Appendix A

Categories of GSR models

1. Group 1: sunshine-duration-based models
The most commonly used parameter for calculating GSR is sunshine duration, widely available at

weather stations (Almorox et al., 2005; Bakirci, 2009; Besharat et al., 2013; Al-Mostafa et al..

2014). In this section, models that use only the relative sunshine duration as the critical input
parameter are presented and classified according to the year they were developed. Researchers
employed measured data form different stations across China to obtain the regressions of these
models using linear and nonlinear regression methods; these regressions are summarized in Table

Al.

S1: A-P model

Angstrom (1924) applied the first sunshine-based model to estimate the monthly average daily

GSR on a horizontal surface, which is a linear relationship between the ratio of the average

mesured daily GSR to the corresponding value on a clear day and the reltive sunshine duration:
£ = a1 + az (nio) (Al)

To overcome the difficulty in determining the radiation on a clear day (R.), Prescott Prescott (1940)

modified the method to use the extraterrestrial radiation on a horizontal surface rather than the

radiation on a completely clear day:

R

=t (ni) (A2)

where R, can be calculated as (Duffie and Beckman, 2013):




Re, = %Ro [1 + 0.033 cos (%)] X (Z:; sing siné + cos ¢ cos § sin ws) (A3)

6 and w, can be calculated by Egs. (4) and (5), respectively (Duffie and Beckman, 2013):

. 360
§ = 23.45 sin [ﬁ( 284 + N )] (A4)
w,=cos ! (—tangptans) (AS)

For a given month, the maximum possible sunshine duration (n,) can be calculated (Duffie and

Beckman, 2013):

n,=(2/15) o, (A0)

Although the A-P equation can be improved to produce more accurate results, it is used as such

for many applications. Liu et al. (2017) tested A-P model using measured data obtained from 98

stations across China.

S2: Rietveld model

Rietveld (1978) proposed a combined correlation to compute GSR by using data from 42 stations

worldwide, and making the model applicable anywhere in the world:

=

=0.18+0.62 (ni) (A7a)

In addition, he examined several published values of the a; and a> coefficients of the A-P model
and noted that a; and a; are linearly related to the appropriate mean value of the ratio of sunshine

duration as follows:

a; = 0.10 + 0.24 (ni) (A7b)



a; = 0.38 +0.08 (=) (A7¢)

o

Liu et al. (2012) used data obtained from &0 sites across China to test the Rietveld model.

S3: Ogelman model

Ogelman et al. (1984) correlated the ratio of global radiation to extraterrestrial radiation in the

form of a second-order polynomial function of the relative sunshine duration:

R

Bm o o (D) +a(2) (A8)

Liu et al. (2017) tested Ogelman model using measured data obtained from 98 stations across

China.

S4: Newland model

Newland (1989) suggested the following equation, which includes a logarithmic term for the

coastal region of south China:

If—i = 0.34 +0.45 (ni) +log (ni) (A9)

S5: Bahel model

Bahel et al. (1987) developed a relationship between Ry/Rey and relative sunshine duration in a

polynomial form to estimate the monthly-average daily GSR at 48 stations around the world:

R

= ta (ni) + as (nl)2 +a, (ni)3 (A10)

Liu et al. (2017) tested Bahel model using measured data obtained from 98 stations across China.




S6: Samuel model
Samuel (1991) correlated R¢/Rex With n/n, in the form of a third-order polynomial equation, similar
to Eq. (A10). Many researchers have applied this model and determined the regression coefficients

for many locations in China.

S7: Elagib and Mansell model

Elagib and Mansell (2000) developed new techniques for predicting solar radiation based on the

sunshine duration and geographical parameters:

If—i = a; exp [az (nio)] (Alla )
If—i =a;+a, X (1/180)p + az;Z + a, (nio) (Allb)

Liu et al. (2017) tested Eq. (A11a) using measured data obtained from 98 meteorological stations

across China.

S8: Gopinathan model

Gopinathan (1988b) suggested that the a; and a2 coefficients of the A-P model are a function of

the relative sunshine duration and altitude of the location for the Southern African region, as given

in the following equations:

a; = 0.265 + 0.07Z — 0.135 () (A122)
a, = 0.401 — 0.108Z + 0.325 (ni) (A12b)

Additionally, he suggested the following equation in terms of the altitude and latitude of the

location (Gopinathan, 1988a):




= (—0.309 +0.539 cos ¢ + 0.0693Z + 0.290 (n1)> + <1.527 —1.027 cos ¢ +

0.0926Z — 0.3590 (n1)> (ni) (A13)

Liu et al. (2012) used data from &0 sites across China to test and calibrate these two models.

S9: Liu model

Liu et al. (2009) employed data from 33 sites in the Yellow River Basin in China to propose a new

model based on the A-P model. They used a two-step procedure, i.e., predicting a; (or az) and (a;

+ a2) first and then a2 (or a;) in the second step by subtracting a; (or a2) from the sum (a; + a>).

a, = 0.1705 + 0.0157Z (Al4a)

(a, + a) = 0.7121 + 0.358Z (A14b)

Liu et al. (2012) calibrated this model using data from 80 sites in China.

S10: Jin model

Jin et al. (2005) proposed the following models by using solar radiation data from 69

meteorological stations in China and geographical parameters such as latitude and altitude:

If—i=a1+a2cos<p+a32+a4(nlo) (A15a)
;:—é = (a1 + a9 + a3Z) + (a4 + asp + agZ) (nl) (A15b)
If_i: (aq +azcose +azZ) + (ay +ascosp + agZ) (nlo) (A15¢)
jf—i = (ay + a,p + azZ) + (a, + asp + agZ) (nlo) + (a; + agp + asZ) (nio)z (A15d)
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Liu et al. (2012) used data from 80 sites across China to evaluate Eq. (A15c).

S11: Rensheng model

2
= (a1+a2c05(p+agZ)+(a4+a5c05(p+a62)( )+(a7+a8c05(p+agZ)( )

(Al5¢)

Rensheng et al. (2006) proposed new models based on the A-P model to estimate GSR using data

from 86 stations taken between 1994 and 1998. These models are as follows:

:;i (a; + a,p + azZ) + a4( ) + as (no)z + ag (%)3 (A16a)
If—;—(a1+a2cos¢+a32)+a4( )+a5(n)2+a6(n—7:)3 (A16b)
5—i=(a1+a2c05(p+a3Z)+(a4+a5c05(p+a6Z)( )+(a7+a8cos<p+agZ)( )2+

3
(a1 + a1 cos @ + a,2) (nl)

R
R—i = (a + a0 + azZ + a,A) + as (nio)

R

R—i = (a; +a,cos@ +asZ +azd) +as (nio)

Re n
R—=(a1+a2<p+a3Z+a4A)+(a5+a6<p+a7Z+a81) (n—)

Re n
R—=(a1+a2 cos @ + asZ + a,A) + (as + agcos @ + a;Z + agh) (n—)
Ry 2 n\3
R—ex=(a1+a2<p+a3Z+a4A+a52)+a6( )+a7( ) +a8(n—0)
R,

R—"’—(a1+a2c05(p+a32+a4/1+a5)L)+a6( )+a7(n)2+a8(n10)3

(A16¢)

(A16d)

(A16e)

(A16f)

(Al6g)

(A16h)

(A16i)



R
R—g = (ay + aycos @ + asZ + aA + asA?) + (agg + a; cos @ + agZ + aqd + a;yA?) (ni) +

2
(ay1 + aj2cos @ + ay3Z + agud + asA?) (nl) + (a16 + a17cOs @ + a;5Z + a0l +
o

@) (2)’ (AL6))

Liu et al. (2017) tested Rensheng model (Eq. Al6e) using measured data obtained from 98

meteorological stations all over China.

S12: Li model
Li et al. (2013) presented sunshine-based model to calculate daily GSR at different solar radiation

zones using data from 83 stations in China:

Rg: an + a, Rex +a3 (A17)

S13: Yao model

Yao et al. (2014) employed 42 years of measured monthly-average daily GSR data in Shanghai

from 1961 to 2002 to fit sunshine duration-based models:

jj_ = a, + a,In (%) (A18a)
()" s
L _ a,0%() (A18¢)
o () e () ) e () s



Table A1. Relationships of group-1 models used in China.
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2. Group 2: air temperature-based models
The daily maximum and minimum air temperatures are easily and available in most of locations,
hence, many researchers employed these data to develop several empirical models for estimating

GSR, especially when the daily air temperature is the sole available parameters in the site of
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interest. For temperature-based models, the difference between the maximum and minimum
temperatures is directly related to the extraterrestrial radiation’s fraction on a horizontal surface.

However, many factors rather than solar radiation can influence temperature, such as cloudiness,

humidity, latitude, elevation, topography, or proximity to a water’s large body (Allen, 1997). In
this section, solar radiation models based on the maximum/minimum and mean air temperatures
that have been applied in China are presented and classified according to the year they were
developed. Researchers employed observed data form different stations across China to obtain the
regressions of temperature-based models using linear and nonlinear regression methods; these

regressions are summarized in Table A2.

T1: Hargreaves model

Harereaves and Samani (1982) estimated the GSR based on the maximum and minimum air

temperatures:

R,
R_:c =a; (Tmax - Tmin)O'5 (A19)

T2: Bristow and Campbell model

Bristow and Campbell (1984) suggested a relationship between daily GSR and air temperature:

R a
R_i = al(l - exp(_az (Tmax - Tmin)) 3) (A20)
T3: Samani model

Samani (2000) proposed a relationship between the ratio of the GSR to the extraterrestrial solar

radiation and the temperature difference between the maximum and minimum daily air

temperatures. Li et al. (2010a); Li et al. (2014) tested this model at 65 meteorological stations:
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R

R_i = (al +a (Tmax - Tmin) + as (Tmax - Tmin)z)(Tmax - Tmin)o'5 (A21)

T4: Chen model

Chen et al. (2004) suggested two relationships between the ratio of the daily GSR and the daily

extraterrestrial solar radiation and the temperature difference using monthly average daily data

obtained between 1994 and 1998 from 48 stations across China:

=

R_i =a; +a; 1n(Tmax - Tmin) (A22a)
R
R_i =a; t+a (Tmax - Tmin)O'5 (A22b)

Lietal. (2014) tested Eq. (A22b) at 65 meteorological stations.

TS: Li H model

Li et al. (2010b) developed new models to estimate the daily GSR in Chongqing using data of

daily maximum and minimum temperatures, daily mean dew-point temperature, fog and rainfall

from 1986 to 2000:

R
R_i = a; + a;Tnax + a3Tmin (A23)

They employed their model to determine the coefficients as follows:

R

R—g = —0.072 + 0.043T,q — 0.040T},;1, (A24)

T6: Chen and Li model

Chen and Li (2013) estimated the monthly-average daily GSR in Yangtze River Basin in China

using new developed models based on the maximum and minimum air temperatures:
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R,

R_:c =a; +a; (Tmax - Tmin) (A25a)

R,

R_:c = ay + a3 Tnax + A3Tmin + A4Tnax X Tin (A25b)
T7: Li model

Li et al. (2014) suggested a new model to estimate GSR as a function of average, maximum and

minimum air temperatures using measured data from 65 meteorological stations:

R,

R_:c = (al + aZTavg)(Tmax - Tmin)O'5 + as (A26a)
Tmax*+Tmin

Tavg = [etmin| (A26b)
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Table A2. Relationships of group-2 models used in China.

Model Equation Station
number

Hargreaves R,

(Hargreaves and === a1(Tmax = Tnin)°

ex
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Wu (Wu et al., 2007) R 1
R_;gx = 0-153(Tmax - Tmin)o'5
Bristow and Campbell Ry as
(Bristow and Campbell, R_ex = al(l - exp(—az (Trmax — Tmin)) )
1984)
Chen (Ch tal., 2004) R ) 48
en (Chen et a ) -5 = 0.64 (1 - exp(—0.045(Tyax — Trin) )
Wu (Wu et al., 2007 R . 1
u(Wueta ) 25 = 0601 (1= exp(=0.029(Tynax — Tir)) ")
Chen (a) (Chen et al. R
2004) R_i = ay + a; In(Tnax — Trmin)
Chen (Chen et al., 2004) R 48
R_egx = —0.15 4 0.28 In(Typax — Tomin)
Wu (Wu et al., 2007 R 1
u(Wueta ) =5 = ~0.236 + 0.3331(Tynx — Tonin)
Chen (b) (Chen et al. R
2004) % = @ T a2(Tmax = Tnin)
Chen (Chen et al., 2004) R 48
ITi =0.19 — 0.13(Typgx — Tonin)
Wu (Wu et al., 2007 R 1
n(Wueta ) =5 = —0.366 + 0.288(Tynax — Tynin)*®
Li (Li et al., 2010b) R I
ITi = —0.282 + 0.221(Typax — Trmin) >
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3. Group 3: precipitation-based models
Researchers have used precipitation-based models to estimate GSR owing to the availability of

precipitation data when sunshine duration and temperature data are not available.

P1: Li model

Li et al. (2010b) developed a new model to estimate the daily solar radiation from measured

meteorological data of precipitation in Chongqing:

£ =y + ayPre (A27)

Li et al. (2010b) employed their model to correlate the daily solar radiation using data obtained in

Chongqing between 1986 and 2000:

R

-
Rex

0.319 — 0.153P,, (A28)

4. Group 4: dew-point temperature-based models
This category of models depends only on the dew-point temperature as the key input for estimating

monthly average daily GSR in the absence of sunshine, temperature, and precipitation data.

DP1: Li model

Li et al. (2010b) suggested a new model to calculate the daily solar radiation using the monthly-

average daily dew-point temperature from 1986 to 2000 in Chongqing:

£ = g, + a,DP (A29)

They used their model to correlate the daily solar radiation in Chongqing:

R

-
Rex

=0.112 + 0.01DP (A30)
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5. Group 5: fog-based models

This section illustrates the estimation of GSR based only on fog as the key model input.

F1: Li model

Lietal. (2010b) suggested a new regression between GSR and the quantity of fog to estimate GSR

in Chongqing:

—£ =a, +a,Fog (A31)

They employed their equation to correlate GSR using measured data obtained between 1986 and

2000 in Chonggqing:
£ = 0.246 + 0.05Fog (A32)

6. Group 6: cloud cover-based models

Cloud cover is an important atmospheric phenomenon which effect on the incident solar radiation
on horizontal surface. Few studies have been found that uses the cloud cover as a sole key input
parameter to estimate the GSR on a horizontal surface especially, for China. The models used in

China can be presented as follows:

CL1: Badescu model

Badescu (1999) used the fractional total cloud amount to develop linear, quadratic and cubic

relationships for estimating monthly-average-daily GSR. In China, only cubic equation was used.

Rg 2 3
R—=al +a,C+a,C” +a,C (A33)

ex

Gouda et al. (2018) employed a long-term measured data from 2006 to 2011 in Wuhan, China to

correlate Badescu model:
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R
R—g=1.030—4.1018C+5.5511C2—2.4725C3 (A34)

ex

7. Group 7: models based on the day of the year
Several solar energy researchers have attempted to determine the relationship between GSR and
the day of the year without using any other parameters. These works are presented and discussed

in the following subsections.

D1: Al-Salaymeh model I

Al-Salaymeh (2006) proposed 4 different correlations to estimate the daily GSR in Amman, Jordan.

The first model is sine wave form:

R, = a; + aysin (ZZ—N + a4) (A35)

3

Li et al. (2010a) compared this model with three other models against data obtained from 79

stations across China. Gouda et al. (2019) calibrated this model among nine-day of the year-based

models to estimate the daily GSR on a horizontal at 84 stations all over China and developed

general model for five solar climatic zones in China. Zang et al. (2019) tested and compared this

model with another 6 day of the year based models using daily GSR data from 35 meteorological

stations across six climate zones in China.

D2: Al-Salaymeh model I1

The second model is Lorentzin correlation (Al-Salaymeh, 2006):

R = (A36)
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Gouda et al. (2019) calibrated this model among nine-day of the year-based models to estimate the

daily GSR on a horizontal at 84 stations all over China and developed general models for five solar

climatic zones in China.

D3: Al-Salaymeh model I1T

Gaussian form is the third model (Al-Salaymeh, 2006):

2
R, =q, exp[—o.SX[N"z] ] (A37)

a,

Gouda et al. (2019) calibrated this model among nine-day of the year-based models to estimate the

daily GSR on a horizontal at 84 stations all over China. They found that Eq. (A37) is the best
model for zone III and, therefore, it can be a general model:

(A38)

2
R, =20.538exp| —0.5x N-168.631
¢ 109.313

Zang et al. (2019) tested and compared this model with another 6 day of the year based models

using daily GSR data from 35 meteorological stations across six climate zones in China.

D4: Al-Salaymeh model IV

A 4th order polynomial degree model is the forth proposed form (Al-Salaymeh, 2006):

R, =a,+a,N+ a,N* +a,N’ +a,N* (A39)

Gouda et al. (2019) evaluated this model among nine-day of the year-based models to estimate the

daily GSR on a horizontal at 84 stations all over China and found that Eq. (A39) is the best accurate

model for zone V and therefore, it can be a general model for this zone:
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R, =6.791-0.065N +1.999x10° N* —9.850x10° N* +1.330x10™° N* (A40)

Zang et al. (2019) tested and compared this model with another 6 day of the year based models

using daily GSR data from 35 meteorological stations across six climate zones in China.

DS5: Bulut and Biiyiikalaca model

Bulut and Biiyiikalaca (2007) presented a simple model depending only on the day of the year to

predict GSR using a sine wave form. The model was tested and applied by Zang et al. (2012) to

predict daily GSR using data from 35 different weather stations in China, furthermore, it was

evaluated by Gouda et al. (2019) using a long-term data of 84 stations all over China.

n(N+5))|1'5 (A41)

R, =a; +a, |sm( zes

Li et al. (2010a) also compared this model and three other models using data from 79 stations.

Zang et al. (2019) tested and compared this model with another 6 day of the year based models

using daily GSR data from 35 meteorological stations across six climate zones in China.

D6: Kaplanis and Kaplani model

Kaplanis and Kaplani (2007) suggested the following cosine wave relationship to calculate GSR

based on the day of the year:

21N
R, = a; + aycos (:E-I_ a3) (A42)

Then, Zang et al. (2012) employed the model, compared the predicted values with those obtained
at 35 different solar radiation stations and found the accuracy of the model to be in close agreement

with the measured data. In addition, Li et al. (2010a) studied the model and compared the results

with three other existing models using measured data from 79 different stations across China.
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Recently, Gouda et al. (2019) evaluated this model to develop a general model for 5 solar climatic

zones in China using a data of 84 station across China. Zang et al. (2019) tested and compared this

model with another 6 day of the year based models using daily GSR data from 35 meteorological

stations across six climate zones in China.

D7: Li model
Li et al. (2010a) proposed a trigonometric model in conjunction with sine- and cosine-waves to
estimate the daily GSR by using daily-measured GSR data from 79 meteorological stations

covering all China:

2T

R, = a; + a; sin (% as + a4) + as cos (ﬁ ag + a7) (A43)

Gouda et al. (2019) employed a data from 84 stations all over China to calibrate and compare this

model with other day of the year-based models and reached to this model is the best to be a general

model for zone I:

R, = 17.743 + 4.551 sin (—0.976m - 14.597) — 0.982 cos (1.952m - 0.170) (A44)
365 365

Zang et al. (2019) tested and compared this model with another 6 day of the year based models

using daily GSR data from 35 meteorological stations across six climate zones in China.

D8: Zang model I

Zang et al. (2012) developed a novel GSR model in conjunction with sine and cosine-wave

correlations to simulate the long-term measured data over at least 10 years from 35 stations:

. 2nN 2N
R, = a; + a; sin (ﬁ a3) + a4 cos (ﬁ a5) (A45)
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Gouda et al. (2019) calibrated this model using data of 84 stations from 5 solar zones across China

and concluded that Eq. (A45) is the best general model to estimate the daily GSR in zones II and

1V:
For zone II:
R, = 16.841 — 49.939 sin (0.004 M) —8.271 cos (1.0332 M) (A46)
365 365
For zone II:
R, = 13.009 — 0.523 sin (1.269 ﬂ) — 4.779 cos (0.977 ﬂ) (A47)
365 365

D9: Quej model

Quej et al. (2017) presented a sum of two Gaussian correlation form to estimate the daily GSR in

Yucatan Peninsula, Mexico:

2 2
R, =a,+a, exp{—O.S X(N; 4 j ]+ as exp{—O.Sx[N; % ] ] (A48)
4 7

Gouda et al. (2019) calibrated this model among nine-day of the year-based models to estimate the

daily GSR at 84 stations all over China and developed general model for five solar climatic zones

in China.

D10: Zang model 11

(Zang et al., 2019) developed a new hybrid 3rd order polynomial and sine wave form to estimate

the daily GSR across China using a daily GSR data obtained from 35 stations allover China:

g

. (2
R :al+(a2+a3N+a4N2+a5N3)sm( 32]Za6+a7j (A49)
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8. Group 8: models based on different parameters (complex models)

Many researchers have tried to develop and improve sunshine- and temperature-based models,
which require long-term average meteorological data, to acquire accurate predictions of the actual
solar radiation for a given location. Thus, they attempted to use different available meteorological
variables, e.g., precipitation, relative humidity, dew-point temperature, air temperature,
evaporation, and pressure, along with other widely used parameters, such as sunshine and air
temperature, to predict GSR. One such model is the meteorological radiation model (MRM), which
uses air temperature, relative humidity, atmospheric pressure and sunshine duration (or
alternatively cloud optical depth) for the estimation of solar radiation on horizontal surface at any

location on Earth (Kambezidis et al., 2016; Kambezidis et al., 2017). In this section, the models

used or developed in China are reported and classified according to the year they were developed.
Researchers employed measured data form different stations across China to obtain the regressions
of complex models using linear and nonlinear regression methods; these regressions are listed in

Table A3.

C1: Wenxian model

Wenxian (1988) developed two models for the Yunnan Province:

For dry seasons:

R 56.51 n
7= (=017 4 0.034Hd) + (322 2 3.57/AHd) (n—) (A502)

For wet seasons:

=

. 17.06x103 52.24x103
£ = (0.37 + — —_—
€.

. - 0.01AHW) + (0.34 -

+ 0.01AHW) (nl) (A50b)

(o]
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C2: Ododo model

Ododo et al. (1995) tested some existing and developed new one based on relative sunshine, air

temperature and relative humidity to estimate the monthly-average daily GSR at 9 stations in
different zones in Nigeria:

R
R_g: a, +a, [ni]+a3Tmax +a,RH +a.T,, (nij (AS51)

ex o o

C3: Chen model

Chen et al. (2004) developed a logarithmic relationship between the ratio of GSR to the

extraterrestrial solar radiation and the difference between maximum and minimum air

temperatures using data between 1994 and 1998 obtained from 48 stations in China:

Rg
Rex

as
=a; 1n(Tmax - Tmin) + a, (nlo) + ay (A52)

The researchers found the following equation, by using data from 48 stations in China:

R 1 \0.83
£ = 0.0410(Tyax — Trin) + 048 () + 0.11 (A53)
C4: Wu model

Wu et al. (2007) developed models to predict the daily GSR from the maximum, minimum and

average air temperature; total precipitation, and mean dew-point temperature:

Rg
Rex

= a; + a3 (Trnax — Tinin)®> + a3Tapg + a4 PT (AS54a)

where PT is the transformed rainfall data, which were calculated using PT = [ when P > 0 and PT

= [ when P = 0, where P is the measured daily total precipitation (mm).

=

R—g = ay + a3 (Trax — Timin)®> + a3Tapg + a4PT + asDP (A54b)
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The researchers employed their models to obtain the following expressions using data from the

Nanchang station between 1994 and 2005:

R

£ = —0.158 + 0.193(Tyuax — Trnin)S + 0.005T,,g — 0.155PT (AS55a)

=

£ = —0.185 + 0.164(Tyuax — Tnin)® + 00237, — 0.119PT — 0.017DP (A55b)

C5: Liu model

Liu et al. (2009) employed data from 33 sites in the Yellow River basin to calculate coefficients

of the A-P model and proposed a new model. They used a two-step procedure, i.e., predicting a

(or b) and a + b first and then b (or a) in the second step by subtracting a (or b) from the sum a +

b:
a; = 0.6289 + 0.0126T,,,, + 4.33 X 10—4(T0“,g,)2 (A56a)
(a; + a;) = 0.8424 — 0.00966T,,,, (A56Db)

Liu et al. (2012) employed data from 80 sites across China to test this model.

C6: Zhao model

Zhao et al. (2013) developed several models based on linear, exponential and logarithmic functions

by adjusting the coefficients of the A-P model using solar radiation, sunshine hour and air-

pollution index (API) data obtained from nine meteorological stations in China between 2001 and

2011:
R

EEata (ni) + a;(AP1/100) + a, (ni) (API1/100) (A57a)
Re _ g, 4 (i) + (API/100) + (i) (API/100) A57b
Rer a; +a; o asexp / Ay o exp / ( )
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1’:—& =a, +ay (- ) + a3log(AP1/100) + a, (- )log(API/lOO) (A57¢)

They also developed a general equation based on sunshine duration data, API, and geographical

information. This equation was validated using data sets from two other locations:

R = [-0.043 — 0.191 cos ¢ + 0.1551 + 0.073Z + 0.169 log(API/100)] + [0.641 +
@

’:U

0.171 cos ¢ + 0.1442 + 0.056Z + 0.292 log(AP1/100)] (=) (A57d)

C7: Li model 1

Lietal. (2010b) developed new models to estimate GSR from observed meteorological data such
as the maximum and minimum temperatures, mean dew-point temperature, fog and precipitation

in Chongqing from 1986 to 2000:

2 = @) + QT + @3Tomin + AP (AS58a)
ff_i =aq + ayTngy + a3Tmin + ayDP (A58b)
jf—; = aq + ayTnax + a3Tmin + a4Fog (A58c¢)
jf—; =ay+ ayTngy + a3Tmin + a4Pre + asDP (A58d)
jf—; = aq + ayTax + 3T min + a4Pre + asFog (A58¢)
jf—; =aq + ayTnax + a3Tmin + a4DP + asFog (A58f)
If—i = aq + ay Ty + a3Tmin + a4Pre + asDP + agFog (A58g)
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C8: Chen and Li model

Chen and Li (2013) developed new models based on different meteorological variables such as

relative sunshine duration, maximum and minimum ambient temperatures, atmospheric water
vapor pressure, relative humidity and precipitation to estimate the monthly-average daily GSR at

13 stations in the Yangtze River Basin in China:

If—i =a; +a, ( ) + a3(Tmax — Tmin) ®° (A59a)
If—i = a; +a; (= ) + azAP (A59b)
If—i = a; +a; (= ) + azRH (A59¢)
If—i =a; +a (& ) + asP, (A59d)
If_i =a; +a, ( o) + a3Tmax + AaTmin (A59¢)
;:—é =a; +a; ( ) + a3Tnax + AaTinin + asAP (A59f)
5= a4 a5 (2) + @3Tax + @4Tonin + asRH (A59g)
1]:—5 =a; +a; ( ) + a3Tmax + A4Tmin + ashee (A59h)
If_i = a; + a(Tnax — Trmin)*® + a3 AP (A59i)
,% = a; + 0, (Tax — Tmin)®> + asRH (A59))
5= a1 + ap(Tax = Tin)°® + 3P (A59K)
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R

£ = a3 + a(Tmax — Tmin)*® + a3 AP + a,RH (A59D)
1% = a1 + a3Tmax + a3Tmin + A4Tnax X Tin + asAP + agRH (A59m)

C9: Li model II
Lietal. (2013) proposed empirical models based on the minimum and maximum air temperatures

and relative humidity to estimate GSR in different solar radiation zones at 83 stations in mainland

China:
R, = a; + Rey X (az + a3Tinax + @4Tipin + asRH) (A60a)
Ry = ay + a;RH + Rey X (a3 + asTnax + asTimin) (A60Db)

Ry = ay + Rex X (a2y/Trmax — Tmin + asRH) (A60c)
Rg == al + azRH + a3Rex X 1/ Tmax - Tmm (A60d)

C10: Meza and Yebra model

Meza and Yebra (2015) improved the Bristow and Cambell model (Bristow and Campbell, 1984)

by incorporating relative humidity, precipitation and minimum/maximum air temperature:

If—g = (a; + a, sin(2nN /365) + a3 cos(2nN/365) + a,RH + asP..) X [1 — exp(—ag(Tmax —

Tinin) )] (A61)

Wang et al. (2016) employed this model at 12 different stations in different climatic zones of China

between 1961 and 2014. Additionally, Zou et al. (2017) employed the model at 3 stations

(Changsha, Jishou, and Changning).
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C11: Zou model

Zou et al. (2016) improved the A-P model by adding nonlinear analysis and considering other

meteorological variables, such as the temperature difference, relative humidity and precipitation:

|

=a (nlo) +a, (n )2 + a; (%)3 + a4 (Tax — Tnin) + asRH + agB-. + a, (A62a)

No

=

ex

They also expanded the Bristow and Cambell model (Bristow and Campbell, 1984) by adding

sunshine duration, precipitation, and relative humidity to account for the effects of cloud

transmittance.
If_i = (a; + a, sin(2nN /365) + a; cos(2nN/365) + a,RH + asP.. + agn) X [1 —
exp(—a7 (Tmax - Tmin)as) ] (A62b)

The researcher employed their models to obtain the following model coefficients using data from

&6 stations in China between 1994 and 1998.

R; n n 2 n 3

7o = 0-37 (n_) +0.34 (n_) —0.1 (n—) + 0.001(Trax — Trmin) — 0.001RH —

0.001P., + 0.25 (A63a)
]f—g = (0.55 + 0.02 sin(27N /365) — 0.52 cos(2N/365) + 0.004RH — 0.001Pre +
0.075) X [1 — exp(=0.07(Trnax — Tmin)0'94)] (A63Db)

The researchers also used the model given by Eq. (A63b) at three stations (Changsha, Jishou, and
Changning) and compared the results with those obtained from adaptive Neuro-Fuzzy Inference

Systems (Zou et al., 2017).
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C12: Gouda model

Gouda et al. (2018) developed four new models using relative sunshine, relative humidity, dew point

temperature and air temperature to estimate the monthly-average daily GSR in Wuhan, China:

R, (n
—=a,ta,| —
R n

o

J+ a,DP

ex

ol
_al+a2(

- (£j+aDP+a RH +a.T,
n

§|:

]+a RH

:|=

]+ DP+a,RH

avg

(A64a)

(A64b)

(A64c)

(A64d)
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Table A3. Relationships of group-7 models used in China.

Model Equation Station

number

Ododo R
(Ododo
etal.,
1995)

ex

n n
g _
=aq, +a2( j+a3Tmax +a,RH + a; max[ ]
R n n

o o

Gouda
(Gouda

et al.,
2018)

ex

max

n

o

R 1
—5=0.0333+ 0.0417(i] ~0.00017, —0.0266RH +0.0003T, (lj
n

o

Li
model I
(a) (Liet
al.,

2010b)

R
R—g = —0.032 + 0.040T, 4 — 0.036T;;, — 0.0064P;,

ex

Li
model I
(b) (Liet
al.,

2010b)

R
_g S al + aszax + a3Tmin + a4DP
ex

Li model
I(Liet

al.,

2010b)

Gouda
(Gouda

etal.,

2018)

R
R—g = —0.076 + 0.044T,,,5, — 0.021T,;, — 0.021DP

ex

R
R—g = 0.0092 + 0.0015T,,,5, + 0.0003T,;, — 0.0012DP

ex

Li
model 1
(c) (Liet

al.,

2010b)

Li
model 1
(d) (Liet

al.,

2010b)

R 1
R—g = —0.072 + 0.044T,, 4, — 0.04T,,;, — 0.002F0g

ex

|

= —0.047 + 0.041T,, 4 — 0.022T;;n, — 0.045P,, — 0.017DP

=

ex
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Li
model I
(e) (Liet
al.,

2010b)

Li
model 1

(f) (Liet

al.,

2010b)

Li
model 1
(g) (Liet

al.,

2010b)

R
R—g = —0.030 + 0.040T,, 4 — 0.036T;;n — 0.064P,, — 0.011Fog

ex

R
R—g = —0.082 + 0.043T,,5x — 0.018T,;, — 0.023DP + 0.036Fog

ex

R
—£ = —0.053 + 0.041T,,q — 0.020T;p;, — 0.042P,, — 0.018DP

Rex
— 0.022Fog

Chen
and Li
(e
(Chen
and Li
2013)

Gouda
(Gouda

etal.,

2018)

Rg n
R_ex =a; t+a <n_o) + a3Tnax + a4Tin

R n
R_g = 0.0082 + 0.0507 (—) + 0.0003T,,,4x — 0.0003T,,in,

ex n o

Gouda
(a)
(Gouda

etal.,

2018)

Gouda
(b)
(Gouda

et al.,
2018)

Gouda
(©
(Gouda

et al.,
2018)

n

R
R—g =0.0098 + 0.0531(

ex

]+33x105DP
n

o

n

o

R
R_g =0.0332+0.0469 [lJ —0.0283RH

ex

n

R
R_g =0.0333+ 0.0470(

ex

J—466x106DP—01n84RH
n

o
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Gouda R n 1
(@ R_g =0.0345+0.0469| — |+4.77x10° DP—0.0296RH —5.20x10°T

n avg
(Gouda “ ’

et al.,

2018)
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