s 71 s, Al Al12(2009)
Korean Journal of Agricultural and Forest Meteorology, Vol. 11, No. 1, (2009), pp. 13~18

NYEHATE 0|88 SN Y MMUAY 27 23

(20099 39 169 < 20099 39 179 4745 20094 3¥ 19¢ <72hH

A Simple Method Using a Topography Correction Coefficient for
Estimating Daily Distribution of Solar Irradiance
in Complex Terrain

Jin I. Yun*
Department of Ecosystem Engineering, Kyung Hee University, Yongin 446-701, Korea
(Received March 16, 2009; Revised March 17, 2009; Accepted March 19, 2009)

ABSTRACT

Accurate solar radiation data are critical to evaluate major physiological responses of plants. For
most upland crops and orchard plants growing in complex terrain, however, it is not easy for farmers
or agronomists to access solar irradiance data. Here we suggest a simple method using a sun-slope
geometry based topographical coefficient to estimate daily solar irradiance on any sloping surfaces
from global solar radiation measured at a nearby weather station. An hourly solar irradiance ratio
(W) between sloping and horizontal surface is defined as multiplication of the relative solar intensity
(ki) and the slope irradiance ratio (;) at an hourly interval. The £;is the ratio of hourly solar radiation
to the 24 hour cumulative radiation on a horizontal surface under clear sky conditions. The 7; is the
ratio of clear sky radiation on a given slope to that on a horizontal reference. Daily coefficient for
slope correction is simply the sum of W, on each date. We calculated daily solar irradiance at 8 side
slope locations circumventing a cone-shaped parasitic volcano (c.a., 570m diameter for the bottom
circle and 90m bottom-to-top height) by multiplying these coefficients to the global solar radiation
measured horizontally. Comparison with the measured slope irradiance from April 2007 to March
2008 resulted in the root mean square error (RMSE) of 1.61MJ m for the whole period but the
RMSE for April to October (i.e., major cropping season in Korea) was much lower and satisfied the
5% error tolerance for radiation measurement. The RMSE was smallest in October regardless of
slope aspect, and the aspect dependent variation of RMSE was greatest in November. Annual
variation in RMSE was greatest on north and south facing slopes, followed by southwest, southeast,
and northwest slopes in decreasing order. Once the coefficients are prepared, global solar radiation
data from nearby stations can be easily converted to the solar irradiance map at landscape scales with
the operational reliability in cropping season.
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Fig. 1. A satellite image of the parasitic volcano (top) and
locations of 8 solar irradiance measurement points (circle)
and 1 reference solar radiation site (triangle) on the elevation
map of the volcano (bottom).

Table 1. Slope, aspect and elevation of the 8 observation
sites

SITE Slope Aspect Elevation
# (deg) (deg) (m)
1 29 7 359
2 26 68 359
3 20 126 361
4 28 186 362
5 30 219 357
6 21 272 364
7 26 301 370
8 27 359 364
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Fig. 2. Relationship between the observed and the estimated
daily solar irradiance at 8 sites for a full year from 14 April
2007 to 13 April 2008. Shaded dots indicate the data obtained
from low sun angle days in winter.
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Fig. 3. Seasonal variation in the root mean square error for
the estimated daily solar irradiance at sloping surfaces with
various aspect. Approximate aspect for each site is: N (North)
=1 and 8, E (East)=2, SE (Southeast)=3, S (South) =4, SW
(Southwest)=5, W (West)=6, and NW (Northwest) =7.
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Fig. 4. A topography corrected solar irradiance map at a 30m resolution for Doam catchment (Pyungchang, Gangwon
Province). Each panel represents daily sum of solar irradiance on 4 selected days in 2008 (July 22, August 14, September 9,

and October 3).
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