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1. Introduction

Some modelsfor nowcasting solar irradianceinclude a componentfor estimating solar
irradiance under clear sky conditons. These models camestructed empiricaly, usualy by
fitting long term data seriesrecorded in situThe fitted parameters are frozen and used, as they
are, into the estimation model appled to future timemomens. Since he solar irradiance
forecasting models are appled on data measured in situ (geribealyjorecasting models
contain autoregressivdermg, the clear sky modetan be finelyadjustedprior to the forecasting
moment

In this paper,a procedure for impving the averageatmospheric transmittang@as part of the

simple empirical models for solairradiancg is proposed. The adjustmeig achieved by



applying a dynamic correction The correction isestimated with asimple linear regressioron
measureddat in a periodprior to the forecastihng moment

The paper is organized as folows. The next section is dedicated to the description of the
relevant data used in this study. measure for the state of the skyd thesolar irradiancenodel
are defined in Se 3. The computing procedure aitsl accuracy are discussed in Sdc The last

section contains the conclus®n
2.Database

Global (Gt) and diffuse (Gd,)) solar irradiance recordedn the Solar Platiorm of the West
University of Timisoara[l] are usedin this study. The town of Timisoara (latitude®% 6 6 6 N,
longitude 222566 E and 85 m asl ) |, lysgcal forahe Reanonia Bdsia mp e r &
(K°ppen <climate <classification Cfb) . -Gé&dei s i s
world map on climate classification, buid with data from the second half of the 20th cgfury

Measurements on the Solar Platform are performed all day long at equal time intervals of 15
seconds. DeltaOHM LP PYRA 02 first class pyranometers which fully comgity ISO 9060
standards and meet the requirements defined by the World Meteorological Organization are
employed. The sensors are integrated into an acquistion data system based on National
Instruments PXI Platform including a PR59 data acquisition laeod.

Data recorded in a period of 5 days, from 15 to 20 July 2010, were used in this study. All
measurements associated witie sun elevation angld < 5 have been removed from the
database. Ther e are two r e as o n sroufdosunriset dnd s : (i

sunset is questionable and (i) Bntends towards zero for small valueshof
3. Theory

3.1 Definition of the sunshine number

For an observer placed on Elg)rigt defmed assaitimt a c e ,
dependent randomnairy variable, as folows [3

_gl if the sunis shining at time
X = .
10otherwise (1)



Series of SSN valuesan beinferred from the series of measured solar irradiance values by

using the World Meteorological Organization sunshine criterion. In our notation:

B . :
X:{1 it G Gd’t)/smh 3120 /nf @

fO otherwise

where G; and Gg,t denote the global and diffuse solar irradiance at momesmdh i s t he s un¢
elevation angle. The average value of SSN over a given pefitidequals the relative sunshine

OOduring Ot. In order to quantify the stability of the solar radiative regime, a parameter related

to SSN, the sunshine stabilty number (SSSN), was defined in Ref. [4]:

Aellf ee(t <& (When ¢ & 3 or
z=] ,'5(t > x, (when , x 9) 3)

~

,10 otherwise

3.2Modeling global solar irradiance under clear sky conditions

In this study, an empirical model fitted on data measured in TimisoaravdS] used The

model equation is:

0.05211

Go: = Genll 04645 &% ™ | e sin kX, 4)

where Gext denotes the extraterrestrial solar irradiarfsee e.g. [6] for details)

Equation (4) demonstrates a reasonable accuracy when was applied to estimate the amount of
solar energy in Timisoara [5]. However, when Eq. \(@s tested forforecasting salr irradiance
a worsening of the prediction accuramas noted There are two maireasons for decreasing the

model accuracy: (1)he clear sky statewere selected by means of SSMW £1). SSN warrants

that there are no clouds oretlsun direction, but says nothing about the rest of the celestial vaul.
There may be clouds on the skpd the reflection on clouds increase the solar irradiance at the
ground level. In this case EqQ. (4) underestimates the measurements. (2) Due toos$ipdeairn
circulation, the atmospherictransmittance is continuously changeBometimes the atmospheric
transmittance can be substantially different frasn average value encapsulated in Eq. (4). In
such cases Eq. (4) magither underestimate ooverestimée the measurement§he solution

proposedn this papeiconsists in a&imple dynamic correction:
G=t, G, (5)



where ¢, is evaluated based on timost recent measurements with the sun shining on the sky

(x=1)
4. Results and discussion

The algorithm for estimating the cloud transmittance was implementetlathCAD [7],
software for scientific and engineering calculations
The model accuracy was assessed throtigh usual statistical indicators used in solar energy

modeling: RMSE(root mean square error) aMBE (mean bias error)

&1 M , B 1V
RMSE=gMia:1( c-m H MBE=Mia:‘1(q -m) ©
where ¢ and m refer to the computed and measured values, respectively, Whie the sample
size. In order to compare models qualty appled to the sample with difiewegmitudes these
indicators are used normalized to the mean([of the sample: rRMSE [JJRMSE/1[Jand

rMBE OJOMBE/CI[

4.1 Computational procedure

Series of data sampledat 15 secondsare considered in this studyhe estimation of solar
irradiance was made using the empirical magiedn by Eq.(4). The modelis applied only when
the sun is shiningx =1). The comptational procedure is as follows: In the morning wher
5, the correctionis initialized with the valuel = 1. At the next momentf the sun is coved by
clouds (x =0), the algorithm do not perform amctionand thecorrection preserve thprevious
value. If the sun is shining on the skyi is the estimated with a linear regressiomthe solar
irradiancedata measuregh a periodDt. Only datain the statex = 1 are consideredAnd so on,

the algorithmis applied unti evening; wherh reaches again 5

4.2 Evaluation of the model accuracy
Data recorded during ¥6to 20" July 2010were used to test the modd@hese days were
selectedbecause theyave beercharacterized bylifferent radiative regimedrigure 1 shows the

time series of global solarradiation recorded in these days. Visual inspection shows that the



sample includes both clear sky days and variable sky days. The first dayulg6is a perfectly
stable clear sky days(=0.923€¢ and z =0.0008¢). Both last two days, 19 and 2@ July, have

unstable radiative regimes,z (=0.00952 on 19" July and z =0.0113< on 20" July) but are
completely different as far abe cloud cover is concerned. Q8" July, the instabilt occurred
on a mostly covered skys(=0.1257), whie on 20" July the instabiity occurred on a mostly
clear sky  =0.6530).

The test procedure wasormucted as follows. The correctidd was estimated at every 5
minutes based on using the twenty data measured in the previous irn@rhin). The test
was performedat three timeintervals aheadlead time): 15 second® and 10minutes Figure 2
presentsa compasgon between the estimated solar irradiance and the measured one. Visual
inspection shows thahere is a good concordance between estimated and measiwes As
the lead time increases, a slightly increase in errors is .ndtedevaluation of the modeh

statistical terms is presented in Table 1.
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Fig.1 Time series of global solar irradiance. Data measured frotht@a@0" July 2010 and

restricted toh > 500 Oare considered.
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Figure 2. Estimateds. measuredolar irradianceat threedifferent lead timeqa) 15

seconds; (b) 5 minutes; (c) 10 minutes



Table 1. Statistical indicators of accurafiyr the estimation of solar irradiance with Eq. (4) and

Eq. (5), respectivelyat different lead time

Lead time 15 seconds 5 minutes 10 minutes
rMBE rRMSE rMBE rRMSE rMBE rRMSE

16-07-2010 Eq. (4) 0.073 0.105 0.070 0.092 0.070 0.092

Eq. (5) -0.030 0.067 | -0.034 | 0.055 -0.035 | 0.057

17-07-2010 Eq. (4) 0.042 0.064 0.055 0.118 0.055 0.118

Eq. (5) -0.015 0.050 | -0.003 | 0.103 -0.003 | 0.103

18-07-2010 Eq. (4) 0.050 0.095 0.051 0.102 0.051 0.102

Eq. (5) 0.023 0.078 0.025 0.087 0.025 0.087

19-07-2010 Eq. (4) 0.213 0.269 0.211 0.280 0.211 0.280

Eq. (5) 0.026 0.124 0.016 0.148 0.017 0.149

20-07-2010 Eq. (4) 0.045 0.152 0.035 0.116 0.035 0.116

Eqg. (5) -0.002 0.142 -0.011 0.109 -0.011 0.109

Several conclushs can be drawn from Table 1. At large lead times the model accuracy is
saturated. In general, by ayipy the correctiond the model accuracy is substantially enhanced.
This behavior is noted on both clear and variable sky days. For example, at lead time 5 minutes
rRMSE decrease from 9.2% to 5.5% in the clear sky dd¥y difly and from 28.0% to 14.8% in

the mostly cloudy da 19" July. As the stabilty of the radiative regime decrease, the model

accuracy decrease.

5. Conclusions

This paper is focused omproving the accuracyf the empirical clear sky solar irradiance
models. A dynamic correction for the average atmosighdransmittance encapsulated in the
model equation is tested. Overall results demonstrates that the proposed correction improve

substantially the quality of solar irradiance estimates whatever is the radiative regime.
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