1 Overview

As requested by MS-LOT in this folder we provide: 

· The R code used to calculate collision rates to allow comparison against the standard calculations in the downloadable excel spreadsheets. 

· The flight height data underpinning the site-specific flight height distribution models.

2 Intellectual property

All R code provided is the intellectual property of Caloo Ecological Services. It is to be used solely for the stated purpose (Adrian Tait’s email of 01/10/2014 to Andrea Taylor, Xodus) of allowing MSS, SNH and JNCC to check the calculations of collision risk mortality against the standard calculations in the downloadable excel spreadsheets. It is only to be used in the context of determining consent with respect to the Hywind Scotland Pilot Park project and is not to be shared with organisations outside MS-LOT, MSS, SNH and JNCC.
3 Comparing predictions from our code with the Band spreadsheet
The Microsoft Excel workbook Final_Report_SOSS02_Band2ToolModified.xls is the standard workbook for calculating collision risk mortality accompanying the Band (2012) guidance, as downloaded from the SOSS website.  The input data in this workbook has been left unchanged from that in the original version downloaded from the website, apart from replacing the original flight height data in the FlightHeight spreadsheet with the generic flight height predictions for gannet as downloaded from the SOSS website. These predictions (gannet.est from Final_Report_SOSS02_FlightHeights2014.csv) provide the estimated proportion of birds in each 1m flight height band between 0 and 300m, with the variables V1 and V2 giving the lower and upper height limits for each flight height band respectively. To fit Band’s code, the height in  the FlightHeight spreadsheet has been calculated as the mid point of each flight height band (i.e. (V1+V2)/2. 
Running the r code  in the source file run.hywind.collision.risk.shared.code.r provides corresponding estimates for each of the three options in the Band spreadsheet:

· Option 1 provides collision risk estimates based upon the basic model, and assuming a fixed Q2r value, potentially derived from site specific data.

· Option 2 also provides collision risk estimates based upon the basic model, but in this case the Q2r value is derived from the SOSS flight height distribution.

· Option 3 provides collision risk estimates based upon the extended model, based upon the full flight distribution, predicted by the SOSS generic flight height model.

We implemented our software in two stages:

· In the first stage we implemented exactly the same functions as appear in Band’s spreadsheet  in R.

· In the second stage we implemented a variant of Band’s code that provides an improved solution.  In particular, our improved version:

· Uses variables such as “the total number of flights”, “the proportion of flights at risk height”, “the proportion of birds at risk height passing through the rotors” and the “average probability of collision for birds flying through the rotors” all of which have a real, measurable counterpart with a  clear meaning in the real world. In contrast, Band’s original software uses variables such as “flux factor”, “flux integral”, and “collision integral” which have no direct meaningful counterparts in the real world In our improved software the same set of key variables underpin both the basic and extended models, facilitating comparison.  These changes make no mathematical difference to the results produced by the model, but make interpretation clearer.

· Estimates Q2r directly and accurately from a flight height distribution by simply calculating the proportion of birds between the top and the bottom of the turbine. In contrast Band’s original code calculates Q2r using an unnecessary approximation based upon integrating the proportion of birds at different heights across rotor swept height. The approximation underlying Band’s approach introduces small but unnecessary errors that our approach avoids.

· For the extended model, the proportion of birds flying through the rotor at different heights has to be estimated. For Band’s code the area of each flight height band is estimated  by assuming each flight height band is  a rectangle.  Our code avoids this unnecessary approximation by calculating the exact areas within each flight height band based upon basic circular trigonometry. 


Thus, the changes made in our code either make no difference to the underlying mathematics but make the results easier to interpret, or replace unnecessary approximations in the original code by exact solutions and thus yield more accurate answers.

For each of the three Band options the code shared here calculates collision risk mortality estimates based both upon our original first stage software, which is mathematically identical to that in the Band spreadsheet, and also on the basis of our improved code which should give more accurate and easily interpretable answers. Thus: 
· Scenarios 1 and 2 provide collision risk estimates for the basis collision risk model, using a fixed Q2r value potentially derived from site specific survey data. Scenario 1 provides the estimates based upon the first stage software, and scenario 2 providing the estimates based upon the second stage software.

· Scenarios 3 and 4 provide collision risk estimates for the basic collision risk model, using a Q2r value derived from the SOSS generic flight height model. Scenario 3 provides the estimates based upon the first stage software and scenario 4 provides the estimates based upon the second stage software.

· Scenarios 5 and 6 provide collision risk estimates for the extended collision risk model, based upon the flight distribution predicted by the SOSS generic flight height model. Scenario 5 provides the estimates based upon the first stage software and scenario 6 provides the estimates based upon the second stage software.

· Scenarios 7 and 8 provide collision risk estimates for the extended collision risk model, using a uniform flight height distribution. Scenario 7 provides estimates based upon the first stage software and scenario 8 provides estimates based upon the second stage software. The purpose of these scenarios using a uniform distribution is to provide a clear demonstration that estimates based upon Stage 2 software are more accurate than those based upon the stage 1 software.

Table 1 compares the predictions from our R code (as generated by running run.hywind.collision.risk.shared.cod.e,r as source code) for each of the scenarios outlined above with the corresponding predictions from the Band spreadsheet (see Final_Report_SOSS02_Band2ToolModified.xls). The predictions for each scenario are provided by the function run.monthly.SOSS.collision.risk.model. The output of this function is a list, the first element months providing estimates of variables,  including monthly collision mortality estimates, that vary between months,  and the second element overall providing estimates of variables,  including annual collision risk estimates, that do not vary between months.  The comparisons in Table 1 are based upon annual collision risk mortality estimates. 

For Band option 1 (basic model, fixed Q2r) both our stage 1 (scenario 1) and stage 2 (scenario 2) software gives identical results to the Band spreadsheet.

For Band option 2 (basic model, Q2r estimated from flight height distribution). The stage 1 software (scenario 3) gives an identical result to the Band spreadsheet. The annual number of collisions assuming no avoidance estimated by the stage 2 software (scenario 4)  is slightly different to that from the stage 1 software, with this difference wholly accounted for by the slightly different, and more accurate estimate of Q2r provided by the stage 2 software.

For Band option 3 (extended model  based on full flight height distribution), the stage 1 software (scenario 5) provides identical results to the Band spreadsheet. The stage 2 software produces slightly different estimates, reflecting both the slightly different estimates of the proportion of birds at risk height, and the slightly different estimates of the proportion of birds flying through the rotors at each flight height, which influences both the estimates of the overall probability of birds flying through the rotor, and the probability of collision for these birds. 

For the Basic model, where birds are assumed to be evenly distributed over rotor swept height, the proportion of those birds at rotor swept height that actually pass through the rotor is given by π/4 = 78.5% (e.g. see scenarios 1 to 4 in Table 1).  Scenarios  7 to 8 in Table 1 use the extended model, but assume birds are uniformly distributed over flight heights between 0 and 200m. Thus, under this model one would expect that again the proportion of birds at risk height passing through the rotors to be given by π/4.  Our improved stage 2 software gives exactly this result, but the stage 1 software, which exactly replicates the original software returns an estimate of 78.2%. This estimate is close to the expected value (99.6% of its expected value) but illustrates that the Band software (Stage 1) yields less accurate estimates than our improved stage 2 software.  In practice birds are not evenly distributed over rotor swept height but tend to pass through the rotors towards their lower edge. The error introduced into the estimates of area for flight height bands by assuming they can be represented by a rectangle is likely to be least for flight height bands at hub height and greatest for flight height bands at the top and bottom of rotor swept height. Thus, the error in the estimates of the proportion of birds passing through the rotor for real flight height distributions, where birds tend to be concentrated at the bottom of rotor swept height will be greater than for these estimates for the rotor as a whole. 
4 Flight Height data

The flight height data used in the construction of the site-specific flight height distribution models is provided in the file site.specific.flight.height.data.csv. This file provides the original flight height estimate for each species as recorded in the field and also the recoded flight height data to which models were fitted. Recoding of sightings took place within species Where an odd number of observation occur on a boundary, all observations except one are allocated equally to the two surrounding category, and then the final observation is allocated at random to one of the two categories. This random allocation of the final observation means that the allocation of sightings to flight height categories may not always be identical to that used  in the original analyses.  Further details can be found in Caloo 2014. 
Table 1: Comparison of predictions from our R code (as generated by running run.hywind.collision.risk.shared.code) with corresponding predictions from Band spreadsheet (see Final_Report_SOSS02_Band2ToolModified.xls).

	Band spreadsheet
	R software

	Band option
	Flight Height data
	Collision Risk Model
	% of flights at risk height (Q2r)
	Average P. of collision during single transit
	Predicted Number of collisions assuming no avoidance
	Scenario
	Software Stage
	% of flights at risk height (Q2r)
	% of flights at risk height through rotor
	Average P. of collision during single transit
	Predicted Number of collisions assuming no avoidance

	1
	Site
	Basic
	28.1%
	15.6%
	5,814
	1
	Stage 1
	28.1%
	78.5%
	15.6%
	5,814

	
	
	
	
	
	
	2
	Stage 2
	28.1%
	78.5%
	15.6%
	5,814

	2
	Generic
	Basic
	12.7%
	15.6%
	2,618
	3
	Stage 1
	12.7%
	78.5%
	15.6%
	2,618

	
	
	
	
	
	
	4
	Stage 2
	12.6%
	78.5%
	15.6%
	2,602

	3
	Generic
	Extended
	12.7%
	13.5%
	1,473
	5
	Stage 1
	12.7%
	51.1%
	13.5%
	1,473

	
	
	
	
	
	
	6
	Stage 2
	12.6%
	53.1%
	13.3%
	1,505

	3
	Uniform
	Extended
	NA
	NA
	NA
	7
	Stage 1
	45.0%
	78.2%
	15.8%
	9,379

	
	
	
	
	
	
	8
	Stage 2
	45.0%
	78.5%
	15.8%
	9,409


5 Files directory
5.1 Final_Report_SOSS02_Band2ToolModified.xls

Is the standard  spreadsheet for calculating collision risk mortality accompanying the Band (2012) guidance, as downloaded from the SOSS website.  The input data in this spreadsheet has been left unchanged from that downloaded in the original spreadsheet, apart from that fact that the generic flight height predictions for gannet from the SOSS models has been substituted for the original flight height data in the flight height spreadsheet. These predictions (gannet.est from the Final_Report_SOSS02_FlightHeights2014.csv spreadsheet) provide the estimated proportion of birds in each 1m flight height band between 0 and 300m, with the variables V1 and V2 giving the lower and upper limits for each flight height band respectively. To fit Band’s code, the height column in this spreadsheet is the mid point of each flight height band (i.e. (V1+V2)/2. 
5.2 run.hywind.collision.risk.shared.code.r
Running this R file as source provides the collision risk estimates for each of the scenarios described above. 
5.3 Hywind.functions.to.share.r
This file holds the R functions used in calculating the collision risk mortality estimates.

5.4 HywindSOSSParameters.csv

Provides the top-level parameters defining each scenario.

Most parameters self explanatory.

Setting the “band” parameter to true or false provides the stage 1 and stage 2 estimates respectively

5.5 HywindSOSSMonthlyParameters.csv
Provides the parameters that vary between months, including density, and the proportion of time turbines are operating. The rotation rate of the turbines, and the proportion of times birds are active after dark are also defined as monthly parameters as although in the Band spreadsheet they are assumed not to vary between months, they can potentially do so. 
5.6 Final_Report_SOSS02_FlightHeights2014.csv

This spreadsheet was also downloaded from the SOSS website and holds the predicted flight height distributions for  25 marine bird species based upon flight height data from surveys of 32 potential offshore wind farms (Cook et al. 2012, Johnston et al. 2014a, Johnston et al. 2014b).  This provides  the generic flight height distributions Band (2012) recommends using in his guidance. 

5.7 turbine.profile.standardBand2012.csv
This file defines a blade profile identical to that used in the Band spreadsheet. 
5.8 uniform.fhd.csv

This file defines a uniform flight height distribution, with birds evenly distributed between 0 and 200m. It is used in scenarios 7 and 8. 
5.9 site.specific.flight.height.data.csv
Provides the flight height data used in the construction of the site-specific flight height distribution models. 
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