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a  b  s  t  r  a  c  t

This work  describes  the  generation  of the  typical  meteorological  year  (TMY)  for  15  locations  all  around  the
Littoral  Region  in  northeastern  Argentina,  southeastern  South  America.  The  originally  available  weather
data  at each  location  contain,  among  others,  dry-bulb  and  dew-point  temperatures,  wind  velocity,  and
total  sky  cover,  hourly  measured  during  the  period  1994–2014  by the  National  Meteorological  Service
(SMN)  of Argentina.  From  other  sources,  two  of these  locations  have  hourly  measured  solar  radiation
during  a few  years.  These  radiation  measurements  were  used  to calibrate  an  existing  Zhang–Huang  solar
radiation  model  that  was then  used  to calculate  the hourly  solar  radiation  for the  entire  weather  data
base.

Once we  complete  the  long-term  weather  database  at a given  location,  we  define  the typical  meteoro-
logical  year  (TMY)  at this  location  as  the concatenation  of  12  typical  meteorological  months  (TMM).  The
typicality  of a  month  is measured  using  Finkelstein–Schafer  statistics  based  on  nine  daily  indices (max-

imum,  minimum  and  mean  dry-bulb  and  dew-point  temperatures,  maximum  and  mean  wind  velocity,
and global  solar  radiation).

We  finally  show  an  example  of application  of the current  TMYs  for building  energy  simulation  in a
location  deep  inside  Littoral.  Subsequently  we show  the  importance  of  the  newly  developed  local  TMY
above  using  original  TMY from  neighbouring  locations.
. Introduction

This paper aims to define the typical weather for locations
hroughout the Argentine Littoral Region (hereinafter referred to
s “Littoral”). Littoral is a region with an area of 0.5 million km2

n northeastern Argentina, southeastern South America, see Fig. 1.
ts climate is Cfa (C for warm temperate, f for fully humid, a for
ot summer) according to the Köppen–Geiger classification [1]. In

 finer classification [2], Littoral is divided into three bioclimatic
ones (those ones separated by red dashed lines in Fig. 1): very hot
n the north (I), hot in the center (II), and warm temperate in the
outh (III). Further, each zone is divided into two  subzones (a and
), those ones separated by a green dashed line in Fig. 1, regarding

he daily temperature range be larger or smaller than 14 ◦C.

Temperatures throughout Littoral are not only high to very high
uring summer, but also they will be 2–4.5 ◦C higher (throughout

∗ Corresponding author.
E-mail address: vfachino@intec.unl.edu.ar (V.D. Fachinotti).
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southeastern South America) by 2100 according to the 2014 report
of the Intergovernmental Panel on Climate Change (IPCC) [3]. Up  to
our knowledge, there is no information to quantify the concomitant
increase in energy consumption for cooling in Littoral nor in South
America, but studies in the USA indicates that the electricity used
for residential cooling will increase by roughly 5–20% (depending
on the location and customer class) per 1 ◦C warming [4].

In Littoral, the National Meteorological Service (SMN) of
Argentina measures dry-bulb and dew-point temperatures, wind
velocity, total sky cover, etc. on an hourly basis. For this work,
they provided us these weather data for fifteen stations throughout
Littoral (see Fig. 1) during the period 1994–2014.

SMN  databases lack solar radiation, for which there are not long-
term, continuous, frequent enough records in Argentina. Actually,
the systematic record of solar radiation in Argentina began in 2010
[5] with the work of the GERSolar research group. GERsolar opera-

tes a series of solarimetric stations, one of them being located at
Paraná (Littoral). For the current work, the available information
on solar radiation include the data from GERSolar at Paraná (biocli-
matic zone IIb, Fig. 1) during 2010–2014 and the data recorded at

dx.doi.org/10.1016/j.enbuild.2016.08.006
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2016.08.006&domain=pdf
mailto:vfachino@intec.unl.edu.ar
dx.doi.org/10.1016/j.enbuild.2016.08.006
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Fig. 1. Map of the Argentine Littoral Region (in light grey), showing the bioclimatic
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ones (I, II or III, a or b) and the location of weather stations. (For interpretation of
eference to color in this figure legend, the reader is referred to the web version of
his article.)

orrientes (bioclimatic zone Ib, Fig. 1) by GER (research group on
enewable energies) during 2010–2012.

One of the main goals of the current work is to overcome
he lack of experimental solar radiation data by the use of accu-
ate models. Following the ASHRAE development of IWEC [6] and
WEC2 [7], we evaluate two regression-based models: the Kasten

odel [8] and the Zhang–Huang model [9]. By fitting the available
easurements as well as data from the IWEC files of neigh-

our locations (Asunción-Paraguay and Buenos Aires-Argentina)
nd satellite-derived data from the Surface meteorological and
olar Energy (SSE) database [10], we will demonstrate that the
hang–Huang model with coefficients calibrated to Paraná is very
ell suited to estimate the long-term solar radiation throughout

ittoral.
With the aid of such solar model, we complete the available

ong-term databases for 15 locations in Littoral, opening the way
o the definition of the typical weather at each location, which is the
nal goal of this work. For accurate energy calculations at a given

ocation, we need to know the typical local weather at short inter-
als (usually, every hour) all along a year judged to be typical over

 long period of time. There are two general approaches to define
uch typical year: (1) to select a continuous, 12-month period as
ypical; or (2) to select each typical calendar month separately, and
hen to concatenate the 12 typical months to build the typical year.

The first approach was introduced in the 1970s, with examples
s the Test Reference Year (TRY) from the National Climatic Center
NCC) in USA [11], and the Example Weather Year (EWY) from the
hartered Institution of Building Services (CIBS) in UK [12]. This
pproach excludes the extreme conditions found in the long-term
eather records, producing excessively moderate typical years.

To avoid this, we decided to use the second approach, following

he pioneering work of Hall et al. [13] in Sandia National Laborato-
ies (USA). In this work, appeared in 1978, Hall et al. introduced the
oncept of “typical meteorological year” (TMY) as a concatenation
f typical meteorological months (TMMs). Later examples are the
uildings 129 (2016) 432–444 433

TMY2 [14] and TMY3 [15] from the US National Renewable Energy
Laboratory (NREL), the new Test Reference Year (TRY) from the
Chartered Institution of Building Services Engineers (CIBSE, former
CIBS, UK) [16], the International Weather for Energy Calculations
(IWEC [6,17] and IWEC2 [7]) from the American Society of Heat-
ing, Refrigerating and Air-Conditioning Engineers (ASHRAE), etc.
For reviews comparing these methods, we refer to the works of
Crawley and Huang [18], Lhendup and Lhundup [19], and Chan [20].

Typical years from all around the world (1042 locations in the
USA, 71 locations in Canada, and more than 1000 locations in 100
other countries) are given in the EnergyPlus weather data website
[21]. There you can find files defining the typical year at each loca-
tion, derived from 20 sources including Sandia’s TMY  [13], NREL’s
TMY2 [14] and TMY3 [15], and ASHRAE’s IWEC [6,17]).

In this large database, there are very few locations in southeast-
ern South America: Argentina, Paraguay, Uruguay, and Rio Grande
do Sul (the Brazilian region neighboring Littoral) are represented
by only one location each one. The shortage of information on the
typical weather is a great obstacle for the development of energy
simulation. Focusing on building energy simulation (BES), most of
the works in Argentina [22–24] concerns short periods of time,
using actual (not typical) weather data. In 2013, when we  had to
apply BES for Sauce Viejo (in Littoral, within the climatic zone IIb,
see Fig. 1) [25], the local typical year was approximated by that one
at Uruguaiana (southern Brazil). The typical years for Uruguaiana
and other 410 Brazilian locations were defined by Roriz [26]. At this
time, this seemed to be the best choice considering the similarity
in weather conditions. However, Roriz [26] warned about the low
representativeness of the typical years he defined due to the short
length of historical records.

Then, we decided to generate the typical year for Sauce Viejo
[27] based on the weather data measured by SMN at this loca-
tion during the period 2000–2013, supplemented by solar radiation
computed using the Zhang–Huang model [9] calibrated to tropical
climate [28], as recommended by Kim et al. [29] for eastern Texas
(USA), where the climate is Cfa like in Littoral.

Now, with the larger (in time and space) weather databases
(including radiation) built at the beginning of this work, typical
years are generated for the 15 locations throughout Littoral.

To this end, we  follow the original method of Hall et al. [13]
(the so-called “Sandia method”) for the Typical Meteorological Year
(TMY). A TMY  is a set of 12 typical meteorological months (TMMs).
As first proposed by Hall et al. [13] and later picked up by Theve-
nard and Brunge [6] for IWEC generation, the typicality of a month
is measured using Finkelstein–Schafer statistics based on nine daily
indices (maximum, minimum and mean dry-bulb and dew-point
temperatures, maximum and mean wind velocity, and global solar
radiation). Each variable is given a weight considering how deter-
minant it is for the selection of the TMM.  The Sandia and the IWEC
generation methods use different sets of weights, to be compared
in this work.

After generating the TMYs, we  give an insight of the typi-
cal weather for locations in different bioclimatic zones of Littoral
(warm temperate, hot, and very hot). Finally, we develop an
application to building energy simulation (BES) to highlight the
importance of using the local TMY  for a location deep inside Littoral.

2. Description of the weather data source

The meteorological database supporting this work was obtained
by SMN  during the period 1994–2014 at 15 weather stations

located all around Littoral, those ones listed in Table 1 and shown
in Fig. 1.

The available data include, among others, hourly measures of
the following meteorological variables:
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Table 1
Geographical coordinates and altitude of the weather stations of the Argentine
National Meteorological Service (SMM)  throughout the Argentine Littoral Region.

Location Latitude [S] Longitude [W]  Altitude [m.a.s.l.]

Ceres 29◦52′ 61◦57′ 88
Concordia 31◦18′ 58◦10′ 38
Corrientes 27◦26′ 58◦45′ 62
Formosa 26◦12′ 58◦13′ 60
Gualeguaychú 33◦00′ 58◦37′ 21
Iguazú 25◦43′ 54◦28′ 270
Monte Caseros 30◦16′ 57◦39′ 54
Paraná 31◦46′ 60◦28′ 78
Paso de los Libres 29◦40′ 57◦09′ 70
Posadas 27◦22′ 55◦58′ 125
Pcia. R. Sáenz Peña 26◦49′ 60◦27′ 92
Reconquista 29◦10′ 59◦42′ 53
Resistencia 27◦27′ 59◦03′ 52
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those ones obtained by Zhang [33] based on 24 Chinese locations:
R = 0.97 and RMSE = 80 W/m2 for the best case).
Rosario 32◦55′ 60◦46′ 25
Sauce Viejo 31◦42′ 60◦49′ 18

. Dry-bulb temperature (DBT)

. Dew-point temperature (DPT)

. Wind velocity (WV)

. Relative humidity (RH)

. Total sky (or cloud) cover (TSC)

. Wet-bulb temperature

. Wind direction

. Atmospheric pressure

. Ceiling height

These raw databases may  contain missing observations, i.e.,
nmeasured variables for certain hours. Since the available mea-
ured data will serve as input for solar radiation models in Section
.1, we use the data-filling methods adopted by NREL for the gen-
ration of the National Solar Radiation Database (NSRDB) [30]:
aps up to 5 h are filled by linear interpolation, while gaps from

 to 47 h are filled with data for identical hours from adjacent
ays.

After this filling stage, databases may  still contain missing obser-
ations for longer gaps. At this point, a decision has to be made
bout the usefulness of such databases. In this work, we  will keep
he database containing all the weather measurements for a given

onth of a year at a given location only if it meets the screening
riteria suggested by ASHRAE [31] for the calculation of the climatic
esign conditions, that is:

. the hours with measured + filled DBT are at least 85% of the total
hours of this month, and

. the difference between day and night hours with mea-
sured + filled DBT is less than 60.

Regarding the data available for this work, the total cloud cover
TSC) is the variable having the most hours without measurements.
ince TSC is a crucial variable for the computation of solar radiation
that in turn is crucial for defining the typical year), it is judicious
o extend the criterion 1) to TSC.

The database for a given month of a year at a given location that
atisfies all these criteria is called “usable” (and it will be supple-
ented with modelled solar radiation as described in the following

ection), otherwise it is discarded.
Notice that a usable database may  still contains unfilled gaps. In

his case, the gap can be filled using data extracted from the same
eriod from other years as suggested by Skeiker [32]. Fortunately,

uch gaps were not found in the current usable databases.

The number of usable databases for each location in Littoral
nd for each calendar month in the period 1994–2014 is shown
n Table 2. Note that there are at least 14 usable databases for each
uildings 129 (2016) 432–444

month and each location, which is highly satisfactory realising that
ASHRAE [31] requires at least 8 years of data for each calendar
month at a given location for climatic design calculations.

2.1. Solar radiation

This section aims to supply the just defined usable database
with solar radiation. The experimental data at our disposal con-
sist of hourly measurements of solar radiation at two locations in
Littoral (Paraná and Corrientes) during a few years (2010–2014 and
2010–2012, respectively). Consequently, the measured solar radi-
ation is not enough to complete the weather databases throughout
Littoral during 1994–2014. But it is large enough to calibrate
regression-based solar radiation models, specifically the Kasten
model [8] and the Zhang–Huang model [33].

In Sections 2.1.1 and 2.1.2, we  introduce these models, then cal-
ibrate their coefficients to make them fit the available radiation
measurements, and finally evaluate the goodness of such fit. Next,
in Section validation, we show that the Zhang–Huang model with
coefficients calibrated for Paraná is the best suited to fit the avail-
able experimental data, and, finally, validate its extension to long
periods and to the whole region.

2.1.1. Kasten model
This model, developed by Kasten and Czeplak [8], defines the

global solar radiation on the horizontal surface, say GHSR, as the
following power function of the total sky cover TSC:

GHSR = GHSR0
[

1 − c1

(
TSC

8

)c2]
(1)

where GHSR is given in W/m2, TSC is given in oktas, and GHSR0 is
GHSR under cloudless sky, which is fitted at its turn by the equation

GHSR0 = c3 sin SA − c4, (2)

where SA is the solar altitude angle, depending on the local latitude,
the hour of the day, and the date [31].

Kasten and Czeplak [8] determined the scalar coefficients ci in
Eqs. (1) and (2) to fit the measured solar radiation at Hamburg
(Germany) during 1964–1973.

In this work, we  compute two  sets of ci depending on the loca-
tion and year which experimental data is the target of fitting:
Paraná during 2013 or Corrientes during 2010. The chosen year
for each location is that one having the most comprehensive radi-
ation database. By this way, we define two  Kasten models: One,
say K–P, has coefficients calibrated for Paraná during 2013, and
the other, say K–C, has coefficients calibrated for Corrientes during
2010.

For either case, we  compute first the coefficients c3 and c4 by
solving a linear least-square problem using a reflective Newton
algorithm [34], and secondly the coefficients c1 and c2 by solving
a non-linear regression problem using the Levenverg–Marquardt
algorithm [35]. The so-computed coefficients are listed in
Table 3, together with the correlation factor (R) and the
Root Mean Square Error (RMSE) measuring the goodness of
the fit.

Both models are good to fit the corresponding experimental
data, as seen in Fig. 2. This conclusion is supported by the values
of R and RMSE displayed in this figure (compared, for instance, to
2.1.2. Zhang-Huang model
Zhang and Huang [9] defined the global solar radiation on the

horizontal surface at the hour h as:
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Table  2
Number of years with usable weather databases in the period 1994–2014 for each calendar month for 15 weather stations in the Argentine Littoral Region.

Location Month

J F M A M J J A S O N D

Ceres 15 16 16 17 17 16 17 16 17 15 15 14
Concordia 17 17 19 20 20 19 19 19 19 16 17 16
Corrientes 19 19 19 20 21 21 21 21 20 20 18 19
Formosa 16 15 16 18 18 17 18 20 18 16 14 14
Gualeguaychú 20 20 20 21 20 20 20 20 19 20 19 20
Iguazú 19 18 18 20 19 18 19 19 19 19 19 19
Monte Caseros 17 16 17 18 18 18 17 16 18 16 17 17
Paraná 18 18 18 20 20 19 19 20 18 17 17 18
Paso  de los Libres 16 16 16 17 16 16 15 16 16 17 15 17
Pcia.  R. Sáenz Peña 15 15 15 16 15 15 15 16 14 15 15 15
Posadas 20 20 19 21 20 20 20 20 20 20 20 20
Reconquista 16 16 17 19 18 18 19 18 18 17 16 17
Resistencia 20 20 20 21 20 20 20 20 20 20 20 20
Rosario 19 20 20 21 18 20 19 20 16 18 17 18
Sauce  Viejo 19 18 18 20 20 20 20 19 19 18 18 19

Table 3
Coefficients, correlation factor (R), and root mean square error (RMSE) for the Kasten model fitted to measured hourly radiation at Paraná during 2013 and at Corrientes
during 2010.

Model (location/year) c1 c2 c3 c4 R RMSE

G

w
o
t
i
s
n
s
m
i
i

c
a
t

K-P (Paraná/2013) 0.6983 3.0716 

K-C  (Corrientes/2010) 0.7623 3.5316 

HSR = max

(
0, z1 + I0 sin SA ×

[
z2 + z3

TSC
8

+ z4

(
TSC

8

)2

+ z5(DBT − DBTh−3) + z6RH + z7WV

])
, (3)

here GHSR is given in W/m2, the total sky cover TSC is given in
ktas, the dry-bulb temperature DBT is given in degrees Celsius (◦C),
he relative humidity RH is given in percentage, the wind speed WV
s given in m/s, SA is the solar altitude angle, I0 = 1355 W/m2 is the
olar constant, and z1, z2, . . .,  z7 are adjustable scalar coefficients;
ote that all the weather variables in the above equation are mea-
ured at hour h, except DBTh−3 that is the dry-bulb temperature
easured 3 h earlier. In a later work, Zhang [33] obviates the

nfluence of wind speed on solar radiation, a simplification that
s adopted in this work.
As done for the Kasten models in Section 2.1.1, we  compute the
oefficients zi separately to fit the hourly measured solar radiation
t Paraná during 2013 and Corrientes during 2010, giving rise to
he ZH-P and ZH-C models, respectively.
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Fig. 2. Kasten model: fit of the measured hourly global horizontal solar ra
1041.1 47.146 0.975 65.28
1060.4 62.065 0.956 89.25

For each model, we  solve a linear least-square problem using a
reflective Newton algorithm [34] to compute the coefficients z1, z2,
. . .,  z6 (z7 = 0 following Zhang [33]) listed in Table 4.

Again, each model is good to fit the corresponding hourly mea-
sured solar radiation, as shown in Fig. 3.

2.1.3. Solar radiation model for Littoral
Up to this point, we  have shown that both the Kasten model

and the Zhang–Huang model fit well the available solar radiation
measurements. To avoid duplicity, we  keep only the Zhang–Huang
model for the remainder of this work. Note that the adoption of the
Zhang–Huang model rather than the Kasten model is coincident
with the criterion used by ASHRAE for the generation of IWEC2 [7],
and by Kim et al. [29] for modelling the hottest and most humid
portion of Texas (USA).

Now, we  aim to validate the application of the currently-
calibrated Zhang–Huang models to long periods and to the whole

Littoral region.

Extension to long periods. In order to ensure the long-term
validity of the ZH-P and ZH-C models, we take as reference the
monthly average global horizontal solar radiation at Corrientes
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Table 4
Coefficients, correlation factor (R), and root mean square error (RMSE) for the Zhang–Huang radiation model fitted to measured hourly global horizontal solar radiation at
Paraná during 2013 and at Corrientes during 2010.

Model (location/year) z1 z2 z3 z4 z5 z6 R RMSE

ZH-P (Paraná/2013) 4.0042 0.8651 0.1627 −0.4871 0.0047 −0.0038 0.979 60.10
ZH-C  (Corrientes/2010) 5.1676 0.9004 0.4674 −0.7650 0.0161 −0.0050 0.961 83.93

Hourly GHSR at Paraná (2013) Hourly GHSR at Corrientes (2010)
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Fig. 3. Zhang–Huang radiation model: fit of the measured hourly global hor

nd Paraná derived from satellite measurements along 22 years
1983–2005), given in the Surface meteorological and Solar Energy
SSE) database [10].

For Corrientes, the long-term monthly average radiation com-
uted using ZH-P was unexpectedly closer to the reference SSE
alues than the ones computed using ZH-C (see Table 5). Actually,
H-C monthly averages were usually close to SSE monthly maxima
uring 1983–2005, even exceeding the SSE maximum for August.
his could indicate that the measured solar radiation at Corrientes
uring the year 2010 (the one chosen to calibrate the ZH-C model)

s atypically high. Unfortunately, we have not enough hourly mea-

urements of solar radiation at Corrientes for other years to look
or a better agreement between ZH-C and SSE.

For Paraná, ZH-P monthly averages agree very well with refer-
nce data (Table 6).

able 5
onthly average global horizontal solar radiation at Corrientes (all the values are given 

alibrated to Corrientes during 2010 and to Paraná during 2013 (ZH-C and ZH-P, respe
atabase.

Monthly average solar radiation Month 

J F M A M J 

Long-term ZH-C 7.19 6.40 5.57 4.30 3.64 2.
Long-term ZH-P 6.60 5.91 5.19 4.06 3.39 2.
Long-term SSE 6.64 5.92 5.00 3.89 3.46 2.
Minimum SSE 5.98 4.68 4.45 3.31 3.04 1.
Maximum SSE 7.77 6.87 5.90 4.71 3.81 3.

able 6
onthly average global horizontal solar radiation at Paraná (all the values are given in

alibrated to Paraná during 2013 (ZH-P) and those ones found in the Surface meteorology

Monthly average solar radiation Month 

J F M A M J 

Long-term ZH-P 6.84 5.78 5.01 3.90 2.95 2.
Long-term SSE 6.72 6.00 5.00 3.82 3.12 2.
Minimum SSE 5.85 4.86 3.85 3.13 2.78 2.
Maximum SSE 7.80 6.84 6.00 4.58 3.49 3.
Measured [W/m ]

l solar radiation (GHSR) at Paraná during 2013 and Corrientes during 2010.

In conclusion, the ZH-P model is adopted to estimate the long-
term radiation at Paraná and Corrientes.

Extension to the whole region. To validate the extension of the
ZH-P model to the whole Littoral region, we  take as reference the
IWEC files for two neighbouring locations: Asunción (Paraguay)
and Buenos Aires (Argentina), located north and south of Littoral,
respectively (see Figure 1).

These IWEC files are available for free at the EnergyPlus weather
data repository [21]. They contain hourly values of dry-bulb tem-
perature, total sky cover, relative humidity, solar radiation, etc. The
solar radiation is computed as a function of the measured total

sky cover using the Kasten model, as explained by Thevenard and
Brunger [6,17].

The hourly global horizontal solar radiation computed using the
ZH-P model (fed with dry-bulb temperature, total sky cover, and

in kWh/m2/day). Comparison between the results using the Zhang–Huang models
ctively) and those ones found in the Surface meteorology and Solar Energy (SSE)

Annual average

J A S O N D

92 3.57 4.62 5.59 5.98 6.71 7.02 5.29
75 3.33 4.27 5.12 5.61 6.30 6.50 4.92
74 3.16 3.90 4.81 5.55 6.35 6.70 4.83
67 2.81 3.16 3.85 4.66 5.33 5.90 –
29 3.76 4.49 5.63 6.60 7.30 7.24 –

 kWh/m2/day). Comparison between the results using the Zhang–Huang model
 and Solar Energy (SSE) database.

Annual average

J A S O N D

44 2.88 3.83 4.86 5.65 6.59 6.94 4.81
54 2.93 3.83 4.92 5.68 6.63 6.92 4.83
16 2.55 2.99 3.74 4.54 5.64 5.54 –
05 3.52 4.37 5.46 6.36 7.49 7.54 –
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ig. 4. Hourly global horizontal radiation at Buenos Aires (Argentina) and Asunción
odel  calibrated to Paraná during 2013 (ZH-P model).

elative humidity taken from the IWEC file) agrees very well with
he one found in the IWEC file, both for Asunción and Buenos Aires
Fig. 4).

As conclusion, the ZH-P model – that is, the Zhang–Huang model
ith coefficients calibrated to fit the measured solar radiation at

araná during 2013 – is accurate enough (and will be used hence-
orth) to describe the long-term solar radiation throughout Littoral.

With the help of this model, all the usable weather databases
ave been supplemented with hourly global horizontal solar radi-
tion.

. Definition of the typical meteorological year

As described in the previous section, we have now a large
nough number of databases containing hourly weather variables
including solar radiation) for all the calendar months in the period
994–2014 at 15 locations throughout Littoral. In this section, we
escribe the process of defining the typical year for each location
ased on this information.

Following the method proposed by Hall et al. [13] from Sandia
aboratories (from now on, referred to as the “Sandia method”), we
efine the typical meteorological year (TMY) as the concatenation
f 12 typical meteorological months (TMMs).

.1. Definition of the typical meteorological month

Let us illustrate the process of definition of the TMM  by defin-
ng the typical January for Paraná. As seen in Table 2, Paraná has
ighteen usable Januarys in the period 1994–2014.

Following Hall et al. [13], we determine the closeness of each one
f these Januarys, say January XXXX, to the long-term composite of
ll usable Januarys (or, simply, composite January) considering the
ine daily meteorological indices listed in Table 7.

We  characterise the behaviour of each index I along the period
 using the cumulative distribution function CDFP

I (x), which gives
he probability that I ≤ x along this period. Considering the index
BTMAX for instance, its CDF along the period P is defined as:

DFP
DBTMAX(x) =

⎧⎪⎨
⎪⎩

0 if x < DBTMAX1,

(i − 0.5)/n if DBTMAXi−1 ≤ x ≤ DBTMAXi,

1 if x > DBTMAXn,

(4)

here the n values DBTMAXi of DBTMAX along the period
 are sorted in ascending order. This is done for January
guay): fit of the data in the respective IWEC files using the Zhang-Huang radiation

XXXX (P = JanXXXX, n = 31) as well as for the composite January
(P = CompoJan, n = 18 × 31 = 558 in the case of Paraná).

The CDF of DBTMAX along January XXXX is compared to
the CDF of DBTMAX along the composite January using the
Finkelstein–Schaffer statistics [36]:

FSJanXXXX
DBTMAX

= 1
31

31∑
d=1

∣∣∣CDFCompoJan
DBTMAX (DBTMAXd) − CDFJanXXXX

DBTMAX(DBTMAXd)
∣∣∣ .

In a similar way, we  compute FS along January XXXX for all
the other indices in Table 7 (DBTMIN, DBTMEAN, DPTMAX, etc.).
Then, to involve all the meteorological indices in the comparison
between January XXXX and the composite January, we introduce
the weighted sum of FS statistics for January XXXX:

WFSJanXXXX =
9∑

I=1

wIFSJanXXXX
I , (5)

where I = 1, 2, . . .,  9 stands for the index DBTMAX, DBTMIN, . . .,
GHSR, and wI is the weight assigned to this index. Table 7 gives the
values of these weights for the Sandia method [13] as well as for
the IWEC generation method [6].

Once WFS  is computed for all Januarys, that January with low-
est WFS  is the closest to the composite January in terms of CDF.
According to Hall et al. [13], this January is a candidate to but not
necessarily the TMM  for January. The final selection of the TMM
for January by Hall et al. [13] consists of three steps: (1) the five
Januarys with lowest WFS  are chosen as candidates; (2) those can-
didate Januarys with the longest run, with the most runs, and with
zero runs of cloudy or warm or cool days are excluded (this is the
so-called persistence criterion); and (3) the remainder candidate
with the lowest WFS  is the TMM  for January.

But the persistence criterion may  lead to excluding good candi-
dates and even all the candidates. For this reason, Thevenard and
Brunger [6] decided to ignore this criterion for the development of
IWEC, and so did Huang et al. [7] for the development of IWEC2.

Since the IWECs are the most important reference for typical
weather definition in South America, we follow the IWEC criterion,
namely: The TMM  is the month with the lowest WFS.
4. Results and discussion

In this section, we give the quantitative assessment of the pro-
cedure of TMM  generation for all the calendar months and all the
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Table 7
Daily meteorological indices for the definition of the typical meteorological month and their respective weighting factors, as used by the Sandia method [13] and by the
method of generation of International Weather for Energy Calculations (IWEC) [6].

Index I Daily variable Acronym Weighting factors

Sandia [13] IWEC [6]

1 Maximum dry-bulb temperature DBTMAX 1/24 2/40
2  Minimum dry-bulb temperature DBTMIN 1/24 2/40
3  Mean dry-bulb temperature DBTMEAN 2/24 12/40
4  Maximum dew-point temperature DPTMAX 1/24 1/40
5  Minimum dew-point temperature DPTMIN 1/24 1/40
6  Mean dew-point temperature DPTMEAN 2/24 2/40

l
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w
d
t
i

s
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t
a
t
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W
t

7  Maximum wind velocity 

8  Mean wind velocity 

9  Global solar radiation

ocations, which has been widely described for January at Paraná
n the previous section. In Section 4.1, we compute the weighted
um of Finkelstein–Schaffer statistics (WFS) for each month of the
ong-term database at Paraná, as defined for a given January by Eq.
5). For each calendar month, the one having the lowest WFS  is the
orresponding TMM.  Replicating this methodology, we determine
ll the TMMs  for the other locations in Littoral in Section 4.2.

Then, in Section 4.3, we offer a deeper insight of the typical
eather throughout Littoral by focusing on three locations within
ifferent bioclimatic regions. For these locations, the typical and
he average values of the dry-bulb temperature and the global hor-
zontal solar radiation are compared.

Finally, we apply the just generated TMY  for building energy
imulation at Paraná. In order to emphasize the importance of using
he local weather files, we compare the results of such simulation
o the results of simulating the same building using the IWEC files
rom Asunción and Buenos Aires. Let us remark that, before this
ork, these locations were the closest ones to Littoral having free

nd sufficiently validated typical weather files.

.1. Typical meteorological months at Paraná
First, we compute the WFS  for January at Paraná using either
he Sandia or the IWEC weighting factors given in Table 4; results
re shown in Tables 8 and 9, respectively. Then, we complete these
ables by applying the same procedure to all the other months.

able 8
eighted sums of Finkelstein–Schaffer statistics (WFS) for all the calendar months of the

ypical meteorological months are in bold, and discarded months are indicated by ×.

Year Month

J F M A M J 

1994 0.0718 0.0795 0.0947 0.0696 × × 

1995  × × × 0.0867 0.0597 0.1036 

1996  × × × × 0.1511 × 

1997  × × 0.1509 0.0735 0.0873 0.1364 

1998  0.1690 0.1206 0.1191 0.1414 0.0898 0.0793 

1999 0.0951 0.0851 0.0940 0.0812 0.0526 0.1025 

2000  0.0542 0.0522 × 0.1101 0.1053 0.1201 

2001 0.1282 0.0997 0.1375 0.0614 0.1002 0.0817 

2002 0.0608 0.0866 0.1425 0.1165 0.0957 0.1002 

2003  0.0672 0.0594 0.0799 0.0953 0.0564 0.1065 

2004  0.0617 0.1561 0.1275 0.1107 0.1084 0.0730 

2005  0.0579 0.1227 0.0833 0.1050 0.0766 0.1806 

2006  0.0641 0.0857 0.0838 0.0595 0.0981 0.0714 

2007  0.1325 0.0585 0.1568 0.1187 0.1135 0.1009 

2008 0.0521 0.0738 0.0529 0.1434 0.1152 0.1201 

2009  0.1276 0.0628 0.0789 0.1224 0.0787 0.1453 

2010  0.0975 0.1219 0.0759 0.0947 0.0807 0.0392 

2011  0.0585 0.0539 0.1087 0.0815 0.0560 0.0722 

2012  0.1415 0.0455 0.0554 0.0784 0.0905 0.0599 

2013  0.0694 0.0916 0.0977 0.0981 0.0397 0.0875 

2014  0.0855 0.1431 0.0942 0.0483 0.1032 0.0820 
WVMAX  2/24 2/40
WVMEAN 2/24 2/40
GHSR 12/24 16/40

For each calendar month, the candidates for TMM  according to
Hall et al. [13] are the five months with lowest WFS, which are
underlined in Tables 8 and 9. In this case, we found that 82% of
the candidate months selected using Sandia weighting factors are
coincident with those ones selected using IWEC factors.

Concerning the actual TMM  for each calendar month, that one
with the lowest WFS, it appears in bold in Tables 8 and 9. In this case,
the TMMs  chosen using either Sandia or IWEC weighting factors are
the same for 10 of the 12 months.

Since we found similar results for all the locations in Littoral,
this fact tends to confirm that the typical month has little sensitiv-
ity to the choice of weighting factors, either Sandia’s or IWEC’s, as
concluded by Su et al. [37].

Consequently, we will use the IWEC weighting factors to avoid
duplicity for the remainder of this work. This choice amounts to
reduce the weight of solar radiation (0.4 instead of 0.5) and increase
the weight of the dry-bulb temperature (0.4 instead of 0.167 for
combined minimum, maximum and mean values) in the selection
of the candidates, which appears to be judicious when the mea-
sured data pool for solar radiation is not as large as the one for
dry-bulb temperature, as suggested by Chan et al. [38].

4.2. Typical meteorological months throughout Littoral
In the previous section, we  have determined the TMMs  for
Paraná: Those ones having the lowest WFS, which are given in
bold in Table 9. Then, we  apply the just-described procedure of

 year at Paraná using Sandia weighting factors; candidate months are underlined,

J A S O N D

× × × × × ×
0.1182 0.1762 × × × ×
× 0.2002 0.1722 0.2093 × ×
0.0926 0.0954 0.0487 × 0.1563 0.1310
0.1963 0.1034 × × × 0.0766
0.1039 0.0780 0.0553 0.0583 0.0970 0.0988
0.1196 0.0449 0.0515 0.0803 0.1040 0.0467
0.0590 0.0994 0.1128 0.1485 0.0739 0.0772
0.0930 0.0511 0.0438 0.1357 0.1000 0.1394
0.0749 0.0861 0.0517 0.0429 0.0362 0.0838
0.0475 0.0631 0.0476 0.0823 0.0759 0.0851
0.0770 0.1024 0.1028 0.0893 0.0640 0.0803
0.0902 0.0662 0.1406 0.0730 0.0604 0.1053
0.1365 0.1136 0.1022 0.1155 0.0887 0.0742
0.1070 0.1143 0.1062 0.0529 0.0862 0.0930
0.1384 0.0631 0.0895 0.1145 0.1305 0.1532
0.0667 0.0924 0.0753 0.1152 0.1006 0.1038
0.0612 0.0703 0.0793 0.1121 0.0469 0.1131
0.1564 0.1045 0.0653 0.1151 0.0703 0.0804
0.0561 0.1131 0.0950 0.0544 0.0751 0.1079
0.0957 0.0783 0.0879 0.0685 0.0454 0.0766
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Table  9
Weighted sums of Finkelstein–Schaffer statistics (WFS) for all the calendar months of the year at Paraná using IWEC weighting factors; candidate months are underlined,
typical meteorological months are in bold, and discarded months are indicated by ×.

Year Month

J F M A M J J A S O N D

1994 0.0703 0.0790 0.0848 0.0632 × × × × × × × ×
1995  × × × 0.0817 0.0595 0.0993 0.0915 0.1401 × × × ×
1996  × × × × 0.1145 × × 0.1653 0.1423 0.1536 × ×
1997  × × 0.1333 0.0723 0.1023 0.1071 0.0956 0.0883 0.0452 × 0.1386 0.1198
1998  0.1952 0.1465 0.1362 0.1459 0.0906 0.0748 0.1767 0.1056 × × × 0.0904
1999  0.1336 0.0856 0.0985 0.1115 0.0596 0.1056 0.1091 0.0687 0.0712 0.0591 0.0798 0.0848
2000  0.0611 0.0480 × 0.0966 0.1052 0.0996 0.1378 0.0444 0.0543 0.0785 0.1366 0.0406
2001 0.1030 0.1146 0.1251 0.0583 0.1054 0.0851 0.0512 0.1132 0.1051 0.1338 0.0806 0.0680
2002 0.0621 0.0949 0.1294 0.1242 0.0984 0.1084 0.0948 0.0470 0.0415 0.1200 0.0836 0.1451
2003  0.0553 0.0551 0.0718 0.1078 0.0565 0.1154 0.0692 0.1002 0.0541 0.0452 0.0357 0.1147
2004  0.0503 0.1454 0.1311 0.0964 0.1343 0.0687 0.0440 0.0581 0.0495 0.0819 0.0835 0.0908
2005  0.0508 0.1011 0.0872 0.1194 0.0666 0.1663 0.0730 0.0877 0.1161 0.1085 0.0540 0.0791
2006  0.0783 0.0787 0.1001 0.0632 0.1067 0.0752 0.1092 0.0707 0.1153 0.0831 0.0595 0.0956
2007  0.1310 0.0569 0.1564 0.0967 0.1465 0.1056 0.1531 0.1442 0.0880 0.1020 0.0935 0.0633
2008 0.0557 0.0658 0.0539 0.1303 0.0991 0.1305 0.1232 0.1001 0.0878 0.0509 0.1080 0.0932
2009  0.1037 0.0547 0.0878 0.1336 0.0818 0.1464 0.1382 0.0617 0.1210 0.1155 0.1194 0.1546
2010  0.0888 0.1069 0.0830 0.1042 0.0778 0.0433 0.0731 0.1058 0.0722 0.1337 0.0898 0.1004
2011  0.0626 0.0648 0.0948 0.0708 0.0615 0.0759 0.0678 0.0862 0.0744 0.1309 0.0548 0.0902
2012  0.1257 0.0498 0.0630 0.0836 0.1054 0.0581 0.1615 0.0913 0.0623 0.0988 0.0739 0.0697
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2013 0.0638 0.0805 0.1148 0.1010 0.0432 0.
2014  0.0822 0.1389 0.1327 0.0484 0.0947 0.

MM  generation for Paraná to all the other locations. As result, we
btain all the TMMs  for all the current locations in Littoral, listed in
able 10.

Finally, at each location, the typical meteorological year is the
oncatenation of the 12 corresponding TMMs.  In general, the TMMs
or contiguous months come from different years. The consequent
umps of the weather variables at the interface of such months are
liminated by cubic spline smoothing based on the six last hours
f the first month and the six first hours of the second month, as
ecommended by Hall et al. [13].

.3. Typical weather in Littoral

In this section, we aim to give an insight of the typical weather
hrough Littoral from the whole set of results of the present work.
or the seek of conciseness, we choose three locations from dif-
erent bioclimatic zones of Littoral to represent the whole Littoral

see Fig. 1): Resistencia (in the boundary between zones Ia and Ib,
ery hot with daily range of around 14 ◦C), Paraná (in zone IIb, i.e.
ot with daily range lower than 14 ◦C), and Rosario (in zone IIIa, i.e.
arm temperature with daily range greater than 14 ◦C).

able 10
ypical meteorological months (TMMs) at 15 locations in the Argentine Littoral Region.

Location 

J F M A M 

Ceres 2005 2009 2011 2014 2011 

Concordia 2004 2011 1994 2011 2003 

Corrientes 2003 2005 2006 2012 2003 

Formosa 2005 2003 2011 2011 2011 

Gualeguaychú 2003 1997 2003 1994 2003 

Iguazú 2005 2007 2010 2000 2011 

Monte Caseros 2002 2013 1994 2014 2003 

Paraná 2004 2000 2008 2014 2013 

Paso  de los Libres 2000 2000 2005 2014 2003 

Pcia.  R. Sáenz Peña 2005 2003 2007 2014 2013 

Posadas 2005 2013 2006 2014 2011 

Reconquista 2003 2007 2006 2006 2003 

Resistencia 2003 2005 2006 2012 2003 

Rosario 2006 2013 2008 2014 2013 

Sauce  Viejo 2004 2007 2012 2006 2013 
0.0555 0.1134 0.1025 0.0559 0.0753 0.1435
0.0933 0.0733 0.0936 0.0836 0.0457 0.0705

To characterise the weather at these locations, we use the
monthly means of the global horizontal solar radiation (GHSR)
and the dry-bulb temperature (DBT) as well as the hourly means
of these weather variables along January (mid-summer) and July
(mid-winter).

In each case, the TMY  is compared to

1. the average year, where the value of each variable at hour h = 1,
2, . . .,  24 of day d = 1, 2, . . .,  365 is the average of the values of
this variable at hour h and day d all along the period 1994–2014
(including only the usable databases),

2. the worst year, composed by the months with highest WFS. The
worst year for Paraná can be inferred from Table 9.

Results for Resistencia, Paraná, and Rosario are shown in
Figs. 5, 6, and 7, respectively. For the three locations, the typical
GHSR (that is, the one from the TMY) is close to the GHSR from the

average year in terms of monthly means and hourly means during
January and July. Furthermore, the typical hourly mean GHSR for
July (mid-winter) is practically identical to the one from the average
year for all the locations.

Month

J J A S O N D

2004 2004 2004 2008 2003 2006 2007
1998 2013 2002 2004 1997 1998 2007
2012 2003 2005 2002 2008 2013 2007
2004 2013 2005 2002 2003 2008 2010
1998 2001 2002 1995 1999 2003 2000
2012 2013 2009 2006 2013 2000 2007
2012 2013 2002 2002 2003 2005 2004
2010 2004 2000 2002 2003 2003 2000
2012 2004 1999 2002 1998 2003 2001
2004 2013 2005 2004 2003 2003 2010
2012 2014 2000 2000 2001 2013 2007
2012 2003 2002 2002 1998 1998 2010
2012 2013 1997 2002 2013 2008 2007
2010 2013 1999 2008 1998 1996 2012
2004 2004 2004 2003 1998 2003 2012
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ry-bulb temperature, respectively; (c, d) hourly mean global horizontal solar radia
ean  global horizontal solar radiation and dry-bulb temperature, respectively, in Ju

Concerning dry-bulb temperature, the typical one is usually
igher than the one of the average year. Differences are mostly
round 0.5 ◦C with a peak of 1.3 ◦C at noon in January (mid-summer)
t Rosario.

The closeness between the results for the TMY  and those ones
or the average year is an indicator of the validity of the current
MYs.

.4. Application to building energy simulation

Let us apply the currently defined TMYs for building energy
imulation (BES) using the program EnergyPlus [39] version 8.4.0
40].

The currently developed TMYs contain not only the weather

ariables entering in the TMY  definition (dry-bulb and dew-point
emperatures, global horizontal solar radiation, etc.) but also atmo-
pheric pressure, wind direction, visibility, sky cover, ceiling height,
recipitation, among others, from the SMN  databases. For BES, we
nd dry-bulb temperature, respectively, in January (mid-summer); and (e, f) hourly
id-winter).

supplemented the TMYs with illuminance using the model of Perez
et al. [41], and extraterrestrial radiation following ASHRAE [31].

Then, the so-completed TMYs are converted to the EnergyPlus
weather input format (EPW) by using the EnergyPlus auxiliary
program Weather Converter [42]. The diffuse and direct normal
radiation, key variables for BES, are added by Weather Converter
by using the Perez direct/diffuse split model [41,43]. Weather
Converter also gives us the Design Day according to ASHRAE
[31].

To highlight the importance of using the local TMY for BES (and,
by the way, to highlight the importance of the current contribu-
tion), let us apply EnergyPlus to run the BESTEST-Case 910 from
ANSI/ASHRAE Standard 140-2011 [44] at Paraná. This test concerns
a heavy-weight building (like most of the buildings in Littoral) with

room temperature control set to 20 ◦C for heating and 27 ◦C for cool-
ing, windows that face north (instead of south, as it would be the
case for Northern Hemisphere), and 1m-horizontal overhang all
along the north-facing wall at the roof level.
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emperature, respectively; (c, d) hourly mean global horizontal solar radiation and
lobal  horizontal solar radiation and dry-bulb temperature, respectively, in July (m

Before having the typical weather file for Paraná, we  would
pproximate it by using data from nearby locations. In our first
ork on BES [25], we defined the typical weather in Santa Fe (25

m northeast of Paraná) using the typical weather file of Urugua-
ana (southern Brazil) [26], which is located in the same bioclimatic
egion that Paraná and Santa Fe (see Figure 1). Unfortunately, the
oodness of the typical weather file for Uruguaiana is uncertain
ince it was defined on the base of a short pool of weather data [26].
o, we would have to approximate the typical weather at Paraná
sing the IWEC files of Asunción or Buenos Aires, as we  are going
o do now for the purpose of comparison.

As a last approach to the long-term weather at Paraná, we
irectly take into account all the available (and usable) weather
atabases at Paraná for the period 1994–2014. Note that the cur-

ent long-term database for Paraná has in average 18.5 usable years
er month, as seen in Table 2. Therefore, BES using this database

s about 18.5 more computationally expensive than BES using the
MY.
bulb temperature, respectively, in January (mid-summer); and (e, f) hourly mean
ter).

Fig. 8 shows the monthly cooling and heating loads computed
using current TMY  and the long-term database for Paraná, and the
IWEC files for Buenos Aires and Asunción.

First, let us compare the results using the TMY  with those ones
using the long-term database for Paraná. Considering the cooling
load, the results using the TMY  are very close to the long-term
results. The biggest difference is observed for August, one of the
months with lowest cooling demand.

On the other hand, differences are relatively larger considering
the heating loads. Qualitatively, the heating loads using the long-
term database (with a peak for July at mid-winter) appear to be
more accurate than those ones computed using the TMY  (with a
peak for May  at autumn). Further, we did neither expect the heat
load at Paraná to be higher than the one at Buenos Aires during

May, nor the heating load at Paraná to be lower than the one at
Asunción during September.

Then, let us compare the results at Paraná with those ones at
Buenos Aires and Asunción.
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Except for the unexpected heating loads computed using the
MY  at Paraná for May  and September, the cooling demand at
araná is always higher than the one at Buenos Aires and lower than
he one at Asunción, while the heating demand at Paraná is lower
han the one at Buenos Aires and higher than the one at Asunción,
hich is logical considering that Paraná, Buenos Aires and Asun-

ión have hot, warm temperate and very hot climate, respectively,
s it can be seen in Fig. 1.

In any case, the differences between Paraná and the other loca-
ions, either in excess or in defect, are enormous all along the year,
iving an additional proof of the usefulness of the current work.

Concerning the reported unexpected results for the heating load
t Paraná during May  and September, we will wait for having a
onger database and making further tests to confirm whether they
hallenge the goodness of the respective TMMs or not. We  just
ealise that, in case these TMMs  are bad, this cannot be explained
y the current choice of IWEC weighting factors since the TMMs
hosen using the Sandia weighting factors were identical, as it can
e inferred by observing Tables 8 and 9.

Meanwhile, keeping in mind that the heating loads are one order
f magnitude lower than the cooling loads, we  advocate for the
alidity of the current TMMs  for September and May  at Paraná until
urther evidence is available.

. Conclusions

The first contribution of this work is the processing of the
ourly weather databases provided by the Argentine National
eteorological Service (SMN) for 15 locations throughout the

rgentine Littoral Region for the period 1994–2014. In general,
hese databases had gaps without measurements. Here, we  ren-
ered most of these incomplete databases usable for further
nalysis by using well-accepted data-filling methods, and discarded
he others.

After processing, we built a large enough pool of complete
ourly weather databases for each calendar month at 15 locations

n Littoral.
But these databases still lack solar radiation data, which is

vailable for only two locations in Littoral and for a few years.
e circumvented the scarcity of solar radiation data by using the

hang–Huang radiation model [9]. Further, we calibrate this model
y fitting the available measurements to make it the most accurate
or Littoral, the second major contribution of this paper.

In such a way, we obtained all the necessary weather data for the
efinition of the typical meteorological year (TMY) at 15 locations
hroughout Littoral, which is our final goal. We  generated these
MYs, following the original Sandia method [13], as a concatena-
ion of typical meteorological months (TMMs). Along the work, we
ested different variants to the Sandia method, which finally led us
o define the TMY  in the same way as Thevenard and Brunge [6]
efined the International Weather for Energy Calculations (IWEC).

As a contribution of this work to building energy simulation
BES), we converted these TMYs into the weather input format
equired by the energy simulation program EnergyPlus. And using
nergyPlus, we solved the BESTEST-Case 910 from ANSI/ASHRAE
tandard 140-2011 at Paraná, located deep inside Littoral. For
omparison purposes, the long-term weather at Paraná was char-
cterised following two approaches: (1) using the current TMY, and
2) using the actual weather from the long-term database. Let us
ote that, from the computational point of view, the latter approach

s considerably more expensive than the former one, and is usu-

lly unaffordable for real applications. Both approaches agreed on
stimating the cooling load at Paraná all along the year. However,
oncerning heating loads, those computed using the TMY  exhib-
ted qualitatively unexpected values for two months. This, a priori,
uildings 129 (2016) 432–444 443

challenges the validity of the corresponding TMMs  (of course, at
Paraná and in the light of the BESTEST-Case 910). But, considering
that the heating load is considerably lower than the cooling load,
we consider all the current TMMs  for Paraná valid until further
evidence.

Further, we solved this BESTEST for Asunción and Buenos Aires,
which are the locations having typical weather (IWEC) files closest
to Paraná. The resulting cooling and heating loads at these locations
were sensibly different from those ones at Paraná, highlighting the
importance of using a local TMY.

As future work, we will update the current TMYs as newer
weather data will be available, and we will apply them for the
energy simulation of a wide variety of cases, including further
BESTESTs as well as real buildings, all around Littoral. By the way,
we will address the questions arising from the just mentioned
unexpected results on heating loads at Paraná.
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