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Abstract— To better understand the impacts of global and regional climate change, it is 
essential to conduct investigations at the local level as well, particularly in climatically 
sensitive areas. The aim of our study is to present the climatic characteristics of the 
Nagykunság region based on annual data recorded at the Karcag meteorological station 
(HungaroMet 55405) between 2005 and 2024. Our analysis focuses on the long-term trends 
of key meteorological variables such as temperature, precipitation, evaporation, sunshine 
duration, wind speed, and air pressure. For data processing, we used the built-in statistical 
tools of Microsoft Excel, especially linear regression, moving averages, and trendline 
fitting. During the examined period, we identified a significant increase in temperature 
(+0.097 °C/year), a slight decrease in precipitation (–9.72 mm/year), and a rise in the 
number of sunshine hours (+18.95 hours/year). Our results highlight not only the ongoing 
climatic changes but also the urgent need for regional adaptation measures, particularly in 
agricultural management and water resource planning. The methodology demonstrates that 
accessible statistical tools can provide valuable insights to support local climate resilience 
strategies. 
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1. Introduction 

The study of climate change impacts has become one of the most complex and 
urgent scientific and societal challenges of recent decades (Intergovernmental 
Panel on Climate Change (IPCC), 2023). Numerous studies have documented 
changes in global climate systems, highlighting the rise in average temperatures, 
the reorganization of precipitation patterns, and the increasing frequency of 
extreme weather events (Alexander et al., 2006; Coumou & Rahmstorf, 2012; 
Fischer and Knutti, 2015). While global and continental-scale climate models are 
indispensable for large-scale forecasting, identifying local and regional trends is 
essential for developing effective adaptation strategies (Giorgi, 2006; Lelieveld et 
al., 2012; Seneviratne et al., 2012). 

Hungary is located on the continental fringe of the temperate zone, where 
the alternating influence of western European, Atlantic, and eastern European air 
masses prevails (Péczely, 1979; Bartholy and Pongrácz, 2010). These 
atmospheric characteristics, combined with the country’s diverse topography ‒ 
especially in the flat regions of the Great Hungarian Plain ‒ result in significant 
microclimatic variations. In the Great Hungarian Plain, changes in temperature 
and precipitation patterns are particularly pronounced, directly affecting 
agricultural production, water management, and the condition of ecosystems 
(Spinoni et al., 2015). 

In recent decades, rising summer temperatures and decreasing precipitation 
have already been documented in the Great Hungarian Plain. The observed 
climatic trends in this region show significant deviations compared to other parts 
of the country, particularly between the Trans-Tisza and Transdanubia regions. 
This highlights the necessity of locally focused trend analyses, which enable the 
identification of region-specific impacts and their integration into climate-related 
decision-making processes (Bartholy et al., 2015; Szabó et al., 2019). 

Nagykunság is an agroecologically significant region located in the central 
part of the Trans-Tisza region, characterized by flat terrain and a continental 
climate that gives rise to distinct climatic features (Biró and Kovács, 2024). In this 
area – particularly in Karcag – arable crop production and extensive grassland 
management play a dominant role, while semi-natural habitats such as saline 
grasslands and loess steppes are highly sensitive to weather extremes (Tölgyesi et 
al., 2020). The region’s climatic conditions ‒ especially the seasonal variability 
of precipitation, temperature extremes, and fluctuations in sunshine duration – 
directly influence site-specific growing conditions and agricultural productivity 
(Pongrácz et al., 2011; Kocsis and Schweitzer, 2013). Therefore, the analysis of 
local meteorological trends is justified not only from a scientific standpoint but 
also for practical reasons, particularly to support the foundation of climate 
adaptation measures. 

A reliable foundation for meteorological trend analyses is provided by long-
term, consistently recorded, and homogenized data series. The development of the 
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automatic station network of the Hungarian Meteorological Service 
(HungaroMet) enables the temporal analysis of daily-resolution, validated data 
(Izsák et al., 2022). From these datasets, annual averages and totals can be 
calculated, yielding suitable indicators for examining trends in temperature and 
precipitation patterns, sunshine duration, and wind conditions (Izsák and 
Szentimrey, 2020). 

In the town of Karcag (Jász-Nagykun-Szolnok County), the automatic 
meteorological station (code 55405) of HungaroMet has been recording daily 
meteorological data since 2005. Among the variables measured by the station are 
total precipitation, average, minimum, and maximum temperature, wind speed, 
sunshine duration, and global radiation. By aggregating these into annual datasets, 
a reliable time series can be constructed, enabling the examination of regional 
meteorological trends. 

For the trend analysis, we used the built-in statistical tools of Microsoft 
Excel, particularly linear regression trendlines, moving averages, and the 
calculation of the coefficient of determination (R²). These straightforward 
methods are well-suited for examining the long-term direction, magnitude, and 
reliability of changes in meteorological variables. Therefore, the aim of this study 
is not to provide an in-depth statistical analysis through complex climate 
modelling, but rather to demonstrate that valuable insights into regional climate 
changes can be drawn using Excel-based tools. 

In our study, we hypothesize that meteorological data recorded in Karcag 
between 2005 and 2024 reveal a gradual warming and drying trend, which may 
have significant agroecological implications for the Nagykunság region. The 
objective of our analysis is to assess the extent to which local weather trends 
reflect broader climatic changes characteristic of the Great Hungarian Plain and 
the Carpathian Basin, and to examine how these changes influence the ecological 
and agricultural stability of the region. Our findings aim to contribute to a deeper 
understanding of the region’s climatic sensitivity and to provide a foundation for 
future ecological, agricultural, or climate adaptation studies. 

 

2. Materials and methods 

For our analysis, we used daily meteorological data from the automatic weather 
station located in Karcag (station code: 55405). The study covered the period from 
2005 to 2024. 

The daily meteorological variables measured by the station and included in 
the analysis are presented in Table 1. 
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Table 1. Meteorological variables used in the study 

Variable name Symbol Unit Description 

Average daily temperature t °C Daily average temperature 

Minimum daily temperature tn °C Lowest daily temperature 

Maximum daily temperature tx °C Highest daily temperature 

Daily precipitation sum rau mm Amount of daily precipitation 

Potential evapotranspiration upe mm Daily potential evapotranspiration 

Sunshine duration ns hours Number of sunshine hours per day 

Global radiation sr J/cm² Daily sum of global radiation 

Relative humidity u % Daily average relative humidity 

Average wind speed f m/s Daily average wind speed 

Synoptic wind speed fs m/s Daily average synoptic wind speed 

Maximum wind gust fx m/s Maximum wind speed per day 

Soil temperature at 5 cm et5 °C Daily average soil temperature at 5 cm depth 

Near-surface minimum temperature tsn24 °C Daily minimum near-surface temperature 

Average air pressure p hPa Station-level daily air pressure 

Sea-level pressure p0 hPa Air pressure adjusted to sea level 

 
 
 
Annual aggregates were calculated from daily values according to the nature 

of each variable. For precipitation and potential evapotranspiration, we calculated 
annual sums; for temperature and atmospheric parameters, we computed annual 
averages, minima, and maxima (Table 2). 

Additionally, seasonal breakdowns were performed for spring, summer, 
autumn, and winter to identify seasonal variations. Furthermore, a section on 
extreme weather events (e.g., water-deficit and drought periods) was included, 
comparing these to the climatic water balance (CWB – Thornthwaite and Mather, 
1955). 

To assess temporal trends, we applied linear regression models using the 
statistical functions of Microsoft Excel. The slope of the regression line and the 
corresponding p-value were used to evaluate long-term changes in each variable. 
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Table 2. Annual totals calculated on the basis of daily meteorological data for the years 
under study (Karcag, 2005‒2024) 
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Climatic variables were analyzed over time using linear trend analysis, 
which involved the following methodological steps: trends were estimated by 
fitting a linear regression line to the annual time series data. The slope (β) of the 
fitted line expresses the average annual change in the variable (e.g., mm/year or 
°C/year).  

The strength of the linear fit was expressed using the coefficient of 
determination (R²), indicating the percentage of total variance explained by the 
linear model. Trends were visualized in graphs, displaying the regression line 
along with its slope (β), p-value, and R². The temporal changes were statistically 
analyzed using linear regression in Excel (LINEST and TREND functions), and 
the results were validated with non-parametric methods. For this, the Mann-
Kendall trend test (McLeod, 2022) and Sen’s slope estimator (Pohlert, 2023) were 
applied using the latest version of the R programming language (R 4.5.1, 2025-
06-13 ucrt). The Kendall package (version 2.2.1) and the trend package (version 
1.1.6) were used for robust trend analysis, suitable for data that may not meet 
normal distribution assumptions. This approach confirmed the direction and 
statistical significance of the results obtained in Excel. 

 

3. Results 

The trend analysis covered all available meteorological variables (Table 3). Using 
annual averages, totals, and extremes derived from daily values, we calculated the 
parameters of linear regression models along with their significance levels. The 
variables were evaluated by grouping them according to their nature. Seasonal 
analyses revealed additional details, while the 5-year moving averages smoothed 
out natural interannual fluctuations and highlighted more pronounced long-term 
changes.  

Based on the trend parameters of the examined variables, it is advisable to 
clearly distinguish between significant (p < 0.05), nearly significant (0.05 ≤ p < 
0.1), and non-significant (p ≥ 0.1) trends. Notably, the strongest correlations were 
observed for average temperature (t), minimum temperature (tn), and soil 
temperature (et5), where the coefficient of determination (R²) exceeded 0.25. 
Seasonal breakdowns revealed the most pronounced temperature increases during 
spring and summer, especially in the case of maximum temperature (tx). This 
trend coincides with a decrease in spring precipitation sums, resulting in an 
increased evapotranspiration deficit. During summer, the combined effect of 
rising temperatures and increasing sunshine hours may critically contribute to 
water stress in vegetation. In contrast, autumn showed a slight increase in 
precipitation, while winter saw a rise in minimum temperature (tn), which reduces 
the number of frost days. 

 



107 
 

Table 3. Trends of meteorological variables based on Excel and R statistical 
analysis (2005–2024) 
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3.1 Temperature trends 

The temperature data show a clear warming trend in the annual average 
temperatures recorded in Karcag (t; β = +0.097 °C/year; R² = 0.47), indicating a 
significant linear relationship over time (Fig. 1). The Mann–Kendall trend test 
confirms this tendency (τ = 0.507, p = 0.0022), and the Sen’s slope estimate (+0.1 
°C/year) is consistent with the regression-based slope. The increase in minimum 
temperatures (tn; β = +0.40 °C/year; R² = 0.29) suggests that night-time cooling 
is becoming progressively milder. According to the Mann–Kendall test (τ = 0.389, 
p = 0.0179), this trend is statistically significant, and the Sen’s slope estimation 
indicates an increase of +0.43 °C/year. The rise in maximum temperature (tx; β = 
+0.103 °C/year; R² = 0.10) is particularly pronounced during the summer months, 
which may indicate an increase in the number of heatwave days. Despite a visible 
tendency, the Mann–Kendall test (τ = 0.222, p = 0.183) suggests a non-significant 
trend, though the Sen’s slope estimate remains positive (+0.13 °C/year). The near-
surface minimum temperature (tsn24) shows a slight increasing trend based on 
linear regression (β = +0.116 °C/year; R² = 0.10), although this trend is not 
statistically significant (p = 0.11). The Mann–Kendall test, however, yields a near-
significant positive trend (τ = 0.277, p = 0.097), and the Sen’s slope estimation 
suggests a warming rate of +0.15 °C/year. The soil temperature at 5 cm depth (et5) 
also displays a clear increasing trend (β = +0.172 °C/year; R² = 0.55) with 
statistical significance (p = 0.02). This warming is further confirmed by a highly 
significant Mann–Kendall trend (τ = 0.564, p = 0.0006), and the Sen’s slope 
indicates a warming rate of +0.14 °C/year. Average (t) and maximum (tx) 
temperatures increase most intensely during the summer months (June–August). 
In the winter months (December–February), significant increases are observed in 
the minimum temperature (tn) and near-surface minimum temperature (tsn24). 
Moving averages of the temperature variables reveal a clear upward trend, with 
the most marked increases observed for the soil temperature (et5) and minimum 
temperature. 
 

 
Fig. 1. Trend of annual mean temperature (t) in Karcag, 2005‒2024. 
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3.2  Precipitation and evapotranspiration 

The annual precipitation total (rau) shows a slight decreasing trend (β = –9.72 
mm/year; R² = 0.18), although due to natural variability, this trend is not 
pronounced every year. According to the Mann–Kendall test, this trend is near-
significant (τ = -0.295, p = 0.074), with a Sen’s slope estimate of –9.63 mm/year. 
In parallel, the potential evaporation (upe) is increasing (β = +9.23 mm/year; R² 
= 0.15), indicating enhanced evaporative losses, which is an important implication 
in terms of drought sensitivity (Fig. 2). The Mann–Kendall test indicates a near-
significant upward trend (τ = 0.263, p = 0.112), and the Sen’s slope estimate is 
+9.53 mm/year. This dual effect intensifies the evaporation deficit, potentially 
leading to long-term water supply challenges in the region. Spring precipitation 
totals (March–May) exhibit the most pronounced decrease, while autumn values 
show a slight increase. The moving average of precipitation (rau) reveals a 
gradual decline, whereas potential evaporation (upe) follows an upward trend. 
 

 
Fig. 2. Trend of annual potential evaporation (upe) in Karcag (2005‒2024). 
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3.4  Wind conditions 

Both the synoptic wind speed (fs) and the average wind speed (f) show minimal 
increases (fs: β = +0.0027 m/s/year; f: β = +0.003 m/s/year), but these trends are 
statistically weak (R² < 0.02). No significant trend is supported by the Mann–
Kendall test of wind speed (p = 0.77), and the Sen’s slope estimate is zero. The 
maximum wind gust speed (fx) exhibits an increasing tendency (β = +0.099 
m/s/year), which may amplify extreme fluctuations in the wind climate. A weak 
upward tendency (Sen’s slope = +0.08 m/s/year) is not confirmed by Mann–
Kendall (p = 0.44). Maximum gusts (fx) tend to be stronger during the spring 
months, while they are weaker in winter. 
 
 

3.5  Air pressure and relative humidity 

Instrument-level (p) and sea-level (p0) air pressure changes show weak but 
positive trends (p: β = +0.011 hPa/year; p0: β = +0.007 hPa/year), but based on 
the coefficients of determination, these are not considered significant changes (R² 
< 0.01). The Mann–Kendall test of sea-level shows no trend (p = 0.97), the Sen’s 
slope is near zero. Relative humidity (u) exhibits a slight decline (β = –0.06 
%/year; R² = 0.015), which may indicate increasing aridity, especially during the 
summer months. A decreasing tendency is observed, though the Mann–Kendall 
(p = 0.53) does not confirm statistical significance, while the Sen’s slope is –0.08 
%/year. Relative humidity decreases moderately in spring and summer, while it 
remains stable in autumn and winter. Moving averages show minimal variation in 
air pressure values, and no significant seasonal trends are observed. 

Based on daily maximum temperatures, heatwave days exceeding 35 °C 
were examined for the period 2005–2024 (Table 4). Annual data show an 
increasing trend both in the number and duration of heatwaves. The longest 
heatwave was recorded in 2022, lasting 11 consecutive days. Both the number of 
heatwaves and the maximum temperatures have increased year by year, indicating 
more frequent heat stress conditions during summers. 
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Table 4. Heatwaves and their characteristics between 2005 and 2024 

Year Number of 
heatwave days 

Number of 
heatwave events 

Longest heatwave 
(days) 

Annual maximum 
temperature (°C) 

2005 2 0 2 35.2 

2006 0 0 0 34.3 

2007 11 1 7 40.0 

2008 3 0 2 37.7 

2009 1 0 1 35.2 

2010 3 0 2 34.8 

2011 6 1 4 37.6 

2012 10 1 5 38.8 

2013 4 0 2 37.7 

2014 5 0 2 35.4 

2015 8 1 4 38.2 

2016 3 0 2 33.8 

2017 7 1 4 38.6 

2018 4 0 2 34.5 

2019 9 1 5 37.4 

2020 3 0 2 36.5 

2021 6 1 4 37.5 

2022 24 2 11 39.4 

2023 5 0 2 37.9 

2024 10 1 6 39.5 

 
The annual values of the climatic water balance (CWB), calculated as the 

difference between precipitation and potential evapotranspiration, were negative 
in almost every studied year, indicating persistent moisture deficits (Table 5). 
Among the most extreme years were 2007 and 2022, with CWB values of –736.9 
mm and –968 mm, respectively. 

The annual number of water-deficit days exceeded 290 on multiple 
occasions, with the longest continuous period of water deficit lasting 65 days (in 
2009). These data clearly underline the increasing drought sensitivity of the 
region. 
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Table 5. Climatic water balance (CWB) and water-deficit periods between 2005 and 2024 

Year Annual CWB (mm) Number of  
water-deficit days 

Longest water-deficit  
period (days) 

2005 –199.4 289 28 

2006 –396.2 294 36 

2007 –736.9 301 41 

2008 –473.6 301 34 

2009 –660.1 300 65 

2010 91.6 252 15 

2011 –760.3 303 45 

2012 –947.3 306 55 

2013 –518.6 291 33 

2014 –361.8 276 31 

2015 –751.8 303 41 

2016 –422.2 290 26 

2017 –632.3 298 49 

2018 –621.8 296 28 

2019 –667.8 299 40 

2020 –343.7 285 25 

2021 –722.2 303 50 

2022 –968.0 308 60 

2023 –855.4 310 53 

2024 –967.3 309 58 

 
 
Overall, the results indicate that among the meteorological variables 

recorded in Karcag, temperature, evapotranspiration, and sunshine duration show 
significant increasing trends, while decreasing precipitation and relative humidity, 
along with the increasing number of water-deficit years, point toward climatic 
drying. The Mann–Kendall test and Sen’s slope estimator confirmed the statistical 
validity of the temperature trends detected by linear regression. We observed 
weaker but directionally consistent trends in precipitation and evapotranspiration. 
Trends with p-values below 0.05 were considered statistically significant. The 
Excel-based analyses effectively capture local signs of climate change and 
provide an important foundation for further agroclimatic studies. 
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4. Discussion 

The analysis of meteorological data recorded in Karcag reveals clear trends that 
are consistent with other national and international regional studies. The 
increasing trends in temperature variables ‒ particularly average and minimum 
temperatures ‒ corroborate observations across Hungary and Central Europe 
highlighting intensified warming over recent decades (Bartholy et al., 2007; 
Pongrácz et al., 2011). 

The moderate but declining trend in precipitation, coupled with rising 
potential evapotranspiration, projects significant climatic and ecological 
challenges for the region. This is especially critical for agricultural production, as 
Nagykunság primarily relies on arable farming and livestock. The increasing 
frequency of years with high evapotranspiration potential fits well with the 
concept of a “desiccation spiral” (a process of gradual drought and increasing 
water scarcity) that has been confirmed by several studies for the Hungarian Great 
Plain (Szalai and Szinell, 2000; Pongrácz et al., 2011). 

The increase in sunshine hours alongside a slight decrease in global radiation 
may have a dual effect: while the former may support plant growth during the 
vegetation period, the latter may indicate changes in aerosol content and cloud 
cover in the climate system, as supported by other Hungarian research (Lakatos 
et al., 2013). 

Our results are in agreement with climate projections for the Carpathian 
Basin, particularly regarding rising temperatures and more extreme precipitation 
patterns (Pongrácz et al., 2011; Bartholy et al., 2015). Similar drying trends have 
been observed in other parts of the Hungarian Great Plain (e.g., Homokhátság, 
Békés-Csongrád region) (Szabó et al., 2019), suggesting that the changes in 
Nagykunság fit into a broader regional climatic pattern. 

The analysis of extreme temperature and water balance-based indicators 
further supports the observation that in the Nagykunság region, not only gradual 
warming but also an increased frequency of heat and moisture extremes have been 
observed over the past two decades. The rising number of days exceeding 35 °C 
and heatwaves, along with longer periods of water deficit, confirm estimates that 
the region is particularly vulnerable to the negative agricultural and ecological 
impacts of climate change (Blanka et al., 2013; Vadas and Rácz, 2013). 

Moreover, the application of more robust statistical methods, such as the 
Mann–Kendall test and Sen’s slope estimator, is justified in this study, as they are 
less sensitive to data variability and non-normal time series distributions. These 
methods more accurately confirm the direction and significance of climatic 
changes (Hirsh et al., 1982; Helsel et al., 2002). 

A methodological strength of the Excel-based analysis is its ability to 
efficiently review long time series with basic statistical tools. While it does not 
replace complex modeling or multivariate statistical analysis, it effectively 
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captures key trends and can provide a foundation for future research, especially 
aimed at supporting climate adaptation strategies. 

5. Conclusions 

Based on data from the Karcag climate station for the period 2005–2024, it can 
be concluded that the climate changes occurring in the Nagykunság region are 
clear and affect multiple variables. The gradual increase in temperature, the 
decrease in precipitation, the rise in evapotranspiration, and the increase in 
sunshine hours together indicate a drying climatic trend. Although not all 
variables show significant trends individually, the combined effects clearly 
outline the warming and drying pattern characteristic of the Great Hungarian 
Plain. Based on our results, it is recommended to pay increased attention in the 
region to irrigation strategies, crop selection, and soil protection. Our study also 
demonstrates that reliable, publishable results can be achieved using simple tools 
such as Excel, which can provide a solid basis for preparing more complex climate 
adaptation decisions. 
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