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Estimating human healthy exposure duration of ultraviolet radiation
in urban tree shading environment

Sun Ruilin  Wang Cheng Han Wenjing Bian Qi Zhang Shujing
(Research Institute of Forestry, Chinese Academy of Forestry, Urban Forest Research Center,

National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] This paper quantifies the optimal exposure duration for human body to synthesize
recommended dose of vitamin D through sunlight ultraviolet (UV) radiation without inducing erythema in
tree shade, and analyzes key influencing factors, so as to provide scientific basis for health-oriented urban
open space design and residents’ outdoor activity scheduling. [Method] Eleven typical urban tree species in
Beijing were selected to measure UV radiation intensity under tree shade across 4 seasons and 5 time periods
(08:00, 10:00, 12:00, 14:00 and 16:00). Optimal exposure durations were calculated based on the minimum
erythema dose (MED) for Chinese skin types and the minimum vitamin D synthesis dose (10 pg).
Correlation analysis was performed between UV radiation and forest structural characteristics to explore key
influencing factors. A multiple linear regression model was used to establish an exposure duration estimation

model. [Result] (1) The optimal time for exposure in forest could be 2—13 times longer than that in the
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open. Summer had the most striking time extension effect, with the duration extendable by more than 8
times. (2) Canopy cover and leaf area index (LAI) were the main structural indicators affecting erythemal
UV radiation (UV,,) in the forest, thereby determining the duration of UV exposure during growing seasons.
At a canopy cover of 0.4, exposure duration doubled compared with open areas; each 0.2 increase in canopy
cover extended the duration by 50%. (3) A model (R* = 0.47) was developed to estimate the optimal
exposure time in tree shade with the use of UV index (UVI) and canopy cover using experimental data.
[Conclusion] Urban tree canopies create a mild UV radiation environment which tends to meet the health
needs of Chinese people for moderate exposure to UV radiation. By wisely creating shaded environments
with trees, it is possible to achieve a synergistic regulation of UV radiation health benefits and risks, and
prolong residents’ outdoor activity time significantly.

Key words: light environment under canopy; UV radiation; erythemal effect; vitamin D deficiency; human
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Tab. 1 Stand structure characteristics in sample plots
P4 FR J4%/cm B Ei/m jit = /m FLME/m RG>3R -hm ™)
SJ 19.83 +1.52 10.19 £ 1.35 7.52+1.33 4.61 £0.63 612
KP 16.24 £1.99 10.73 £ 1.36 7.80 +1.35 4.53£0.65 747
AT 17.27+1.42 9.86 +1.59 7.56+1.85 6.34+£1.53 448
SB 32.78 + 14.47 8.90 + 1.56 6.70 = 1.69 8.96 = 1.80 450
PT1 22.17+7.76 18.69 +1.43 12.60 + 1.53 3.06 +£0.51 700
PT2 23.24+3.47 14.60 £ 1.52 7.80 +1.59 5.69 +0.97 346
UpP 19.33+3.14 9.21+1.60 6.06+1.71 6.14+0.70 420
PO 21.43+£4.60 14.86 +2.15 12.38 £ 1.86 7.10+0.32 578
AN 19.61 £4.81 8.21+0.30 6.45+0.46 3.55+0.71 813
FP 20.00 +2.63 9.95+1.49 7.27+1.41 472 +£0.71 525
AA 15.87 +1.56 9.01 +0.40 6.10+0.37 3.21+0.50 1204
CB 18.38 +3.94 10.31 £2.41 6.74 +1.86 3.63 +0.49 718

¥E: SJ. EA#Styphnolobium japonica; SB. FMSalix babylonica; PT1. PT2. & E M Populus tomentosas UP. ¥ Ulmus pumila; PO. =FRBH A
Platanus orientalis; AN. & W Acer negundo ‘Aurea’; KP. 288 Koelreuteria paniculata; FP. ¥ A% Fraxinus pennsylvanica; AA. S¥&Ailanthus

altissima; AT. JGEWAcer truncatum; CB. W# Catalpa bungee. T [,

x2 EMEEEME

Tab.2 Canopy structure characteristics in sample plots

I P 2 RS (LAD
B 4% B
# -} 77 ES # 2 78 %
SJ 0.57 0.76 0.52 0.22 1.07 1.84 0.92 031
KP 0.84 0.97 0.91 0.35 231 4.36 3.11 0.55
AT 0.88 0.91 0.88 0.16 2.59 3.01 2.88 0.22
SB 0.69 0.88 0.88 031 1.49 2.70 2.69 0.47
PT1 0.95 0.93 0.58 0.37 3.70 3.49 111 0.58
PT2 0.84 0.85 0.81 0.33 2.34 2.62 2.08 0.49
UP 0.71 0.85 0.84 0.45 1.53 2.42 228 0.76
PO 0.54 0.89 0.82 0.25 1.00 2.77 2.23 0.36
AN 0.92 0.99 0.91 0.33 3.28 5.64 3.01 0.50
FP 0.65 0.94 0.75 0.29 1.30 3.76 1.72 0.43
AA 0.50 0.94 0.82 0.28 0.88 3.53 2.14 0.42
CB 0.36 0.86 0.86 0.33 0.56 2.54 2.43 0.50
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Fig. 1 Comparison diagram of diurnal healthy exposure time variation between shaded and open plots in different seasons
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Fig. 2 Relationship between erythemal shade ratio (SR.;) and canopy closure as well as LAI in 08:00—14:00 in growing season
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