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ABSTRACT

Automated weather stations were installed at 9 locations with, three different elevations, (i.e., S0m,
100m, and 300m as.l) with different slope and aspect in a small watershed (50km® area). Air
temperature at 1500 LST and solar radiation accumulated for 1100-1500 LST were collected from
January to December 2012. Topography of the study area was defined by a 30 x 30 m digital
elevation model (DEM) grid. Accumulated solar irradiance was calculated for each location with the
spatially averaged slope and aspect of surrounding circles with 5, 10, 15, 20, 25, and 30 grid cell radii,
respectively. The 1500 LST air temperature from clear sky conditions with zero cloud amount was
regressed to the 1100-1500 LST solar irradiance at 9 locations. We found the highest coefficient of
determination (1’ =0.544) at 25 grid cell radius and the temperature variation in this study was
explained by Y = 0.8309X + 0.0438, where Y is 1500 LST temperature (in °C) and X is 1100-1500 LST
accumulated solar irradiance (in MJ/m?).
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Table 1. Site elevation and topography for the 9 automated weather stations based on 30 m DEM grid cells

Site Altitude (m) Slope (°) Aspect (°) Site Altitude (m) Slope (°) Aspect (°)
1 284 22 312 6 105 9 150
2 326 21 174 7 44 9 127
3 276 22 83 8 11 1 315
4 92 9 313 9 13 1 90
5 88 8 345
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Fig. 1. (A) Aspect distribution of the study area calculated by the original 30 m DEM cells and (B) the same by the zonal
mean smoothed for 25 cell radius. Solid circles 1 to 9 represent locations of the automated weather stations and the contour

lines 30, 100 and 300 show altitude range (in meters).
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Table 2. Mean and standard deviation of temperature difference between any two sites on 11 cloudless days in 2012

Temperature difference

Site 2-1 3-1 3-2 4-5 4-6 6-5 7-8 7-9 8-9
Average -0.2 -1.2 -1.1 -0.1 -0.1 0.0 -0.7 1.2 1.9
SD 0.9 0.9 0.8 0.8 0.8 0.5 0.8 0.7 0.5
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Fig. 2. Relationship between the temperature at 1500 LST and the soar irradiance accumulated for 1100-1500 LST, both
trepresented by differences between any two locations on the same altitude. Solar irradiance stands for zonal means
smoothed for various cell radii: A is for the horizontal surface radiation measured by pyranometers, B is for the sloping
surface irradiance calculated with the original 30 m DEM grid, and C to H are for the calculated solar irradiance on sloping
surfaces with the cell radii of 5, 10, 15, 20, 25 and 30, respectively.



296 Korean Journal of Agricultural and Forest Meteorology, Vol. 15, No. 4

2} AAH O ZRE] 150m (Scell), 300m (10cell), 450m
(15¢ell), 600m (20cell), 750m (25cell) = 900m (30cell)
TS W0 R 3le 795 A-8shd At 2975k
o] Z7ksle] ¥ 750m Z7iolA] Hujol 2ickFig.
2G). olmje] A3 AL y=0.8309x + 0.04382FX,
AZE 24t datEFe] 1 MImZ7F ek o 15009] 7]
22 083°CiHE T8k o= iME 4= Sk o]
28] ZRATFE)RE 0544424 A 712Hx} o)<
ARk o e AP GAERF HApol] ofsf o] 7he
3ltt. 750m HE3s} W] 450m, 600m F 900m 3
g3} 200X = AF3|AX ] A8ATTE BT 0.5 7
7o 2 Holx o, 300m ©J3kE BE3} 31%S 735l
= 02 o= 7]X]A] E3c}.

1]

Iv. 11

TEO] e B 1500 712 AR Mg B
A3 Qafgol Rl wisl 1 Mu/m® B AR
oM 0.83°C EoIth= ARdS ASAzel 28| &
Qlsioint. & QAR AAE Bojd ) v 750mE
P Ao Bt AAr=el AALEE ARSsiok o]
d WAE 42 A3l o] MAEF 18 km)E
AR} 7120 = A 5 e Ao
= Aefaiy, o2& Fele] A¥s BABK: bl At
83 71%AAF WA (900m*)e] 2,0008 0] s3It F
Arizo] s0km*Ql °FF Fo
56,000712] 71EAAE “FASHA BAREIAIRE, FH5t7]
&= sk die o) fravAo® oiedl |
Aol FE8ihFig. 1B). o AL71R A 54
o] etglareiel] =3t ARIA, el Aol 3t
Fefl upz} g 290 S Ayt et

A3 F2e] 7R 2] 7Rl AR QAkE
BeF AA} 2ol ofFe] I FAIZ A HE
TrEE] ARl IE F7IFEU7E Artdel <fs)
HIAEERE S Ao} d5Ae] e 715y
S W=7 Aol 54 Apae] dAtEhs AP

A¥e dx

o] Tl oJall JIE e Bo] FFHFGelAM T
2 vl JUKKim et al., 2012). ©] ATllA] dhst
71e-& AAShs FaUA Y] FEIF ¥ 750mollA
A3t | 2 ofFTe] AR uigEAdel 9

gAY FE ok & Eo] G sl 3
Tego] & AYolghd fFEwde] ¥ Hojd =
orER TE AGofMx FR1E Far} Qo).

o] AFoA AL YA 2FEH(0.83°C/MIm 2y
22 02 ol T FA demw AHont
Aol FAglo] gt 7o) miX= IARET ] Ho
2 5 YA A o AReA EE V)
o] wo| 7het| A Ak o] AHAHI] AP
23] 2AT BAo] 7hsdith voprt 71Ee] o
Hir|l g A vdE = e S
Zopdohd B3 A 495w YAkl tigk Ak
A3 7 HAEe 2 st VR E US|
Tk Hl =%l = Zloltt oF 5] 7189 ¢
Hurle FHR 1T\ By o] HIAFE
o]&3t YAtET RoJoA, HEAGF HEHAE B
ATellA] Fopdl il Ego s A 4= s A
o|th(Regniere, 1996). & 4A17F B2t ZAkd AT 9
H Al gl A9 A=g 1 BARE AlLts)
o] x| Fol o) i A 71e] A Wl
S 7 the, el Hiredd) 2 Ao
w} AA WslEke 2 248 = 91S Aol

IV

N

]

¢

N o
- i

TR FHpollA] ght 7o) Farel Yrlg=E
7t IAE B Y8 A= Some 33, 100m
I, 300mE 33X 5 9XHe] AlHo| AARES &
sle] FRI7VAS71E AXskar 1d7t v 1500 7]
237} A7 477K(1100-1500) GAIEAIES 3181990
2ol 021 B ol ggsie] ZF 23 e] Al YAt
RS Akl 1500 7127} vlwslgck. olw) zt
Z)72] A= (slope)e} AN (aspecty= 30 x 30 m
AANZ 7)1ZoF wh4ol 5, 10, 15, 20, 25, 3078 2
A= J&s] sl ARESIATE 1500 710l HA=
A N QB ol BAHCE fold 3
ABAZYT Q=R v 257) ARH(750m)=E 3
g3l A9 AP 71eriole] 54%E AWE 5 AN

THy = 0.8309x + 0.0438, 1*=0.5444).

Tl ot

B =2 723184 sEdARIEARE:



Kim and Yun: Distribution of Midday Air Temperature and the Solar Irradiance Over Sloping Surfaces... 297

PJO07129)2] A el] 2]3) o]0l A
REFERENCES

Cesaraccio, C., D. Spano, R. L. Snyder, and P. Duce, 2004:
Chilling and forcing model to predict bud-burst of crop
and forest species. Agricultural and Forest Meteorology
126, 1-13.

Choi, J. Y., U. Chung, and J. I. Yun, 2003: Urban-effect
correction to improve accuracy of spatially interpolated
temperature estimates in Korea. Journal of Applied
Meteorology 42(12), 1711-1719.

Chung, U., and J. I. Yun, 2004: Solar irradiance — corrected
spatial interpolation of hourly air temperature in complex
terrain. Agricultural and Forest Meteorology 126, 121-
131.

Chung, U., H. H. Seo, K. H. Hwang, B. S. Hwang, J. Choi,
J. T. Lee, and J. I. Yun, 2006: Minimum temperature
mapping over complex terrain by estimating cold air
accumulation potential. Agricultural and Forest Meteorology
137, 15-24.

Chung, U., H. C. Seo, J. I. Yun, S. J. Jeon, K. H. Moon, H.
H. Seo, and Y. S. Kwon, 2009: Extrapolation of daily
maximum temperature in a mountainous terrain. Asia-
Pacific Journal of Atmospheric Sciences 45, 473-482.

Jung, J. E., E. Y. Kwon, U. Chung, and J. I. Yun, 2005:
Predicting cherry flowering date using a plant phenology
model. Korean Journal of Agricultural and Forest
Meteorology 7, 148-155. (In Korean with English abstract)

Kondratyev, K. Y., and M. P. Federova, 1977: Radiation
regime of inclined slopes. WMO Technical Note No.
152pp.

Regniere, J., 1996: A generalized approach to landscape-
wide seasonal forecasting with temperature-driven simulation
models. Environmental Entomology 25, 869-881.

Seo, H. C., S. J. Jeon, and J. I. Yun, 2008: Azimuthal
distribution of daily maximum temperature observed at
sideslopes of a grass-covered inactive parasitic volcano
(“Ohreum”) in Jeju Island. Korean Journal of Agricultural
and Forest Meteorology 10(1), 25-31. (In Korean with
English abstract)

Kim, J. H,, and J. I. Yun, 2008: On mapping growing
degree-days (GDD) from monthly climatic surfaces for
South Korea. Korean Journal of Agricultural and Forest
Meteorology 10, 1-8. (In Korean with English abstract)

Kim, S. O., J. I. Yun, U. Chung, and K. H. Hwang, 2010:
A geospatial evaluation of potential sea effects on
observed air temperature. Korean Journal of Agricultural
and Forest Meteorology 12(4), 217-224. (In Korean with
English abstract)

Kim, S. O., J. H. Kim, D. J. Kim, and J. I. Yun, 2012: Wind
effect on the distribution of daily minimum temperature
across a cold pooling catchment. Korean Journal of
Agricultural and Forest Meteorology 14(4), 277-282. (In
Korean with English abstract)

Westwood, M. V,, 1993: Temperate-zone pomology physiology
and culture (3rd ed.), Timber Press. 523pp.

Yun, J. L., J. Y. Choi, and J. H. Ahn, 2001: Seasonal trend
of elevation effect on daily air temperature in Korea.
Korean Journal of Agricultural and Forest Meteorology
3(2), 96-104. (In Korean with English abstract)

Yun, J. 1., 2009: A simple method using a topography correction
coefficient for estimating daily distribution of solar
irradiance in complex terrain. Korean Journal of Agricultural
and Forest Meteorology 11(1), 13-18.



