Site-adaptation methods
1. Linear Regression (multiplicative)

This method can be referred to as the ratio method [30], wherein the data
are corrected by scaling or multiplying by the calculated ratios of the ground
observation and satellite-modeled data. This is a simple technique, but it only
removes the mean bias [30] as shown in our initial results. This method can
be used to correct the mean and maximum irradiance values [18]; in this
study, we applied it to time series data using the following steps.

The slope k was determined by fitting a linear line to the observed and
modeled data points that followed the following relationship:

Otrain = k X Miyain (81)

Then, the test dataset was corrected using the obtained slope (k) as the
correction factor:

Miestcorrected = k X Miest (82)

2. Polynomial Fit

The training dataset was fitted using third-order polynomial regression:

y(x) = p1x3 + pox? + pax (S3)

where x denotes the satellite-modeled GHI and y is the observation GHI
with no intercept [20].

Then, the obtained coefficients, p1, p2, and p3, were applied to the test
dataset using the following equation:

Mtest corrected = p1x® + ppx? + p3x (54)
where x denotes the satellite modeled GHI from the long-term dataset.
3. Multilinear Regression

Multilinear regression (MLR) can be defined as regression to a certain
response variable using several predictor variables selected from an
exhaustive list of variables [22,23]. For GHI, the response variables include
the measured clearness index (k;), and regression is performed to determine
the best combination of these variables, i.e., modeled clearness index,
modeled clear-sky index, relative air mass, and solar elevation angle. For
DN, it is based on the predicted value of DHI; then, the predicted DNI is
calculated using the following equation: GHI = DNIcos(SZA) + DHI. The
observed diffuse ratio (k) is the response variable for DHI MLR; its predictor
variables include the relative air mass (m), solar elevation angle (6.), modeled
clear-sky index, and modeled normalized clearness index.

The best combination of predictor variables is selected by the Akaike
information criterion (AIC), which is used as a model to produce site-
adaptation results. It should be noted that owing to this step, the model used
for MLR site adaptation can be different for each unique condition (i.e.,
different solar irradiance components, sky conditions, site locations, or time
periods).

The relative air mass can be calculated using the formula proposed by
[31], which was then corrected by [32]; it represents a function of the solar
zenith angle (z) and altitude (h) of the considered site. Moreover, k ,, was



designed to diminish the solar zenith angle dependence of k; by normalizing
it with respect to a standard clear-sky GHI profile (normalized to 1 for a
relative air mass of 1) [33]. The equations used for MLR are listed below,
where TOA represents the top-of-atmosphere solar irradiance on the same
plane (Sy.cosz) and CGHI is the clear-sky GHI, which comes from the
UASIBS-KIER model.
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4. Quantile Mapping

Quantile mapping (QM) is based on the inverse transform [19,24] and
briefly described here. From the general empirical CDF, formulated as

y=F(x) (510)

where x is the sorted irradiance value and y is the probability of finding
an irradiance whose value is less than or equal to x, we can perform QM
using the following equation:

xsat,test,corrected = F_bls,train [Fsat,train (xsat,test)] (Sll)
This method has several variations, such as ECDF mapping or various
quantiles that select the number of quantiles (a free parameter defined by the
user). In this study, we used three different quantities of quantiles, i.e., 5
(few), N5 (some), and N/5 (many), where N denotes the total number of data
points [9]. Another variation of this method includes KDE mapping, where
the CDF is obtained by integrating the probability density function (PDF)
obtained from kernel density estimation [24].

5. Quantile Delta Mapping

Quantile delta mapping (QDM) is similar to the QM technique; however,
the satellite-derived solar irradiance of the testing dataset is not transformed
into the probabilistic profile of the training dataset. Instead, the probabilistic
profile of the testing dataset is directly inversely transformed into bias-
corrected solar irradiance values; subsequently, it is multiplied by the relative
change between the solar irradiance of the testing and training datasets.

xsat,test,corrected = Fobls,train [Fsat,test (xsat,test)] X Ar (512)
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(S13)

Compared with the standard QM, QDM preserves the relative changes
between variables in two different time periods; this is to ensure that the long-
term trends in all quantiles are preserved. However, in the QM method, they
can be artificially deteriorated (owing to the transformation of the probability
profile of the testing dataset). Although the realistic nature of long-term
trends related to natural or climate changes (such as temperature variability)
depends on the model, the QDM technique helps in preventing artificial
alterations in the trend of variable of interest during site-adaptation.

6. Polynomial Fit of ECDF

In this method, polynomial fitting is used, and the difference between
the fitting of observed and modeled ECDFs is subtracted to correct satellite-
modeled data [21]. The steps of this method are given below:

a. Transform the observed and satellite-modeled irradiance of the
train dataset to ECDF, y,p,s(Xops) and yga: (Xsq:), Where X is the
sorted irradiance value and y is the probability of finding an
irradiance whose value is less than or equal to x. Then, fit the
ECDF points with 4-degree polynomial function.

Xops = Qo + a1y + a;y* + azy® + azy* (514)

Xsqt = bo + b1y + byy? + b3y® + byy* (515)

b. Subtract the difference between the coefficients to obtain the
correction factor:

Di = a; — bi (816)

c. Transform the satellite-modeled irradiance of the testing dataset
to ECDF and then fit the points with the fourth-degree
polynomial function:

Xsattest = So T S1¥ + 52)’2 + 533’3 + 543’4 (517)
d. The corrected coefficients would be:
Ci=S; + Di (818)

e. Finally, the corrected long-term satellite-modeled irradiance can
be expressed using the following equation:

Xsat test,corrected — Co T C1Y + Czyz + C3y3 + C4y4 (519)



Result of ranking procedure for GHI

Table S1. Statistical metrics and ranking for estimated GHI in clear-sky condition. The
rank is provided for each metric (r1-6) and overall rank.

Method MBE 1, MABE r, RMSE r; KSI ru, OVER 15 CPI re Overall
(0/0) (0/0) (0/0) (0/0) (0/0) (D/o) Rank
Initial -399 17 6.96 9 12.6 12 9867 17 23.84 10 3693 15 14
LIN 1.35 7 8.34 10 1272 17 78.13 8 2198 9 3139 9 9
POLY 2.86 9 8.6 11 1196 9 79.48 9 1496 8 29.59 8 8
MLR 1 4 4.21 1 5.56 33.83 2 3.08 3 12.01 2 2
ECDF 345 14 8.98 15 1261 14 8824 13 2751 14 3524 13 15
QM few 546 18 10.69 18 14.07 18 133.38 18 6098 18 55.62 18 18
QM some 351 15 9.04 16 1266 16 88.62 14 2726 12 353 14 16
OM many 345 13 8.98 14 12.6 13 87.9 12 2737 13 3512 12 12
KDE 327 11 8.82 12 1245 10 8422 11 2656 11 3392 10 10
QDM 375 16 9.11 17 1261 15 9345 16 3276 16 3786 16 17
Polyfit 3.2 10 8.86 13 1254 11 8128 10 2954 15 3398 11 11
MLR-ECDF 1.26 6 4.52 6 6.14 6 43.66 6 4.7 6 1516 6 6
MLR-QM few 336 12 6.19 8 8.71 8 8993 15 4758 17 3873 17 13
MLR-QM some 1.36 8 4.62 7 6.33 7 44.67 7 5.13 7 15.62 7 7
MLR-QM many 1.26 5 4.52 5 6.14 5 43.26 5 4.63 5 15.04 5 5
MLR-KDE 0.99 3 4.26 2 5.67 2 34.74 3 4.53 4 1265 3 3
MLR-QDM 0.99 1 4.3 3 5.74 4 38.09 4 2.04 1 12.9 4 4
MLR-Polyfit 0.99 2 4.32 4 5.73 3 33.05 1 2.25 2 11.69 1 1
Table S2. Same as Table S1 but for estimated GHI in cloudy-sky condition.
Method MBE rn MABE 1, RMSE I3 KSI 14 OVER 15 CPI Is Overall
(0/0) (0/0) (0/0) (0/0) (0/0) (0/0) Rank
Initial -6.75 16 26.46 17 36.09 17 13444 16 56.26 16 65.72 16 17
LIN -11.48 18 26.56 18 36.14 18 189.83 18 11228 18 93.6 18 18
POLY -7.54 17 24.64 15 33.31 10 11569 15 54.31 15 59.16 15 16
MLR -3.4 7 22.57 8 30.68 6 153.6 17 76.29 17 72.81 17 12
ECDF -4.65 8 23.97 11 33.69 12 82.9 10 25.75 10 44.01 10 11
QM few -6.17 15 23.58 9 33.2 9 109.58 14 33.09 13 52.27 14 14
QM some -4.66 10 23.98 12 33.7 13 81.69 8 25.07 8 43.54 8 9
OM many -4.65 9 23.97 10 33.69 11 82.69 9 25.65 9 43.93 9 8
KDE -4.75 12 24.42 14 33.97 14 77.04 7 23.57 42.14 7 10
QDM -5.06 14 24.67 16 34.26 16 95.43 12 36.41 14 50.09 13 15
Polyfit -4.76 13 24.39 13 34.14 15 86.71 11 30.08 11 46.27 11 13
MLR-ECDF -2.72 2 22.19 3 30.58 3 51.98 3 4.52 4 29.42 4 3
MLR-QM few -4.75 11 22.2 4 30.31 1 102.76 13 30.88 12 48.56 12 7
MLR-QM some -2.77 3 2217 1 30.55 2 51.27 1 43 2 29.17 1 1
MLR-QM many -2.72 1 22.19 2 30.58 4 51.56 2 4.47 3 29.3 2 2
MLR-KDE -2.82 4 224 7 30.63 5 52.04 4 4.19 1 29.38 3 4
MLR-QDM -3.16 5 22.34 6 30.77 8 59.72 6 6.45 5 31.93 5 6
MLR-Polyfit -3.39 6 22.31 5 30.72 7 59.35 5 7.74 6 32.14 6 5




Result of ranking procedure for DNI

Table S3. Same as Table S1 but for estimated DNI in all-sky condition.

Method MBE 1n MABE RMSE 13 KSI Iy OVER Is CPI Ts Overall
(170) (o/o) (0/0) (o/o) (0/0) (O/o) Rank
Initial 13.51 18 37.17 10 62.82 10 29257 17 20363 17 15546 17 17
LIN -12.81 17 31.8 7 51.87 2 23356 15 155.85 16 12329 16 13
POLY -8.6 15 31.28 2 49.52 1 23357 16 15327 15 12147 15 9
MLR 11.13 16 45.78 12 62.93 11 36647 18 29427 18 196.65 18 18
ECDF -2.54 5 31.54 5 53.15 6 91.34 5 17.82 4 53.86 4 4
QM few 1.79 2 32.97 9 55.14 9 77.12 2 14.04 2 50.36 2 3
QM some -2.59 7 31.54 6 53.17 7 91.07 4 18.12 5 53.88 5 6
QM many -2.55 6 31.53 4 53.14 5 90.88 3 17.69 3 53.71 3 2
KDE -2.68 8 31.11 1 52.67 3 103.51 6 22.3 6 57.79 6 5
QDM -4.2 13 32.2 8 54.75 8 116.09 7 50.29 7 68.97 7 7
Polyfit -2.02 3 31.48 3 52.7 4 72.61 1 6.7 1 46.18 1 1
MLR-ECDF -2.69 9 47.49 17 68.44 17 14524 10 58.25 10 85.09 10 14
MLR-QM few -2.48 4 43.14 11 64.33 12 15172 11 68.43 11 87.2 11 8
MLR-QM some -2.77 11 47.44 16 68.41 15 14391 8 57.75 8 84.62 8 10
MLR-QM many -2.69 10 47.49 18 68.44 16  144.86 9 57.92 9 84.91 9 12
MLR-KDE -0.11 1 46.34 14 66.78 13 17559 14 90.63 13 99.95 13 11
MLR-QDM -6.39 14 47.15 15 68.87 18 17456 13 92.99 14 10132 14 16
MLR-Polyfit -3.35 12 46.28 13 67.07 14 158.4 12 78.51 12 92.76 12 15
Table S4. Same as Table S1 but for estimated DNI in clear-sky condition.
Method MBE Iy MABE rn RMSE r; KSI Is OVER Is CPI Ts Overall
(0/0) (0/0) (0/0) (0/0) (0/0) (0/0) Rank
Initial 6.67 18 23.67 4 3599 10 19456 16 12562 16 98.04 16 17
LIN -6.15 17 23.96 9 34.31 2 165.56 14 97.55 15 82.93 15 12
POLY -3.3 14 23.72 5 32.99 1 34088 18 25344 18 165.07 18 14
MLR 5.09 16 24.24 10 35 3 285.88 17 22233 17 14455 17 16
ECDF 1.09 9 23.88 7 35.51 8 66.65 4 7.76 4 36.36 4 6
QM few 2.12 12 23.53 1 35.07 4 76.12 6 16.59 7 40.71 6 7
QM some 1.06 6 23.89 8 35.53 9 65.69 2 7.84 5 36.15 2 4
OM many 1.09 8 23.88 6 35.51 7 66.33 3 7.66 3 36.25 3 2
KDE 1.07 23.58 2 35.29 6 83.39 7 16.27 6 42.56 7 5
QDM -0.54 24.73 11 3706 11 56.86 1 3.64 1 33.66 1 1
Polyfit 1.28 10 23.65 3 35.11 5 68.91 5 7.47 2 36.65 5 2
MLR-ECDF 0.24 3 30.28 16 4119 17 12463 10 5342 11 65.1 10 10
MLR-QM few 3.52 15 27.64 12 3822 12 168.53 15 84.38 14 82.34 14 18
MLR-QM some 0.15 1 30.22 15 4116 15 123.73 8 52.65 9 64.68 8 8
MLR-QM many 0.24 30.28 17 4119 16 12437 9 53.17 10 64.98 9 9
MLR-KDE 1.7 11 29.54 13 4047 13 138.88 12 5546 12 68.82 12 13
MLR-QDM -253 13 30.77 18 41.79 18 130.86 11 47.5 8 65.48 11 15
MLR-Polyfit -0.65 5 29.77 14 4047 14 14944 13 65 13 73.85 13 11




Table S5. Same as Table S1 but for estimated DNI in cloudy-sky condition.

Method MBE r, MABE r, RMSE 1; KSI 14 OVER 15 CPI 1t Overall
(%) (%) (%) (%) (%) (%) Rank

Initial 50.59 18 11035 10 206.8 12 25027 17 15712 16 20525 16 17
LIN -4893 17  74.28 8 135.5 5 200.03 13 157.03 15 157.01 12 14
POLY 3731 15 7224 2 12732 1 202.1 15 15445 14 1528 11 11
MLR 43.84 16 16247 18 21371 18 41367 18 33952 18 29515 18 18
ECDF -2226 8 73.02 6 13559 8 14013 7 71.92 9 12081 5 6
OM few 0.03 1 84.13 9 15635 9 14524 9 67.46 5 13135 7 5
QM some -22.36 10 73 5 13557 7 13968 5 71.89 8 12068 3 4
QM many 2231 9 72.98 4 13551 6 13998 6 71.86 7 12071 4 3
KDE -23.02 11 7193 1 13345 2 14476 8 69.31 6 12025 2 2
QDM -2398 12 72.7 3 13494 3 15262 10 81.74 10 126.06 6 7
Polyfit -19.88 7 73.87 7 13536 4 12249 4 60.98 4 11355 1 1
MLR-ECDF -1855 4 140.75 17 21201 16 122.08 3 48.6 3 14868 10 10
MLR-QM few  -35.01 14 12712 11 20276 10 24651 16 18139 17 20836 17 16
MLR-QM some  -18.6 6 14071 15 21199 15 1215 1 48.1 1 1484 8 8
MLR-QM many  -1856 5 14075 16 212.01 17 12207 2 48.59 2 14867 9 9
MLR-KDE 995 2 13739 14 20483 11 200.78 14 13098 13 18536 15 13
MLR-QDM 2729 13 13588 13 21086 14 17037 11 9683 11 17223 13 15
MLR-Polyfit -1796 3 13576 12 20699 13 186.64 12 11486 12 17887 14 12
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Figure S1. Partial regression plot under cloudy-sky condition for (a) GHI and (b)

DNI.
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