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Predict metrics for:

General daylight availability indoors

➡ Useful daylight illuminance metric

Savings in electric lighting due to daylight

➡ RT 2005 residential light switching model

Potential for daylight to induce non-visual effects

➡ Vertical eye illuminance (spectral/timing)
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Metrics founded on Climate-
Based Daylight Modelling

• Predicts absolute values of luminous quantities, e.g. 
illuminance, luminance, etc.

• Uses realistic sky and sun conditions.

• Founded on standardised climate files.

• Allows ‘holistic’ evaluation of daylighting combined with  
solar shading.



ID City/ Country Latitude Longitude “Sunny”
Station days

DEU-Hamburg Hamburg Germany 53.63 -10.00 50
ESP-Madrid Madrid Spain 40.41 3.68 194
FRA-Paris Paris France 48.73 -2.4 64

GBR-London London UK 51.15 0.18 71
ITA-Roma Rome Italy 41.80 -12.50 107

POL-Warsaw Warsaw Poland 52.17 -20.97 53
RUS-Moscow Moscow Russia 55.75 -37.63 49

SWE-Ostersund Ostersund Sweden 63.18 -14.50 59

Eight European Locations
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Direct Normal Illuminance
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Useful daylight illuminance 
(UDI)

Determine annual occurrence of daylight illuminance 
within four ranges:

• Less than 100 lux ➔ UDI-fell-short or UDI-f

• 100 to 300 lux ➔ UDI-supplementary or UDI-s

• 300 to 3000 lux ➔ UDI-autonomous or UDI-a

• Greater than 3000 lux ➔ UDI-exceeded or UDI-e



UDI supp: 100 < E < 300 lux

1397 1363 1433

1163 933 1150

1271 391 1332

UDI auto: 300 < E < 3000 lux

1301 1458 1350

1838 2297 1911

1723 3020 1634

UDI: 100 < E < 3000 lux

2699 2821 2783

3001 3230 3060

2994 3410 2965

UDI fell-short: E < 100 lux

1776 1657 1695

1477 1248 1416

1481 902 1513

UDI exceeded: E > 3000 lux

4 0 0

0 0 1

2 166 0

UDI metrics
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UDI supp: 100 < E < 300 lux

685 277 664

537 192 528

655 174 672

UDI auto: 300 < E < 3000 lux

2744 3131 2790

2967 2702 2982

2754 2446 2753

UDI: 100 < E < 3000 lux

3429 3408 3454

3504 2893 3510

3409 2620 3425

UDI fell-short: E < 100 lux

1045 850 1022

962 810 962

1024 801 1032

UDI exceeded: E > 3000 lux

4 221 2

12 775 5

45 1057 21

UDI metrics

with-vrw-05m/wg01
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Daylight
sources

Daylight
transfer

Non-visual
effects

Data analysis
visualisation

Direct Normal Illuminance
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A simulation model for non-visual effects



Intensity

Spectrum

Timing/duration

Non-
visual
effects}
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Daylight

Sunlight

Indirect 
sunlight

Skylight

Direct 
sunlight

Direct 
skylight

Indirect 
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'Direct' light 'Diffuse' light

Daylight in buildings
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E = Ed +Ei +Esd +Esi

E =
�
Dd145 × c145

�
+

�
Di145 × c145

�
+

Dd5k
β SsunLsun + Di145

β SsunLsun

Daylight coefficient scheme



Light from an
overcast sky

Light from a
clear sky

Light from
the sun
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Data analysis and
visualisation

• Predict vertical illuminance at the eye.

• Arbitrary view directions possible.

• Massive amount of illuminance data generated.

• Need some way to represent data which has properties 
of position and (view) direction, in addition to showing the 
effect for the three different periods over a full year.
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The ‘sombrero’ plot
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Example application
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that promote subjective alertness is around 60% for the views ‘right’ and ‘down’, and
just under 40% for the other two view directions. For the 18h00 to 06h00 period, the
cumulative N-VE is less than 3% for the views ‘right’ and ‘down’ and less than 1% for
the other two views.

We shall not dwell on small numerical differences in predicted cumulative N-VE, rather
our intention in this paper is to reveal using graphical means significant differences in
cumulative N-VE due to prevailing climate (e.g. locale) and design options (i.e. addition
of a skylight).
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Figure 11:

The results that follow can of course be reworked as and when new relations are
determined.

An action spectrum that was determined for our nonvisual ‘circadian photoreceptor
system (melanopsin) by Brainard et al and Thapan et al in 2001 [23, 24]. It led to the
sensitivity curve illustrated in Figure ?? (for now called C(λ)) that peaks around 460
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that were achieved across the nine calculation planes for this room. The annotation

on each calculation plane gives the mean value of the achieved hours across the plane.

The addition of skylights significantly increases the occurrence of illuminances in the 300

to 3,000 lux range, which now extend across the planes into the corners of the room.

Illuminances greater than 3,000 lux are also predicted to occur more frequently.

UDI supp: 100 < E < 300 lux

952 849 851

735 565 683

737 295 731

UDI auto: 300 < E < 3000 lux

1729 1919 1903

2105 2313 2183

2051 1976 2023

UDI: 100 < E < 3000 lux

2681 2769 2754

2840 2877 2866

2788 2271 2754

UDI fell-short: E < 100 lux

1757 1655 1681

1570 1444 1540

1608 1201 1622

UDI exceeded: E > 3000 lux

28 41 30

56 144 59

70 993 89

UDI metrics
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hrs
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UDI supp: 100 < E < 300 lux

461 282 438

373 222 377

445 198 452

UDI auto: 300 < E < 3000 lux

2489 2149 2485

2442 1764 2419

2435 1546 2401

UDI: 100 < E < 3000 lux

2950 2432 2923

2815 1986 2795

2880 1744 2853

UDI fell-short: E < 100 lux

1336 1145 1312

1267 1100 1265

1318 1090 1323

UDI exceeded: E > 3000 lux

179 889 230

384 1379 405

267 1631 289

UDI metrics
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Figure 3: UDI plots for living room without and with skylights (Ostersund climate).
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Figure 12: Predicted cumulative N-VE for case without and with skylights (Ostersund/000).

17 of 19
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The results that follow can of course be reworked as and when new relations are
determined.

An action spectrum that was determined for our nonvisual ‘circadian photoreceptor
system (melanopsin) by Brainard et al and Thapan et al in 2001 [23, 24]. It led to the
sensitivity curve illustrated in Figure ?? (for now called C(λ)) that peaks around 460
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that were achieved across the nine calculation planes for this room. The annotation

on each calculation plane gives the mean value of the achieved hours across the plane.

The addition of skylights significantly increases the occurrence of illuminances in the 300

to 3,000 lux range, which now extend across the planes into the corners of the room.

Illuminances greater than 3,000 lux are also predicted to occur more frequently.
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Figure 3: UDI plots for living room without and with skylights (Ostersund climate).
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Figure 12: Predicted cumulative N-VE for case without and with skylights (Ostersund/000).

17 of 19



Further work

• Is it possible for one measure to act as a proxy for 
others?

• Include predictions for visual comfort.

• As far as broad trends are concerned, do the measures 
work in concert or in conflict?

• Account for thermal effects e.g. overheating.
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Thank you
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