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Net Radiation (RN) is the major driving force for bio-

physical and biogeochemical processes in the terrestrial

ecosystems, which is one of the most critical variables in

both measurement and modeling. Despite its importance,

there are only 10 weather stations conducting RN mea-

surements among the 544 stations operated by Korea

Meteorological Administration (KMA; KMA, 2008).

The measurement of incoming shortwave radiation

(RS↓) is, however, conducted at 22 stations while that of

sunshine duration is conducted at all the manned sta-

tions. In this context, the recent research for estimating

RN using RS↓ in Korean peninsula by Kwon (2009) is of

great worth. The author used a linear regression and the

radiation balance methods. We generally agree with the

author that, in terms of simplicity and practicality, both

methods show reliable applicability for estimating RN.

We noted, however, that the author’s experimental

method and analysis need some clarification and impro-

vement, that are addressed in the following perspectives:

(1) the use of daily integrated data for regression, (2) the

use of measured albedo, (3) the use of linear coefficients

for whole year data, (4) methodological improvement,

(5) the use of sunshine duration, and (6) the error assess-

ment.

I. THE USE OF DAILY

INTEGRATED DATA FOR

THE REGRESSION

The regression coefficients, a and b, in the linear

regression equation of Kwon (2009) (i.e., ↓
+ b) represent 1-α (which determines the amount of net

shortwave radiation, RSN ; where α is albedo) and net

longwave radiation (RLN), respectively. The physical

meaning of these coefficients makes sense only when

the data with shorter time scale (e.g., 30 minute, 1 hour,

or at least daytime and nighttime separately) are used in

the regression. Instead, for simplicity, Kwon (2009)

used daily-integrated data. It should be noted that the

physical parameters (i.e., α and RLN) obtained by using

the daily-integrated data are quite different from those

obtained from the direct measurements. Table 1 shows

that the parameters estimated from the regression with

30 min. data not only make better sense in terms of

their physical meaning, but also compare better with

those obtained from the direct observation than those

estimated from the regression with daily-integrated

data.

In Table 1, the coefficient, b (i.e., RLN), deserves fur-

ther consideration. As pointed out by Kwon (2009), the

contribution of changes in RL with changing weather

conditions is not negligible in estimating RN. In order to

RN aRs=
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take the influence of changing RL into account, we sug-

gest that the data may be divided into clear and cloudy

conditions based on clearness index, i.e. relative short-

wave radiation (= RS↓/RS0, where RS0 is clear-sky solar

radiation) (e.g., Allen et al., 1998). For example, at the

Gwangneung deciduous forest, RLN on clear days is

typically 2-3 times larger than RLN on cloudy days

(Table 2). 

II. THE USE OF THE MEASURED

ALBEDO

As an alternative method to estimate RN, Kwon

(2009) has also proposed to use the surface radiation

balance equation. In this approach, all the terms (except

RS↓) should be approximated based on a look-up table

or empirical relationships using the readily available

and measurable parameters unless they are known a

priori. Nevertheless, Kwon (2009) used the albedo val-

ues observed directly at the study sites probably in

order for an accurate assessment of the radiation bal-

ance method. In reality, the direct observation of α is

rarely available. For more general application and

assessment of the method, indirect values of α should

be used, that are derived from (1) the literature, (2) cli-

matological values for the site (or plant functional type)

of interest, or (3) α calculated from the linear regres-

sion coefficient, a (=1-α). In Table 3, based on the

multi-years of field observation in the KoFlux database

(www.koflux.org), we have provided the climatology

of α (i.e., monthly averages) reported for the three

plant functional types: Gwangneung deciduous forest

Table 1. The seasonal and annual averages of 1-α and RLN from the measurements and the regression analysis using for

Gwangneung deciduous forest in 2008

Period

a (= 1-α) b (= RLN in MJ m−2)

Observed Regression Observed Regression

Data 30min. Daily Data 30 min. Daily

Winter 0.91 0.83 0.43 -6.3 -5.4 -1.9

Spring 0.88 0.83 0.61 -5.3 -4.4 -0.8

Summer 0.90 0.84 0.65 -3.4 -2.4 -0.5

Fall 0.92 0.85 0.65 -5.8 -4.8 -2.7

Annual 0.90 0.84 0.70 -5.2 -4.3 -2.6

Table 2. The regression coefficients (a and b) of for the Gwangneung deciduous forest in 2008 using all the data, only the data

under cloudy conditions (RS↓/RS0 < 0.5), and under clear conditions (RS↓/RS0 

≥ 0.5)

Period
a b (= RLN in MJ m−2)

All Cloudy Clear All Cloudy Clear

Winter 0.83 0.86 0.84 -5.4 -3.0 -6.4

Spring 0.83 0.85 0.84 -4.4 -2.5 -5.6

Summer 0.84 0.86 0.86 -2.4 -1.1 -3.9

Fall 0.85 0.86 0.86 -4.8 -2.2 -5.2

Annual 0.84 0.86 0.86 -4.3 -2.1 -5.6

Table 3. The climatology (i.e., monthly averages) of albedo

(α) for three plant functional types: deciduous forest (Gwang-

neung: 2006-2008), coniferous forest (Gwangneung: 2007-

2008), and cropland (Haenam: 2004, 2006, 2008)

Albedo (α)

Deciduous 

Forest

Coniferous 

Forest
Cropland

January 0.09 0.05 0.24 

February 0.08 0.05 0.23 

March 0.07 0.04 0.22 

April 0.08 0.05 0.20 

May 0.12 0.05 0.18 

June 0.11 0.05 0.16 

July 0.08 0.03 0.18 

August 0.07 0.03 0.19 

September 0.07 0.03 0.19 

October 0.08 0.04 0.21 

November 0.07 0.05 0.22 

December 0.07 0.05 0.24 
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(2006~2008), Gwangneung coniferous forest (2007~2008),

and Haenam cropland (2004, 2006, 2008). These albedo

values are somewhat smaller than those generally

reported for deciduous (0.15~0.25) and coniferous for-

est (0.1~0.15), and comparable to those for croplands

(short green vegetation: 0.1~0.2, dry vegetation: 0.2~

0.3) (e.g., Hartman, 1994). 

III. THE USE OF LINEAR 

COEFFICIENTS FOR 

WHOLE YEAR DATA

Kwon (2009) correctly acknowledged that the linear

coefficients from the regression method showed signif-

icant seasonal changes. In the assessment of the errors

in the linear regression method, however, the author

did not take such seasonality into consideration.

Instead, the regression coefficients for an entire year’s

data were examined, which resulted in an overestima-

tion of the coefficients during the winter for all three

plant functional types. We come back to this issue of

error assessment later. 

IV. METHODLOGICAL

IMPROVEMENT

Kwon (2009) used the estimation equation for RLN

proposed by Allen et al. (1998):

(1)

where σ is the Stefan-Boltzmann constant (=4.903·10−9

MJ K−4 m−2 day−1), Tmax and Tmin are the maximum and

minimum air temperatures (K), ea is actual vapor pres-

sure (kPa), RS0 is clear-sky solar radiation. Eq. (1) is

based on Brunt (1939)’s expression that consists of the

Stefan-Boltzmann equation and the empirical terms

(specified for cropland) to describe effects of air

humidity and cloudiness. We note that there is a similar

type of equation, the formula of Monteith (1961) that is

also known to show good agreement between the esti-

mated and the observed:

(2)

where e is mean vapor pressure (hPa), T0 and T are the

mean surface and air temperatures (K), s is relative

sunshine duration which is observed sunshine duration

over clear-sky sunshine duration. Fig. 1 shows the

comparison between the RLN calculated by Eq. (1) and

those by Eq. (2) against the observed RLN at the

Gwangneung deciduous forest. Noticeably for the

entire year, Eq. (2) outperformed Eq. (1) in reproducing

the observed RLN.

V. THE USE OF SUNSHINE 

DURATION

In Korea, sunshine duration is observed by Auto-

mated Surface Observing System (ASOS) at all 84

manned stations (with an average distance between the

stations being 36km). If it is possible to use those sun-

shine duration data for the estimation of RS↓, then the

methods proposed by Kwon (2009) can be readily

extended to produce the map of RN for the entire

Korean Peninsula. In fact, we found that there is a

strong correlation between the relative shortwave radi-

ation (RS↓/RS0) and the relative sunshine duration (s) at
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Fig. 1. Comparison of the observed RLN (Obs) with the estimated RLN using Eq. (1) and Eq. (2) for the Gwangneung deciduous

forest in 2008.
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the Gwangneung and Haenam sites in 2008 (Fig. 2).

The seasonal and inter-annual variations of the regres-

sion coefficients were insignificant, suggesting the pos-

sibility of using sunshine duration for the RS↓
estimation. It should be noted that the regression coef-

ficients were different between the Gwangneung and

the Haenam sites, requiring further analysis on these

site-specific features that may be associated with fac-

tors such as instrument bias, separation between sun-

shine recorder and pyranometer.

VI. THE ERROR ASSESSMENT

Finally, using the KoFlux database for the Gwangne-

ung deciduous forest in 2007, we performed the sea-

sonal error assessment of the proposed methods: the

Fig. 2. Linear regressions between relative shortwave radiation (RS↓/RS0) and relative sunshine duration (s) at (a) the Gwang-

neung site and (b) the Haenam site in 2008. (For Gwangneung, the sunshine duration at the Dongdoocheon weather station

was used, which is about 20 km apart.)

Table 4. Errors in the estimation of RN at the Gwangneung deciduous forest by using the linear regression method (LRM1),

the linear regression method with clearness index (LRM2), and the radiation balance method with Eq. (2) (RBM). MBE,

RMSE, and d indicate mean bias error, root mean square error, and index of agreement, respectively. The results are provided

for the estimated RN using the observed RS↓ and the estimated RS↓ using the relative sunshine duration (s)

Statistical

index

Observed RS↓ Estimated RS↓ with s

LRM1 LRM2 RBM LRM1 LRM2 RBM

MBE -0.24 0.02 0.53 -0.69 -0.44 0.04 

RMSE 2.11 1.53 1.44 2.69 2.59 2.03 

d 0.96 0.98 0.98 0.92 0.92 0.94 

Fig. 3. Comparison of the estimated net radiation from the linear regression method (RN_est1), the radiation balance method

using Eq. (2) (RN_est2), and the sunshine duration (RN_est3) against the observed net radiation (RN_obs) at the Gwangneung decid-

uous forest in 2007.
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linear regression method (LRM1), the linear regression

method with clearness index (LRM2), and the radiation

balance method with Eq. (2) (RBM). Following Kwon

(2009), the results are presented in Table 4 in terms of

mean bias error (MBE), root mean square error

(RMSE), and index of agreement (d). Each method

showed good agreement with the observation with d >

0.95. In comparison with the results of Kwon (2009),

the revised methods show an improvement. Further-

more, the use of the sunshine duration has proved a

promising tool to produce acceptable estimates of RN
(with d>0.9) for large-scale mapping, for instance

(Table 4 and Fig. 3).
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