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The use of photovoltaic solar energy is affected by variations in the availability of solar
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followed by a descriptive sequence, applying the analytical method for the classification
of days and the analysis of the day’s variability of clear, cloudy and intermediate skies in
the data from three regional stations. The results show that it was mostly on clear sky days
(44.64%), enhancing the use of solar energy. Statistical analysis of the frequency density
variability shows that days with intermediate skies have a similar behavior, however they
present a smooth decrease, because for variation of clear sky index AK"in the interval
[-2,2] it is higher. The values of K vary between 0.3342-1.2764, the minimum is observed
in the month of July and the maximum in December and the variations during the daily
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Variability course of the K determined according to its standard deviation show such suitability to
the model adopted for the calculation of global irradiation under the clear sky, as an
appropriate choice of time interval and amplitude for the study of variations.

INTRODUCTION effective and ready solution to meet the growing demand

The Sun is the closest star to Earth, whose benefits are
evident for humanity, its interior is made up of a radiation
zone, where fusion reactions take place, the tachocline
where it is believed to be the zone where the magnetic
fields and the convection zone, in which all hot material is
expelled towards the solar surface, and for these reasons it
is considered a huge fusion reactor and radiation emitter
(Duffie & Beckman, 1991; Greenpro, 2004; Hottel, 1971;
Melo, 2003; Perez ¢t al., 2012; Cumbane, 1994; Twidell &
Weit, 1996; Zekai, 2008).

When the beam of radiation emitted by the sun enters
the earth, it is divided into two components, a direct
component (DNI) which is received directly from the
sun and a diffuse one (DHI) which is scattered by the
atmosphere. The sum of the two radiation components
results in global radiation (GHI), and the radiation that
reaches earth per surface unit represents solar energy
(Duffie & Beckman, 1991; Elsinga & van Sark, 2014,
Izidine, 2008; Kumar, 2016; Melo, 2003; Mucomole e/
al., 2013; Piacentini e al., 2011; Twidell & Weir, 1990;
Vianello & Alves, 1991; Mucomole e al., 2021; Zekai,
2008). Therefore, solar energy is intermittent unlike
conventional electrical energy generation (e.g., fossil
or nucleat) (Perez ¢t al., 2016; Mucomole ¢t al., 2021;
Lohmann, 2018). This intermittency (temporal variability)
of solar energy is due to various physical phenomena of
reduction of its intensity and scattering when it crosses
the earth’s atmosphere (atmospheric pollution, harmful
gases, aerosols, solid particles, atmospheric absorption,
scattering, etc.) (Barreto & Pinho, 2008; Devore, 2015;
Duffie & Beckman, 1991; Freitas, 2008; Wenham, e/ /.,
2007). Around the world, solar photovoltaics and other
renewable energy sources are predicted to represent the

for energy and at the same time limit the increasing
carbon emissions (EP, 2022; Freitas, 2008; Mucomole ¢#
al., 2021; Perez et al., 2012; Twidell & Weir, 1996; Wenham,
et al., 2007; Zekai, 2008). Altogether, global solar energy
capacity would increase from 480 GW in 2018 to over
8000 GW in 2050, growing the equivalent of almost 9%
on average per year (Lohmann, 2018; PER, 2022).

In Mozambique, by the end of 2022, the Electricity of
Mozambique (EDM), has announced a total expected
solar capacity of 50 MW, with growth expected in the
future (EP, 2022; FUNAE, 2012). As a result, the
challenges associated with the inherent volatility of
photovoltaic energy production and its fundamentals
caused by climate-induced heterogeneity, cloud dynamics,
pollution, among others, in the field of solar energy could
increase considerably (Arias-Castro et.al., 2014; Elsinga &
van Sark, 2014; Freitas, 2008; Hoff & Perez, 2010; Hoff &
Perez, 2012; Lohmann, ¢/ al., 2016; Lohmann, 2018; Liu &
Jordan, 1960; Lave & Kleissl, 2010; Lave & Kleissl, 2013;
Lave et.al., 2012; Macedo & Fisch, 2017; Perez e# al., 2016;
Stetz et al., 2015; Twidell & Weit, 1996; Zekai, 2008).

The increase in the variability of solar radiation affects
the performance of the output power of a photovoltaic
disruption,
among others) and the reserves of solar batteries sized

array (creation of hot spots, overloads,
for standard solar radiation and their location parameters,
impacting on the balancing generation, load, maintenance
of power quality, frequency and voltage stability this
variability can be prolonged for too long, affecting the
autonomous or public electrical grid that is injected
(Burilo ez al., 2012; Calif, R. et al., 2013; Elsinga & van
Sark, 2014; Gallego, ¢t al., 2013; Hinkelman, 2013; Luoma
et al., 2012; Marcos e al., 2011; Marcos e/ al., 2011; Mills,
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2011; Mucomole ef al., 2021; Perpinan, ez al., 2009; Perez
et al., 2016; Stetz et al., 2015; Van Haaren et al., 2018;
Neggers ez al., 2003).

In recent studies, the temporal wvariability, spectra,
fluctuations and power output of energy arrays, etc., were
evaluated, the applied methods show that the temporal
amount of solar radiation for different locations, registers
an increase rate and less decrease in days characteristic
and non-characteristic (Duffie & Beckman, 1991; Freitas,
2008; Mucomole ¢z al., 2021; Suti ¢t al., 2007; Wenham, e#
al., 2007; Zekai, 2008; Mucomole ¢t al., 2013).

Such that knowing the dynamics of fluctuations in the
temporal variability of solar radiation, through analysis
at a lower resolution of about one and ten minutes
implemented here, is the key to efficient planning and
reliable operation of future electrical networks and their
respective subsystems (Arias-Castro ezal, 2014; Barreto
& Pinho, 2008; Burilo ¢z af., 2012; Curtright & Apt, 2018;
Greenpro, 2004; Hoff & Perez, 2010; Liu & Jordan, 1960;
Lave & Kleissl, 2010; Perpifian, ez al., 2009; Perez et al.,
2012; Stetz et al., 2015; Twidell & Weir, 1996; Wenham,
et al., 2007; Yordanov et al., 2013; Yordanov e al., 2013,
Zekai, 2008).

Analysis of the temporal variability of solar radiation,
by remote sensing satellite-derived solar radiation data
for the region, would also be convenient for analysis of
large scales of time intervals. A statistical evaluation of
data collected in the years 2020, 2021 and 2022 in the
southern region of Mozambique at the convectional
station (by pyranometers and pyrheliometers) and at
the Davis station (automatic) at the Maputo station of
National Institute of Meteorology of Mozambique
(INAM), show a margin of error at the margin of 0.5%,
smaller, if compared with the satellite data collected at
National Oceanic and Atmospheric Administration
(NOAH), at the Mapulanguene station which is 0.64%,
these differences are combined with the spatial location
of the stations, the path of solar radiation, and the
frequent reductions it suffers, among others in satellite
measurement, in addition to the fact that in most regions
there is no record of solar radiation by satellite on a
short measurement scale, this dictates the preference for
data collected by convectional instruments, the greatest
difficulty experienced is that they are time consuming and

(a)

Figure 1: (a) Pyranometer; (b) Pyranometer with ring and (c) Davis station.

too expensive to collect, in addition to not being freely
accessible (Arias-Castro et.al., 2014; Elsinga & van Sark,
2014; Hottel, 1971; Hoff & Perez, 2010; Hoff & Perez,
2012; Klima. & Apt, 2015; Lohmann, 2018; Liu & Jordan,
1960; LLuoma ¢z al., 2012; Madhavan e/ a/., 2016; Marcos et
al., 2011; Mills, 2011; Macedo & Fisch, 2017; Ohmura, e/
al., 1998; Perpifian, et al., 2009; Piacentini ez a/., 2011; Perez
et al., 2016; Perez et al., 2012; Stetz et al., 2015; Souza, et
al., 2005; Twidell & Weir, 1996; Van Haaren ¢/ al., 2018,
Wenham, e¢7 al., 2007; Yordanov ef al., 2013; Zekai, 2008).
The southern region of Mozambique is privileged by a
high intensity, which has a high climatic potential, which
can be used for the production of electricity, agricultural
production, poultry, among other projects of interest
(Cumbane, 1994; Elsinga & van Sark, 2014; Fernando,
2018; Gallego, ¢f al., 2013; Greenpro, 2004; Hottel, 1971;
Hoff & Perez, 2010; Hinkelman, 2013; Inman, e/ 4/,
2013; Klima. & Apt, 2015; Lave & Kleissl, 2010; Lonij ez
al., 2013; Luoma ef al., 2012; Madhavan ef al., 2016; Melo,
2003; Twidell & Weir, 1996; Vianello & Alves, 1991).
The poor knowledge regarding the temporal variation
of this solar resource motivates the determination of
the K™ index for different years, adopting a time interval
of at least one and ten minutes and a period of one day
, to evaluate the behavior of the days of the year by
classifying the values of the K™ index and the standard
deviation cht*, to analyze the variability of the global
horizontal irradiance for three different types of days
of the year, with the main objective of knowing the
temporal variability of the availability of solar energy in
the southern region of Mozambique, as well as the factors
that affect its variability, for better project planning and
use of the available solar resource.

MATERIALS AND METHODS

Data Collection and Processing

The sample of solar radiation data (GHI, DNI and DHI)
was collected during the measurement campaigns carried
out by the Eduardo Mondlane University (UEM) in
Maputo (UEM—Maputo station) in 2012, by Mozambique
National Energy Fund (FUNAE) in the years 2012,
2013 and 2014 in Maputo in the locality from Lagoa
Phati (FUNAE-Maputo—lLLagoa Phati station) and in
Gaza in the town of Dindiza (FUNAE-Gaza-Dindiza).

(b)
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Measurements were made using a PY 5886 pyranometer
for data collection of the GHI and DHI solar component
(Figure 1. (a) and 1. (b)), a Pyrheliometer which served to
collect the DNI component and a Davis station (Figure 1.

Table 1: Correction factors for types of climates

(¢)) installed at the point of higher altitude.

The operational characteristics of Figure 1 are presented
in Table 1. A Campbell CR23X data logger was used
for data acquisition, operating at a frequency of 1 Hz,

Sequece | Single sensor species DNI GHI

1 Sensor Brand Pyrheliometer — eppley PY 5886 Pyranometer — epply

2 Calibration Factor 7,9 uV/AWm 7,45 pV/AWm?

3 Spectral Range 295-2800 nm 295-2800 nm

4 Response time 1 minut 1 minut

5 Linearity £0,6%; -a* (0 4 1400 W/m?) +0,5% (0 4 1400 W/m?)

6 Cosine - +1%(0<Z2<70")
+3%(70<2<80")

7 Temperature response 1% de-22" a+40°C +1% de-20" a 40°C

storing the instantaneous averages of 1 (one) and 10 (ten)
minutes. The data underwent quality control (elimination
of spurious values) and were subsequently processed by
programs developed specifically for calculating radiation
with a time interval of 1 (one) and 10 (ten) minutes.

Sample Size

The sample was prepared in order to perform the
calculation with data comprised between the interval
during which the sun rises (around 6:00:00 AM) and
sets (approximately 6:00:00 PM), thus: in the UEM
campaign, at the UEM-Maputo station, the sample
obtained comprises only six months of the year 2012,
the data only comprise the months of February, March,
June, July, November and December, thus comprising a
total of 7320 daily data of radiation in the useful area. In
the FUNAE campaign, at the FUNAE-Maputo—Lagoon
Phati station and at the FUNAE~Gaza—Dindiza station,
the sample obtained comprises an interval of three years
of full measurement between 2012,2013 and 2014.

The measurement of the three-year project, having
started in the fourth month of the year, hence the data
only comprise the months of April, May, June, July,
August, September, October, November and December,
thus comprising a total of about 20367 daily data of
radiation in the useful atea, in the year 2013 the data
comprise all months of the year of full measurement,
thus comprising a total of about 27156 daily data of
radiation in the useful area and in the year 2014 the data
also comprise to all months of the full measurement
year, thus comprising a total of about 27156 daily data
of radiation in the useful area. For the comparison of
the estimation error of measurement of houtly averages,
by remote sensing and by convectional instruments, data
extracted from NOAAH at the Maputo—Mapulanguene
station and those measured at the INAM of Mozambique
at the INAM—Maputo station were used, measurements
were taken at each station, from the years 2020, 2021
to 2022, each year comprises 12 (twelve) months, thus
comprising a total of about 4380 radiation data from the
useful area.

Measuring Range

An interval of 1 (one) minute was adopted at the UEM—
Maputo station and 10 (ten) minutes for the FUNAE-
Maputo—Lagoon Phati station and at the FUNAE-
Gaza—Dindiza station. This adopted cadence for a good
accuracy of the study in one day is original from the
sample of solar radiation data obtained.

GHI spectra and total theoretical radiation as a
function of time of day, for an acceptable and non-
acceptable day

Due to the intermittency and constant fluctuation of
GHI data, for each day of each month of the year, only
the range of positive GHI values was taken for the study,
as we consider the negative ones to be meaningless for
the research. With these data, spectra of GHI and Total
Theoretical Radiation were mapped as a function of
the time of day, in order to choose an average amount
of 10 days with good disposition of radiation for the
study, that is, the days where the experimental GHI
approaches of total theoretical radiation. For example,
a good approximation of a randomly chosen acceptable
day was the December 6, 2012, shown in Figure 2 and
an unacceptable day was the February 15, 2012 shown in
Figure 3, from the UEM—Maputo station.

The analysis using GHI and Total Theoretical Radiation
spectra as a function of the time of day showed that the
acceptable days for carrying out the research are:

Acceptable days for carrying out the research
UEM-Maputo station

Year 2012

Month of February (analyzed from 1 to 29 days) the 1%,
20d 3 4h ) 5eh, 8% 9% 10%, 16%, 18, 25, 280 and 29™;
Month of Match (analyzed from 1 to 31) the 3%, 4®, 6,
8, 10%, 14®, 16™, 17, 18™, 21 and 28" Month of June
(analyzed from 1 to 30) the 1%, 4*, 5% 7% 13® 27% 28*
and 29" Month of July (analyzed from 1 to 31 days) the
20d) 3rd 4ot gt 10®, 140 16", 17, 18™, 19*, 224 and
28%; Month of November (analyzed from 1 to 30 days)
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Acceptable day December 6, 2012

1600.0000
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1200.0000
1000.0000
800.0000
600.0000
400.0000
200.0000
0.0000

6:00:019:01:00.2:02:06:03:00
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()

Not acceptable day February 15, 2012
1400.0000
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800.0000
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6:00:00 9:08:00 13:47:00

Total Theoretical Irradiation/ GHI (W/m?)

Time of day

(b)

Figure 2: GHI and Total Theoretical Radiation Spectra as a function of Time of Day for (a) Acceptable day (December

6, 2012) and (b) Not acceptable day (February 15, 2012).

the 1%, 204 10 11 12 13® 150 28% and 20% Month
of December (analyzed from 1 to 31 days) the 5%, 6™, 8",
O 10 185 19 20 200 2310 24t 25t and 27

FUNAE-Gaza-Dindiza station

Year 2012

Month of April (analyzed from 1 to 30 days) the 14*, 15,
16™ and 17*; Month of May (analyzed from 1 to 31 days)
the 8", 12 25" and 26"™; Month of June (analyzed from 1
to 30 days) the 12, 23, 26", 27*, 28" and 29" Mon™ of
July (analyzed from 1 to 31 days) the 13®, 17*, 18", 28",
29" 30™ and 31*; Month of August (analyzed from 1 to
31 days) the 2, 4% 5 gh 10 130 15h 18k 215 220
234 24% 25" and 31%; Month of September (analyzed
from 1 to 30 days) the 3", 10", 125 13% 14% 18% 19t
20t 215, 2000 24 25h 26t 2T 28%h and 30% Month of
October (analyzed from 1 to 31 days) the 1%, 20, 3™, 4
5 i Th g gm0 1% 140 {5h 160 180 9% 20
220d 23 26t 27% 28% and 29®; Month of November
(analyzed from 1 to 30 days) the 1%, 3%, 4 5% G 7% 9t
110 120 13% 140 150 16h 174 195 27h 29h and 30,
Month of December (analyzed from 1 to 31 days) the 1%,
2nd 3 Bh 7o gh g (] 120 {3t 140 15h 160
176 18 19 20 215t 2004 23 24 D50 oGt )7 g
20 30t and 31%.

Year 2013

Month of January (analyzed from 1 to 30 days) the 3%,
Gh 7h g Oh (i {7h g 22 D3 gt D5h D
27 28" 29% 30" and 31*; Month of February (analyzed
from 1 to 28 days) the 1%, 3, 4 ¢® 7% 80 9™ 10 11,
130 14% 150 165 175 180 19% 20 1= 200 231 p4th.
25 26", 27" and 28" Month of Match (analyzed from 1
t0 31 days) the 1%, 2%, ™ 7 8% 9% 12 130 14 15,
16™ 175, 18% 1% 20 215 200 231 24 25k 26h 2T,
29* 30" and 31%; Month of April (analyzed from 1 to 30
days) the 2%, 5% 6%, 7%, 8* 9 24%* 25% 26™ and 27
Month of May (analyzed from 1 to 31 days) the 1%, 3%,
9%, and 15"; Month of June (analyzed from 1 to 30 days)

the 7%, 8h 9 13t 19t 21 220d 26% and 30™; Month of
July (analyzed from 1 to 30 days) the 7%, 12 13", 14,
16™,19*, 20™, and 30™; Month of August (analyzed from
1 to 31 days) the 2%, 4% 6™ 13%, 20, 2204, 24 25 26,
27" and 28" Month of September (analyzed from 1 to
30 days) the 1%, 22 3 4™ 8" and 9" Month of October
(analyzed from 1 to 31 days) the 1%, 2™, 3% 4% 5% 6*)
100, 110, 120 130, 150 16, 174 18, 24 250 26 27,
28 29% 30" and 31%; Month of November (analyzed
from 1 to 30 days) the 1%, 4™ 5% 6 7%, 8% 3% 14 15%
160, 175 18h 19 20 231 24 250 26 270 2gh 29
and 30"; Month of December (analyzed from 1 to 31
days) the 1%, 2 31 40 5 7t g g {0 12 14h 150
165, 20% 21%, 239, 24 and 29%.

Year 2014

Month of January (analyzed from 1 to 31 days) the 1%,
204 31 4 0 120 130 150 16h 170 198 20th, 28th,
29th and 30th; Month of February (analyzed from 1 to
28 days) the 1%, 209, 4% 5% 6% g% 9 10 1% 12 14%)
150 160, 185 194 200 231 256 27 and 28%: Month of
March (analyzed from 1 to 31 days) the 1%, 2, 5%, 6™, 7%,
gh Oh {2h 15k 1gh 170 20k D3 D5m G )7 Dgh
29" 30" and 31%; Month of April (analyzed from 1 to 30
days) the 1%, 20 7% 9% 28 Month of May (analyzed
from 1 to 30 days) the 7%, 13", 17", 18", 20*, 27", and
30*; Month of June (analyzed from 1 to 30 days) the 7%,
8, 17", 18%, 20, 27™ and 30™; Month of July (analyzed
from 1 to 31 days) the 9%, 15", 21% 23, 24% 25" 30th
and 31st; Month of August (analyzed from 1 to 30 days)
the 7%, 13, 140 160 18h 231 24 25h 26h 27h 3
and 31%; Month of September (analyzed from 1 to 30
days) the 3%, 4, 5% 23 24% 25% 26" and 27™; Month
of October (analyzed from 1 to 30 days) the 1%, 2™, 4
5hGh 7 gh Qi {2t {3k {4 {5h 18 {gh 20 D4t
28%, 29* and 30 Month of November (analyzed from 1
t0 30 days) the 1%, 20, 3, 8h o 10% 135, 150 18% 19%,
20%, 215, 2004 231 24 250 26h 27 and 28" Month of
December (analyzed from 1 to 30 days) the 3%, 4%, 5%,




Am. J. Energy Nat. Resour. 2(1) 27-50, 2023

@ salli

8rh, 10:11’ 11ch, 12th’ 15th, 18'h, Zorh, 21st, 22nd, 23rd’ 24}]1, 25th,
26" and 27

FUNAE—-Maputo—Phati Lagoon Station

Year 2012

Month of Aptil (analyzed from 1 to 31 days) the 27, 28",
29" and 30™; Month of May (analyzed from 1 to 31 days)
the 7%, 8%, 9™ 12" and 23"; Month of June (analyzed from
1 to 30 days) the 6%, 15%, 16, 17% 18" 20%, 21, 2274
27", 280 29" and 30™; Month of July (analyzed from 1
to 30 days) the 6%, 16™, 17%, 18", 20, 2204 28% 29" 30
and 31%; Month of August (analyzed from 1 to 31 days)
the 8", 9%, 10™, 11*, 12th and 13th; Month of September
(analyzed from 1 to 30 days) the 14", 15" and 17"

Search Type and Study Area

This research is descriptive. It is based on the description
of the characteristics of a given phenomenon. The
collection of experimental data was based on previously
described instruments.

The study area is the southern region of Mozambique,
which includes the following stations: UEM—-Maputo
station is located in Maputo City at latitude 25" and
longitude 37°; FUNAE-Maputo—Lagoon Phati station,
located in Maputo Province, Manhica district, at 25
latitude and 32" longitude; and the FUNAE-Maputo—
Dindiza station, located in the province of Gaza at
latitude 25" and longitude 34°, as shown in Figure 3.
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Figure 3: Study area and data collection.

In the sample of data from all stations, some months
show fluctuations, as they have missing data for the whole
day, or missing for a period of half a day sample

Months Fluctuations of Data Smple

UEM-Maputo Station

Year 2012

In February — for unknown reasons, there were no
measurements on the 12, 13™ 22nd and 23'%; however,
there wete also half measutements on days 6" (from
10:51:00 AM to 12:36:00 PM), 14" (from 11:06:00 AM to
06:00:00 PM), 24" (01:15:00 PM to 06:00:00 PM) and 27
(9:07:00 AM to 06:00:00 PM); in March — for unknown
reasons, there were no measurements on the 23 24"

and 25" howevet, you also hear half measurements
on days 2 (04:29:00 PM to 06:00:00 PM), 5 (12:12:00
PM to 06:00:00 PM), 9" (02:57:00 PM to 06:00:00 PM),
12" (there was “outage of electricity all day” and no
measurements wete taken), 13" (there was “power return
at 9:57:00 AM and failure in the direct radiation cable
(cut), the failure was resolved at 12:55:00PM” 09:57:00
AM to 06:00:00 PM), 15" (10:40:00 AM to 06:00:00
PM), 19" (the “Data log with full memory” 8:48:00 AM
to 05:45:00 PM), 20™ (9:28:00 AM to 06:00:00 PM), 26™
(09:01:00 AM to 06:00:00 PM); in the month of June — it
was the month with the least drop, having been verified
for unknown reasons, that there were no measurements
on the 19%, 20, 21 2274 231 24t 25% and 30™; however,
you also hear half measurements on days 1% (08:21:00
AM to 06:00:00 PM), 18" (06:00:00 AM to 07:42:00 PM)
and 26™ (11:56:00 AM to 06:00:00 PM); in the month of
July — for unknown reasons, there were no measurements
on the 1%, 234, 24™ and 25™; however, he also hears half
measurements on days 5™ (12:12:00 PM to 06:00:00 PM),
9™ (14:57:00 PM to 06:00 PM), 12" (here “no data due to
lack of cutrent all day”), 13™ (“power return at 09:57:00
AM and failure in the direct radiation cable (cut), failure
resolved at 12:55:00 PM” 09:57:00 AM to 06:00:00 PM),
15" (10:40:00 AM to 06:00 PM), 30™ (10:38:00 AM to
18:00 PM); in November — for unknown reasons, there
were no measurements on the 4® 5% 6% 70 17h 18%
19, 20, 21+, 2204 23t 24% 250 and 30™; howevert, you
also hear half measurements on days 3" (6:00:00 AM to
13:20:00 PM), 8" (12:40 PM to 18:00 PM), 16™ (6:00:00
AM to 02:15:00 PM), 26™ (10:57:00 AM to 06:00:00 PM),
27" (06:00:00 AM to 06:00:00 PM) and in the month
of December — for unknown reasons, there were no
measurements on days 1%, 27,12 13% 14 15" 16™, 28™,
29™ and 30™; but also hear half measurements on days 3
(02:21 PM to 06:00 AM), 7™ (06:00 AM to 02:07:07 PM),
11% (10:25:00 AM to 06:00:00 PM), 17* (11:20:00 AM at
06:00:00 PM), 26" (06:00:00 AM to 05:00:00 PM), 31*
(09:54:00 AM to 06:00:00PM).

FUNAE-Gaza—Dindiza Station

Year 2012

In April — due to the fact that the measurement
project started this year at this station, there were no
measurements on the 1%, 20 31 4h 5 7t g - Gih q (b
11™ and 12"; thete was no data collection on day 6™, with
only two values falling in the interval from 07:00:00 AM
to 07:10:00 AM; on the 15%, 16™, 17, 18™, 19™, 20, 21,
220d 230 24t 25% 26 27% 28% 29 and 30™ the system
only downloaded values equal to zero in the interval from
5:40:00 PM to 06:00:00 PM hours; in the month of May
—on the 1%, 24, 31 40 50 6 7 8t and 9™ the system
only downloaded values equal to zero in the interval from
5:30:00 PM to 6:00:00 PM; on 10™, 11 12% 13% 14®,
150 160, 17 18%, 19 20, 215, 2204 231 24 250 26
29" 30™ and 31* days the system only downloaded values
equal to zero in the interval from 5:20 PM to 6:00:00 PM
and on the 27", the system only downloaded values equal
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to zero in the interval from 5:10:00 PM to 6:00 PM; in
the month of June — on the 1%, 24, 314 4t 5t @ 7t gh
9t 10%, 120 13% 14™ 16%, 17® 18%, 20, 220 231 26t
27%, 28™ 27 30™ the system only downloaded values equal
to zero between 6:00:00 AM and 5:20:00 PM to 6:00:00
PM; on the 15" a™ 19™ the system only downloaded
values equal to zero between 6:00:00 AM and 5:10:00 PM
to 6:00 PM; on the 21%, 24", 25" and 28", the system
only downloaded values equal to zero in the interval
from 6:00:00 AM to 6:00:00 AM and from 5:20:00 PM to
6:00:00 PM; in the month of July — on the 1%, 24, 34 4™
508 9% 10", 13" and 14" the system only downloaded
values equal to zero in the interval from 6:00:00 AM to
6:10:00 AM and beyond from 5:20:00 PM to 6:00:00 PM;
on the 5", 6™ and 12 the system only downloaded values
equal to zero in the interval from 6:00:00 AM to 6:20:00
AM and from 5:20:00 PM to 6:00:00 PM; on the 15,
160, 170 18™ 19™ 20, 21, 2204 231 24t 25t D6t 27t
28" 29™ 30" and 31* the system only downloaded values
equal to zero in the interval of 6:00:00 AM to 6:10:00 AM
and from 5:30:00 PM to 6:00:00 PM;

In the month of August—on days 1%, 2*¢ and 5% the system
only downloaded values equal to zero in the interval from
06:00:00 AM to 06:10:00 Am and from 17:30:00 PM to
18:00:00 PM; on the 3%, 9% 10™ 11t 12% 13t 14® 16,
170 18%, 19 20 215, 2204 231 24t 250 DG 27t 28
and 29", the system only downloaded amounts equal to
the zero in the interval from 5:40:00 PM to 6:00:00 PM;
on the 4", 7%, 8™ 9™ and 15™ the system only downloaded
values equal to zero in the interval from 6:00:00 AM to
6:10:00 AM and from 5:40:00 PM to 6:00:00 PM ; on
the 6™, the system only downloaded values equal to zeto
in the interval from 5:30:00 PM to 6:00:00 PM; on the
30" and 31* the system only downloaded values equal to
zero in the interval from 5:50:00 PM to 6:00:00 PM; in
the month of September — on the 1%, 27, 4™ 6™ 7% 9t
and 29", the system only downloaded values equal to zero
in the interval from 5:40:00 PM to 6:00:00 PM; on days
310%™, 11%, 125, 14% 175 18% 19%, 20%, 215, 2204 23+,
24 25% 26", 27" and 28" the system only downloaded
values equal to zero in the interval from 5:20:00 PM to
6:00:00 PM;

On the 15" and 16" the system only downloaded values
equal to zero in the interval from 5:30 PM to 6:00 PM; in
October — on days 1%, 274, 314 4% 5% gh 7 @h g 10,
110 120 16™, 170 18™, 19h 20™, 21, 220d 231 24t D5t
26", 27" and 30" the system only downloaded values
equal to zero in the interval from 5:50 PM to 6:00:00
PM; on the 10", 11™, 17*, 20™ and 24™ the system only
downloaded values equal to zero in the interval from
5:40 PM to 6:00:00 PM; on the 12, the system only
downloaded values equal to zero in the interval from
5:20:00 PM to 6:00:00 PM; on the 23", the system only
downloaded values equal to zero in the interval from
5:30:00 PM to 6:00:00 PM; in November — on the 1%,
20 3 g5t {10 120 130 140 150 160 170 18,
19, 20, 21, 24™ 26", 27™ 28" 29™ and 30™ system
downloaded all data fluently (interval from 6:00:00 AM

to 6:00:00 AM); on the 6%, 22 and 23" the system
only measured data in the interval from 6:00:00 AM to
11:50:00 AM, and did not register measurements for the
rest of the day; on the 8", the system was measuring data
only in the interval from 6:00:00 AM to 11:20:00 AM, and
did not register measurements for the rest of the day; on
the 7™, the system was measuting data only in the interval
from 6:00:00 AM to 12:20:00 AM, and did not register
measurements for the rest of the day; on the 9", 10" and
25" the system only downloaded values equal to zero in
the interval from 17:50:00 PM to 18:00:00 PM and in the
month of December — during all days of the month, the
system fluently downloaded all data (range from 6:00:00
AM to 6:00:00 PM).

Year 2013

In the month of January — on the 15", the system only
downloaded values equal to zero in the interval from
3:40:00 PM to 6:00:00 PM; the system downloaded all
data fluently on days 1%, 20, 3t 4h 5bh @b 7t gh gt
100 110 120 165 17% 18% 19% 20™ 21, 22nd, 237,
24t 25t 26t 27% 28% 29% 30™ and 31% in the interval
from 6:00:00 AM to 6:00:00 PM; in February — the system
downloaded all data fluently on all days of the month (that
is, from the 1* to the 28") in the interval from 06:00:00
AM to 06:00:00 PM; in March — the system downloaded
all data fluently on days 1%, 209, 3t 4 5t G 7t g gh
10 110 120 16 170 180 19 20 21 22 and 23w
in the interval from 6:00:00 AM to 6:00:00 PM;

On the 24*, 25", 26", 27", 28" and 30" the system only
downloaded values equal to zero in the interval from
5:50:00 PM to 6:00:00 PM; on the 29" and 31* the system
only downloaded values equal to zero in the interval from
5:40:00 PM to 6:00:00 PM; in the month of April —on the
1, 204 56 7™ 8% and 9™ the system only downloaded
values equal to zero in the interval from 5:40:00 PM to
6:00:00 PM; on the 3%, 4% 10™ 12" 13™ 14" 15" 16%,
17%, 18, 19™ and 22" the system only downloaded values
equal to zero in the interval from 5:30:00 PM to 6:00:00
PM; on the 11%, 20, 215, 24 250 26 27t 28% 29t and
30™ the system only downloaded values equal to zero in
the interval from 5:20:00 PM to 6:00:00 PM;

In the month of May — on the 1%, 24, 31 4 5t 6 7t
8" and 9™, the system only downloaded values equal to
zero in the interval from 5:20 PM to 6:00 PM; on the
100, 110 120 13% 14% 150 160 170 20, 21+, 220
24 25™ 26%, 27" 28" 29" 30" and 31* the system only
downloaded values equal to zero in the interval from
5:10:00 PM to 6:00:00 PM; on the 18" and 19™ the system
only downloaded values equal to zero in the interval from
5:00:00 PM to 6:00:00 PM; on the 23", the system only
downloaded values equal to zero in the interval from
6:00:00 AM to 9:50:00 AM, but it did not download values
for the rest of the day; in the month of June — on the 1%,
20d 3rd At 5t gth 7h @k g 10 11 and 12 the system
only downloaded values equal to zero in the interval from
17:10 PM to 06:00:00 PM hours; the system downloaded
all data fluently from the 13™ to the 30™ of June in the
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interval from 6:00:00 AM to 6:00:00 PM; in the month
of July — on the 1%, 2nd 3d gih o7t o 11t 120 130
and 24™ the system only downloaded values equal to zetro
in the interval from 06:00:00 AM to 06:10:00 AM and
5:10:00 PM to 6:00:00 PM; on the 4™, the system only
downloaded values equal to zero in the interval from
6:00:00 AM to 6:10:00 AM and 5:00:00 PM to 6:00:00
PM; on the 5%, 8" and 9™, the system only downloaded
values equal to zero in the interval from 6:00:00 AM to
6:20:00 AM and 5:10:00 PM to 6:00 PM;

On the 14%, 15% 16™, 18%, 19% 20% 227 26t 274 28%,
29* 30" and 31* the system only downloaded values
equal to zero in the interval from 06:00:00 AM to 06:10:00
AM hours and 5:20:00 PM to 6:00:00 PM; on the 21%,
the system only downloaded values equal to zero in the
interval from 6:00:00 AM to 6:20:00 AM and 5:20:00 PM
to 6:00:00 PM; on the 25", the system only downloaded
values equal to zero in the interval from 6:00:00 AM to
6:10:00 AM and 5:30:00 PM to 6:00:00 PM; in the month
of August — on the 1%, 9", 12" and 16" the system only
downloaded values equal to zero in the interval from
5:20:00 PM to 6:00:00 PM; on the 2°4 34 5% and 9™,
the system only downloaded values equal to zero in the
interval from 6:00:00 AM to 6:10:00 AM and 5:20:00 PM
to 6:00 :00 PM; on the 4%, 6™, 7%, 8% 13™ 14® 17% 18™,
20t 215 2204 231 24th D5t DEh 27t 28M 29t 30 and
31* the system only downloaded values equal to zero in
the interval from 5:30:00 PM to 6:00:00 P M;

On the 10", 11" and 15" the system only downloaded
values equal to zero in the interval from 6:00:00 AM to
6:10:00 AM and 5:30:00 PM to 6:00:00 PM; in the month
of September — on the 1%, 34, 4™ 5% 10" 28" and 30™
the system only downloaded values equal to zero in the
interval from 5:30:00 PM to 6:00:00 PM; on the 27, 6%,
70 gh g {1k 12t 130 150 160 {7h 18% 19¢ 20 23
24 25" 26™ and 27™ the system only downloaded values
equal to zero in the interval from 5:40:00 PM to 6:00:00
PM; on the 21% and 22™ the system only downloaded
values equal to zero in the interval from 5:00:00 PM to
6:00 :00 M; on the 29" the system only downloaded
values equal to zero in the interval from 5:10:00 PM to
6:00:00 PM; in the month of October — on the 1%, 2nd,
3rd g5t gt 7t g g (13t 14t 200d and 23
e system only downloaded values equal to zero in the
interval from 17:40:00 PM at 6:00:00 PM; on the 11, 12%,
150 160, 17%, 18%, 19 200 215 24 26™. 27 28%h 29
and 30™ the system only downloaded values equal to zetro
in the interval from 5:50:00 PM to 6:00:00 PM hours; on
the 25" and 31%, the system fluently downloaded all data
in the interval from 6:00:00 AM to 6:00:00 PM;

In November — on the 1%, 2™, 8" and 10™ the system
only downloaded values equal to zero in the interval from
5:50:00 PM to 6:00:00 PM; on days 3%, 4™, 6™, 7% 9% 11,
120 13% 140 160 170 18% 20, 2204, 231 24t 25t D6th,
27, 28" 29" and 30™ the system fluently downloaded
all the data in the interval from 06:00:00 AM to 06:00:00
PM; on the 21%, the system only downloaded values equal
to zero in the interval from 5:30:00 PM to 6:00:00 PM;

and December — during all days of the month, the system
fluently downloaded all data (interval from 06:00:00 AM
to 18:00:00 PM).

Year 2014

January — during all days of the year (1* to 31*), the system
downloaded all data fluently (interval from 6:00:00 AM to
6:00:00 PM); in February — during all days of the year (1*
to 28"), the system fluently downloaded all data (interval
from 6:00:00 AM to 6:00:00 PM); in the month of March
—on the 1% 31 4t 5t @t 7t Gh gt (1t 12t 13t
14™ 15" and 16™ the system fluently downloaded all data
in the interval from 06:00:00 AM to 06:00:00 PM houts;
on the 2, 174, 19% 200 215 227 23t 24 250 o6 27t
28" and 30" the system only downloaded values equal
to zero in the interval from 5:50:00 PM to 6:00:00 PM
houts; on the 29" and 31* the system only downloaded
values equal to zero in the interval from 5:40:00 PM to
6:00:00 PM; in the month of April —on the 1%, 274, 3t 4™
5%, 15" and 17" the system fluently downloaded all data
in the interval from 5:40:00 PM to 6:00:00 PM;

During the 6", 7%, 25", 26™, 27" 28" 29" and 30" the
system downloaded all data fluently (interval from
6:00:00 AM to 6:00:00 PM); on the 14", the system only
downloaded values equal to zero in the interval from
5:50:00 PM to 6:00:00 PM; on the 16, 18" 19% 20 and
21 the system only downloaded values equal to zero in
the interval from 5:30 PM to 6:00:00 PM; on the 22™ and
23" the system only downloaded values equal to zero in
the interval from 5:20:00 PM to 6:00:00 PM; on the 24",
the system only downloaded values equal to zero in the
interval from 5:20:00 PM to 5:40:00 PM and from 5:50:00
PM to 6:00 PM; in the month of May — on the 1%, 28"
and 29", the system fluently downloaded all data in the
interval from 06:00:00 AM to 06:00:00 PM;

On day 2", the system only downloaded values equal to
zero in the interval from 5:40:00 PM to 6:00:00 PM; on
the 31, 4™ 5% 7% 9% and 31 the system only downloaded
values equal to zero in the interval from 5:10 PM to 6:00
PM; on the 6™, 80, 10™, 11, 1250 13 14% 150 16™ 17,
18%, 19%, 20, 21%, 2204 231 24 25" and 26™ the system
only downloaded values equal to zero in the interval from
5:10:00 PM to 6:00:00 PM; on the 27" and 30™ the system
only downloaded values equal to zero in the interval from
6:00:00 AM to 6:10:00 AM; in the month of June — on
the 1 and 2™ the system only downloaded values equal to
zero in the interval from 6:00:00 AM to 6:10:00 AM and
from 5:20:00 PM to 6:00:00 PM;

On the 3% 4% 6 8™ 9™ 100 110 13h 14® 15% 16% 17®,
18™, 19%, 20, 21+, 220 24% 250 and 27 the system only
downloaded values equal to zero in the break from 6:00:00
AM to 6:10:00 AM and from 5:00:00 PM to 6:00:00 PM;
on the 5", 7™ and 12 the system only downloaded values
equal to zero in the interval from 6:00:00 AM to 6:10:00
AM and from 5:00:00 PM to 6:00:00 PM; in the month
of July — on the 1%, 224 34 5% 6h 910%™ 11% 14 and
15" the system only downloaded values equal to zero in
the interval from 06:00:00 AM to 06:10:00 AM and from
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5:10:00 PM to 6:00:00 PM; on the 7" and 29™, the system
only downloaded values equal to zero in the interval
from 6:00:00 AM to 6:20:00 AM and from 5:10:00 PM
to 6:00:00 PM; on the 8", the system only downloaded
values equal to zero in the interval from 5:00:00 PM to
6:00:00 PM; on the 17%, 18® 19% 20 21% 220d 231d 24t
25% 27" 28" 30™ and 31* the system only downloaded
values equal to zero in the interval from 06:00:00 AM to
06:10:00 AM hours and from 5:20:00 PM to 6:00:00 PM;
on the 26™,

The system only downloaded values equal to zero in
the interval from 6:00:00 AM to 6:10:00 AM and from
5:20:00 PM to 6:00:00 PM; in the month of August — on
the 11", the system only downloaded values equal to zetro
in the interval from 5:10:00 PM to 6:00:00 PM; on the 2™,
40 50 61 10", 12 and 22™ the system only downloaded
values equal to zero in the interval from 5:20:00 PM to
6:00:00 PM; on days 1°, 3, 7%, 8% 9 130 14 15% 160,
170 18% 19% 20, 215, 231 24% 251 26th 7% 28™ 29t
30" and 31* the system went down only values equal to
zero in the interval from 5:30:00 PM to 6:00:00 PM; in the
month of September — on the 1%, 274, 31 4 5% 6t 12t
and 19™ the system only downloaded values equal to zetro
in the interval from 5:40:00 PM to 6:00:00 PM; on the
8 9 10h 11t 13t 14t 150 17 18 220d 23 24
25% 26", 27™, 28", 29" and 30™ the system only lowered
values equal to zero in the interval from 05:40:00 PM to
06:00:00 AM houts;

On the 20™ and 21* the system only downloaded values
equal to zero in the interval from 5:20:00 PM to 6:00:00
PM; in the month of October — on the 1%, 27, 31 4t 5t
70,80 9 11t 12 13™ 15" and 17" the system only
downloaded values equal to zero in the interval from
5:40:00 PM to 06 :00:00 PM hours; on the 10" and 11%
the system only downloaded values equal to zero in the
interval from 5:50:00 PM to 6:00:00 PM; on the 14%, 26™,
27, 29™ 30" and 31* the system only downloaded values
equal to zero in the interval from 5:50:00 PM to 6:00:00
PM;

On the 17%, 18™ 19% 20%, 21, 220 231 4t 25
and 28" the system fluently downloaded all data in the
interval from 6:00:00 AM to 6:00:00 PM; in the month
of November — on the 1%, 27, 3t 5t @t 7 gt gth 1 ()b
110 120 13% 14% 155 170 180 190 20h 21 220
23t 24t 25T 26 27% 28" 29% and 30" the system
fluently downloaded all data in the interval from 6:00:00
AM to 6:00:00 PM; on days 2™ and 4™, ®e system only
downloaded values equal to zero in "e interval from
5:50:00 PM to 6:00:00 PM;

On the 16™ the system only downloaded values equal to
zero in the interval from 5:40:00 PM to 6:00:00 PM and
in the month of December — on the 1%, 27, 31 40 5t
6™, 7% 8h 9t 10™, 11% 120 13h 14% 15T 16% 17T 18,
19 20, 215, 2200 24 25% 280 20h 30t and 31 the
system fluently downloaded all data in the range from
6:00:00 AM to 6:00:00 PM; on the 26™, the system only
downloaded values equal to zero in the interval from
5:40:00 PM to 6:00:00 PM.

FUNAE—-Maputo-Lagoon Phati Station

Of the three years of medication, there were components
equal to zero in the years 2013 and 2014, for this reason
only the year 2012 (six months) was analyzed, which was
the year of the beginning of the FUNAE Campaign in
Lagoon Phati, with the following fluctuations:

In the month of April — he was not reco™ing data on the
initial days of measurement, respectively on the 17th and
18" from 6:10:00:00 AM to 06:00:00 PM, measurements
are reco™ed from 05:00:00 PM to 05:30:00 PM, and values
equal to zero from 05:00:00 PM to 05:10:00 PM and from
05:40:00 PM to 06:00:00 PM, on the 27%, 28" and 29™,
the system lowered values equal to zero, in the interval
from 05:30:00 PM to 06:00:00 PM; in the month of May
— on the 1%, 12" and 28", the system only downloaded
values equal to zero in the interval from 05:30:00 PM to
06:00:00 PM; on the 274, 31 5th gt 7t gt gth 10k 11
14" 16™, 17", 18™ and 19™ the system only downloaded
values equal to zero in the interval from 05:20:00 PM to
06:00:00 PM hours; on the 13%

The system fluently downloaded all the data in the interval
from 06:00:00 AM to 06:00:00 PM; on the 15%, 20™, 21,
220d 230 24h 250 26 270 29™ 30" and 31 the system
only downloaded values equal to zero in the interval from
05:10:00 PM to 06:00:00 PM; in the month of June — on
the 6%, 80, 9% 170 18" 21% 22 and 29™, the system
fluently downloaded all data in the interval from 06:00:00
AM to 06:00:00 PM; on days 1%, 2%, 31 4% and 5* the
system lowered values equal to zero in the interval from
06:00:00 AM to 06:10:00 AM and from 05:10:00 PM to
06:00:00 PM, on the 7™, the system loweted values equal
to zero in the interval from 05:20:00 PM to 06:00:00 PM,
on the 10™, 13" and 23" the system lowered values equal
to zero in the interval from 06:00:00 AM to 06:20:00 AM
and from 05:20:00 PM to 06:00:00 PM, on the 11%, the
system downloads values equal to zero in the interval
from 06:00:00 AM to 06:20:00 AM and from 05:50:00
PM to 06:00:00 PM houts.

On the 12*, the system loweted values equal to zero in the
interval from 06:00:00 AM to 06:10:00 AM, on the 15,
the system lowered values equal to zero in the interval
from 06:00:00 AM to 06:10:00 AM and from 04:30:00
PM to 06:00:00 PM, on the 16", the system lowered
values equal to zero in the interval from 06:00:00 AM to
06:30:00 AM; on the 19™, the system recorded values for
the period from 06:00:00 AM to 11:50:00 AM and did not
record measurements in the interval from 11:00:00 AM
to 6:00:00 PM, on the 20™.

The system lowered values equal to zero in the interval
from 06:00:00 AM to 06:40:00 AM and from 05:40:00
PM to 06:00:00 PM, on the 24™ and 30", the system
lowered values equal to zero in the interval from 06:00:00
AM to 06:40:00 AM, on the 25", the system lowered
values equal to zero in the interval from 06:00:00 AM
to 06:40:00 AM and from 05:10:00 PM to 06:00:00 PM,
on the 26" and 27", the system lowered values equal to
zero in the interval from 06:00:00 AM to 06:40:00 AM
and from 05:10:00 PM to 06:00:00 PM, on the 28", the
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system lowered values equal to zero in the interval from
06:00:00 AM to 06:50:00 AM, in the month of July — on
the 6™, 8%, 17, 21 227 24™ and 29™ the system fluently
downloaded all data in the interval from 06:00:00 AM to
06:00:00 PM, on days 1%, 2™, 3% 4% and 5" the system
lowered values equal to zero in the interval from 06:00:00
AM to 06:10:00 AM and from 05:10:00 PM to 06:00:00
PM, on the 7%, the system lowered values equal to zetro
in the interval from 05:20:00 PM to 06:00:00 PM, on
the 9%, the system lowetred values equal to zero in the
interval from 06:00:00 AM to 06:10:00 AM, on the 10™,
12™ and 13" the system loweted values equal to zero in
the interval from 06:00:00 AM to 06:30:00 AM and from
05:20:00 PM to 06:00:00 PM; on the 11", the system
lowered values equal to zero in the interval from 06:00:00
AM to 06:30:00 AM and from 04:50:00 PM to 06:00:00
PM, on the 14", the system lowered values equal to zetro
in the interval from 06:00:00 AM to 06:30:00 AM and
from 04:50:00 PM to 06:00:00 PM;

On the 15", the system lowered values equal to zero in
the interval from 06:00:00 AM to 06:20:00 AM and from
04:30:00 PM to 06:00:00 PM, on the 16", the system
lowered values equal to zero in the interval from 06:00:00
AM to 06:30:00 AM, on the 19™, the system measured
values from 06:00:00 AM to 12:00:00 PM and from
12:00:00 PM to 06:00:00 PM it was not registering the
measurement of values; on the 20™ and 25", the system
lowered values equal to zero in the interval from 06:00:00
AM to 06:40:00 AM and from 05:40:00 PM to 06:00:00
PM; on the 23", the system lowered values equal to zero
in the interval from 06:00:00 AM to 06:10:00 AM and
from 05:20:00 PM to 06:00:00 PM; on the 26™ and 27,
the system lowered values equal to zero in the interval
from 06:00:00 AM to 06:40:00 AM and from 05:10:00
PM to 06:00:00 PM.

On the 28", the system lowered values equal to zero in the
interval from 06:00:00 AM to 06:50:00 AM, on the 30", the
system lowered values equal to zero in the interval from
06:00:00 AM to 06:30:00 AM; in the month of August —
on the 1%, 204 31 4t 5th gh 7h @b gh ()t 11th b 13
14™ 15" and 16™ the system fluently downloaded all data
in the interval from 06:00:00 AM to 06:00:00 PM houts;
on the 17", the system lowered constant values equal to
1250.7 in the interval from 07:10:00 AM to 06:00:00 PM;
on the 18", the system lowered constant values equal to

1250.7 in the interval from 06:40:00 AM to 05:20:00 PM;
on the 19", the system lowered constant values equal to
1250.7 in the interval from 06:30:00 AM to 04:20:00 PM
and from 06:40:00 AM to 06:00:00 PM, on the 20™, the
system lowered constant values equal to 1250.7 in the
interval from 06:40:00 AM to 06:00:00 PM.

On the 21% the system lowered constant values equal to
1250.7 in the interval from 06:30:00 AM to 06:00:00 PM,
on the 22", the system lowered constant values equal to
1250.7 in the interval from 07:30:00 AM to 03:50:00 PM;
on the 23", the system lowered constant values equal to
1250.7 in the interval from 06:40:00 AM to 03:10:00 PM;
on the 24", the system lowered constant values equal to
1250.7 in the interval from 06:40:00 AM to 03:10:00 PM;
on the 25", the system lowered constant values equal to
1250.7 in the interval from 06:40:00 AM to 05:40:00 PM;
on the 26", the system lowered constant values equal to
1250.7 in the interval from 09:30:00 AM to 02:10:00 PM,
from 02:50:00 PM to 03:00:00 PM and from 04:00:00 PM
at 04:50:00 PM.

On the 27" the system dropped constant values equal to
1250.7 in the interval from 08:00:00 AM to 05:20:00 PM;
on the 28", the system lowered constant values equal to
1250.7 in the interval from 06:50:00 AM to 03:40:00 PM;
on the 29™ the system lowered constant values equal to
1250.7 in the interval from 06:50:00 AM to 03:20:00 PM;
on the 30%, the system lowered constant values equal to
1250.7 in the interval from 06:50:00 AM to 03:30:00 PM
and on the 31, the system lowered constant values equal
to 1250.7 in the interval from 06:40:00 AM to 03:40:00
PM hours and in September — during all days of the
month, the system fluently downloaded all data (interval
from 06:00:00 AM to 06:00:00 PM hours).

Clear Index Determination Procedure

After selecting the sample and choosing the spectrum of
10 acceptable days, that is, days when the GHI approaches
the Total Theoretical Radiation (acceptable day), or days
when the Total Theoretical Radiation is much smaller
than the GHI (day not acceptable) an algorithm was
developed that leads to the calculation of the clear sky
index, described below. Based on the month and day
of the year, the number of days n elapsed until the day
and time of measurement made by the pyranometer was
determined, using the formulas provided in Table 2.

Table 2: Daily averages and n values for each month (Duffie & Beckman, 1991; Igbal, 1983)

Month n for i-th day of the month | For the daily average of days of the month
Date o

January i 17 -20.9

February 31+i 16 -13.0

March 59+i 16 -2.4

April 90+i 15 9.4

May 120+ 15 18.8

June 151+ 11 23.1

July 181+i 17 21.2
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August 212+ 16 13.5

September 243+1 15 22

October 273+i 15 -9.6

November 304+i 14 -18.9

December 334+i 10 -23.0
First, the given declination in degrees equation (1) was Gy = Gor = o, (1 +0.033C0s 360n) Cos 6, (9)
calculated (Duffie & Beckman, 1991; Igbal, 1983) 365

5 = 2345 sin (360 21) (1)

365
Here the number of days n for each type of month day
of the year was determined from Table 2.
Knowing the solar constant G_ and the latitude ¢ for
the location of each station, the hour angle w_was
determined by the equation (2) (Belucio, ef al, 2014;
Duffie & Beckman, 1991; Igbal, 1983; Kumar, 2010)

_ SingSind _ 5
Cos (wg) = ~CosdCosd —tan ¢ tan§ (2)
For Vianello and Alves, 1991, considering the

chronological time variable H, which varies from 0 to 24
hours (in degrees), the hour angle w, in the morning and
ws<0; at noon w =0 and in the afternoon ws>0, such
that, after calculating the hour angle, taking into account
the time (local time converted to solar). Having first,
treating the measurement hour with a time interval of 1
(one) and 10 (ten) minutes, that is, minute by minute, then
transforming the hour angle into degrees, a worse result
was obtained equation (3). (Beldcio, e/ al., 2014; Duffie &
Beckman, 1991; Cumbane, 1994)

ws=(H-12)x15 (3)
The difference in minutes between solar time and
standard time is (Duffie & Beckman, 1991; Igbal, 1983;
Mucomole ef al., 2021).

Tempo Solar-Tempo Padraio=4x(L,_-I, +HE (4)
where L. is the Standard Meridian for the local time zone;
L. is the Longitude of the location in question, it is the
Longitude in degrees east, which varies from 0<1.<360"
Parameter E is the Equation of Time (given in minutes).
(Duffie & Beckman, 1991; Igbal, 1983; Mucomole e/ 4/,
2021; Kumar, 2016)

E=229.2X(0.000075+0.001868 X CosB-0.032077 X SinB-
0.014615%Cos(2XB)-0.04089xSin(2XB) ) (5)
where B is given as, (Duffie & Beckman, 1991; Igbal,
1983; Mucomole ¢# al., 2021)

360

B=(?’l—1))‘(m

(6)

which ranges from 1=<n=<3065.
Then, the zenith angle 6., was found, using the equation (7),
Cos 0, =Cos (¢) Cos (8) Cos (ws) +Sin (¢p) Sin (8) (7)
such that doing the inverse of the cosine, the respective
zenith angle 6, was found, written in the equation (8),
0,=Cos(Cos (¢) Cos (8) Cos (ws) +Sin () Sin () ) (8)
The (averages of) the measured experimental radiation
components were taken, and the extratertestrial radiation on
a horizontal surface can be calculated from the solar constant
(incident energy in one hour), using the equation (9).

For horizontal surfaces, at any time between sunrise and
sunset, the horizontal radiation can be defined by the
equation (10).

360n
365

Gy = Gop = Gy (1 +0.033 Cos ) (Cos¢pCosdCos ws + SingSind) (10)

Then, an estimate of the clear sky radiation was made
to know the level of absence of cloud dynamics in the
sky, and the hypothetical particles that interfere with the
mobility and arrival of solar radiation on the surface of
the horizontal. The constants a , a and k were determined
for a standard atmosphere at 23 km visibility and found
a,, a, and k" which is given for altitudes lower than 2.5
km using the formulas (11), (12) and (13) (Duffie &
Beckman, 1991; Igbal, 1983; Mucomole ef al., 2021)

a,’=0.4237-0.00821(6-A)’ (11)
2,"=0.5055+0.00595(6.5-A)? 12)
k'=0.2711+0.01858(2.5-A)? (13)

and then the correction factors r,=a/(a "), r,=a/(a,") and
r =k/" were determined; that allowed, to calculate the
atmospheric transmittance for the incident radiation t,,
given by equation (14).
=G, (4

where G is the extraterrestrial radiation incident on
a plane normal to radiation on the same day and is
expressed by: (Duffie & Beckman, 1991; Mucomole ez a/.,
2021)

360m,
£ (1 +0.0033 Cos 365] (15)

1.000110 +0.034221 Cos B + 0.001280 SinB)
+0.000719 Cos 2B + 0.000077 5in 2B

o |

For the zenith angle, at an altitude above 2.5 km, the
clear-sky normal DNI was calculated using equation (16)
(Igbal, 1983; Duffie & Beckman, 1991; Mucomole ¢/ /.,
2021)

G,=G,_ 1, Cost ~ (16)
and for periods of any hour, horizontal direct radiation
was estimated using the formula (eq.17).

1,71 =, Cosb — (17)
The diffuse radiation of the clear sky on a horizontal
surface was determined to obtain the Total Theoretical
Radiation, according to an empirical relation between the
transmission coefficients developed by Liu and Jordan,
(1960), through equation (18). (Duffie & Beckman, 1991;
Liu & Jordan, 1960; Mucomole ef al., 2021)

Ga
Ta = o= 0271~ 0294,

0

. G, 1 . . .
where 1 s G*:(Of f) is the ratio of DHI to extraterrestrial
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DHI in the horizontal plane. (Belacio, ez al., 2014; Duffie
& Beckman, 1991; Liu & Jordan, 1960; Iqbal, 1983;
Mucomole ¢/ al., 2021)
_ GHI
t = Gn
The Total Theoretical Radiation was determined G, =

Clear

Total, which represents the sum between the direct
radiation on the horizontal surface that arrives in a time
given by the formula (16) and the diffuse radiation on the
horizontal surface.
To remove the variability due to the reduction of incoming
solar radiation on the horizontal surface, we introduce a
normalized quantity, the brightness index, K (GHI ratio
for daily extraterrestrial radiation) given as (Beltcio, e7 a/.,
2014; Duffie & Beckman, 1991; Lohmann, 2018; Mills,
2011; Petez et al., 2010),
K= GHI

G{_‘)’em’
or the clear-sky index K™ (ratio of GHI and clear-sky
radiation, that is, the irradiation of the earth’s atmosphere

with clear-sky), the latter more effectively removing the
effects of solar geometry in elevations and has a more
intuitive range, and for good estimation, it has values
ranging from 0 and not exceeding 1.4 (Duffie & Beckman,
1991; Lohmann, 2018 ; Perez et al., 2010).

Where G, = Total is the total radiation on the horizontal
surface, that is, the sum between the direct radiation on
the horizontal surface that arrives in a time given by the
formula (16) and the diffuse radiation on the hotizontal
surface.

A time interval AK” (variation between two consecutive
measurements) of one and ten minutes was adopted,

and the amplitude or period (interval of measurement
of solar radiation on the horizontal surface) of one day
(Devore, 2015; Mills, 2011; Perez ez al., 2016).

AKt =K (t+1)-Kt' (21)
Taking the ramp rate AK™ (variations of AK, for
a period t) as dimensionable, the nominal variability
(standard deviation of K" and AK) or the index of the
dimensional Kt*, is (Belacio, ¢# al., 2014; Devore, 2015;
Duffie & Beckman, 1991; Lohmann, 2018; Mills, 2011).

Nominal Variability = o(AK” )Z\/(Var[AK: WD (22)
The GHI and Total Theoretical Radiation spectra were
used as a function of time to choose a maximum of
10 days with GHI behavior close to Total Theoretical
Radiation, that is, acceptable for each month of the year
2012. The chosen days of each month were organized in
a set that represents the whole year of 2012, in a table
that contains the reference of the day, the average value
of K and finally 6K". Next, the spectrum of K was
graphed as a function of AK, and the average value of
K" and the average value of AK" were calculated.
On the basis of the graphs, the days were classified as
cloudy, clear and intermediate skies, respectively. By
convention it was defined that the days of the year,
whose hotizontal and vertical coordinates are located in
the interval before the average of K™ and below oK “as
cloudy-sky days; the values whose coordinates are located
in the interval after the average of the values of K and
below oI " were defined as clear sky days; and finally, the
days whose coordinates are located above the 6K~ values,
regardless of what the Kt* values are, were defined as
intermediate-sky days.

Classification of days

A

oK;

Intermediate sky

Cloudy sky

Clear sky

K;

Figure 4: Classification of the days of each month of the year, using average values of K" andoK".

After classifying the days, three days of different
classifications were taken, and the spectrum of K’
and oK was trafficked as a function of the time of
day, which allowed evaluating how solar energy varies
throughout the day. Clear, cloudy and intermediate days
were collected and counted, and new spectra were treated
and constructed in a bar graph for analysis of the month

of the year with the highest peak of cloudiness and clear
days. AK" Values were collected for each classification
of days. Then, frequency density histograms were
constructed to represent the spectrum of AK, for the
three types of days. From these histograms, the variability
of the selected days was analyzed for each day of the
chosen year.
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RESULTS

Classification of the days of the year
UEM-Maputo station

Year 2012

The calculation of the means values of K™ and oK for
the year 2012 were equal to 0.8927 and 0.4650, using
these values the diagram was obtained (see Figure 5).
From the spectrum obtained, it can clearly be concluded

that all the days that are in the interval to the left of

(K" ) =0.8927 and below oK '=0.4650, represent the
cloudy sky day and those that are to the right of (K™)
"=0.8927 and below oK =0.4650, represent Clear Sky
days, those that are in the interval above ¢l '=0.4650
regardless of the values of (K"), represents the days of
intermediate sky.

It appears that during the 6 months analyzed: February,

Classification of the days of the year 2012
UEM-Maputo station

2.5000
2.0000
*
« 15000 *’
o
© 1.0000 * L 4
¢
U.SUUUW—"
0.0000 ~ 4
0.0000 0.5000 II.OOOO 1.5000 2.0000
k;

Figure 5: Scatter diagram for classifying the days of all months of the year 2012 in UEM—Maputo station, using the

values of (K") and oK for each day.

March, June, July, November and December, they present
a layout that covers all seasons of the year. However,
the following was observed: February has eight clear sky
days, two cloudy sky days, and no intermediate sky days;
The month of March has three days of clear skies, but
has six days of cloudy skies and one day of intermediate
skies, on the contrary; The month of June has a day with
clear and cloudy skies, and also has an intermediate sky

day; The month of July has one day of clear skies, four
days of cloudy skies and three days of intermediate skies;
The month of November has three days of clear skies,
two days of cloudy skies and four days of intermediate
skies, however; The month of December has five clear
sky days, two intermediate sky days and three cloudy sky
days, as shown in Table 3.

Table 3: Distribution of the number of clear, cloudy and intermediate sky days in 2012.

Months Classification
Clear Cloudys Intermediate

February 8 2 0

March 3 6 1

June 1 1 1

Jully 1 4 3

November 3 2 4

December 5 3 2

TOTAL 21 18 1

FUNAE-Gaza—Dindiza station

Year 2012

The calculations of the mean values of K™ and K" for
the year 2012 were equal to 0.6594 and 0.2730, using
these values the diagram was obtained (see Figure 6).
From the spectrum obtained, it can cleatly be concluded
that all the days that are in the interval to the left of
(K)=0.6594 and below oK '=0.2730, represent the
cloudy sky day and those that are to the right of (K’
)=0.6594 and below oK '=0.2730, represent Clear Sky
days, those that are in the interval above 6K '=0.2730

regardless of whatever the values of (I ) , represents
the days of intermediate sky. It appears that during the
9 months analyzed: April, May, December, July, June,
August, September, October and November, they present
a layout that covers all seasons of the year. However, the
following was observed: The month of April does not
have clear sky days, it has one cloudy sky day, and five
intermediate sky days; The month of May does not have
clear sky days, but has seven days of cloudy sky and one
day of intermediate sky, on the contrary; The month of
June does not have days of clear skies or intermediate
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FUNAE-Gaza-Dindiza

0.60000
0.50000 * ¢
. 0.40000 L 4 ‘Q
% 0.30000 | x .W
0.20000 % o _‘é?
0.10000
0.00000

0.0000 0.2000 0.4000 O.GO[IO 0.8000 1.0000 1.2000
k;
Figure 6: Scatter diagram for classifying the days of all months of the year 2012 in FUNAE—-Gaza—Dindiza, using
the values of K™ and oK™ for each day.

skies, but has six days of cloudy skies; The month of July intermediate skies; The month of October has nine days
does not have days of clear skies or intermediate skies, of clear skies, does not have cloudy skies or intermediate
but has four days of cloudy skies; The month of August  skies; The month of November has nine days of clear sky,
does not have days of clear skies or intermediate skies, one day of cloudy sky and no days of intermediate sky, by
but has two days of cloudy skies; September has two days  the way; December has one clear sky day, nine intermediate
of clear skies, three days of cloudy skies and one day of  sky days and no cloudy sky days, as shown in Table 4.

Table 4: Distribution of the number of clear, cloudy and intermediate sky days in 2012.

Months Classification
Clear Cloudys Intermediate

April 0 1 5

May 0 7 1

June 0 6 0

July 0 4 0

August 0 2 0

September 2 3 1

October 9 0 0

November 9 1 0

December 1 0 9

TOTAL 21 24 16

Year 2013 that all the days that are in the interval to the left of K’

The calculations of the means values of K™ and oK~ "=0.8646 and below 6K '=0.3205, represent the cloudy sky
for the year 2013 were equal to 0.8646 and 0.3205, using  day and those that are right of K" "=0.8646 and below
these values the diagram was obtained (see Figure 8). oK '=0.3205, represent Clear Sky days, those that are
From the spectrum obtained, it can be clearly concluded in the interval above I '=0.3205 regardless of what the

Classification of the days of the year 2013
FUNAE-Gaza-Dindiza station
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Figure 7: Scatter diagram for classifying the days of all months of the year 2013, using the values of Kt* ~and oI
for each day.
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values are of K: 7, represents the days of intermediate sky.
It appears that during the 6 months analyzed: January,
February, March, October, November and December,
they present a layout that covers all seasons of the year.
However, the following was observed: The month of
January has a clear sky day, does not have cloudy sky days,
and has nine intermediate sky days; February has two
clear sky days, one cloudy sky day, and six intermediate
sky days; The month of March has five days of clear skies,

but five days of cloudy skies and no day of intermediate
skies, on the contrary; The month of October, which has
eight days of clear skies, but two days of cloudy skies
and no day of intermediate skies, similarly; The month of
November has eight days of clear skies, but two days of
cloudy skies and no day of intermediate skies, however;
The month of December has one clear sky day, two
intermediate sky days and four cloudy sky days, as shown
in Table 5.

Table 5: Distribution number of clear, cloudy and intermediate sky days in 2013.

Months Classification
Clear Cloudys Intermediate

January 1 0 9

February 2 1 6

March 5 5 0

October 8 2 0

November 8 2 0

December 1 4 2

TOTAL 25 14 17

Year 2014

The calculations of the mean values of K™ and oK for
the year 2014 were equal to 0.8459 and 0.3025, using
these values the diagram was obtained (see Figure 8).

From the spectrum obtained, it can cleatly be concluded
that all the days that are in the interval to the left of (K)

7=0.8459 and below oK =0.3025, represent the cloudy
sky day and those that are to the right of (KK )™=0.8459
and below 6K "=0.3025, represent Clear Sky days, those
that are in the interval above 6K "=0.3025 regardless of
whatever the values of (K™ )7, represents the days of
intermediate sky.

Classification of the days of the year 2014
FUNAE-Gaza-Dindiza station
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Figure 8: Scatter diagram for classifying the days of all months of the year 2014, using the values of K™~ and oK’

for each day.

It appears that during the 8 months analyzed: January,
February, March, April, September, October, November
and December, they present a layout that covers all
seasons of the year. However, the following was
observed: The month of January has one clear sky
day, no cloudy sky day, and nine intermediate sky days;
February has two clear sky days, one cloudy sky day, and
seven intermediate sky days; The month of March has
three days of clear skies, but has six days of cloudy skies
and one day of intermediate skies, on the contrary; The

month of April has no clear sky day or intermediate sky
days, and has three days of cloudy skies; The month of
September does not have clear sky days or intermediate
sky days, but has four days of cloudy skies; The month of
October has seven clear sky days, three cloudy sky days,
and no intermediate sky days; The month of November
has seven days of clear sky, three days of cloudy sky and
no day of intermediate sky, however; The month of
December has three clear sky days, no cloudy sky days
and six intermediate sky days, as shown in Table 6.
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Table 6: Distributions of the number of clear, cloudy and intermediate sky days in 2014.

Months Classification
Clear Cloudys Intermediate

January 1 0 9

Februuary 2 1 7

March 3 6 1

April 0 3 0

September 0 4 0

October 7 3 0

November 7 3 0

December 3 0 6

TOTAL 23 20 23
FUNAE-Maputo—Lagoa Phati station day and those that are to the right of K ' 7=0.7403 and
Year 2012

The calculation of the mean values of Kt* and oKt* for
the year 2012 were equal to 0.7403 and 0.5948, using
these values the diagram was obtained (see Figure 9).

From the spectrum obtained, it can be clearly concluded
that all the days that are in the interval to the left of K~
"=0.7403 and below 6K '=0.5948, represent the Cloudy

below oK '=0.5948, represent Clear Sky days, those
that are in the interval above oK '=0.3025 regardless
of whatever the values of (K )7, represents the days of
intermediate sky.

It appears that during the 6 months analyzed: April, May,
June, July, August, September they present a layout that
covers all seasons of the year. However, the following was

Classification of the days of the year 2012
FUNAE-Maputo—Lagoon Phati station
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Figure 9: Scatter diagram for classifying the days of all months of the year 2012, using the values of Kt*~ and oKt*

for each day.

observed: The month of April, August and September
had no one of the different skies days; the month of
May has no clear sky days, one cloudy sky day, and no
intermediate sky days; The month of June has one clear

sky day, two days of cloudy skies and three days of
intermediate skies, on the contrary; The month of July
has no clear sky day but has four cloudy and intermediate
skies days as shown in Table 7.

Table 7: Distributions of the number of clear, cloudy and intermediate sky days in 2012.

Months Classification
Clear Cloudys Intermediate

April 0 0 0
May 0 1 0
June 1 2 3
July 0 4 4
August 0 0 0
September 0 0 0
TOTAL 1 7 7
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Day Quantification Analysis

Clear, Cloudy and Intermediate sky day analysis
chart

The final classification observed for the values of Table
3,4,5, 06,7 and Figures 5, 6,7, 8, 9 of the days shows that
the six months of the year 2012 analyzed and calculated
the values of K and oK', for the month of February
presented a greater number of days of sky-clear about
cight days and the month of June and July the least

UEM-Maputo station (2012)
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amount of clear sky days, about one day only. The month
of March had the highest number of cloudy days, around
six days, and the months of June and July had the lowest
number of cloudy days each. The month of November
registered the highest number of intermediate-sky days,
about four days and the month of February did not record
any intermediate-sky days, this behavior is applicable
for the consider here regional stations in southern of
Mozambique, as shown in the following figure,
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m= - days of Clear sky;

= - days of Cloudy sky;

w» - days of Intermediate sky.

Figure 10: Temporal distribution diagram for classifying the days of the months, using the values of Kt* and OK: for

cach day of: (a) the year 2012, at the UEM—Maputo station;
(c) the year 2013, at the FUNAE~Gaza—Dindiza station; (d)
the year 2012, at the FUNAE—-Maputo—ILagoon Phati statio

The rainy and hot season tends to have a higher relative
percentage frequency of about 32.0 days with clear sky
conditions, with a peak of greater frequency in the month
of February at about 16.0, and the months of June and
July with about 2.0 each. And a higher frequency of
12.0 days with intermediate sky conditions, with a peak
in November at around 8.0. The dry and cold season
tends to have a higher relative percentage frequency of

(b) the year 2012, at the FUNAE —Gaza—Dindiza station;
the year 2014, at the FUNAE—~Gaza—Dindiza station; (e)
1.

about 22.0 days with a cloudy sky, with a peak of greater
frequency in March of about 12.0.

Time Distribution for a Single Radiation Measurement
Sensor

Clear Sky Day

The graph (in Figurell) clearly shows that from 6:00:00
AM solar radiation evolves until 8:00:00 AM and then

https:

journals.e-palli.com/home/index.ph

ajent



Am. J. Energy Nat. Resour. 2(1) 27-50, 2023

@ oalli

varies, registering sudden increases and decreases in the
range of K values of 0.2 to 1.2 in the interval from
7:00:00 AM to 1:00:00 PM, then it varies slowly, and from
4:00:00 PM it starts to decrease, this smooth variation

of Kt* and AKt*, relates to the weak cloudiness that the
sky presents that does not impede the trajectory of solar

radiation, based on the time interval of one minute.

Clear Sky Day (February 3, 2012) Clear Sky Day (September 30, 2012)
UEM-Maputo station FUNAE-Gaza-Dindiza station
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Figure 11: Distribution of K" (top) and AK™ (bottom) as a function of time of day, (a) for a time interval of one
minute and an amplitude of one day, over Clear Sky Day, February 3, 2012, at UEM—Maputo station; for a ten minute
time interval and one day amplitude: (b) throughout clear day, September 30, 2012 , at FUNAE—-Gaza—Dindiza
station; (c) over clear day, March 2, 2013, at the FUNAE-Gaza—Dindiza station; (d) over clear day, February 28, 2014
, at the FUNAE—-Gaza—Dindiza Station; (¢) throughout clear day, February 28, 2012, at FUNAE-Maputo—Lagoon

Phati Station.
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Cloudy Sky Day

The spectrum (in Figure 12) clearly shows that from
8:00:00 AM to 3:00:00 PM, solar radiation varies abruptly,
registering a complicated variation and then starts to

increase from 5:00:00 PM , this is due to the strong
amount of cloudiness observed in the order of 14.0 %,
for a time interval of one and ten minutes.

Cloudy Sky Day (March 3, 2012) Cloudy Sky Day (June 16, 2012)
UEM-Maputo station FUNAE-Gaza-Dindiza station
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Figure 12: Distribution of K_t™* (top) and AK_t™* (bottom) as a function of time of day, (a) for a time interval
of one minute and an amplitude of one day, over cloudy sky day, March 3, 2012, at UEM—Maputo station; for a ten
minute time interval and one day amplitude: (b) throughout cloudy day, June 16, 2012, at FUNAE—-Gaza—Dindiza
station; (c) over cloudy day, November 08, 2014, at the FUNAE—Gaza—Dindiza station; (d) over cloudy day, April 07,
2014, at the FUNAE—-Gaza—Dindiza Station; (¢) throughout cloudy day, July 20, 2012, at FUNAE-Maputo—ILagoon
Phati Station.
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Intermediate-Sky Day

The spectrum (in Figure 13) shows a variation illustrating
asudden drop in solar radiation from 7:00:00 AM onwards
due to the dynamics of cloud concentration at daybreak,
causing K" and AK”" remain in a decreasing direction;

radiation shows a weak variability due to the fact that
in this range there is little cloudiness also affecting the
values of AK: with the same behavior, then it decreases
until the end of the day, because in this period we have
cloud dynamics, based on a time interval of one and ten

and the interval from 10:00:00 AM to 4:00:00 PM solar minute.
Intermediate Sky Day (December 22, 2012) Intermediate sky Day (December 22, 2012)
UEM-Maputo station FUNAE-Gaza-Dindiza station
2.0000 5.0000
* *
2 1.0000 WJM .
I — g, W
0.0000 0.0000 J
6.60068.683910.76722.85064.9339 1 611162126313641465156616671
Time of day Time of day
1.0000 2.0000
g 0.0000 F 1.0000
% 6.6006 9208 11.8 %
-1.0000 0.0000
1 7 131925313743 49556167
-2.0000 -1.0000
Time of day Time of day
(a) (b)
Intermediate sky day (December 26, 2013) Intermediate sky day (December 19, 2014)
FUNAE-Gaza-Dindiza station FUNAE—Gaza-Dindiza station
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Intermediate sky day (June 28, 2012) 0.6000
FUNAE-Maputo-Lagoon Phati Station 0.4000
20000 + 0.2000
g 1.0000 2 0.0000
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1 6111621263136414651566166
-0.4000
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(e)

Figure 13: : Distribution of K_t™* (top) and AK_t™* (bottom) as a function of time of day, (a) for a time interval of
one minute and an amplitude of one day, over intermediate sky day, December 22, 2012, at UEM—Maputo station; for
a ten minute time interval and one day amplitude: (b) throughout intermediate day, December 22, 2012, at FUNAE—
Gaza—Dindiza station; (c) over intermediate day, December 26, 2013, at the FUNAE—-Gaza—Dindiza station; (d) over
intermediate day, December 19, 2014, at the FUNAE—Gaza—Dindiza Station; () throughout intermediate day, June
28, 2012, at FUNAE—~Maputo—Lagoon Phati Station.
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It can be verified that the fluctuations during the daily
course of the values of K determined according to its
standard deviation for clear, cloudy and intermediate sky
days,

It resembles the model adopted by Duffie & Beckman,
(1991), for the calculation of global irradiation under
clear sky (Figure 14), as an appropriate choice of time
interval and amplitude for the study of variations.

Theoretical irradiation for different types of days
[Southern Region of Mozambique]
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Figure 14: Total theoretical irradiation as a function of time of day.

Histograms of Clear, Cloudy and Intermediate days
The classification of data in Tables 3, 4, 5, 6 and 7, shows
the separation of clear, cloudy and intermediate days,
through which a new table can be built containing AK "
data for clear, cloudy and intermediate days of every
year selected from the year, and resulted in histograms
of variation of the probability density in the logarithmic
scale, which will be analyzed below.

Variability of the clear sky index — K* on a clear sky
day

The frequency density has a maximum value for K" close
to zero, and gradually decreases as the K" values increase
in absolute value, reaching values lower than 0.03 when

AK: approaches 2.0.

-2.0

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

axes
Figure 15: Distribution of variability on clear-sky days.

Variability of the clear-sky index — K" on a Cloudy
sky day

The cloudy sky days have the same behavior as the clear
sky days described above, although when values lower
than 0.03 are reached.
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Figure 16: Distribution of variability on cloudy days.

Variability of the clear sky index — K* on an
intermediate sky day

The intermediate days also present a behavior similar
to the previous ones, however the probability density
presents a slight decrease, since the frequency of AK”
values in the interval outside [-2,2] is higher.
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aKes
Figure 17: Distribution of variability on intermediate-
sky days.
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DISCUSSION

The mean values K™ and oK determined the interval
for classifying the days as clear, cloudy and intermediate.
Analyzing the southern region of Mozambique, in
the sample of days of all stations, there is a trend of
intermediate days in the percentage of: 22.0 0 % in the
year 2012 in the UEM—Maputo station; in the FUNAE—
Gaza—Dindiza station, 26.23 % in the year 2012, 32.69
% in the year 2013 and 34.85 % in the year 2014, at the
FUNAE—-Maputo—Lagoon Phati station 46.67 % in the
year 2012. Cloudy days are in the percentage of: 36.0 %
in the year 2012 at UEM—Maputo station; at FUNAE—
Gaza—-Dindiza station, 39.34 % in 2012, 19.23 % in
2013, 30.30 % in 2014; at FUNAE-Maputo—Lagoon
Phati station, 46,67 % in the year 2012. And a higher
percentage of the number of days are with clear skies,
about: 42 % in the year 2012 at the UEM-—Maputo
station; at the FUNAE—-Gaza—Dindiza station 34.43 %
in the year 2012, 48.08 % in 2013 and 34.85 % in 2014; at
the FUNAE—-Maputo—Lagoon Phati station 46.6 7% in
2012. This classification took into account the evaluation
of the dispersion diagram of the analyzed days of each
month of the year previously mentioned (see Figures. 5,
6,7,8and9).

In the rainy and hot season (summer) where: in the
UEM-Maputo station in the year 2012 there are a total
of 29 days analyzed, it appears that about 32.0 % are in
the clear sky condition, 14.0 % cloudy-sky days and 12.0
%, in the intermediate-sky condition; in the FUNAE—
Gaza—Dindiza station in the year 2012 there are a total
of 29 days analyzed, it appears that about 31.15 % are
in the condition of clear sky, 1.64 % days of cloudy sky
and 14.75 % in the intermediate sky condition; in the
year 2013 there are a total of 46 days analyzed, it appears
that about 35.71 % are in the clear sky condition, 16.07
% cloudy sky days and 30.36 % in the intermediate sky
condition; in the year 2014 there are a total of 49 days
analyzed, it appears that about 30.30 % are in the clear sky
condition, 10.61 % cloudy sky days and 33.35 % in the
intermediate sky condition; At the FUNAE-Maputo—
Lagoon Phati station in the year 2012, there were no
records of different days at this station due to the fact
that this was the year in which the data reading began at
this station and it did not include data reading failures by
the logger, as previously mentioned.

On the other hand, in the cold and rainy season (winter):
in the UEM—Maputo season in 2012, with a total of 21
days, 10.0 % have clear sky days, 22.0 % cloudy sky days
and 10.0 % intermediate sky days; in the FUNAE-Gaza—
Dindiza station in 2012, with a total of 32 days, 3.28 %
had clear sky days, 37.70 % cloudy sky days and 11.48 %
intermediate sky days; in 2013, with a total of 10 days,
8.93 % had clear sky days, 8.93 % cloudy sky days and
0.0 % intermediate sky days; in 2014, with a total of
21.0 days, 4.55 % had clear sky days, 9.09 % cloudy sky
days and 1.52 % intermediate sky days; In the FUNAE—
Maputo—Lagoa Phati station in 2012, with a total of 15.0
days, 6.67 % had clear sky days, 46.67 % cloudy sky days

and 46.67 % intermediate sky days.

These results differ from those obtained by Fernando
et al., (2018). This difference may be related to the fact
that this author regularly includes all days of the year
in the sample, while this research evaluates only a small
part of the sample. On the other hand Fernando ez al.,
(2018) base his analysis on the calculation of the daily
solar energy flux.

Figure 11, which show the variation of the clear-sky index,
for a time interval of one minute, registering a sudden
increase and decrease in the range of K values from
0.2 to 1.2 from 6:00:00 AM solar radiation evolves until
7:00:00 AM and then varies sharply in the interval from
7:00:00 AM to 1:00:00 PM, then it varies slowly, from
4:00:00 PM onwards it begins to register a reduction. This
smooth variation of K" is related to weak cloudiness
(adapted from Lohmann e/ al., 2018).

On the other hand, Figure 12 shows the characteristic
curve of a cloudy day. They show that for a time interval
of one minute, from 8:00:00 AM to 3:00:00 PM, solar
radiation varies sharply. This variation must be the strong
amount of cloudiness observed.

The characteristic intermediate-sky curve shown in
Figure 13, shows a slight increase in an interval of about
half an hour (06:00:00 AM to 06:30:00 AM), then varies
sharply due to concentration dynamics of cloudiness.
These results are in agreement with the results presented
during the shadow effect, there is a substantial significant
reduction in variability.

The histograms showed in Figures 15, 16 and 17 shows
the variability of GK: for clear, cloudy and intermediate
sky days, respectively. The decrease from the central
peak of the frequency density shown in the histograms
is smoother on intermediate sky days. This result reflects
the greater variability on intermediate sky days.

CONCLUSION

The analysis of the results allows concluded the following:
At the UEM—-Maputo station, the density of analyzed
values for the six months of the year 2012 shows that the
values of K for one day vary between 0.3342-1.2764,
with the minimum observed in July and the maximum
in December. At the FUNAE—Gaza—Dindiza station, the
density of analyzed values: of the nine months of the
year 2012, shows that the values of K™ for one day vary
between 0.2459 - 0.9832, with the minimum observed in
month of June and the maximum in November; of the
nine months of the year 2013, it shows that the values
of K" for a day vary between 0.4984-0.9961, with the
minimum observed in January and the maximum in
February; of the nine months of the year 2014, shows
that the values of K" for a day vary between 0.5483—
0.9956, with the minimum observed in January and the
maximum in February. At the FUNAE—-Gaza—Iagoon
Phati station, the density of analyzed values: of the nine
months of the year 2012, shows that the values of I’
for one day vary between 0.5306-0.948, the minimum is
observed in the month of May and the maximum in July.
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In the UEM—Maputo station, in the year 2012, of the total
of 50 days it can be seen that: 21 days have clear skies,
18 days have cloudy skies and 11 days have intermediate
skies. At the FUNAE~Gaza—Dindiza station, during the
year 2012, out of the total of 61 days it can be seen that:
21 days have clear skies, 24 days have cloudy skies and
16 days have intermediate skies; during the year 2013, of
the total of 56 days it can be seen that: 25 days have clear
skies, 14 days of cloudy skies and 17 days of intermediate
skies; during the year 2014, of the total of 66 days it is
verified that: 23 days have clear skies, 20 days of cloudy
skies and 23 days of intermediate skies. And at the
FUNAE—-Maputo—Lagoon Phati station, during the year
2012, of the total of 15 days it can be seen that: 01 day
has clear skies, 07 days of cloudy skies and 07 days of
intermediate skies.

The variations during the daily course of K" determined
according to its standard deviation show as much adequacy
to the model adopted for the calculation of the global
irradiation in clear sky, as an appropriate election of the
time interval and of the amplitude and of the period for
the study of the variations.

The frequency with which higher absolute values of AK”
are presented is higher on intermediate-sky days.
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