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ABSTRACT
The objective of this work is to analyze the spatio-temporal distribution of Global Horizontal Irradiation (GHI) on a regional scale and 
its relationship with frequent synoptic situations in the south of the Pampeana region (Argentina). It was verified that the latitudinal 
pattern of distribution of the GHI is modified in the region by cloud cover, which is in turn determined by the seasonal dynamics 
of action centers and the passage of fronts in summer and winter. The South America Monsoon System (SAMS) defines differential 
situations of cloudiness and rainfall in the region, which affect GHI. GHI increased successively between the decades 1981–2010, 
a factor associated with the variability of rainfall that characterizes the region.
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1. Introduction

Solar radiation is the main source of energy for all 
climatic processes and the determining factor of the 
intensity and distribution gradients of different cli-
mate elements (such as temperature, humidity and 
atmospheric pressure, among others). Thus, radiation 
is the ultimate cause of climate differences and affects 
all climate-related phenomena (Patton, Alexander, 
and Kramer 1978). 

Solar radiation reaching the earth surface depends 
on solar height, day length, atmospheric conditions 
and terrain topography. While site conditions (lati-
tude and topography) determine the intensity and 
duration of insolation, the earth’s atmosphere fil-
ters incident radiation by absorption, diffusion and 
reflection processes (Abal 2012; Patton, Alexander, 
and Kramer 1978; Oke et al. 2017; Sengupta et al. 
2017). About the theoretical concepts regarding solar 
radiation, this paper uses the following terms: direct 
radiation, diffusse radiation and Global Horizon-
tal Irradiation (GHI). Direct radiation is that which 
is received directly from the Sun without suffering 
any atmospheric dispersion. Diffuse radiation is the 
one the surface receives after being deflected by dis-
crete particles present in the atmosphere. GHI is the 
geometric sum of direct and diffuse radiation received 
on a surface (Hermosillo Villalobos, Gudiño Ayala, and 
Mendoza Ramírez 1995; Habte et al. 2017). 

Solar radiation has become an object of growing 
scientific interest due to its potential for sustainable 
energy optimization. Photovoltaic electricity pro-
duction is one of the most recent renewable energy 
sources with the widest field of application. However, 
the use of the solar resource depends on the knowl-
edge of the intensity and distribution of solar radia-
tion received in a given space, as well as its temporal 
variation (Sengupta et al. 2017; Vera Mella and Bal-
dasano Recio 2005). Regardless of site conditions the 
dynamics of atmospheric action centers and cloud 
type and cover associated are the main causes of the 
spatio-temporal variability of solar radiation (Weber 
1994; Matuszko 2012; Fernández, Gentili, and Cam-
po 2018). Consequently, the interaction of solar 
radiation and its components with action centers 
dynamics has been increasingly studied by numerous 
researchers around the world (Jerez and Trigo 2013; 
Pozo-Vázquez et al. 2004; Tomson and Hansen 2010; 
Urban, Migała, and Pawliczek 2017; Fernández, Genti-
li, and Campo 2018). The study of the spatio-temporal 
variability of the solar resource and its representa-
tion by way of theme maps constitutes a basic man-
agement tool useful when evaluating and executing 
measures aimed at sustainable energy development 
(Gueymard and Wilcox 2011; Habte et al. 2017). 
Numerous investigations are focused on the study of 
solar radiation components and their spatio-tempo-
ral variability, mainly regarding its use as an energy 
resource (De Miguel et al. 1994; Gallegos y Righini 

2002; Gómez-Tagle Chávez y Chávez Huerta 2004; 
Lohmann et al. 2006; Raichijk et al. 2006a; Raichijk 
et al. 2006b; Grossi Gallegos y Spreafichi 2007; Lave 
y Kleissl 2010; Grossi Gallegos et al. 2010; Gueymard 
y Wilcox 2011; Davy y Troccoli 2012; Sanchez-Loren-
zo et al. 2012; Righini y Aristegui 2013; Gueymard 
2012; Raichijk 2012; Raichijk 2013; Gil et al. 2015).

One of the greatest challenges in the study of radi-
ation in terms of resources relates to the high cost 
of measurement instruments and consequent una-
vailability of continuous records in space and time 
in the long term. This challenge involves Argentina 
and numerous regions in other developing countries, 
where the availability of solar radiation records is 
often limited (Raichijk, Grossi Gallegos, and Righini 
2006; Ramirez Camargo et al. 2015). In this situation, 
it is necessary to look for alternative data sources in 
order to assess the variability of the solar resource in 
different territories. Historically, the data on sunshine 
hours have been used to estimate GHI (Löf, Duffie, and 
Smith 1966; Hay 1979; Benson et al. 1984; Román, 
Bilbao, and de Miguel 2014; Assi and Jama 2010; Sen-
gupta et al. 2017; Argungu, Dabai, and Scholar 2017). 
The use of numerical models for GHI studies emerg-
es as an alternative, reanalysis being one of the most 
used (Schroeder et al. 2009; Linares-Rodríguez et al. 
2011; Lohmann et al. 2006; Ramirez Camargo et al. 
2015). In this context, our objective in this study has 
been to analyze the spatio-temporal distribution of 
GHI at a regional level and its relation with frequent 
synoptic situations in the south of the Pampeana 
region (Argentina). From the environmental climate 
and given the growing energy requirements of urban 
centers, it is necessary to assess the renewable energy 
potential as a possibility of energy matrix diversifica-
tion at a regional and local level. 

2. Materials and methods

2.1 Study area

The study area includes the southern sector of the 
Argentine Pampeana region. It covers the south of Bue-
nos Aires province, the east of La Pampa province and 
a sector of the northwest of Río Negro province (Fig. 1)

The climate in the south of the Pampeana region 
is temperate. Within this temperate climate a differ-
ence can be established between the temperate tran-
sition to arid climate in the South and the temperate 
oceanic climate in the eastern sector near the sea 
(García 2013). Regional atmospheric circulation is 
controlled by large-scale systems influencing south-
ern South America; namely the semi-permanent anti-
cyclones from the Atlantic (South Atlantic High, SAH) 
and Pacific (South Pacific High, SPH) oceans (Chiozza 
and Figueras 1982; Grimm, Barros, and Doyle 2000) 
(Fig. 2). Furthermore, the studied sector is located in 
one of the areas with the highest frequency of passage 
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of migratory anticyclonic systems (García 2013; 
Celemín 1984). These systems enter the territory in 
a west-east direction and are characterized by caus-
ing various weather conditions associated with their 
passage (Celemín 1984; Alessandro 1998). In winter, 
the influence of cold and humid air arising from cel-
lular detachments of the High Pressures of the South 
Pacific Ocean stands out (García 2013; Sinclair 1996; 
Mendes 2006; Ambrizzi and Pezza 1999; Bruniard 
1981; Pezza and Ambrizzi 2003; Celemín 1984; Ales-
sandro 1998). In summer and within the continent, 
the continental Tropical air masses (cT) inhibit pre-
cipitation, generating droughts and loss of energy due 
to night cooling. In the coastal areas of the Pampeana 
region, maritime Tropical air masses (mT) dominate. 
These emerge from the western edge of the South 
Atlantic Anticyclone, its entry to the continent favors 
the development of cloudiness and precipitation and 
the summer storms that occur in the region (Fig. 2) 
(Scian 2010; Celemín 1984; Bejarán and Camilloni 
2003). The regional thermal spatial distribution has 
a rather homogeneous character and is mainly deter-
mined by geographical factors on a regional scale, 
such as altitude, proximity to the sea or advective 
movements. The continental influence defines the val-
ues of annual thermal amplitude and the occurrence 
of frosts (Campo de Ferreras, Capelli de Steffens, and 
Diez 2004).

In the southern Pampeana region, rainfall has 
a marked spatio-temporal variability. Precipitated 
amounts decrease from northeast to southwest, with 
differences that exceed 400 mm (Gabella, Zapperi 
Paula, and Campo Alicia 2010; García 2013). Like-
wise, the presence of a rainy season extending from 
October to March and a relatively dry season from 
May to September can be observed (Casado and Cam-
po 2019; Gabella, Zapperi Paula, and Campo Alicia 

2010). Although previous studies found maximum 
peaks in spring and autumn (Capelli de Steffens, Pic-
colo, and Campo de Ferreras 2005; Campo de Ferre-
ras, Capelli de Steffens, and Diez 2004), recent stud-
ies in the region (Gabella, Zapperi Paula, and Campo 
Alicia 2010) and at a local level (Gentili and Gil 2013) 
identify summer as the rainiest season. This coincides 
with the increase in summer precipitation registered 
in large sectors of the American continent since 1970 
(Casado and Campo 2019; Liebmann et al. 2004). 
Summer rainfall is mainly caused by convective activ-
ity and the development of frontal systems, while in 
the dry season precipitation is linked to frontal sys-
tems (cold and warm), frontal waves and cyclogenesis 
processes (P. Zapperi et al. 2007; P. A. Zapperi et al. 
2006). About the precipitation types, Sarochar et al. 
(2005) found that between January 1995 and Decem-
ber 2001, convection produced about 75% of the pre-
cipitation, the remaining 25% due to stratiform cloud-
iness. Precipitation of stratiform origin only showed 
greater weight in April and October. Convective pre-
cipitation is associated with cumuliform cloudiness 
(cummulus congestus and cumulonimbus). This 
result is consistent with more recent investigations 
(Sarochar 2018). Regarding cloudiness in the study 
area, Fernández et al. (2018) analyzed its spatial 
distribution in the period 2001–2015. The authors 
found higher percentages (31.6–38%), of overcast 
skies in the northeast of the study area. The highest 
clear skies percentages were found in the west of the 
study area and they decreased in a west-east direc-
tion. This is in good agreement with the decrease in 
precipitations amounts stated earlier. At interannual 
scale, rainfall in the region has great variability which 
allows differentiating between dry and wet periods 
(Bohn, Piccolo, and Perillo 2011; Campo, Ramos, and 
Zapperi 2008; Scian 2010; Campo de Ferreras, Capelli 

Fig. 1 Study area.
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de Steffens, and Diez 2004; Ferrelli et al. 2012; Gentili 
2012; P. A. Zapperi 2012). This phenomenon can be 
related to the El Niño Southern Oscillation (ENSO, for 
its acronym in English) (Ferrelli 2016; Grimm, Barros, 
and Doyle 2000; Grimm 2011), although a great com-
plexity of atmospheric processes is also involved, such 
as sea surface temperature anomalies in the South 
Atlantic Ocean or variations in the convective activity 

of the South Atlantic Convergence Zone (Doyle and 
Barros 2002; Barros et al. 2000; Casado and Campo 
2019).

2.2 Data collection and analysis

This work uses Global Horizontal Irradiation (GHI, 
MJ m2 d−1) gridded data extracted from the Climate 

Fig. 2 Seasonal patterns of atmospheric circulation and precipitable water over South America and adjacent oceans.
Source: Sea level pressure, surface wind streamlines, and precipitable water maps were derived from long-term (1981-2010) monthly means 
of the NCEP/NCAR Reanalysis. Fronts and air masses were based on Campo et al. (2004). Modified from Casado (2013).
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Forecast System Reanalysis (CFSR) of the National 
Center for Environmental Prediction (NCEP) (Saha 
et al. 2010). The selected area has 365,500 km2 and 
includes 369 points evenly distributed every 0.25° 
lat/long. Average annual radiation values were cal-
culated for the 1981-2010 period, decadal means 
(1981–1990; 1991–2000; 2001–2010) and seasonal 
means (DJF; JJA) for each decade as well as for the 
entire period. This provided 12 data series for each of 
the points extracted. The data matrix (369 × 12) was 
incorporated into a Geographic Information System 
(ArcGIS, ESRI®) to obtain spatial distribution maps 
of each of the data series. The Kriging interpolation 
method and a 2 km mesh were used.

On the other hand, the NCEP/ NCAR Reanalysis 
products derived from the Physical Sciences Labora-
tory (NOAA) were used to compare the spatio-tempo-
ral variation of the GHI with the dynamics of action 
centers in the area and period considered. Within 
the range of available data, surface variables (.995 
sigma level) were selected. These include month-
ly means and long term means of sea level pressure 
(hPa), uwind (m s−1), and vwind (m s−1) for the period 
1981–2010. The visualization, treatment and statisti-
cal analysis of the pressure and wind series were car-
ried out in the Integrated Data Viewer program (IDV, 
Unidata).

3. Results and discussion

The mean annual distribution of atmospheric pres-
sure values at sea level and surface winds in Argenti-
na (Fig. 3A) and in the south of the Pampeana region 

(Fig. 3B) were analyzed. Figure 3A shows the pres-
ence of the Chaco Low (CL), SPH and SAH, whose 
pressures exceed 1020 hPa (Scian 2010). SAH is 
responsible for the downward pressure gradient in 
an east-west direction, originating the east and north-
east component winds of the study area (Fig. 3B) and 
air masses loaded with humidity. Consequently, tem-
perate climates with oceanic influence typical of the 
south pampeana region have a higher frequency of 
rainfall, low potential evapotranspiration and con-
ditions leading to fog formation. In the coastal areas 
of the Pampeana region dominate maritime Tropi-
cal air masses (mT) which emerge from the western 
edge of the South Atlantic Anticyclone, whose entry 
to the continent favors the development of cloudi-
ness and precipitation and the summer storms that 
occur in the region (Capelli de Steffens, Piccolo, and 
Campo de Ferreras 2005; Scian 2010; Celemín 1984; 
García 2013). As air masses advance over the conti-
nent, weather conditions are characterized by scarce 
rainfall, lower relative humidity values and cloudiness 
(Capitanelli 2008). 

The annual distribution of GHI in the study area 
(Fig. 4) corresponds to the synoptic characteristics 
of the analyzed sector. The variable was observed to 
have an increasing gradient in an east-west direction, 
which coincides with the increase of the continental 
influence. Annual average values between 19.5 and 
16.5 MJ m2 of GHI were estimated for the period 1981–
2010. Coastal zones in the eastern Buenos Aires prov-
ince sector have lower GHI values than the rest of the 
study area. The southern sector of Buenos Aires prov-
ince, despite its coastal location, has radiative condi-
tions similar to the surrounding continental areas. 

Fig. 3 Mean annual sea level pressure (hPa) and surface wind streamlines (m s−1) for the period 1981–2010.
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Fig. 4 Distribution of the mean annual Global Horizontal Irradiation (GHI) in the south of the Pampeana region (1981–2010).

Fig. 5 Mean monthly sea level pressure (hPa) and surface wind streamlines (m s−1) during austral summer for the period 1981–2010.
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The regional atmospheric circulation that defines the 
greater frequency of winds from the North, Northwest 
and West and the influence of continental Tropical 
air masses (cT) inhibit the formation of clouds and 
precipitation, which explains the greater availability 
of GHI in the sector (Capelli de Steffens, Piccolo, and 
Campo de Ferreras 2005). Regarding interdecadal 
analysis, the distribution of the variable can be linked 
to the variability of rainfall that characterizes the 
region. Although GHI is directly influenced by cloud 
cover and the presence of clouds does not necessarily 
imply the occurrence of precipitation, they are con-
sidered to be weather elements with closely linked 
dynamics. Droughts in Argentina are directly asso-
ciated with persistent anticyclonic conditions and 
a change in cloud cover of an area may be indicative 
of the beginning of this type of event (Piccolo, Capelli 
de Steffens, and Campo de Ferreras 2002). It can be 
observed that in the decade 1991–2000, all sectors 
located north of the area registered higher GHI values 
compared to 1981–1990. Furthermore, maps show 
that GHI increased successively in the region between 
the decades 1991–2000 and 2001–2010. The area 
with higher GHI values expanded towards the north-
east and the areas with lower GHI were reduced in the 
eastern sector. In the decade 2001–2010, the western 
sector of the study area shows the highest GHI value 
estimated. These findings are in agreement with the 
trends found in rainfall volumes on a regional scale. 
Campo et al. (2008) registered the existence of two 
humid periods between 1976 and 1988 and between 
1992 and 1997, associated with El Niño events of the 
El Niño-Southern Oscillation (ENSO) phenomenon. 
On the other hand, the period 2004–2009 is defined 
as one of the most important droughts since 1950 
(Bohn, Piccolo, and Perillo 2011; Ferrelli 2010; Scar-
pati and Capriolo 2013). By 2005, the drought had 
already affected 46% of Buenos Aires province and 
in 2008 the national government declared the area 
Agricultural Disaster. The most affected areas were 
concentrated in the south of the province, including 
Bahía Blanca (Andrade, Laporta, and Iezzi 2009; Scar-
pati and Capriolo 2013).

The summer situation (Fig. 5) is generally defined 
by the presence of a low thermal pressure system 
in northern Argentina (CL), as well as low pressure 
centers (corresponding to the subpolar low pressure 
belt) south of Patagonia and the semi-permanent anti-
cyclones of the Pacific and Atlantic oceans (Fig. 5A), 
which have a more northern position approximately 
5° latitude closer to the Equator in winter) – due to the 
displacement of the climate system as a whole towards 
the south during summer (Garreaud and Aceituno 
2007; Scian 2010; Minetti 2007; Hoffmann 1992; 
Inzunza 2012). The summer atmospheric dynamics 
in the study area is partly defined by the occurrence 
of the South America Monsoon System (SAMS), an 
atmospheric phenomenon related to annual rainfall 
variability (Vera et al. 2006; Marengo et al. 2012; 

Mendonça 2017; Zhou and Lau 1998; Romero Arave-
na et al. 2011; González and Barros 2001). The SAMS 
comprises a complex spatial structure fundamental-
ly composed of the Intertropical Convergence Zone 
(ITCZ), the Bolivian High (BH) and the Chaco Low 
(CL) (Romero Aravena et al. 2011; Franco et al. 2017). 
In the Amazon, strong summer convective heating 
results in the generation of BH, associated with the CL 
centered over northern Argentina, which also inten-
sifies during summer. The increase in continental 
convection is related to ITCZ migration (from 14° N in 
August-September to 5° S March–April) and the pre-
dominance of east-northeast winds (Romero Aravena 
et al. 2011). Thus, during summer the east-northeast 
circulation brings tropical air masses from Brazil to 
central Argentina; the main cause of rainfall in the 
study area (González and Barros 2001; Celemín 1984; 
Doyle and Barros 2002). Figure 5 shows that, while 
the N zone of the study area is fundamentally influ-
enced by E-NE component winds (carriers of humidi-
ty and precipitation), the SW zone has a greater influ-
ence from the W winds that, due to their continental 
route are carriers of dry air masses. This atmospheric 
dynamic defines differential situations of cloudiness 
and precipitation in the study area. On the other hand, 
SAH is located on the coasts of Brazil and Uruguay and 
extends a high pressure zone to the east of Buenos 
Aires province (Fig. 5). As a consequence, Atlantic air 
masses, which have a more southern influence, pen-
etrate the continent loaded with humidity contribut-
ing to the increase in cloud cover and the consequent 
decrease in GHI in the eastern sector of the study 
area. As they move across the continent air masses 
lose moisture and cloud cover decreases. According to 
the most frequent summer synoptic situations stated 
by Celemín (1984), the advance of cold fronts from 
Patagonia to the northeast may allow the formation of 
lines of instability in several sectors of Buenos Aires, 
which define bad weather conditions, cloudiness and 
rainfall in the region (P. Zapperi et al. 2007; Casado 
and Campo 2019; Gabella, Zapperi Paula, and Campo 
Alicia 2010; Celemín 1984; Rubí Bianchi and Cravero 
2010).

The average summer regional distribution of GHI 
(Fig. 6) ranges between 25 and 29 MJ m2. Interdec-
adal analysis shows GHI values increased throughout 
the analyzed area between 1981 and 2010. GHI distri-
bution in the region coincides with periods of water 
excesses that characterized Argentina until 2003, 
subsequently followed by a drier period. The south-
east zone of the study area has lower GHI values than 
the central zone. A descending gradient is observed 
in a west-east direction in the northern sector of the 
study area. On the other hand, the continental zone 
has lower GHI values than the coastal zone in the 
south of the study area. As with annual distribution, 
the relationship between GHI distribution and the 
continentality of the analyzed area is evident. On the 
other hand, common synoptic situations in the warm 



Global horizontal irradiation 227

Fig. 6 Distribution of the seasonal mean Global Horizontal Irradiation (GHI) (DJF) in the south of the Pampeana region (1981–2010).

Fig. 7 Mean monthly sea level pressure (hPa) and surface wind streamlines (m s−1) during austral winter for the period 1981–2010.
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season are directly related to rainfall occurrence and 
cloud cover in the study area, so GHI distribution can 
be explained by analyzing the typical summer synop-
tic conditions of the region.

The winter distribution (1981–2010) of atmos-
pheric pressure values at sea level and associated 
winds in Argentina (Fig. 7A) and in the south of the 
Pampeana region (Fig. 7B) were analyzed. SPH and 
SAH can be seen to migrate north as a consequence 
of the displacement of the warming zone. The influ-
ence of air masses loaded with humidity from SAH is 
reduced in the NE zone of the study area, so a down-
ward pressure gradient is observed in the NE-SW 
direction, with the presence of high pressures in the 
center of the country. CL is weakened during winter 
months, so the influence of westerly winds is great-
er in the study area, unlike the summer period. As 
stated by Celemín (1984), during winter the passage 
of cold fronts is related with the presence of middle 
clouds, generally Altocumulus (AC), Altostratus (AS) 
and when rainfall starts, Nimbostratus (NS). The anti-
cyclonic presence in the center of the country after 
the passage of the cold front defines clear skies in 
the northwestern sector of the south Buenos Aires 
province.

The occurrence of Sudestadas can be associated 
with GHI distribution in the study area. The Sud-
estada is a weather condition characterized by the 
occurrence of strong and persistent winds from the 
southeast sector, usually accompanied by rains affect-
ing the coasts of the Buenos Aires province (Celemín 
1984; Escobar, Vargas, and Bischoff 2004; Pizarro et 
al. 2007; Ferreras, Moresino, and Huamantinco 2004; 
Ramos and Campo 2008; Servicio Meteorológico 

Nacional 2010). The Sudestada commonly extends 
from 1 to 3 days and begins with a cold front passage 
that crosses Patagonia and Buenos Aires province 
and by the action of a high pressure system located 
over Patagonia or southern Buenos Aires. This center 
is a cell detachment of the semi-permanent South 
Pacific anticyclone. From this action center, other 
smaller anticyclones called migratory are periodi-
cally detached and enter Argentine territory moving 
towards the east to later join the South Atlantic Anti-
cyclone (Alessandro 1998; Aguirre et al. 2021). Each 
of the positions of the migratory anticyclones will 
define particular weather conditions and wind direc-
tions (Celemín 1984). When the cold front stops in 
the north Argentine territory and becomes stationary, 
a low pressure center (frontal wave) can form in the 
north of Uruguay, which will attract winds emitted by 
the migratory anticyclone located in north Patagonia. 
As a consequence, the province of Buenos Aires will 
receive winds from the east-southeast with speeds of 
20 to 30 knots and with gusts of 40 to 50 knots, with 
the possibility of rain, drizzle and sometimes thun-
derstorms in the coastal areas. In this way, the occur-
rence of the Sudestada will define clear sky situations 
for continental zones of the study area, while in coast-
al zones clouds and rainfall will occur. This analysis 
coincides with findings by other authors (Casado and 
Picone 2018; Penalba and Vargas 2004), who argue 
that the west Buenos Aires province exhibits a more 
marked dry season, which can be interrupted by the 
action of frontal systems (P. A. Zapperi et al. 2006). 
Celemín (1984) developed a model for anticyclone 
tracks in Argentina based on a historical compilation 
of record anticyclones (Fig. 8). Recent investigations 

Fig. 8 Stationary and migratory anticyclones scheme in the southern area of South America.
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(Aguirre et al. 2019; 2021) analyzed the average den-
sity of anticyclones in the Southern Hemisphere. Agu-
irre et al. (2021) documented the difference between 
the density of the 2000–2019 decade and the first 
decade of the data (1979–1988). The authors found 
that during summer an increase in migratory anti-
cyclone density was noticeable around 40° S, while 
a slight decrease was observed between 27° S and 38° 
S. Nevertheless, minor changes in density of migra-
tory anticyclones were found during winter. It can 
be inferred that around 40° S, during the advance of 
migratory anticyclones between the firsts two posi-
tions of the main track situated around 40° S (Fig. 8), 
eastern flanks of the action centers that coincide with 
the coastal zones are those that present the maxi-
mum percentage of sky covered, with between 6 and 
8 oktas of medium clouds and 2 and 4 oktas of low 
clouds (Celemín 1984). 

GHI spatial distribution in the south of Buenos 
Aires during the winter season (Fig. 9) shows an 
increasing gradient in a southeast-northwest direc-
tion, with values that range between 8 and 11 MJ m2. 
The lower spatial variability with respect to the sum-
mer situation is in agreement with reports by other 
researchers, a factor related to solar flux reduction and 

greater occurrence of totally cloudy skies (Grossi Gal-
legos 1997; Hay 1984). The distribution is observed 
to have a pattern mainly influenced by the occurrence 
of frequent synoptic situations in the mentioned sea-
son, which define winter cloudiness patterns. These 
are fundamentally two: the advance of cold fronts on 
Argentine territory and the Sudestada situation (Cele-
mín 1984). GHI spatial distribution during the winter 
season presents an ascending gradient in a south-
east-northwest direction, approximately perpendicu-
lar to the direction of advance of fronts (and associat-
ed cloud cover) which continuously cross the country 
(Rubí Bianchi and Cravero 2010).

4. Conclusions

GHI spatio-temporal distribution in the south of the 
Pampeana region was analyzed. The analysis was 
approached at a regional scale, identifying its varia-
bility based on the synoptic conditions and associated 
cloud cover. Regionally, it was verified the latitudinal 
pattern of GHI distribution is modified by cloud cov-
er, determined by seasonal dynamics of the action 
centers and the passage of fronts, which continuously 

Fig. 9 Distribution of seasonal mean Global Horizontal Irradiation (GHI) (JJA) in the south of the Pampeana region (1981–2010).
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cross the Argentine territory. Among climatic features 
involved, the SAMS defines differential situations of 
cloudiness and rainfall in the region, which affect 
GHI. Furthermore, the interdecadal spatio-temporal 
variability of GHI was studied; a successive increase 
was observed in the region between 1981–2010. The 
distribution of the variable can be linked to the cloud-
iness and rainfall variability that characterizes the 
region.

During the summer, Atlantic air masses, with 
a more southerly influence, penetrate the continent 
loaded with humidity, contributing (with the associ-
ated cloudiness) to the decrease in GHI in the eastern 
sector of the area. As they move across the continent, 
air masses lose moisture and cloud cover decreases, 
which explains GHI increase in central areas of the 
zone studied. On the other hand, due to the dynamics 
of SAMS, the N zone of the study area is fundamen-
tally influenced by E-NE winds (carriers of humidity 
and precipitation), while the SW has greater influence 
of W winds that carry dry air masses. During winter, 
GHI spatial distribution presents an ascending gradi-
ent in a southeast-northwest direction, approximately 
perpendicular to the direction of fronts advance and 
to the isobaric arrangement manifested in the final 
phases of the most frequent winter synoptic situa-
tions. The presence of the low pressure system in the 
Atlantic Ocean defines descending cloud patterns in 
the southeast-northwest direction. The anticyclonic 
presence in the center of the country after the passage 
of cold fronts defines clear skies for the southwest-
ern sector of the study area and, therefore, higher GHI 
values in these sectors. Furthermore, the Sudestada 
and migratory action centers associated with its for-
mation can also be associated with GHI winter distri-
bution in the study area. 

Knowing the characteristics of insolation and the 
factors affecting its spatio-temporal variability in the 
regional context constitutes a fundamental input to 
promote sustainable development measures. With 
more than 90% of the population located in urban 
settlements, photovoltaic electricity production in the 
Pampeana region is an important measure in terms of 
energy diversification. The present work is the first 
phase in the analysis of solar climate in order to deter-
mine the potentiality of this resource.
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