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Net Radiation Estimation Using Flux Tower Data and Integrated Hydrological Model:
For the Seolmacheon and Chungmichen Watersheds
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Abstract

Spatial heterogeneous characteristics of solar radiation energy from Climate Change gives rise to energy
imbalance in the general ecological system including water resources. To understand energy flow, flux towers
are up and running throughout the world. In step with, in domestic major areas, there have been observed
using several flux towers. In this study, downward shortwave radiation, downward long wave radiation,
and net radiation that take important part in hydro-meteorology and ecology were calculated by proposed
physical equations using flux data of the Seolmacheon and Choengmicheon, then, the calculated net radiation
and observed net radiation were individually compared and validated. The results confirmed applicability
of physical methods for insufficient hydro-meteorological data and possibility for observed data of hydro-
meteorological variables.

Keywords : flux tower, net radiation, downward shortwave radiation, downward long wave radiation,

common land model
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< Seolacheon>

Table 1. Flux Sites Informations

< Cheongmlheon>

Fig. 1. Flux Sites Locations

7} S7 ek tHFranks et al., 1997).

Site Seolmacheon (SMK) Cheongmicheon (CFK)
Latitude 37° 56" 18N 126° 577 12”7 E
Longitude 37°9" 36"N 127° 397 127 E

Terrain type Complex terrain Flat
Vegetation type Mixed forest Rice paddy
Elevation 293 m 141 m
Annual temperature 11.5°C 11.5°C
Annual precipitation 1,332 mm 1,107 mm

Mesurement period

Aug 2007 - present

Aug 2008 - present
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‘ Shortwave Radiation ‘

‘ Longwave Radiation

R,
Rsl @ Rg| -

(incident shortwave) (reflected shortwave)
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Ryt
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(reflected longwave)

Fig. 2. Conceptual Figure of Surface Radiation Balnce (Allen et al., 2007)
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Table 2. Statistical Methods for Error Evaluation
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3.1 Ry | (incoming short wave radiation, R,,)
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Downward Shortwave Radiation (W m2)

1300

1100

Downward Shortwave Radiation (W m?)
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Fig. 3. Calculated R
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.. and Observed R, at Chungmicheon Watershed

Downward Shortwave Radiation (W m3)
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1100
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700 -
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300 -
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100 -

-100 -
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Fig. 4. Calculated R
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Net Radiation (W m2)
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F o R_N (Brunt)
0= ) s R_N (Idso&Jackson)
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Fig. 7. Time Series of Net Radiation at Chungmicheon Watershed (2010)
Ry, (Brunt) Ry (Idso&Jackson) Ry (Brutsaert)
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Ry_ldsoSJackson (W m®)
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0 50 100 150 200 250 o 50 100 150 200 250 o 50 100 150 200 250
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g0 ""l | 800 ,,-/ 4

600 e 600
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0 50 100 150 200 250 0 50 100 150 200 250
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(d) Ry (Satterlund) (e) Ry (Prata)
Fig. 8. Comparisons between Observed R, and CLM R, at Chungmicheon Watershed (2010)
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Table 3. Statistical Analysis of Observed and Calculated Net Radiation at Chungmi Basin
RN RN RN RN RN
(Using Brunt (Using Idso& (Using Brutsaert | (Using Satterlund | (Using Prarta
Method) Jackson Method) Method) Method) Method)
RMSE (W m %) 139.78 189.05 108.99 148.27 259.73
Bias (W m ) -122.22 -171.51 -84.98 -129.27 -245.40
0.88 1.05 0.95 0.98 1.04
b 137.62 174.16 93.79 136.55 250.93
R’ 0.45 0.46 0.45 0.46 0.46
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Fig. 9. Time Series of Net Radiation at Sulmacheon Watershed (2010)
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Fig. 10. Comparisons between Observed R, and CLM R, at Sulmacheon Watershed (2010)

Table 4. Statistical Analysis of Observed and Calculated Net Radiation at Sulmacheon Watershed
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RN RN RN RN RN
(Using Brunt (Using Idso & | (Using Brutsaert |(Using Satterlund| (Using Prarta
Method) Jackson Method) Method) Method) Method)
RMSE (W m % 149.57 199.83 121.19 159.44 267.17
Bias (Wm?) -123.87 -172.10 -90.39 -132.20 -242.16
a 0.86 0.98 0.90 0.95 1.02
b 145.99 188.52 107.63 148.31 260.42
R? 0.48 0.41 0.48 0.48 0.47
Net Radiation (W m2)
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Fig. 11. Time Series of CLM R, at Chungmicheon Watershed (2010)
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Fig. 12. Comparisons between Observed R, and CLM R, at Chungmicheon Watershed (2010)

Table 5. Statistical Analysis of Observed R, and CLM Results at Chungmicheon Watershed

Rn_CLM Rn_CLM Rn_CLM Rn_CLM Rn_CLM
(Using Brunt | (Using Idso&Jackson | (Using Brutsaert | (Using Satterlund | (Using Prarta
Method) Method) Method) Method) Method)
RMSE (W m ?) 135.32 184.78 107.95 145.09 251.96
Bias (Wm ) -108.37 -156.60 -74.89 -116.70 -226.66
a 0.90 1.10 0.94 0.99 1.08
b 132.21 166.36 93.89 133.47 243.13
R’ 0.46 0.46 0.46 0.46 0.47
Net Radiation (W m2)
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Fig. 13. Time Series of CLM R, at Sulmacheon Watershed (2010)
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Fig. 14. Comparisons between Observed R, and CLM R, at Sulmacheon Watershed (2010)

Table 6. Statistical Analysis of Observed R,

and CLM Results at Sulmacheon Watershed

Rn_CLM Rn_CLM Rn_CLM Rn_CLM Rn_CLM
(Using Brunt | (Using Idso&Jackson | (Using Brutsaert | (Using Satterlund | (Using Prarta

Method) Method) Method) Method) Method)

RMSE (W m ?) 109.66 83.09 142.26 102.81 192.04

Bias (W m %) -51.88 -28.32 -102.17 -62.65 -163.89

0.84 0.90 0.93 0.89 0.92
b 68.84 35.91 109.44 75.13 181.39
: 0.28 0.37 0.31 0.32 0.32
SHTE A4S sl W3, ol BAgel gam o] 4A| dEARE ol §ele] & WAl A%E H5ag)
o4 o] 7Izbe] WA Fhae] olf F St AW o ol A4 @ AW BRL Fajo] EH & B4
(Johnes, 1992). =8 AFEFS: AlLE Adtel B3 Aap 257 FE U39 & BAR vl A5 Al g
H5A]ol| vl JJrE‘r PElem, o] A= ArHR ze] A9 2s Sl A Avpel mEe] Ane] HEx
o Adnbo) el ekt ol shak g BAlE  she] ulaL A3 o AAS oF 050 AR vEke.
o e} Aol ostel WAlE Ao Bek] 2F W w2 Balere] Aol Brutsaert 1975)7} Aloka A&
A% Fool g Aok T Aom walwh AR 57} i) BSelA] b e oabE b
WA o] & Este] BEX9] A= At tisto] A
4.8 = F AHE Fs S Helakaa, o) sgel ] mee) A}
& me FET TG Slsdr

B Ao Anlas Aud fele] BUs ) B R Eels B3 Amd 0@ Qv Ao B
SARE ol§3e] vt WAk} g WAl & BAE 3 e Axel A g E B el AgHA
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