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Estimation of Daily Net Radiation from
Synoptic Meteorological Data
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ABSTRACT : Five models for net radiation estimation reported by Linacre(1968), Berljand(1956),
Nakayama et al, (1983), Chang(1970) and Doorenbos et al.(1977) were tested for the adaptability to
Korea. A new model with effective longwavg radiation term parameterized by air temperature, solar
radiation and vapor pressure was formulated and tested for its accuracy. Above five models with
original parameter values showed large absolute mean deviations ranging from 0.86 to 1.64 MJ/m3/
day. The parameters of the above five models were reestimated by using net radiation and
meteorological elements measured in Suwon, Korea. These five models with new parameter values
showed absolute mean deviations ranging from (.74 to 0.88 MJ/m?/day. The following model was

newly formulated ;

Rn=(1—a)Rs— oTy* (0.0103 Exp(0.0731 Rs) —0.0475 Je, +0.2478)
(R?=0.997, n=63)

where a=albedo, o=Stefan—Boltzmann constant, Rs=solar radiation in MJ/m?/day, Tx=air
temperature in Kelvin and e,=vapor pressure in mb. This model revealed 0.4988 MJ/m?/day in
absolute mean deviation when applied to an independent set of meteo'rological data,
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Table 1, Models for net radiation estimation adopted for the current study.

Model Equation Reference
Model 1 Rn=(1—a)Rs—0.0959(0.2+0.8 n/N) (100—Ta) Linacre (1968)
Model 2 Rn=(1—a)Rs— oTy* (0.39—0.058 Je.) (1-0.63 C?) Berljand (7% %,1978)

Model 3 Rn=
—(45.24+10.92 Rs/Ro) Jea)
Model 4 Rn=

Model 5

(1—a)Rs— oTy* [ (286.18+202.60 Rs/Ro)
(1—a)Rs—60.293 (0.246—0.158x10"* Ty*)

Rn=(1—a)Rs—oT:*) (0.1+0.9 n/N) (0.56—0.079 Je,)

Chang (1970)
Al %(1983)

Doorenbos et al (1977)

NOTE ; Rn : Net radiation(MJ/m?/day)
Rs : Global solar radiation(MJ/m?/day)
n : Sunshine duration (hr/day)
N : Possible sunshine duration (hr/day)
Ta : Daily mean air temperature (C)

T, . Absolute daily mean air temperature (°K)

ey . Daily mean vapor pressure (mb)
a . Albedo

o : Stefan-Boltzmann constant (4.8995 x 10*MJ/m?/day/K*)

C : Cloud cover(0.0~1.0)
Ro : Extraterrestrial radiation (MJ/m?/day)
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Table 3. Absolute mean deviation(MD, MJ/m?/
day), and relative mean deviation

(RMD, %) of original(Org ; Table 1.)
and modified (Mod ; Table 2.) models,
MD RMD
Model 52— Mod Org.  Mod,
Model 1 1.576 0.758 16.04 7.7
Model 2 0.860 0.562 8.75 5.7
Model 3 1.206 0.514- 12.28 5.2
Model 4 1.636 0.757 16.64 7.7
Model 5 1.324 0.571 13.48 5.8

NOTE ; MD=% | Rn obs—Ra est ‘ /N
RMD= (MD | Ry o) % 100

Table 4. Mean deviation(MD, MJ/m?/day) and re}
ative mean deviation (RMD, %) of the
models when applied to the data indepen
dent of those used in the parameter esti

mation.

Model MD RMD
Model 1 0.7804 7.99
Model 2 0.8821 9.52
Model 3 0.7851 8.47
Model 4 0.7425 8.01
Model 5 0.8146 8.79

* Models are the same as in table 2,
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Table 2. Models (shown in Table 1) with reestimated parameters in Suwon.

Model Modified equation R?
Model 1 Rn=(1—a)Rs—0.959(0.14+0.42 n/N) (100—T.) 0.992
Model 2 Rn=(1—a)Rs—oTy* (0.45—0.078 Jea) (1—0.547 C?) 0.996
Model 3 Rn=(1—a)Rs—e¢T* [(179.07+613.19 Rs/Ro) 0.997
—(32.14+98.73 Rs/Ro) Je,)

Model 4 Rn=(1—2)Rs—~60.293 (0.246—0.158%X 107" T,*) 0.992
(0.135+0.413 n/N)

Model 5 Rn=(1-a)Rs—oT* (0.65+0.90 n/N) (0.302—0.0517 Jes) 0.996

* Symbols are the same as in Table 1.
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Fig 1. Relationship between daily effective longwave

radiation and several meteorological elements,
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