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1 RESUMO 



O  escopo  desta  investigação  foi  avaliar  o  desempenho  de  geradores  de  dados  de  séries meteorológicas de 2019 a 2023 usando o método de interpolação linear, os softwares Easy-Fit e o WeatherMan, para o município de Itacoatiara, Amazonas. No Brasil, a principal fonte de dados oriundos de estações meteorológicas é administrada e disponibilizada pelo Instituto Nacional de Meteorologia,  e  a  série  histórica  disponibilizada,  normalmente,  apresenta  falhas  em  escala temporal  horária,  diária  ou  mensal.  A  falta  de  continuidade  nas  séries  de  dados  pode  levar  a conclusões errôneas em  processos  que dependem  diretamente do clima, como  a agricultura e o planejamento  do  uso  dos  recursos  naturais.  O  estudo  foi  desenvolvido  com  os  dados meteorológicos  da  região  centro-leste  do  Estado  do  Amazonas.  As  falhas  foram  preenchidas usando interpolação linear e os geradores de dados climatológicos Easy-Fit e WeatherMan, sendo os  resultados  comparados  com  a  normal  climatológica  disponível.  A  correlação  entre  a  normal climatológica e a normal provisória do parâmetro temperatura máxima mensal média mostrou a existência de regressão, de modo que os três métodos podem ser sugeridos para o preenchimento de  falhas,  quando  não  se  dispõe  de  dados  completos.  O  método  de  interpolação  linear  e  os geradores  Easy-Fit  e  WeatherMan  apresentaram  potencial  para  o  preenchimento  de  falhas  em séries  meteorológicas  mensais  da  região  de  Itacoatiara-AM,  mesmo  diante  da  limitada disponibilidade de dados completos. 
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2 ABSTRACT 



The purpose of this investigation was to evaluate the performance of weather data generators for the municipality of Itacoatiara, Amazonas, Brazil, on the basis of time series from 2019 to 2023 

by  the  following  methods:  linear  interpolation,  easy-fit,  and  WeatherMan.  In  Brazil,  INMET 

(National Institute of Meteorology) is the main source of meteorological data, but gaps are very common at hourly, daily, and monthly time scales. The lack of continuity in data series may lead to  erroneous  conclusions  in  studies  that  depend  on  it.  on  these  data,  such  as  agricultural  and natural  resource  management  planning.  In  this  study,  monthly  meteorological  data  from  the central-eastern region of the state of Amazonas were used. Missing data were filled using linear interpolation, and the climatological data generator Easy-Fit and WeatherMan Estimated values were  then  compared  with  the  available  climatological  normal.  The  correlation  between  the climatological  normal  and  the  provisional  normal  of  the  mean  monthly  maximum  temperature parameter  demonstrated  the  existence  of  regression,  indicating  that  the  three  methods  may  be recommended  for  gap  filling.  when  incomplete  datasets  are  available.  The  linear  interpolation, easy-fit,  and  WeatherMan  methods  showed  potential  for  filling  the  gaps  in  monthly meteorological series in the Itacoatiara-AM region. 



Keywords: weather variables, statistical modeling, agrometeorology. 

 

 

3 INTRODUCTION 

tropical  regions  with  low  observational 



density, such as the Amazon. 

In  the  northern  region,  particularly  in 

To  ensure  the  reliability  of  many 

the  state  of  Amazonas,  the  number  of 

climate  studies,  especially  those  analyzing meteorological  stations  (conventional  and 

climate variability, reliable and homogeneous 

automatic) is small compared with the state's 

data  are  necessary  since  the  results  of 

territorial  extension,  and  observations  often analyses with heterogeneous data can lead to 

fail  because  of  operational  malfunctions, 

contradictory  and  erroneous  conclusions 

resulting  in  the  absence  of  accurate 

(Santos,  2012).  Data  gaps  occur  when  data information. Cities are geographically distant 

collection  is  deficient  at  some  point,  either from  one  another,  which  often  necessitates because  of  the  absence  of  the  collector  or the  search  for  alternatives  to  generate  such because  of  errors  and  overlapping  data  from information,  making  the  database  robust  for the  collection  instruments,  which  makes  it use in agrometeorological planning, which is 

necessary to apply equations to fill these gaps fundamental  for  decision-making.  Although 

(Diaz;  Pereira;  Nóbrega,  2018).  Some 

several  methods  exist  for  filling  these  gaps, methods  for  analyzing  these  data  may  be 

uncertainties  still  exist  concerning  the 

suitable  for  this  situation,  but  most  of  them performance  of  these  approaches  in  humid 

require that the series be complete (Guzmán, 

2018). Several methods can be used to fill in 
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gaps in meteorological data, including the use 

of  solar  radiation,  maximum  and  minimum 

of  averages  of  observed  data  (climatological temperatures, 

and 

precipitation 

normals)  or  synthetic  data  from  data 

(Hoogenboom;  Jones;  Boote,  1992).  Solar 

generators (Oliveira  et al., 2010). 

radiation  is  important  for  estimating 

The 

estimation 

of 

faulty 

photosynthesis 

and 

evapotranspiration, 

meteorological  data  can  be  performed  using temperature is important for determining crop 

methods 

organized 

into 

three 

basic 

growth  and  development  rates,  and 

categories: (i) within the station; (ii) between precipitation  is  important  for  meeting  water stations;  and  (iii)  regression-based  (Allen; needs (Ritchie; Godwin; Singh, 1990). 

Degaetano, 2001). The first category was the 

The  failure  to  collect  or  record  this 

most  suitable  for  the  purposes  of  the 

meteorological  information  is  caused  by 

investigation.  The  second  is  based  on  the several  factors.  Above  all,  those  that  most hypothesis  that  the  difference  between  the affect the cities in the interior of the  state of daily temperatures of nearby stations is equal 

Amazonas  are  the  bureaucracy  in  the 

to  the  difference  between  the  monthly 

maintenance of the equipment and the lack of 

averages  of  the  temperatures  of  these 

awareness  among  the  population  about  the 

neighboring  stations;  however,  no  adjacent 

importance  of  keeping  a  meteorological 

stations with complete data were found in the 

station in perfect working order, since certain region.  Finally,  the  third  category  assumes equipment ends up being targets of vandalism 

the  existence  of  available  data  from  one  or or  theft  (Nascimento   et  al.,  2009).  In more  neighboring  stations,  which  also 

modeling,  research  is  needed  to  evaluate 

demands 

the 

completeness 

of 

this 

ways  of  filling  in  the  missing  data  gaps  in information. In this scenario, it is difficult to historical  series  to  improve  estimates  of 

obtain  access  to  a  robust  dataset  from  the potential  reference  evapotranspiration  and, 

meteorological  stations  available  at  the  time consequently,  of  the  processes  in  which  this of the research, which is the responsibility of variable is used (Gionanella).  et al., 2021). 

the managing body. Therefore, this difficulty 

Filling in gaps in meteorological data 

led to the need to resort to data generators. 

in  the  Amazon  Basin  is  limited  by  the  low Most 

agricultural 

production 

density  of  meteorological  stations  and  the simulation models require daily climate data. 

large  distance  between  them  compared  to 

Typically, these data  are available for model 

those  in  the  southern  and  southeastern 

development  and  validation;  however,  in 

regions  of  the  country,  which  leads  to  a many  cases,  meteorological  data  for  long-reduction  in  the  accuracy  of  statistical 

term  analysis  across  different  locations  are methods.  The  quality  of  modeling  is 

unavailable,  necessitating  the  use  of 

compromised  by  missing  data  from  the 

meteorological 

data-generating 

models 

Itacoatiara  and  AM  meteorological  stations. 

(Meinke).  et al.,  1995). Recently, several data Therefore,  this  study  aimed  to  evaluate  the generators  have  been  developed  to  simulate performance  of  meteorological  data  series 

daily 

meteorological 

data 

(Bristow; 

generators for the municipality of Itacoatiara, Campbell,  1984;  Richardson;  Wright,  1984), 

Amazonas,  from  2019  to  2023  using  the 

such  as  the  WGEN  model  (Richardson; 

easy-fit and WeatherMan linear interpolation 

Wright, 1984). In the case of the models used 

methods. 

in  DSSAT  (Decision  Support  System  for 



Agrotechnology (Transfer)), the minimum set 



of climate data required includes daily values 
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4 MATERIALS AND METHODS 

Organization  (WMO:  82336)  station  and  the 



automatic  station  (A121).  The  investigations 4.1 Experimental Location 

were  carried  out  using  a  provisional 



climatological  normal  obtained  from  the 

The  study  was  developed  using 

period 2009 to 2023 from the Meteorological 

meteorological  data  from  the  central-eastern Database  for  Teaching  and  Research 

region  of  the  state  of  Amazonas.  The  region (BDMEP)  of  the  National  Institute  of 

has  two  meteorological  stations  (one 

Meteorology  (INMET).  In  particular,  the 

conventional and one automatic) belonging to 

aforementioned  provisional  climatological 

the  network  of  the  National  Institute  of 

normal conforms to the WMO (1989), which 

Meteorology,  located  in  the  municipality  of was  established  as  “a  data  series  with  a Itacoatiara, AM (Figure 1). Table 1 shows the 

minimum of 10 years and less than 30 years”. 

locations  of  the  World  Meteorological 



Figure  1. Spatial  distribution  of  meteorological  stations  A121  and  OMM  82336  in  Itacoatiara, Amazonas. 



Source: Authors (2025).  
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Table 1. Location of conventional meteorological stations. 

Latitude 

Longitude  Altitude 

Name 

UF 

Installation Date 

Code 

° 

m 

AM  -3.13694444  -58.44277777  19,16 

31/12/1926 

82336 

Itacoatiara  AM  -3.13333333  -58.48277777  41.54 

16/04/2008 

A121 

Source: Authors (2025) 





4.2 Experimental Methodology 

wind speed, atmospheric pressure, and global 



solar  radiation,  respectively.  The  data  series In  the  meteorological  series  from 

from  neighboring  stations  (Table  2)  were 

2009  to  2023,  12.8%,  13.9%,  8.9%,  8.3%, 

analyzed.  After  it  was  found  that  complete 11.1%,  14.4%,  12.2%,  and  39.4%  of  the 

data were missing from stations located up to 

missing  data  were  identified  (Table  2  and 150  km  from  the  Itacoatiara  Meteorological Table  3)  for  the  variables  maximum 

Station  (A121),  filling  the  gaps  using  linear temperature, 

minimum 

temperature, 

regression  became  unfeasible,  leading  to  the maximum  relative  humidity,  minimum 

need to change the method for completing the 

relative  humidity,  average  relative  humidity, missing data. 
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Table 2. Months with missing data for meteorological variables for 2009 (09) to 2023 (23) Minimum air temperature 

Maximum air temperature 

Months 

09 
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20 
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12 

13 
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Source: Authors (2025) 
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Table 3. Months with missing data for meteorological variables for 2009 (09) to 2023 (23) 

Average Atmospheric Air Pressure 

Months 

09 

10 

12 

13 

16 
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Source: Authors (2025) 



Table 2. Location of the stations near A121 

Latitude 

Longitude 

Distance  Altitude 

Name 

UF 

Code 

° 

km 

m 

Itacoatiara 

AM  -3.13694444  -58.44277777 

- 

41.54 

A121 

Maues 

AM  -3.39888888  -57.67388888 

94.34 

25.49 

A122 

Parintins 

AM  -2.63916666  -56.75611111 

198.26 

18.72 

A123 

Urucará 

AM  -2.53472221  -57.75805555 

105.86 

18.49 

A124 

Urubu River 

AM 

-2.6336111  -59,60055555 

139.32 

112.84 

A125 

Source: Authors (2025) 
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Data  gaps  were  filled  using  the  in-

interpolation method in  the interval  (X0,  X1) station  method  (Allen;  Degaetano,  2001), 

(Equation 2) was composed of the maximum 

which  is  based  on  hourly  and  daily 

and minimum values of the series, as well as 

information  that  is  converted  into  monthly the  maximum  and  minimum  values  of  the 

averages.  According  to  Fante  and  Sant'Anna annual  averages  of  the  missing  data, 

Neto  (2016),  from  a  statistical  perspective, respectively.  Linear  interpolation  (Equation fill-in  techniques  are  also  more  suitable  for 2) can be seen as a weighted average, whose 

estimating  monthly  and  annual  values  and 

weights  are  inversely  proportional  to  the 

gaps;  therefore,  they  are  not  recommended 

distance  between  the  arrival  point  and  the for  application  to  daily  data  gaps.  The 

unknown  point.  The  choice  of  interpolation advantage  of  the  in-station  method  is  that  it was  due  to  the  possibility  of  comparing  the does  not  depend  on  data  from  other  stations filling  process  with  more  sophisticated 

(Kemp   et  al.,  1983).  Filling  was  performed software  so  that  it  could  serve  as  a 

using  the  linear  interpolation  method,  Easy-comparison or alternative in situations where 

Fit,  and  the  WeatherMan/DSSAT  generator 

there is no other way to complete the gaps in 

with the WGEN model (Richardson; Wright, 

meteorological series. However, it is assumed 

1984; Hoogenboom, 1984).  et al., 2024). It is that the variation between the known points is 

important  to  choose  the  methodology  that 

linear, which may not be true in all the cases. 

best  suits  the  research  needs  and  that  is  in When  the  data  exhibit  nonlinear  behavior, 

accordance  with  the  geographical  and 

linear  interpolation  may  result  in  inaccurate climatological 

reality 

in 

which 

the 

estimates. 

meteorological  stations  studied  are  located (Fante; Sant'Anna Neto, 2016). 

(1) 

WGEN  (Weather  Generator)  is  an 

algorithmic  tool  designed  to  generate 



synthetic climate series spanning hundreds of 

(2) 

years,  preserving  the  essential  statistical characteristics 

(mean, 

variance, 



autocorrelation,  and  transition  probabilities) where 

is  the  arithmetic  mean  of  the 

of  local  observed  data.  In  the  case  of  the Easy-Fit software, the Kolmogorov‒Smirnov 

observations;  (m1  +  m2  +  m3  +  ...  +  mn)  are test was used to complete the data fitting, as 

the measured values; n is the number of years 

the  data  were  nonparametric.  Easy-Fit  was 

observed;  Yx  is  the  value  of  the  fault  to  be chosen  because  of  its  ability  to  handle 

found;  Y0  is  the  minimum  value  of  the 

uncertainties and make decisions on the basis 

variable Y; Y1 is the maximum value of the variable Y; X is of the probability of the information from the 

the  average  between  the  maximum  and 

data  analysis;  thus,  the  best  distribution  fit minimum  values of the  variable Y;  X0  is  the was  selected.  The  software  allows  for  easy minimum  value  of  the  variable  X;  and  X1  is fitting  of  a  large  number  of  distributions  to the maximum value of the variable X. 

the available data in seconds, saving time and 



avoiding  analysis  errors,  which  allows  for Easy-Fit  software  consists  of  a 

greater confidence in the generated data. 

database containing models, data, and results, 

The 

arithmetic 

mean 

method 

as well as underlying numerical algorithms to 

(Equation 1) was composed of the arithmetic 

solve  the  parameter  estimation  problem. 

mean of the incomplete series, and the linear 

Depending on the mathematical structure, the 
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MODFIT.  The  EXE  module  performs 

5 RESULTS AND DISCUSSION 

parameter  estimation  in  explicit  functions, Laplace  transforms,  steady-state  systems, 

Owing to  flaws in  the  meteorological 

ordinary and differential algebraic equations, 

database  of  stations  A122  (Maués),  A123 

and  PDEFIT.  EXE  for  parameter  estimation 

(Parintins),  A124  (Urucará),  and  A125  (Rio in  one-dimensional  time-dependent  partial 

Urubu),  which  are  “neighboring”  A121  and 

algebraic  equations.  The  maximum    (Tx), 

WMO:  82336,  it  was  impossible  to  apply 

minimum (Tn), and average (Tm) temperature 

simple  linear  regression  (SLR),  multiple 

data and the average relative humidity (RHm) 

linear  regression  (MLR),  and  stepwise 

and  global  solar  radiation  (Qg)  for  the 

multiple linear regression (SML), which were 

municipality of Itacoatiara were converted to 

intended to estimate the missing data for the 

the  WeatherMan/DSSAT  v.  8.5.0  format. 

variables  of  air  temperature,  relative 

WGEN  models  (Richardson;  Wright;  Wgen, 

humidity,  mean  atmospheric  pressure,  and 

1984;  Hoogenboom)  were  used  to  generate 

mean 

wind 

speed. 

This 

limitation 

the climate data.  et al., 2024) and easy-fit methods. 

corroborates  what  Ritchie,  Godwin,  and 

From  the  processed  information,  the  models Singh (1990) state, indicating that one of the 

generate Tx, Tn, Tm, URm, and  Qg data  on  the greatest deficiencies limiting the use of large-basis  of  internally  calculated  statistical 

scale  models  is  the  lack  of  soil  and  climate parameters. 

data. 

To  evaluate  the  gap-filling  methods, 

For  the  hourly  datasets  of  air 

the 

linear 

correlation 

between 

the 

temperature,  relative  humidity,  atmospheric 

climatological  normal  from  1991  to  2020 

pressure,  and  average  wind  speed,  no 

(INMET,  2025)  was  used  as  an  alternative, statistical  techniques  were  applied  to  fill  in which  partially  incorporates  and  partially 

the  gaps;  however,  techniques  were  applied extrapolates  the  provisional  climatological 

to  the  daily  data,  even  considering  that  Fill normal  from  2009  to  2023  (15  years),  as 

(1987)  and  Bertoni  and  Tucci  (2007)  state evaluated  in  this  investigation.  Thus,  the that  none  of  the  various  gap-filling  methods methods  were  evaluated  using  linear 

“are  suitable  for  filling  daily  gaps,  being correlation 

and 

the 

coefficient 

of 

more  recommended  for  filling  monthly  or 

determination  (R²)  with  a  meteorological 

annual  gaps."  The  problem  is  that  the series  from  2009  to  2023  and  the 

WeatherMan/DSSAT  v.  4.8.5.0  program 

climatological  normal  from  1991  to  2020 

requires daily input data for the generation of (INMET,  2025).  The  statistical  hypotheses 

climate data by the WGEN model. Therefore, 

were tested using the p value; if the p value is data  generation  must  be  adjusted  to  the 

less than 0.05, the null hypothesis is rejected research  assumptions  given  the  observed 

(H0:  1  =  0);  that  is,  the  parameter  is situation,  given  that  the  meteorological 

statistically significant, and the climatological stations (Table 2) did not have complete data. 

normal  has  a  significant  effect  on  the 

Given  the  impossibility  of  applying 

provisional  climatological  normal.  If  the  p the  previously  discussed  methods,  linear 

value is greater than or equal to 0.05, the null interpolation  was  applied,  and  the  Easy-Fit hypothesis  (H0)  is  not  rejected;  that  is,  there and WeatherMan/DSSAT v. 4.8.5.0 software 

is  not  enough  evidence  to  assert,  at  the  5% 

were  used  to  complete  the  missing  data  for probability  level,  that  the  climatological 

the aforementioned variables (Table 2, Table 

normal  has  a  significant  effect  on  the 

3).  In  the  case  of  the  Easy-Fit  software,  the provisional climatological normal. 

Kolmogorov‒Smirnov  test  was  used  for 

Irriga, Botucatu, v. 30, p. 303-326, janeiro-dezembro, 2025 

312                                                                       Avaliação do desempenho... 





adjustment  because  of  the  nonparametric 

the  use  of  averages  of  observed  data 

nature  of  the  data.  Chibana   et  al.  (2005) (climatally normal) or synthetic data obtained 

reported that several methods can be used to 

from data generators. 

fill  in  gaps in  meteorological  data, including Table 3. Comparative performance of gap-filling methods Ps  Met  r S  R 2 

d 

w 

Desemp  RMSE  EQM  RD 

IN 

CMR 

I 

0.99  0.98  1.00  0.99  Excellent 

1.07 

3.30  0.53  1.11 

0.02 

T x 

EF  0.98  0.97  1.00  0.98  Excellent 

1.07 

3.30  0.57  0.90 

0.02 

WM  0.99  0.98  1.00  0.99  Excellent 

1.07 

3.30  0.51  1.04 

0.02 

I 

0.93  0.86  1.00  0.93  Excellent 

0.27 

1.15  0.00  -2.51 

-0.02 

T n 

EF  0.94  0.88  1.00  0.94  Excellent 

0.27 

1.15  0.00  -2.32 

-0.02 

WM  0.93  0.87  1.00  0.93  Excellent 

0.27 

1.15  0.00  -2.04 

-0.02 

I 

0.97  0.94  1.00  0.97  Excellent 

3.27 

3.93  0.00  0.90 

0.04 

UR m  EF  0.99  0.97  1.00  0.98  Excellent 

3.27 

3.93  0.00  0.80 

0.03 

WM  0.98  0.96  1.00  0.98  Excellent 

3.27 

3.93  0.00  0.98 

0.03 

I 

0.79  0.62  0.98  0.78  Very good  0.09 

8.30  0.00  -5.15 

0.20 

U 2 

EF  0.80  0.63  0.99  0.79  Very good  0.09 

8.30  0.00  -1.82 

0.14 

I 

0.98  0.96  1.00  0.98  Excellent 

0.10 

0.09  0.00  -16.87  0.00 

P atm  EF  0.98  0.95  1.00  0.98  Excellent  0.10  0.09  0.00  -17.22  0.00 

I 

0.98  0.97  0.99  0.98  Excellent 

1.31  25.24  0.00  1.43 

-0.17 

n 

EF  0.99  0.98  1.00  0.99  Excellent 

1.31  25.24  0.00  1.09 

-0.12 

Note: Values correspond to the monthly averages of the maximum (T x) and minimum (T n) air temperatures, average relative  air  humidity  (UR  m),  wind  speed  (U  2),  atmospheric  pressure  (P  atm)  and  insolation  (n).  Variables: Spearman correlation coefficient (r S), coefficient of determination (R 2), Willmott index (d), root mean square error  (RMSE),  mean  square  error  (MSE),  deviation  ratio  (RD),  modeling  efficiency  (EM),  residual  mass coefficient  (CMR),  interpolation  (I),  easy  fit  (EF),  WeatherMan  (WM),  parameters  (Ps),  performance (Desemp) and methods (Met). Source: Authors (2025) The  literature  indicates  that  the 

scientific  publications  show  a  scarcity  in  the acceptable  threshold  for  the  number  of 

production  and  organization  of  data. 

missing data points in a month is determined 

Although  the  number  of  automatic  weather 

by the climatological variable in question. As 

stations in northern Brazil has increased, it is recommended  by  Krusche,  Saraiva,  and 

still  small  compared  with  that  in  other 

Reboita  (2002),  in  the  case  of  temperatures, Brazilian regions. 

the monthly average can be calculated if there 

The gaps in the data were filled using 

are  up  to  3  consecutive  missing  values  or  5 

the linear interpolation method and the Easy-

alternating  values  in  the  same  month. 

Fit and WeatherMan/DSSAT software (Table 

However,  given  the  need  to  complete  the 

3). The monthly  averages were  subsequently 

series  and  the  scarcity  of  complete 

linearly  correlated  to  verify  the  degree  of meteorological  data  for  the  region  analyzed, association  between  the  variables  (Figures  1 

it  was  not  possible  to  follow  the 

to  8).  The  methods  fit  adequately,  with 

recommendation  of  Krusche,  Saraiva,  and 

coefficients  of  determination  (R²)  ranging 

Reboita (2002),  considering  that Nascimento 

from 0.9951 to 0.997, which suggests that the 

 et  al.  (2009)  report  that,  when  dealing  with Easy-Fit 

and 

WeatherMan 

generators 

climatological  studies  for  the  Amazon, 

performed  well  in  filling  the  gaps  in  the Irriga, Botucatu, v. 30, p. 303-326, janeiro-dezembro, 2025 
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monthly  maximum  air  temperature  data 

regression-based  methods  are  used  (Allen; 

(Figure 2A). The climatological normal from 

Degaetano,  2001).  Research  conducted  by 

1991  to  2020  was  correlated  with  the  filled Nascimento   et  al.  (2009)  and  applied  to  the data from 2009 to 2023 (Figure 2B), with R² 

Amazonas State area also presents other ways 

values ranging from 0.9693 to 0.9806. With a p 

to fill gaps. Although these approaches differ 

value < p(0.05) (Table 4), the null hypothesis from those used in this research, they have a 

(H0,  i.e.,  1  ≠  0)  was  rejected,  confirming  the similar objective: to minimize the factors that existence  of  regression.  Thus,  all  three 

lead  to  data  gaps,  such  as  formatting  errors, methods  can  be  adopted  to  fill  such  gaps unperforming measurements, and eliminating 

when  complete  data  from  neighboring 

data due to collection errors (Pickering et al., meteorological  stations  are  not  available  for 1994). 

comparisons  between  stations  or  when 



Table  4. Regression  statistics  for  the  analysis  of  maximum  temperature  (T  x)  obtained  by  the simple linear regression method. 

T 

Method 

x-15 years 

R 2 - EasyFit 

Stat t 

p value 

Interpolation 

0.98 

-4.57 

0.000 

T x-30 years 

EasyFit 

0.97 

-2.66 

0.000 

WeatherMan 

0.98 

-4.42 

0.000 

Source: Authors (2025) 
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Figure  2. A  –  Comparative  performance  of  gap-filling  methods  for  monthly  maximum  air temperature; B – Comparison between the climatological normal (1991–2020) and the filled data for average monthly maximum temperature (2009–2023). 



Source: Authors (2025) 



An  analysis  of  the  data  in  Figure  3A 

correlating the 30-year climatological normal 

reveals  that  the  monthly  minimum  air 

data 

with 

the 

provisional 

15-year 

temperature,  which  is  filled  in  using  the climatological normal data (Table 5), the data 

linear  interpolation  method,  adequately  fits generated by Easy-Fit, WeatherMan/DSSAT, 

the  WeatherMan/DSSAT  and  Easy-Fit  data, 

and  linear  interpolation  presented  a 

with  R²  values  varying  between  0.9513  and coefficient  of  determination  (R²)  varying 

0.9634, 

respectively. 

In 

Figure 

3B, 

between 0.8588 and 0.8703. Indeed, a p value 
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<  0.05  rejects  hypothesis  H0,  indicating  that words,  regression  exists  and  that  the 

the  30-year  normal  data  explain  the 

generated  data  can  be  explained  by  the 

relationship  with  the  15-year  data;  in  other climatological 

normal. 



Figure  3. A  –  Performance  of  gap-filling  methods  for  monthly  minimum  air  temperature;  B  – 

Comparison  between  the  climatological  normal  (1991–2020)  and  the  filled  data  for average monthly minimum temperature (2009–2023) Source: Authors (2025) 
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Table 5. Regression statistics for the analysis of the minimum temperature (Tn) obtained by the simple linear regression method. 

T 

Method 

n-15 years 

R 2 - EasyFit 

Stat t 

p value 

Interpolation 

0.8588 

-1.32 

0.000 

T n-30 years 

EasyFit 

0.8826 

0.20 

0.000 

WeatherMan 

0.8703 

-0.01 

0.000 

Source: Authors (2025) 



The data generated for the relative air 

the climatological normal from 1991 to 2020, 

humidity,  monthly  maximum  (Figure  4)  and 

there  were  no  available  data  for  these 

monthly minimum (Figure 5), using the linear 

variables,  which  made  it  impossible  to 

interpolation  method  and  the  Easy-Fit 

analyze  the  correlation  between  them. 

software,  when  correlated  (Table  6), 

However,  the  p  value  <  0.05  between  these presented  R²  values  of  0.9858  and  0.9938, variables  allows  rejection  of  the  null 

respectively.  These  values  indicate  an 

hypothesis  (H0,  i.e.,  1  ≠  0),  confirming  that excellent fit between the interpolation and the the 

regression 

exists. 

easy-fit  software.  Unfortunately,  in  terms  of Figure 4.  Correlation between methods for calculating the maximum monthly relative humidity of the air. 



Source: Authors (2025) 
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Figure 5.  Correlation between methods for calculating the minimum monthly relative humidity of the air. 



Source: Authors (2025) 



Table 6. Regression statistics for the analysis of maximum (RH x) and minimum (RH n) relative humidity obtained by the simple linear regression method. 

UR 

Method 

x-15 years (EasyFit) 

R 2 

Stat t 

p value 

UR x-15 years 

Interpolation 

0.9858 

7.37 

0.000 



UR n-15 years (EasyFit) 

UR n-15 years 

Interpolation 

0.9938 

2.83 

0.000 

Source: Authors (2025) 



The 

average 

monthly 

relative 

2020  and  the  provisional  climatological 

humidity (Figure 6A), which was determined 

normal  data  from  2009  to  2023,  reveals  that using  the  linear  interpolation  method,  was the methods present R² variations from 0.9392 

correlated  with  data  from  Easy-Fit  and 

to  0.9707.  In  Table  7,  it  is  noted  that  the WeatherMan/DSSAT,  with  R²  values  varying 

generators  presented  a  p  value  <  0.05, from 0.9725 to 0.9889. An analysis of Figure 

allowing  us  to  affirm  that  all  the  methods 6B, which illustrates the correlation  between 

presented excellent fits and could be adopted. 
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Table  7. Regression  statistics  for  the  analysis  of  relative  air  humidity  (RH  m)  and  monthly average obtained by the simple linear regression method. 

UR 

Method 

m-15 years 

R 2 - EasyFit 

Stat t 

p value 

Interpolation 

0.9392 

-4.79 

0.000 

UR m-30 years 

EasyFit 

0.9707 

-4.04 

0.000 

WeatherMan 

0.9594 

-3.32 

0.000 

Source: Authors (2025) 



Figure 6. A – Performance of the methods for filling in the average monthly relative humidity; B 

– Comparison between the climatological normal (1991–2020) and the filled-in series (2009–2023) 



Source: Authors (2025) 



normal  data  from  1991  to  2020  were 

The  average  monthly  atmospheric 

correlated with the provisional climatological 

pressure  variable  (Figure  7A),  when 

normal  data,  which  were  filled  in  by  linear correlated, had an R² of 0.9814, demonstrating 

interpolation  and  easy  fit  (Figure  7B),  with an  excellent  fit  between  the  methods.  The the  coefficient  of  determination  varying 
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between  0.9517  and  0.9596.  As  shown  in 

fit is rejected, indicating that regression exists Table  8,  when  the  p  value  is  <  0.05,  the and that both  methods can be adopted to  fill 

hypothesis H0 for both interpolation and  easy 

in  missing  atmospheric  pressure  data. 



Figure 7. A – Comparative performance between interpolation and easy-fit methods in terms of estimating monthly atmospheric pressure; B – Comparison between the climatological normal  (1991–2020)  and  the  filled  data  of  average  monthly  atmospheric  pressure (2009–2023) 



Source: Authors (2025) 
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Table  8. Regression  statistics  for  atmospheric  pressure  (P  atm)  analysis  obtained  by  the  simple linear regression method. 

P 

Method 

atm-15 years 

R 2 - EasyFit 

Stat t 

p value 

Interpolation 

0.9596 

-3.11 

0.000 

P atm-30 years 

EasyFit 

0.9517 

-0.69 

0.000 

Source: Authors (2025) 



When correlated, the average monthly 

year  climatological  normal  data  (2009  to 

wind speed (Figure 8A), which was obtained 

2023),  revealed  that  both  methods  fit  well, using the linear interpolation method and the 

with  R²  values  ranging  from  0.6222  to  0.6333. 

Easy-Fit  software,  had  an  R²  of  0.8714.  An See  in  Table  9  that  the  p  value  <  0.05, analysis  of  the  data  in  Figure  8B,  which rejecting  hypothesis  H0,  which  shows  that 

correlates  the  30-year  climatological  normal regression  exists;  therefore,  its  use  can  be data (1991 to 2020) with the provisional 15-recommended to fill in the missing data gaps. 



Table  9. Regression  statistics  for  wind  speed  analysis  (U10)  obtained  by  the  simple  linear regression method. 

U 

Method 

-15 years 

R 2 - EasyFit 

Stat t 

p value 

Interpolation 

0.62 

-0.23 

0.002 

U -30 years 

EasyFit 

0.63 

-0.36 

0.002 

Source: Authors (2025) 
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Figure 8. A – Linear fit between the interpolation and easy-fit methods for the average monthly wind speed; B – Comparison between the climatological normal (1991–2020) and the filled data for the average monthly wind speed (2009–2023) Source: Authors (2025) 



The  average  monthly  global  solar 

WeatherMan/DSSAT  data,  the  easy-fit  data 

radiation (Figure 9), obtained using the linear better fit the interpolation data, with an R² of interpolation  method  ,  was  correlated  with 0.9507.  The  evaluated  methods  presented  p 

data  from  the  Easy-Fit  software  and 

values  <  0.05  (Table  10),  showing  that WeatherMan/DSSAT.  Compared  with  the 

regression  exists  and  can  be  used. 
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Figure  9. Correlation  between  gap-filling  methods  for  average  monthly  global  solar  radiation (Qg). 



Source: Authors (2025) 



Table  10. Regression  statistics  for  the  analysis  of  global  solar  radiation  (Qg)  obtained  by  the simple linear regression method. 

Q 

Method 

g-15 years (EasyFit) 

R 2 

Stat t 

p value 

Q g-15 years 

Interpolation 

0.9507 

3.14 

0.000 



Q g-15 years (WeatherMan) 

Q g-15 years 

Interpolation 

0.7392 

1.44 

0.000 

Source: Authors (2025) 



The  regression  analyses  of  the 

climatological  normal,  which was  completed 

quantitative  variables  measured  on  the  same by the linear interpolation method. 

individuals  were  well  fitted,  since  the 

Notably,  Meinke   et  al.  (1995),  when 

coefficient  of  determination  ranged  between evaluating  three  different  models  for 

62.22%  (monthly  average  wind  speed)  and 

 generating  meteorological  data,  indicated 99.70% (monthly maximum air temperature), 

 that  WGEN  is  the  most  suitable  for 

thus  reflecting  the  phenomenon  studied.  In generating  long  series  of  temperature  and this  sense,  the  analysis  of  variance  of  the solar  radiation  data,  providing  good 

regression  applied  to  the  monthly  average 

 estimates of  potential productivity for  maize, wind  speed  presented  a  p  value  of  0.002, wheat, and sunflower crops under Australian which was lower than the probability level p 

 climatic  conditions.  In  this  research,  for 

=  0.05,  demonstrating  that  the  regression 

 maximum and minimum air temperatures and 

exists;  that  is,  the  30-year  climatological solar  radiation,  Meinke’s  findings  were  not normal  explains  the  provisional  15-year 

confirmed.  et  al. . (1995), with  the best  data generators  being  interpolation,  WeatherMan, 
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and  easy-fit,  respectively.  According  to 

easy-fit  generator  can  also  be  suggested 

Hayhoe  (1998),  the  WGEN  version  adapted 

for generating meteorological data. 

for  the  EPIC  (Erosion/Productivity  Impact) 

•  Considering  the  data  gaps  in  the 

program  is  not  a  good  option  for  generating meteorological stations in the middle and 

climate data because it does not maintain the 

lower 

Amazon 

region 

and 

the 

relationships 

between 

meteorological 

impossibility  of  filling  them  with  other 

variables  because  of  the  simplifications 

more  sophisticated  methods,  it  is 

assumed in the program. 

possible  to  use  the  generators  discussed 



in  this  investigation;  however,  greater 



rigor  should  be  employed  by  the 

6 CONCLUSION 

researcher,  thus  avoiding  errors  in  data 



collection at the origin station. 

Under  the  conditions  in  which  this 



work  was  carried  out,  the  following 



conclusions can be drawn: 
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