depths with fitted curve: axb


