Rights of Light – Measurement of sufficient light 
The Modern Approach
1. Prior to the 20th Century, basic rules of thumb and subjective assessments seem to have been used to judge whether rights to light had been infringed.  The limitations of the basic tests were recognised and in the 1920s and 30s, steps were taken to establish a test which sought to remove subjectivity and take account of the key variables which determine the brightness of a naturally lighted room, these being the size of the room, the size of the aperture(s) and the degree of external obstruction. 

2. In association with the National Physics Laboratory and the Commission Internationale de L’Eclairage (CIE), Percy Waldram defined a test for determining whether a room remained sufficiently lighted for ordinary purposes.  This method had many advantages over the previous approaches.  These included it being non-subjective, unaffected by the weather conditions, it took account of all external obstructions to light (not just the proposed building in question) and account of the room and window geometry.  In other words, it provided a standard approach which could be utilised in all situations to provide an objective measure of daylight within buildings.
3. The research determined that, for a large part of the year, an overcast sky at this latitude provides a luminance of 500 lumens.   The research further concluded that for a room to be sufficiently lighted, it should receive at least one lumen of direct skylight at working plane level (usually 850mm above floor level) over at least half of the area of the room, the so called ‘50/50 rule’.  In other words, from the working plane one should be able to see 1/500th of the sky at the midpoint in the room.  If this amount of sky can be seen, then half of the room in front of that line will be lit to above one lumen, and that should provide sufficient light for normal use or occupancy of a room.  
Waldram Diagrams
4. Percy Waldram developed the Waldram Diagram, which provides a two dimensional representation of the quartersphere of sky visible from any unobstructed point.  The window and external obstructions are plotted onto the Waldram diagram and measurements are taken to determine the amount of sky visible from various points in a room.  
5. By repeating this process in the room at various locations it is possible to map the one lumen or 0.2% (1/500th) sky factor contour, which represents the line that separates the part of the room which receives less than one lumen from the part of the room which receives more than one lumen of skylight.  Returning to the 50/50 rule, by calculating the relative areas in front of and behind the contour line, one can determine whether more or less than 50% of the room is lit to one lumen.  

6. The sky brightness is based on a CIE uniform sky (a sky of uniform luminance in all directions) which means that orientation and elevation height of the sky being measured does not effect the illumination level.   This provides a constant reference for assessment and removes the difficulties of defining a standard of light in a constantly changing environment. 
Computer Aided Design
7. The advent of computers has lead to quicker, more accurate assessments being possible.  However, caution should be taken to ensure that the resulting assessments are representative of the actual conditions on the ground.  Important points to consider when relying on assessments are:

a. The model needs to be formulated at the correct height.  It is rare that sites are flat and that building formation levels are the same as one another, so accurate topographical data to provide the vertical coordinates of the buildings needs to be gathered.  
b. As well as the buildings being set at the correct relative height to one another, the windows need to be in the right positions within the buildings’ facades.  Elevation surveys or ‘scans’ (see below) of the existing buildings should be used to ensure correct positioning.

c. It is important that the layouts and room dimensions in the existing buildings are estimated as accurately as possible.  Whilst it is rare that access is gained to measure the interiors of the effected buildings, the ‘standard depths’ approach should not be applied and care should be taken to ensure reasonable assumptions are made.  

d. Wall thicknesses.  In buildings wall thicknesses range typically from about 250mm to 450mm.  In traditional masonry load bearing structures of above three or four storeys, wall thicknesses tend to be greater at lower levels and narrow towards the top of the building.  The limiting effect of the window ‘reveals’ can have a significant impact on the size of the contour formed, so great care should be taken in observing and measuring the various wall thicknesses in the buildings to be assessed.  

8. The progress of technology continues to assist in the production of right to light assessments.  Laser scanning for example is quicker and more cost effective than traditional topographical surveying.  It also has the advantage that wall thicknesses, room shapes and sizes and floor levels can be recorded in the scanning process.  Because scanning results in a three dimensional image being produced, it also reduces the potential for error in transferring two dimensional survey data into three dimensional models back at the office.  

Contour Analysis
9. Whilst the level of light and the general approach of measuring sky has not changed, computer aided design and specialist software packages enable the extremely laborious process of generating Waldram diagrams to be done in moments, with a higher degree of accuracy and lower potential for human error associated with manual assessment.  

10. Whilst the generation of the contours has been made much easier by using computers and software programs, arguably there is more ‘front end’ work involved in preparing the models for analysis.  
11. This requires a topographically accurate three dimensional virtual model of the terrain and existing buildings to be generated and the proposed building to be placed within the model.  While this takes some time to produce, once complete the advantages are that the resulting assessments can be produced quickly and accurately and changes to the design can easily be incorporated to allow various iterations of a scheme to be assessed.  Further, the hardware and software can be used to generate development ‘envelopes’ and ‘cut back’ assessments which enable problems to be avoided or, once identified, to be mitigated or removed.  

12. The models are produced using AutoCAD software and the Waldram analysis is performed using specialist right to light software.  The process involves modeling the existing site and surrounding buildings and, using 3D ‘solids’ the rooms and apertures are modeled into the buildings to be analysed.

13. The software puts a grid into each room to be tested at working plane level and the software measures the area of visible sky from each grid node, through the window aperture.  By mathematical interpolation a contour line is then plotted between those points on the grid which can see more or less than 1/500th of the sky.

14. The results of the analysis are then used to generate contour diagrams and equivalent first zone (EFZ) tables.  The contour diagrams illustrate the parts of the room which receive at least one lumen of light directly from the sky (that being the area in front of the contour) and those parts which do not (being the area of the room behind or outside of the contour).  The diagrams are helpful in showing the shape of the contour and therefore whether the sufficient light falls in the part of the room which is beneficial.  This usually means the contour should be a regular ‘bulb’ shape and cover the centre of the room, as opposed to an irregular contour which lights parts of the room not most used.

15. The EFZ table contains the numeric data including the whole area of the room, the areas lighted to one lumen in the existing and proposed situations and, by correlation, the area of loss.  The area of loss is further broken down into zones, being Front, First, Second and Makeweight.  These are mathematical quarters of the room and tell us the magnitude of loss in each zone and, by analogy, the seriousness of the infringement.  The zones are weighted to account for the relative seriousness of the loss whereby the Front zone is multiplied by 1.5 times its actual area, the First Zone is un-weighted, and the Second and Makeweight zones are weighted down to 0.5 and 0.25 times their actual areas respectively. 

16. The resultant figures in the EFZ table are then used to determine Book Value Damages in order that the diminution in the value of the affected building as a result of the loss of light can be calculated.  

Valuation of Damages

17. Book Value Damages (BVD) are calculated by capitalizing the EFZ using appropriate values for light and Years Purchase.  The value of light in commercial buildings can be found by reference to the tables published in John Anstey’s book Rights of Light and how to deal with them (ISBN 978 1 84219 222 1) and tend not to exceed £5 per square foot.  Years Purchase is the reciprocal of the yield required from investment in the property in question, so tends to range from 12 to 25 years, depending on risk associated with the property.  On this basis, the capitalized value of light would range from between £60 to £125 per square foot.  
18. In the example shown in the presentation, BVD for the room in question is £1,800.

19. Whilst BVD can compensate affected owners for the loss in the capital value of their building, it does not account for lower enjoyment in/amenity of use or higher costs of heating and lighting which can arise as a result of inadequate natural light.  To account for these issues, other methods of valuation have been applied to settle rights of light disputes, including the Carr-Saunders ‘multiplier’ and damages based on development profit, both of which can substantially increase the quantum of damages or compensation paid to the injured party.

