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Abstract

In this study, long and short-wave radiations were observed in urban and suburban areas during
the summer season, and frequency analysis was performed for each radiation intensity by a new
analysis method. The following results were obtained. (1) Long-wave radiation values were
found to be larger in the afternoon than in the morning, in both urban and suburban areas, unlike
short-wave radiation values. (2) Short-wave radiation showed a right-skewed frequency distribution.
In the high energy area greater than 900 W/m, the frequency was significantly higher in the
suburbs than in the urban areas. @ Long-wave radiation was in the range of 290 ~479 W/m?, its
frequency distribution resembled a normal distribution, and the frequency of 410, 420 W/m®
was the highest.

Keywords: T2 Al(Short-wave radiation), % THEAH Long-wave radiation), <%(Cloudiness),
T A 218 (Urban radiation environment), 324 (Correlation analysis), Hl =24
(Frequency analysis)
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Fig. 1 Location of observation sites
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Table 1 Distribution of the green area around observation sites

Category Downtown area Suburban area
Hayang-eup, Gyeongsan-si,
. H -dong, S -gu, D:
Location Vzgljilm ;nglenlleszfng S:hooijgu Gyeongsangbuk-do
geu ay (Catholic University of Daegu)
Space green area distribution ratio 0% 40%
In aerial photography
green area

Observation spot foreground
(Aerial photograph)

> The spatial green area distribution ratio is defined as the ratio of green area within a radius of 500 m around each
observation point.

A)ZAHUV)o], o5 G o] T8l 15 72,0 2 7h20] o] 2ol AL, BAR: AR A0 Gohe st
o] dhel Pshick, 2R B B gold olele] hr A BN T2 L A4, 1)1 A
AL Bk AWSOIA] THEE 745 Hlole S EAlel) 2519t Lo A Ere] Edshs Bt U

TATIAL 9l RO A0, B AT S5 BAS JTEE BASA0

Table 2 Composition of observation instruments

Model / Manufacturer
Category
Wavelength range
Temperature-Relative Humidity HMP45C —L34 / VAISALA
o CMP6 / Kipp & Zonen
Short-wave radiation
Wavelength Range: 285~2,800 nm
o CGR3 / Kipp & Zonen
Long-wave radiation
Wavelength Range: 4,500~42,000 nm
e CUVS5 / Kipp & Zonen
UV radiation
Wavelength Range: 280~400 nm
Recording device Data Logger : CR1000 / Campbell Scientific
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Table 3 Transit time table at Daegu (2016)

Date June July August
1 12:23'28" 12:29' 30" 12:31' 59"
2 23'38" 29'41" 31'55"
3 23' 48" 29' 53" 31'50"
4 23' 58" 30' 04" 31'45"
5 24' 08" 30" 14" 31'39"
6 24' 19" 30' 24" 31'33"
7 24' 30" 30" 34" 31'26"
8 24'42" 30" 44" 31'18"
9 24' 54" 30" 53" 31'10"
10 25' 06" 31'01" 31'01"
11 25'18" 31'10" 30' 51"
12 25'30" 31'17" 30" 42"
13 25'43" 31'25" 30" 31"
14 25' 55" 31'31" 30' 20"
15 26' 08" 31'38" 30" 08"
16 26'21" 31'43" 29' 56"
17 26' 34" 31'48" 29' 43"
18 26' 46" 31'53" 29'30"
19 26' 59" 31'57" 29' 16"

20 27" 12" 32'01" 29' 02"
21 27 25" 32' 04" 28' 47"
22 27" 38" 32' 06" 28'32"
23 27'51" 32' 08" 28'17"
24 28' 04" 32' 09" 28' 00"
25 28'17" 32' 10" 27 44"
26 28' 29" 32'10" 27 27"
27 28 42" 32'10" 27" 10"
28 28' 54" 32' 09" 26' 53"
29 29' 06" 32'07" 26' 35"
30 29' 18" 32' 05" 26' 17"
31 - 32' 02" 25' 58"
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Fig. 2 Cumulative precipitation at two observation sites
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Fig. 3 Radiation characteristics by precipitation rank Fig. 4 Radiation characteristics by rank
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Table 4 Precipitation Day Checklist

Category Downtown o Suburban
Day (Amount of precipitation, mm)
8 (11.5) 8 (14.5)
June 19 (5.5) 19 (11.5)
24 (24.5) 24 (18.0)
Accumulation 41.5 44.0
1(19.5) 1(20.5)
2 (17.5) 2 (21.5)
3 (26.0) 3(23.5)
4(17.0)
July 6 (74.5) 6(95.5)
16 (12.0) 16 (5.5)
24 (71.0)
25 (28.0) 25 (26.0)
31 (49.5)
Accumulation 298.0 199.5
2(11.0)
3 (24.0)
August
7 (35.0)
28 (33.0) 28 (31.0)
Accumulation 79.0 55.0
Accumulated precipitation 418.5 298.5
Total precipitation 4342 310.0

@82 Table 40 VFEFS
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£ €
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(a) Short-wave radiation (b) Long-wave radiation

Fig. 5 Radiation correlation except for precipitation day
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Fig. 6 Radiation correlation on the precipitation day

18

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



4

ChtA|o] SV | 23t ¥ - Tt SAL S 24

v (Fig. 53 4L (Fig. 6)2] F A A7 BAVITEE A HH, 7-9-A] DtEAR= Aol A 50
O AP a4 A 0 = I A vedt 4 d o] T A7 GepEARIEE(0.8390)= HIZ--2(0.9463)
Bk g Vet 9 AubE AR 73-9-41(0.9879)2} HIZE-$-A1(0.9859) L5 T 2|7 71%71—3_— 719] 54
SPH, AT = v7dedo] A Ve

3.2 Mt B ZAISS

N
30,
rr
lo
R
i
lo
4
>,

A% BApe] Wslo] gk S A1) Sl HEALE T1E0R e Azt Hjo
700 217} 1412 910 A-phn} BARES W] W} ArH Table 5, Figs. 7, 8). A1) U5 AI17Re Wrjol mfe
BiasHe 210 2 A7) Aol A Table 300 AXISH S 7R So] EAZHE S A 8814r. T, Table SellA
L 57]0) MoV dEA1Z} 7152 124] 30202 Sto] E@SL

Table 5 The amount of radiation before and after transit time

Short-wave radiation (Mj) Long-wave radiation (Mj)
Category
Downtown Suburban Downtown Suburban
1 Hour before transit time [A] (10:30~11:30) 2.19 2.32 1.54 1.53
1 Hour after transit time [B] (13:30~14:30) 1.97 2.15 1.58 1.55
[A]-[B] 0.22 (11.2%) 0.17 (7.9%) -0.04 (2.5%) -0.02 (1.3%)
3 Hour before transit time [E] (08:30~09:30) 1.50 1.55 1.49 1.48
3 Hour after transit time [F] (15:30~16:30) 1.31 1.40 1.57 1.55
[E]-[F] 0.19 (14.5%) 0.15 (10.7%) -0.08 (5.1%) -0.07 (4.5%)
5 Hour before transit time [G] (06:30~07:30) 0.45 0.49 1.46 1.43
5 Hour after transit time [H] (17:30~18:30) 0.46 0.46 1.53 1.51
[G]-[H] -0.01 (2.2%) 0.03 (6.5%) -0.07 (4.6%) -0.08 (5.3%)
c 300 — < 600 c 300 < 600
S NI 2 2 N 3
E ~ 200 .f ;::‘ 7 g _ 400 g ~ 200 = ‘.:.’;‘.‘. g 400 ’?
8§ E NSNS, & E 5 E o Y. §E
£3100 v, 008 £ 2200 £ 3100 ’:’»{:". % 2 200
S %= o 19 g S ‘N’o 8359x § =1.0544x
2 o V‘{ R*= 020; § 0 ! 2 o Y’/§ R"=%0 Y09 P o )llz’ =-0.233
g 0 100 200 300 ?2 0 200 400 600 g 0 100 200 300 2 0 200 400 600
07:30 Short-wave radiation 07:30 Long-wave radiation 07:30 Short-wave radiation 07:30 Long-wave radiation
(W/mi) (W/m) (W/mi) (W/ni)
Fig. 7 Radiation correlation at downtown (07:30, 18:30) Fig. 8 Radiation correlation at suburban (07:30, 18:30)

FEAZE 71202 T 350] 905 AR 71H0] TEREAL GRS iR QSRR o] 2A] ekt
o1}, WFAIZt SAIZHA%0) AR ol AlRt ©ArTh 0%} Asinl 37 ettt AR} ghe
uh e} 2] welel Al BT o ARThe 057} A7) Uetith, 1 A7 A 2 A7t wAlKele] 4

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017 19



el ] =2l

$ W% 3X17H 8% 0.08 Mj, oA SL 5A7H A50] 0,08 M2 SHIEIc, ol4fe] Ao dhgh 2l
2 A5 A7 B L 4 9hS A0 ARr). E thuEAlel AukEAfe] £ Z|olzk vl A

2 Ale) 29 WA, HuREARE EAdo] Jrjd o A BEsIgrk

r‘l‘ _l_L:

3.3 3 Ct=EARS| HIEEA

7 DAL TRt o 2] R £ Bt HlshA doli ] flef 1A B9k ARG 1o R 11
AG =S ZARIAHFigs. 9, 10). THEAR= 50 W/m? 22 FutEAR= 10 W/m? 72 BAI2 47510
Z}zke] H7bol] gt Wl Uepiolom, DukEAle] 4950 W/m® ofote] ke Adtha] o g 212 Zlo]ojA]
R Atellq A <fstet. Fig. 99] x5 DubEAL ghe 502915 715508 HAH(A|A]: 850~8995 85008 3
7)ste] 17t gho= 715190 M, Fig. 109] x5 HTHEAF ghe 199] g& HAHAIAL: 410~4195 4102
=2 #7))sto] BAISIATE

mm Downtown mmSuburban =——Downtown —Suburban mmDowntown mmSuburban ——Downtown —Suburban

250 15 600 20
\ — —_
200 > < 450 P 153
= > i 5
5 F 10 < bt N
i 150 > & T
> c c 300 10 ©
v Q ] Q
g 100 5 2 2 / 5
=) O Q @
g 5 = = 150 L5 &
[N
0 L0 0 Lo
50 150 250 350 450 550 650 750 850 950 290 310 330 350 370 390 410 430 450 470
Short-wave radiation (W/m) Long-wave radiation (W/mi)

Fig. 9 Frequency analysis of short-wave radiation (June-August)  Fig, 10 Frequency analysis of long-wave radiation (June-August)

HE B4 Avls AuiEm gl o 7o) Hig s} mhy &apgo g Zojzl= Jejol Long tail
(right—skewed frequency distribution) %2 Jef|2lch(Fig, 9). BHEAR= 900 W/m? 042] -2 o]

oAl TAR AT Wl FofA T W17t @S] A el 250 W/m” v]9He] 77k 452 of
U2] = g oA R Th= AR Hol| A 1 R A Wbt FuEAls At ok A
IS UrERA L QL.om, 410, 420 W/m? F3tollA W=7} 7P =9tchFig. 10).

=

h

rO

Fo15-eo] w2 thutEAjel AutEAe] S Figs. 11, 120 UERARIT) 22 Ahe thrlA el
A7V EAE ARE BT T A HTE -2t B AIo] Aol 1 wsto] gl whe- Akt Lt
A0 ARk Qo0 2 ulE Al B0 RO BEsE BAlero] sl FutEA F7lske

20

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



ChtA ol SV | 23t - Tt SALEY &2

= o

Aol 2 A= FlE|gict

—Downtown —Suburban —Downtown —Suburban —Downtown —Suburban
1000 ~ 1000 1000

800 800 N%

600 >?

A4

800

600 /—\\

400

600

400 EEERN

200 W

0

200

200

0

0

Short-wave radiation (W/ni)
Short-wave radiation (W/ni
Short-wave radiation (W/ni)

o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9 o 1 2 3 4 5 6 7 8 9
Cloudiness Cloudiness Cloudiness

(a) 9:00 (b) 12:00 (c) 15:00
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