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Abstract. In this work, a semi-empirical model for calculating daily global near infrared solar
radiation (NIR) was developed. The model is written in the form of the ratio of daily global
NIR (Hnir) to daily global broadband solar radiation (H) as an empirical function of
atmospheric parameters influencing Hyr/H namely, precipitable water (w), total ozone column
(05), aerosol optical depth (AOD) and cloud index (n). A 5-year period (2009-2013) data of
Hnir, H, W, O3, AOD and n obtained from 4 meteorological stations situated in the main
regions of Thailand were used to calculate the empirical coefficients of the model. This model
was tested against an independent measured data set. It is found that Hyr calculated from the
model and that from the measurement are in good agreement, with the difference in terms of
root mean square error of 7.7% and mean bias error of 5.3%.

1. Introduction

The solar radiation at earth's surface consists of ultraviolet radiation (0.29-0.40 pm), visible radiation
(0.4-0.7um) and near infrared radiation (0.7-3.0 um) [1]. Near infrared radiation (NIR) contributes
about 52% of total energy from sun and it affects temperature of the earth’s atmosphere and
evapotranspiration in plants. NIR data are usually required for the simulation of plant growth in the
study of biomass production [2, 3]. In general NIR on the earth’s surface varies with locations and
atmospheric conditions. In principle, the amount of NIR incident on the earth’s surface should be
obtained from the measurements. However, the measurements of NIR are very scarce due to high
equipment and operational costs. An alternative to obtain NIR data is to use modeling approach.
Although, in the past decade, some researchers have proposed model to compute NIR [4, 5], these
models express the ratio of NIR to broadband global radiation as constant values, making their
applications being limited. Therefore, the objective of this work is to develop a more general semi-
empirical NIR model in which atmospheric parameters affecting NIR are taken into account.

2. Methodology
In order to achieve the objective of this work, various tasks, namely preparation of data, formulation
of the model and model validation were carried out. The details for each task are described as follows.

2.1 Preparation of data

To develop the model for calculating global NIR from global broadband solar radiation (BR) and
atmospheric parameters, it is necessary to have global NIR, global BR and related atmospheric data. In
this work, data on global NIR and global BR measured at 4 meteorological stations, namely Chiang
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Mai (CM, 18.78°N, 98.98°E), Ubon Ratchathani (UB, 15.25°N, 104.87°E), Nakhon Pathom (NP,
13.82°N, 100.04°E) and Songkla (SK, 7.20°N, 100.04°E) during the year 2009 — 2014 were collected.
Additionally, data on atmospheric parameters, namely precipitable water (w), aerosol optical depth
(AOD), total ozone column (Os) and cloud index (n) at the locations of these stations for the same
period were also prepared. w and AOD were provided by AERONET of NASA [6, 7]. O; was
obtained from OMI/AURA satellite and cloud index (n) was derived from MTSAT1R satellite using
the algorithm proposed by Cano et al. [8].

2.2 Formulation of the model

The model for calculating NIR proposed in this work considers the radiative properties of clouds,
aerosols, water vapour and ozone. Clouds absorb significantly solar radiation in the NIR band.
Aerosols scatter more solar radiation in the short wavelength band than that in the NIR band. Water
vapour also absorbs significantly in the NIR band. For ozone, it absorbs solar radiation in the visible
wavelengths which is part of BR and there is no absorption by ozone in NIR band. With the difference
in effects of these atmosphere constituents on NIR and BR, the model for calculating NIR in the form
of the ratio of NIR to BR is proposed as follows.

H
%zao +a,n+a,0, +a,A0OD+a,w o))
G

where Hy is daily near infrared irradiation (MJ m? day™), Hg is daily global irradiation (MJ m™
day™), n is cloud index (-), O is total ozone column (cm.) AOD s aerosol optical depth at 550 nm
(-), w is precipitable water (cm.) and ay, a;, a,, az and a, are empirical coefficients. To obtain the
coefficients, equation (1) was fitted with the corresponding data collected from the four stations
encompassing a period: 2009 - 2013.

2.3 Model validation

Although, the proposed model was rigorously formulated, it is necessary to validate its performance.
To accomplish this, the model was used to calculate NIR at four stations using input data
encompassing the period: January - December, 2014. NIR calculated from the model was compared to
that obtained from the measurements. As these data were not involved in the formulation of the model,
they are independent data. Therefore these data has merit in the validation.

3. Results and discussion
After fitted equation (1) with the corresponding data, the values of the empirical coefficients were
obtained and the proposed model with the values of the coefficients can be written as:

—HHN'R =0.435680 —0.037650n + 0.0004240, + 0.021494A0D - 0.015857w  (2)

G

For the validation results, the comparison between NIR calculated from the model (equation (2)) and
that obtained from the measurement is shown in figure 1.
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Figure 1. Comparison between NIR from the model (Hnirmoder) @nd that from the measurement
(Hnirmess)- (RMSD is root mean square difference, MBD is mean bias difference and N is total
number of data points.)

From figure 1, it is observed that most of the calculated NIR values and measured NIR values are in
good agreement, with the discrepancy in terms of root mean square error (RMSD) of 7.7 % and mean
bias error (MBD) of 5.3 %.

4. Conclusions

In this work, a model for estimating daily NIR in Thailand has been developed. The model expresses
the ratio of NIR to global solar radiation as an empirical function of cloud index, total ozone column,
aerosol optical depth and precipitable water. The model performed well when tested against
independent data.

Acknowledgements
The authors would like to thank the Thai Department of Meteorology for the support in the
measurement of solar radiation at its regional office.

References

[1] Petty G W 2006 A First Course in Atmospheric Radiation (Madison, Wis: Sundog Pub)

[2] Hassanien R H E, Li M, Lin W D 2016 Advanced applications of solar energy in agricultural
greenhouses J. Renew. Sustain. Energ. 54 989-1001

[3] Wang L, Kisi O, Zounemat-Kermani M, Hu Gong B W 2016 Modeling and comparison of
hourly photosynthetically active radiation in different ecosystems Renew. Sustain.
Energ. Rev. 56 436-53

[4] Escobedo J F, Gomes E N, Oliveira A P, Soares JR 2011 Ratios of UV, PAR and NIR
components to global solar radiation measured at Botucatu site in Brazil Renew. Energ. 36
169-78

[5] Rossi T J et al. 2018 Global, diffuse and direct solar radiation of the infrared spectrum in
Botucatu Brazil Renew. Sustain. Energ. Rev. 82 448-459

[6] Halthore R N, Eck T F, Holben B N, Markham B L 1997 Sun photometric measurements of
atmospheric water vapor column abundance in the 940-nm band J. Geophys. Res. 102 (D4)


https://www.sciencedirect.com/science/article/pii/S1364032117312753?via%3Dihub#!
http://adsabs.harvard.edu/cgi-bin/author_form?author=Halthore,+R&fullauthor=Halthore,%20Rangasayi%20N.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Eck,+T&fullauthor=Eck,%20Thomas%20F.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Holben,+B&fullauthor=Holben,%20Brent%20N.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Markham,+B&fullauthor=Markham,%20Brian%20L.&charset=UTF-8&db_key=PHY

Siam Physics Congress 2018 (SPC2018) : A Creative Path to Sustainable Innovation IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1144 (2018) 012040  doi:10.1088/1742-6596/1144/1/012040

4343-4352

[71 Holben B N, Eck T F, Slutsker I, Tanré D, Buis J P, Setzer A, Vermote E, Reagan J A,
Kaufman Y J, Nakajima T, Lavenu F, Jankowiak I, Smirnov A 1998 AERONET - Federated
Instrument Network and Data Archive. for Aerosol Characterization Remote Sens. Environ.
66 1-16

[8] Cano D, Monget J M, Albuisson M, Guillard H, Regas N, Wald L 1986 A method for the
determination of the global solar radiation from meteorological satellites data Sol. Energy 37
31-39


https://arizona.pure.elsevier.com/en/persons/john-a-reagan

