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Abstract

To investigate the buildings’ effects on the sunshine duration measurement at Linhe station, we
adopted stick-shadow formula, which is 11.38 times the height difference between a building and
sunshine recorder, to calculate the required critical distance at 8:00 am and 4:00 pm on the day of
winter solstice. At Linhe station, the solar recorder is sited at a height of 6 m; a height difference to
18 m high and 15 m high buildings is 12 m and 9 m respectively, so the calculated critical distance
for these two buildings are 136.6 m and 102.4 m. Over the 24 years from 1985 to 2009, the closet
distance between a 15 m high building situated in northwest-west and sunshine recorder is 86.7 m;
Over the 15 years from 1994 to 2009, the closest distance of 18 m high building situated in
west-southwest to the sunshine recorder is 96.0 m; from 2000 to 2009, closest distance between
two buildings of 18 m in height located in east-southeast to recorder is 84.8 m and 119.6 m.
Therefore, the buildings located in all three directions affect the measurement of sunshine dura-
tion collection. The mean total sunshine duration data collected by Linhe station over winter-half
year from 1959 to 1984 was 1438.1 hours and dropped to 1330.7 hours from 1985 to 2009, which
is decreased by 107.4 hours (7.5%). At Shanba station, for the same time periods, the sunshine
duration increased from about 1420.6 hours to 1423.7 hours, increased by 3.1 hours (0.2%). After
the relocation of Linhe station, the average sunshine duration over winter-half year from 2010 to
2017 was about 1442.9 hours, increased by 4.8 hours (0.3%) compared to the old station where
buildings around were not constructed yet (1959-1984). At the same time, the average sunshine
duration of Shanba station was about 1448.5 hours respectively, increased by 27.9 hours (1.9%).
For providing more accurate meteorological information, an empirical model was developed by
using data from Shanba station to correct the buildings’ effects on the measurement of sunshine
duration at Linhe station. The developed empirical model has statistical significance of 0.01 and is
in a good coincidence.
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Figure 1. The location of sunshine recorder and buildings around Linhe station
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Table 1. The main azimuth of solar term and local time at Linhe station in winter

F 1 TS EEEFED S SRS AR

Ji =y NLE[) b 5 At
FAR(H-H)

H Hig Hi H Hil H
4 9-23 89.1 270.9 5:56 18:06 5:48 17:58
& 11-8 113.3 246.7 6:54 17:05 6:38 16:49
KE 222 119.6 240.4 7:23 16:35 7:22 16:34
3 2-4 110.9 249.1 6:56 17:03 7:10 17:17
HFor 321 90.7 269.3 5:59 18:03 6:06 18:10
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Figure 2. Yearly variation of winter half year sunshine duration over Linhe and Shanba
Station from 1959 to 2017
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Table 2. Comparison of Linhe and Shanba Station monthly sunshine hours in winter half year

2. ImiAuh & F & A BRI SERINE LR

10 H 11 A 12 A 1H 2 H 3H AR
e 265.0 222.1 216.4 2249 2249 2673 1420.6
lgizéégégfﬁ o) 266.8 2273 2193 227.0 2293 268.4 1438.1
ZAH -1.8 -52 -2.9 -2.1 -4.5 -1.1 -17.5
(5231 269.0 229.9 21222 221.4 2222 269.0 1423.7
19?; g;ff‘z (0] 259.3 217.1 194.2 203.8 207.9 248.4 1330.7
[&]
#E 9.7 12.8 18.1 17.5 14.3 20.6 93.0
S22 265.9 220.8 2103 2349 233.6 283.1 1448.5
20;2;;3;%fﬁ ) 265.9 220.6 211.5 232.9 231.0 281.0 1442.9
Yo)e
ZAH -0.1 0.2 -12 1.9 26 2.1 5.6
Table 3. Correction equations of Linhe Station monthly sunshine duration in winter half year
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H HATIE HHR R HL F K56
10 Yo =82.1808 + 0.6934X o 0.847" 76.116 > Foo130,1y = 7.56
11 Y, =29.2801 + 0.8832X, 0.877" 100.508 > Fo 01301y = 7.56
12 Y1, = 141.4630 + 0.3530X, 0.558" 13.541 > Fopii0,1) = 7.56
1 Y, = 106.3335 + 0.5406X, 0.653" 22.368 > Fooii0.1y = 7.56
2 Y, =96.3027 + 0.5912X, 0.680" 25.857 > Foogon = 7-56
3 Y3 =46.6734 + 0.8334X; 0.826" 64.310 > Fo01630,1) = 7.56
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Figure 3. Yearly variation of winter half year sunshine duration over Linhe(sunshine hours is
fitted values in 1984-2009) and Shanba Station from 1959 to 2017
& 3. 1959~2017 E i (1984~2009 JyfblA-1E) -5 BRI 4 4F H FR I B0 aE 481k

A A S BTG SR IERS, RIS 5 HIRTE 220 11.38 fifo I3 H IR THIEHITT 6 m, 18 m Al
15m WG SHESEZESHR 12m M Im, EA15HBIHIESAEE S 136.6 m 1 102.4 m.

3) MR, VAT G A H BRI EE 1985 SELART AN 1438.1 h, EHES(1985~2009 4E) A
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H7e 2 Hmr DAE Y, VRT3l o G k- 1E 7 7 A7 E R DART(1959~1984 4F) 4 4E (10 H~3 H) P H M
0N 1438.1 h, #M%)5(1985~2009 )k 1330.7 h, Jk/b 107.4 h, IRIEN 7.5%. BRIkt R AL H IR
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RN 1.9%.
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