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ABSTRACT

To estimate the hourly temperature distribution due to solar radiation during the day, on
slope in complex terrain, an empirical formula was developed including the hourly deviation
in the observed temperature following solar radiation deviation, at weather stations on the
east-facing and west-facing slopes. The solar radiation effect was simulated using the
empirical formula to estimate hourly temperature at 11 weather observation sites in
mountainous agricultural areas, and the result was verified for the period from January 2015
to December 2017. When the estimated temperature was compared with the control, only
considering temperature lapse rate, it was found that the tendency to underestimate the
temperature from 9 am to 3 pm was reduced with the use of an empirical formula in the
form of linear expression; consequently, the estimation error was reduced as well. However,
for the time from 5 pm to 6 pm, the estimation error was smaller when a hyperbolic
equation drawn from the deviation in solar radiation on the slope, which was -calculated
based on geometric conditions, was used instead of observed values. The reliability of
estimating the daytime temperature at 3 pm was compared with existing estimation model
proposed in other studies; the estimation error could be mitigated up to an ME (mean error)
of -0.28C and RMSE (root mean square error) of 1.29C compared to the estimation error
in previous models (ME -1.20TC, RMSE 2.01TC).
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AWS (for Radiation dewviation)
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Fig. 1. Locations of the study sites.

Fig. 2. Pictures of weather sites and image of the sites locations. A (AWS07) and B (AWS04) are on east-facing
and west-facing slope.
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Table 1. Topographical characteristics of the validation sites. Slope and aspect values are the smoothed averages

by 25 grid cells (750m radius)

Site Altitude (m) Slope (°) Aspect (°) Latitude Longitude
AWSO01 212 21 267 35.220 127.648
AWSO02 95 10 259 35.172 127.719
AWSO03 241 16 275 35.178 127.725
AWS04 328 24 265 35.166 127.733
AWSO05 267 15 110 35.186 127.708
AWS06 98 9 167 35.182 127.718
AWS07 286 17 145 35.171 127.693
AWS08 230 20 100 35.121 127.683
AWS09 122 16 126 35.157 127.686
AWSI10 57 7 156 35.157 127.699
AWSI11 508 4 35.456 127.529
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Table 2. Fitted equations for the relationship between the solar radiation deviation (x>0) and the temperature
deviation (y). Performance of each equation is represented by the sum of squares

Sum of squares

Case Equation Eq3 Eq. 4
Log Function y= Az? 310.1 196.4
Hyperbolic y= BAf:c 310.1 191.6
Exponential y=Axexp(Bz) 547.9 215.2
Exp. Saturation y=—AXx[1—exp(Bz)] 310.1 192.0
Maxima y= Az X exp (Bz) 310.1 192.3
Linear y=Ax+ B 310.2 236.9
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Fig. 5. Bar graphs of the mean errors and root
mean square errors at the 11 sites during
0600-2000 LST. (A: No effect, B: Eq. 4, C: Eq. 3)
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Table 3. The mean errors and root mean square
errors of 1500 LST temperature estimation at the 11
sites during the 2 years from January 2015 to
December 2017

ME RMSE
A Ol -1.20 2.01
B Eq 4 -0.64 1.37
C Eq 3 -0.28 1.29
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Fig. 7. Relationship between the observed and estimated 1500 LST temperature at 11 sites. The temperatures
were estimated by Eq. 3 (C), Eq. 4 (B) and a method by Kim and Yun (2014) (A).
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