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Stage 1 

Stage 2 

1 Introduction 

1.1.1 This document has been produced by Tidal Lagoon Swansea Bay (TLSB) following a letter 
from NRW-PS on 13 February 2018 in relation to sensitivity testing for the fish impact 
modelling for the lagoon project. 

1.1.2 During 2016 and 2017, and in the absence of any formal guidance, TLSB developed 
alternative approaches to modelling the encounter rates of a range of fish species 
associated with the turbines and sluice housing of the proposed Swansea Bay Tidal 
Lagoon (the Alternative Draw Zone (ADZ) model). This followed concerns from Cefas and 
Natural Resources Wales – Technical Experts (NRW-TE) regarding the Individual Based 
Modelling (IBM) approach used, and accepted by the Secretary of State during the DCO 
application process.  The approach to evaluating population impacts involves the stages 
outlined in Figure 1.1. 

 

 

 

 

 

 

Figure 1.1 E
v
aluating population impacts. 

1.1.3 The ADZ has been developed in consultation with NRW-TE and CEFAS and in 2016 and 
2017 modelled outputs were provided to NRW-PS.  On each occasion that ADZ modelled 
assessments have been submitted, and following subsequent consultation with interested 
parties, a number of improvements have been requested by Natural Resources Wales – 
Permitting Service (NRW-PS).  

1.1.4 TLSB undertook ADZ sensitivity tests within the both the Alternative Fish Impact 
Assessment submissions in both 2016 and 2017, the latter incorporating a Monte Carlo 
Analysis (MCA).  The purpose of these assessments was to account for variability of 
parameters and confidence therein. Details of species and tests undertaken are 
summarised in Appendix A.   

1.1.5 In December 2017 and January 2018, NRW-PS have indicated that they would be seeking 
more detailed testing of the ADZ model incorporating MCA to examine the sensitivity to 
changes in parameter values.  NRW-PS confirm that this is required prior to determination 
of the Marine Licence, in order to risk assess the ADZ model outputs for agreed 
parameters using a validated model considering, for example, the reliability of data 
provided.   

1.1.6 In their letter of 13 February 2018, NRW-PS identify that “the sensitivity analysis should 
show the effect of each parameter on the model output, and the interaction between 
parameters”.  Section 2 sets out the methodology of the ADZ sensitivity testing that TLSB 
intend to undertake using salmon (migratory), European eel (migratory and resident life 
stages) and herring as examples.  

Striker model:  

 
Injury rates  

Computer model which considers fish 
that will encounter the turbines (output 
from the ADZ) and other parameters 

to predict injury rates 

 

ADZ model:  
Encounter rates 

 

Spreadsheet model which predicts 
turbine encounter rates 

ADZ model: Population Impact levels 

Spreadsheet which uses the encounter (ADZ) and injury (Striker) rates together with the sex 
ratio, age structure and fecundity to predict population impact levels 
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1.1.7 Comments in relation to sensitivity testing for age structure, fecundity and sex ratio have 
been raised by NRW-PS.  These parameters are used within the population impact 
assessment process (i.e. Stage 2 of the ADZ model as set out above) and not within the 
component of the ADZ model that predicts encounter rates.  For the determination of the 
impact of the lagoon operation from the baseline (pre-lagoon) scenario on populations, the 
same evidenced agreed values for changes in age structure, fecundity and sex ratios are 
applied to both the baseline and impacted population calculations.  Sensitivity testing of 
these parameters will be carried out, as set out in Section 2 of this document. 

1.1.8 NRW-PS have requested further information relating to other model parameters in their 
letter of 13 February 2018, specifically “retention time, population range of resident sea 
trout life stages and the inclusion of additional life stages for other species”.  The inclusion 
of retention time and additional life-stages are considered to be additional scenario tests. 
These and an additional sensitivity test for sea trout are discussed in Section 3 of this 
document.    
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2 ADZ Model Sensitivity Testing 

Purpose of ADZ Sensitivity Testing  

2.1.1 Sensitivity testing of models and data is undertaken for a variety of purposes all of which 
are intended to inform user confidence and provide context regarding the outputs.  

2.1.2 The purpose of sensitivity testing is to identify how sensitive the outputs of the fish impact 
modelling are to changes in specific model parameters.  

2.1.3 The ADZ model was developed by TLSB through rigorous discussion with consultants, 
NRW-TE and Cefas. It was always intended to provide an alternative method for assessing 
the turbine/sluice operational impacts and in particular the encounter rates of fish with the 
power house structure.  

2.1.4 It is recognised that there are known limitations to the model’s use for assessing wider 
impacts of the lagoon. For example, the model was never intended to address such issues 
as predation within the lagoon or the colonisation of the lagoon as a favourable 
environment for particular fish species. Nor did the alternative model consider factors, 
previously included in the IBM model, such as tidal currents and climatic influences on fish 
encounter and injury rates.  

2.1.5 Improvements and amendments have been made throughout the development of the ADZ 
model where appropriate, including the incorporation of MCA and avoidance rates. The 
further sensitivity testing requested will therefore, focus on the following:   

 Identifying parameters to which the model is most sensitive. Such parameters will have 

the greatest influence over the resulting impact estimates;  

 Considering the robustness and reliability of the input data used to parameterise the 

models; and  

 Identifying areas of greatest uncertainty which can be further investigated through 

future monitoring.  

ADZ Parameters for Sensitivity Testing  

2.1.6 Sensitivity testing will be carried out on the input parameters used within the ADZ model 
for which a range of values has been deemed necessary as part of the Monte Carlo 
Assessment (MCA). Where individual values are agreed (e.g. duration of a tidal cycle) 
these will not be subject to a sensitivity test.
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Table 2.1 Summary of ADZ Parameters for Sensitivity Testing. 

Model 

Parameter 

Measurement 

Used  

Sensitivity Testing – Species Selected and Proposed Approach 

 

 

Salmon European Eel Herring 

Population 

Range – 

Migrant life 

stages 

Distance travelled 

in one or more 

tide/s (species 

dependent) using a 

straight line 

progression rate.
1
  

Population range of inward migrating 

1SW and MSW life-stages amended 

by up to ± 30%.  

Not applicable.   Not applicable.  

Population 

Range – 

resident life-

stages 

The geographic 

area that fish are 

known to inhabit 

during their marine 

phase (in case of 

migratory species). 

Not required as no resident stage for 

salmon. 

Population range of resident eel 

will be increased by up to ±30%. 

Reduced range for juvenile herring 

of 15-25% of the adult range 

(86850-144750 ha) will be 

modelled as requested by NRW-

PS. Sensitivity test for juveniles will 

consider reduction of the adult 

range to 20% (referred to as the 

original value) ± 30%.  

Duration of 

Fish 

Presence  

No. of tides spent 

within the 

population range. 

The number of tides for which fish are 

present in the bay amended by ± 

40% (encompasses the 10 tides 

proposed by Cefas).  

The number of tides for which 

elvers are present in the bay 

amended by ±30%. 

The number of tides for which 

juveniles and adults are present in 

the bay amended by ±30%. 

                                                           
1 The population range is calculated as being the distance that a migratory fish can travel at its cruising speed within a certain number of tides (e.g. one tide for salmon; six 

tides for European eel). Tides are modelled with the accepted semi-diurnal duration of 12 hours and 25.2 mins (i.e. 12.42 hours, 44715 secs) and therefore sensitivity testing is 

not appropriate for tide duration.  The key factor for population range for migratory life stages that will be sensitivity tested is the swimming speed (see below). 
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Model 

Parameter 

Measurement 

Used  

Sensitivity Testing – Species Selected and Proposed Approach 

 

 

Salmon European Eel Herring 

Swimming 

Speed 

Cruising speed 

(ms
-1

) of fish.   

Swimming speed of adults will be 

amended by ± 30% by varying the 

mean value but retaining the existing 

range.  

Swimming speed of each life-stage 

will be amended by ± 30% by 

varying the mean value but 

retaining the existing range.  

Swimming speed of each life-stage 

will be amended by ± 30% by 

varying the mean value but 

retaining the existing range.  

Avoidance 

Rate – Near 

Field 

Probability of fish 

avoiding entry into 

the turbines. 

Avoidance ranges based on cited 

evidence.  

Mean value increased by ± 30% with 

existing range retained (where 

possible). 

Avoidance ranges based on cited 

evidence. 

Mean value increased by ± 30% 

with existing range retained (where 

possible). 

Avoidance ranges based on cited 

evidence. 

Mean value increased by ± 30% 

with existing range retained (where 

possible). 

Avoidance 

Rate – Far 

Field 

Probability of long 

distance avoidance 

behaviour. 

Avoidance ranges based on cited 

evidence.  

Mean value increased by ± 30% with 

existing range retained. 

Avoidance ranges based on cited 

evidence. 

Mean value increased by ± 30% 

with existing range retained. 

Avoidance ranges based on cited 

evidence.  

Mean value increased by ± 30% 

with existing range retained. 

Avoidance 

Rate – 

Overall 

Combines the far-

field and near-field 

avoidance rates. 

The extreme values (i.e. ±30%) from 

the near and far field avoidance 

sensitivity testing calculations will be 

presented in combination.  

The extreme values (i.e. ±30%) 

from the near and far field 

avoidance sensitivity testing 

calculations will be presented in 

combination. 

The extreme values (i.e. ±30%) 

from the near and far field 

avoidance sensitivity testing 

calculations will be presented in 

combination. 

Age 

Structure 

Ratio of age 

classes for salmon 

but proportion of 

residents present 

on coastal 

environment for 

eels. 

Ratio of 1SW : MSW fish. 

Ratio of 1SW fish increased by up to 

± 30%. 

 

Proportion of population resident in 

coastal waters.  

Mean value amended up to ± 30%. 

Not applicable. 
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Model 

Parameter 

Measurement 

Used  

Sensitivity Testing – Species Selected and Proposed Approach 

 

 

Salmon European Eel Herring 

Sex Ratio Proportion of male : 

female adults. 

Female : male ratio.  

Female ratio increased by up to ± 

30% for both 1SW and MSW age 

classes. 

Not applicable. Not applicable. 

Fecundity Eggs produced per 

female. 

Number of eggs produced per female 

amended by up to ± 30%. 

Not applicable. Number of eggs produced per 

female amended by up to ± 30%. 
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2.2 Proposed Method for ADZ Model Sensitivity Testing 

2.2.1 For each of the parameters listed in Table 2.1 that will be sensitivity tested within the ADZ 
model, a proforma will be completed (see Table 2.2) in which: 

 The parameter being tested will be specified. 

 Where feasible, an assessment of the reliability of the evidence used to derive the 

parameter values, and ranges used, based on a simple scoring system (see Appendix 

B for details). 

 Current parameter value and alternative values tested will be set out; and 

 The output of the range of parameter values tested will be presented - the particular 

species model will be run numerous times to populate the ‘New Impact Value’ and 

subsequent ‘% Change’ columns in order that comparisons can be made with the % 

change made to the parameter values. 

 

Table 2.2 ADZ Sensitivity Test Proforma Example. 

Species   

Parameter 

 

 

Life-stage 

(if 

applicable) 

 

 

Alternative  

Sensitivity Values 

(Example) 

Input Values Output Value Certainty 

Assessment 

Unit Change 

 

New Impact 

Value 

% 

Change 

Data – 0-3 

Location 0-3 

Species 0-3 
Mean 99% 

+30%      

+20%      

+10%      

0% ORIGINAL VALUE  

-10%      

-20%      

-30%      

#  Details of Certainty Assessment Scoring can be found in Appendix B.  

2.2.2 In addition to the proforma, charts presenting the following will be presented: 

 Comparing the influence of increases and decreases in the parameter value on both 
the mean and 99th%ile values; and 

 Comparison between the magnitude of parameter change and final impact 
assessment value. 

2.2.3 Examples of the charts that will be produced are illustrated in Charts 2.1 and 2.2 below. 
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Example Chart 2.1 Chart comparing the influence of increases and decreases 
in the parameter value on both the mean and 99th%ile values. 

 

 
 

Example Chart 2.2 Comparison between the magnitude of parameter change and 
final impact assessment value.  

 

2.2.4 TLSB propose to run the parameter sensitivity test on the following species based on the 
rationale given:  

 Atlantic Salmon – representing anadromous fish species with several life-stages; 

y = 102.05x - 1.4228 
R² = 0.9949 
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 European eel – representing a catadromous fish species with resident and migrant life-

stages; and 

 Herring – representing a marine species. 

2.2.5 It is important to note that the population range and draw zone area, are determined using 
the fish swim speed. It is therefore key that the appropriate value is selected and that the 
full range of possible values (considering a range for the cruising speed to the MSSS) is 
encompassed within the MCA. Using data that has not been evidenced to set the swim 
speed ranges for each species will result in a reduced confidence in the overall model 
output given the role of these parameters in the calculation.   

2.3 In-combination parameter sensitivity testing methodology 

2.3.1 Testing the combination of all parameters for which sensitivity testing will be undertaken is 
not considered to be appropriate.  To undertake in-combination sensitivity testing, data 
from initial runs for salmon were evaluated to determine key parameters where changes 
will be likely to affect the overall impact values.  This is illustrated in Chart 2.3.   

 

Chart 2.3 Output of initial sensitivity testing to identify key parameters. 

 

2.3.2 The key parameters shown in Chart 2.3 (expected to be: duration of presence, swimming 
speed and avoidance) will be run in combination in order to demonstrate the interactions 
between them and to assess the resulting population impact values.  Results for the 99

th
 

%ile values will be presented in format presented in Table 2.3. 

Table 2.3 ADZ Sensitivity Test In-Combination Proforma Example. 

 Parameter #1 

 Parameter 

Change 

(example) 

-30% Current  +30% 
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-30% 

 

   

Parameter 

#2 

Current 

 

   

 +30% 

 

   

 

2.3.3 It is proposed to sensitivity test for the salmon, European eel and herring using the above 
combinations of parameters. 
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3 Additional Scenarios and Specific Sensitivity Tests 

3.1 Introduction 

3.1.1 This section outlines additional scenario and specific sensitivity tests that have been 
requested by NRW-PS.  In their letter of 13 February 2018, NRW-PS requested further 
information specifically relating to ‘retention time, population range of resident sea trout life 
stages and the inclusion of additional life stages for other species’.  Table 3.1 provides a 
description of each scenario and sensitivity test with further detail of retention time 
provided in Section 3.2. 

Table 3.1 Additional Scenario and Specific Sensitivity Testing.  

Scenario test Overview 

Retention time Section 3.2: The period during which diadromous fish are retained in 

the lagoon before they can leave. The hypothesis being that retention 

within the lagoon may impact negatively on the potential of 

impounded fish to spawn, predation risk and fecundity. Species of 

particular concern are salmon, sea trout, shad and eel.   

Population range of 

resident sea trout 

Sensitivity testing will be undertaken as set out in Section 2 to 
examine the population range (in hectares) of resident sea trout life-
stages amended by up to ± 30%. 

Fish life stages Scenario testing for the intermediate life stage for sea lamprey to 
determine population impacts based on Juveniles/45cm adults/75cm 
adults will be undertaken.  

   

3.2 Retention Time 

3.2.1 The hypothesis for including retention time within the model, is that fish will be retained for 
long periods in the lagoon and that this may affect their contribution to future generations 
through for example, reduced fecundity.  The impact of retention, which may be negative 
or positive, could occur in a variety of ways including:  

 Predation;  

 Disease risk; 

 Spawning success impacts e.g.; 

 Loss of condition; 

 Missed migration window; and 

 Changes in fecundity.  

 Human exploitation - both illegal and legal; and 

 Climatic conditions. 

 

3.2.2 It is agreed that there is minimal evidence that could be used to develop appropriate 
parameters for the above impacts to determine the effects of prolonged retention within the 
lagoon.  TLSB approached CEFAS on 20 February 2018 following a discussion with NRW-
PS on 14 February 2018, regarding the feasibility of developing an approach for retention 
time.  TLSB will continue to explore this aspect and will provide a response to NRW-PS on 
this specific matter in due course.  Given the lack of evidence to reliably support modelling 
of retention time it may not be feasible to include.  
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APPENDIX A  

Sensitivity Tests Included in 2016 Alternative Fish Impact 

Assessment  
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Sensitivity Tests Included in 2017 Alternative Fish Impact 

Assessment  
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APPENDIX   B  

Assessment of Reliability of Data used in ADZ Sensitivity Testing 

(See Section 3) 

Factor Score Definition 

 0 None 

Data source 1 Old, low resolution data 

2 Grey literature/ low resolution e.g. netting on wide temporal 

scale 

3 Contemporary Peer reviewed/ full dataset of the relevant 

parameter – high resolution e.g. active and fine scale tracking 

empirical evidence 

Location 0 No data available 

1 Unrelated site (e.g. flume, lake, river) or geographically distant 

site 

2 Similar site (e.g. estuary or coastal) 

3 Same site (e.g. Severn Estuary / Bristol Channel) 

Species and 

lifestage studied 

  

0 No data available 

1 Different species and lifestage 

2 Similar species and lifestage 

3 Same species and lifestage 
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Certainty level Score Definition 

High 7-9 Models are primarily informed through data (observational or 

experimental) that has been independently reviewed (peer reviewed 

or reports/condition assessments from stabilised 

agencies/Regulators), there is a high confidence in model parameters 

and the models are primarily based on data 

Moderate 4-6 The models contain data from peer reviewed sources but also grey 

literature, there is reasonable confidence in the range (confidence 

intervals) for model parameters. 

Low 3 or less The modelling is based on proxy species and general ecological 

theory. 

 

 

 

 

 

 

 
 


