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1. INTRODUCTION 

 

The Earth’s atmosphere is full of gases, some of which are greenhouse gases (GHGs); 

these gases trap the sun’s heat and keep earth warm for life. Even though GHGs exist 

naturally, human activities have released huge amounts of it, leading to more trapping of 

the sun’s heat, which exceeds the needs of the earth, and which is known as “global 

warming - GW”. This global warming has directly affected weather patterns on a global 

scale, causing “climate change - CC”. In this context, the United Nations Framework 

Convention on Climate Change (UNFCCC) defined CC as a “change of climate that is 

attributed directly or indirectly to human activity that alters the composition of the global 

atmosphere and that is in addition to natural climate variability observed over comparable 

time periods”. However, CC has been shown to be a shifting of weather conditions over 

the long term, which could be recognized by changing rainfall, temperature and other 

climate components (Mohammed et al.2020).  

Reddy (2015) summarized the main indicators of CC as follows: 1) an increase in 

temperature, 2) an increase in ocean heat content, 3) an increase in sea level and surface 

temperatures, 4) an increase in continentality, 5) tropospheric temperature, 6) a decrease 

in sea ice, 7) a decrease in snow cover, and 8) a decrease in sea ice glaciers 

Consequently, the sunlight trapped by the earth’s atmosphere - in other words, reflected 

heat (infrared) - cannot pass freely to the atmosphere due to a layer of GHGs, which 

already exist due natural and human causes (Figure 1). As a result, the earth’s temperature 

is increasing (i.e. GW). In this context, GHGs contribute in different ways to GW; for 

instance, the contributions of CO2, CH4, and N2O are 60%, 15%, and 5%, respectively 

(IPCC 2007). In terms of heat trapping (global warming potential (GWP)), N2O  is 298 

times more effective than CO2, and CH4 25 times more. More details regarding GHGs 

will be discussed in the following paragraphs.  

In central Europe, drought incidents have become more active and larger, correlated with 

raised temperatures and shortages of rainfall, as reported by many researchers, including 

Bartholy et al. (2013) in Hungary, Kern et al. (2016) in Central Europe, and Cheval et al. 

(2014) in Romania. 

As in other European countries, Hungary is subjected to CC, where drought episodes have 

started to hit Hungary regularly in the last few decades (Mohammed et al.2020; Alsafadi 

et al. 2020, Mohammed & Harsányi.2019) 
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Successive steps have been taken toward adjustment of GHGs emissions in all sectors. 

However, few of them have discussed this topic from several relevant perspectives on a 

national scale. Thus, the main aims of this research were to: 

1. Track GHG emissions from the agricultural and energy sectors in the EU between 

1990 and 2016, to highlight the changes and the impact of different climate 

polices, with special focus on the agricultural sector. 

2. Track current and future GHGs from agricultural sector in Hungary.  

3. Track the development of drought in Hungary between 1960 and 2010 as one of 

the consequences of a global increase in GHG emissions.  

4. Analyze the impact of agricultural drought on maize and wheat production on a 

regional scale in Hungary. 

5. Track CO2 emissions from two different agricultural ecosystems on a regional 

scale (Debrecen vs Tehran) 

Overall, the research goals will answer the following questions:  

1- Is there a negative trend in GHGs emissions from the agricultural and energy 

sectors in the EU? 

2- Is there a negative trend in GHGs emissions from agricultural sectors in the 

Hungary? 

3- How did drought episodes evolve in Hungary between 1961 and 2010? 

4- How has drought affected crop production in Hungary? 

5- Can different climate regions affect the CO2 emissions from the agricultural 

sector? 
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2. MATERIAL AND METHODS 

 
2.1.Study framework 

 

The range of this research varies from the continental scale to the farm scale. Firstly, 

GHGs emissions were addressed in EU countries, then at the Hungarian level (country 

level), and finally on a local scale (i.e. Debrecen), while national (Hungary) and regional 

scales (Debrecen) were chosen for tracking the impact of GHGs emissions in the 

agricultural sector.  

 

2.2.Data collections 

 

GHGs emissions data in thousands of tonnes of CO2 equivalent were collected from The 

Organization for Economic Co-operation and Development (OECD) website 

(https://stats.oecd.org/), for EU countries (Austria; Ireland; Portugal; Slovenia; Estonia; 

Greece; Luxemburg; Italy; Spain; Belgium; the Czech Republic; Denmark; Finland; 

France; Germany; Hungary; Latvia; Lithuania; Netherlands; Poland; Slovak Republic; 

Sweden; the United Kingdom). Data included: GHGs emissions by countries, GHGs 

emissions by agricultural and energy sectors. For tracking GHGs emissions from different 

sectors in Hungary, the GHGs emissions data (thousand tonnes) was obtained from the 

Hungarian Central Statistical Office (1985-2016) 

(https://www.ksh.hu/docs/eng/xstadat/xstadat_annual/i_ua002a.html). The total 

cultivated area and total production of maize, and wheat from 1960 to 2016 for Hungary 

were collected from 

http://www.ksh.hu/docs/hun/xstadat/xstadat_hosszu/h_omf001b.html?fbclid=IwAR2Ipo

coIaPDJ6azp9hNlps-uJqXb0s6OnWMMGvn6jZur3NlTbybZAp0rxo; also the available 

data on a county scale was collected for 2000 to 2018 . The standardized precipitation 

index (SPI), and the standardized precipitation evapotranspiration index (SPEI), were 

collected from the Climate of the Carpathian region project-CARPATCLIM platform 

(1961-2010). In this database Hungary was covered by 1045 gridded points (at spatial 

resolution: 0.1°x 0.1° grid (10 km × 10 km)), as shown in Figure 1. Each grid represents 

the SPI/SPEI values over 3-, 6-, and 12-months in the form of a two-dimensional array . 

The data quality and homogeneity were ensured by the CARPATCLIM team (Szalai, 

Vogt, 2011).  

 

https://stats.oecd.org/
https://www.ksh.hu/docs/eng/xstadat/xstadat_annual/i_ua002a.html
http://www.ksh.hu/docs/hun/xstadat/xstadat_hosszu/h_omf001b.html?fbclid=IwAR2IpocoIaPDJ6azp9hNlps-uJqXb0s6OnWMMGvn6jZur3NlTbybZAp0rxo
http://www.ksh.hu/docs/hun/xstadat/xstadat_hosszu/h_omf001b.html?fbclid=IwAR2IpocoIaPDJ6azp9hNlps-uJqXb0s6OnWMMGvn6jZur3NlTbybZAp0rxo
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Figure 1. Distribution of gridded points over Hungary.  

 

2.3.Data analysis 

 

Trend of each emited poullotient was analyzed using the Mann–Kendall (MK) test. The 

MK test is a non parametric test with no-assumptions about data distribution which 

calculated as follow:  

𝑆 = ∑ ∑ 𝑠𝑖𝑛𝑔𝑛(𝑥𝑗 − 𝑥𝑘)

𝑛

𝑗=𝑘+1

𝑛−1

𝑘=1

… … … … … … … … … … … … … … … … … … … . . 𝟏 

S: MK test statistics, 𝑥𝑗 , 𝑥𝑘 annual values for studied varible in years j and k (j > k). 

Also, Sen’s slope method (Sen, 1968) was applied to estimate the value of change by time 

(i.e. slope), which calculated as follow: 

𝑞𝑖 =
𝑥𝑗 − 𝑥𝑘

𝑗 − 𝑘
 𝑓𝑜𝑟 𝑖 = 1,2,3 … . 𝑛 … … … … … … … … … … … … … … … … … … … … 𝟐 

The well-known indices SPI and SPEI were employed for drought analysis over Hungary. 

The SPI is based on gamma distribution and can be calculated as follows (Mc Kee et al., 

1993): 

𝑔(𝑥) =  
1

𝐵𝑎Ѓ(𝑎)
𝑥𝑎−1𝑒−𝑥 𝐵⁄         𝑓𝑜𝑟 𝑥 > 0 … … … … … … … … … … . . 𝟑 

where: 𝑔(𝑥): gamma probability density function (pdf), x Rainfall, a: shape parameter 

(a> 0), B: scale parameter (B> 0), Ѓ(a): the gamma function.  

Since the gamma function is not defined for zero (x= 0), and a rainfall distribution may 

contain zero values, the following function is used to calculate the cumulative probability: 
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𝐻(𝑥) = 𝑞 + (1 − 𝑞) 𝐺(𝑥)……………………………………………….4 

where q refers to a probability of a zero value and is calculated as follows: 

𝑞 =
𝑚

𝑛
… … … … … … … … … … … … … … … … … … … … … … … … … … … . . 𝟓 

where m shows the number of zero values in the time series of length n. 

The cumulative probability H(x) is transformed into a standard normal random variable 

Z, which is calculated as the inverse of the standard normal cumulative distribution 

function. Finally, to switch from gamma distribution to normal distribution as a random 

variable Z, we use the following equations:  

𝑍 = 𝑆𝑃𝐼 =  − (𝑡 −
2.515517 + 0.802853𝑡 + 0.010328𝑡2

1 + 1.432788𝑡 + 0.189269𝑡2 + 0.001308𝑡3
) 𝑓𝑜𝑟 0 < 𝐻(𝑥)

≤ 0.5 … … … … … … … … … … … … … … … … … … … … … … … … . 𝟔 

𝑍 = 𝑆𝑃𝐼 =  + (𝑡 −
2.515517 + 0.802853𝑡 + 0.010328𝑡2

1 + 1.432788𝑡 + 0.189269𝑡2 + 0.001308𝑡3
)  𝑓𝑜𝑟 0 < 𝐻(𝑥)

< 1 … … … … … … … … … … … … … … … … … … … … … … … … … … 𝟕 

𝑡 = √𝐼𝑛(
1

(𝐻(𝑥))2)       𝑓𝑜𝑟 0 < 𝐻(𝑥) ≤ 0.5……………………………………8 

𝑡 = √𝐼𝑛(
1

1 − (𝐻(𝑥))2
)  𝑓𝑜𝑟 0 < 𝐻(𝑥) < 1 … … … … … … … … … … … … … . . 𝟗 

where the SPI values for drought classifications are as can be seen in Table 1.  The 

positive values indicate wet conditions, while negative values indicate drought conditions 

(less than median rainfall) (Mohammed et al. 2020) 

Similarly, to the SPI, the SPEI (Vicente‐Serrano et al 2010) uses monthly rainfall data, 

but also employs the impact of temperature by using the Thornthwaite equation 

(Thornthwaite 1948). Thus, the probability density function could be shown as follows:  

𝑓(𝑥) =  
𝛼

𝛽
(
𝑥 − 𝛾

𝛼
)𝛽−1 [1 + (

𝑥 − 𝛾

𝛼
)𝛽]

−2

… … … … … … … … … … … … … … … . 𝟏𝟎 

where 𝞪, 𝞫, and γ are parameters related to the equation. With some mathematical 

steps, SPEI can be defined as:  

𝑆𝑃𝐸𝐼 = 𝑊 −
𝐶0 + 𝐶1𝑊 + 𝐶2𝑊

1 + 𝑑1𝑊 + 𝑑2𝑊2 + 𝑑3𝑊3
… … … … … … … … … … … … … … … 𝟏𝟏 

 C0, C1, C2, d1, d2, d3 are constants and can be obtained from Vicente‐Serrano et al (2010), 

and SPEI values for drought classifications can be seen in Table 1. 
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  Table 1. Drought categories based on Agnew's scheme (Mohammed et al. 2020). 

SPI and SPEI values Drought category     

  0  <  Free drought 

0 to -0.5 Half drought 

-0.5 to -0.84 Lower drought 

-0.84 to -1.28 Upper moderate drought 

-1.28 to -1.65 Up drought 

 < -1.65 Mega drought 

For tracking drought trends over Hungary, SPI and SPEI 3-, 6-, and 12- month scales for 

the1045 gridded points (i.e. 6207 gridded points in total) for the M-K test were applied at 

the 95% confidence level. Also, the Sen slope was determined for tracking drought 

magnitudes for both hydrological and agricultural drought. For illustrating drought trends 

over Hungary, the results of the M-K test were keyed to ArcMap software to produce the 

spatial distribution of the gridded points that show significant trends, as well as the 

decadal changes of the SPI/SPEI-3, -6, and -12 (Mohammed et al. 2020). 

In order to determine the spatial and temporal changes in the drought pattern (i.e. the 

agricultural drought pattern and the hydrological drought pattern) principal component 

analysis (PCA, Rencher, 1998) was applied. Mathematically, PCA relies upon an 

eigenvector decomposition of the covariance or correlation matrix. In this research, a 

varimax rotation is performed to address the problem of variables loading moderately (or 

equally) on one or more of the axes. Finally, all results were keyed to GIS software for 

map productions.   

Total drought duration (TDD) refers to all drought events that hit the study area (𝑁𝑖) 

where SPI/SPEI is less than zero for a certain period of time (Alsafadi et al. 2020; Fang 

et al. 2018). The TDD is expressed as follows:   

TDD (%) =
𝑛𝑖

𝑁𝑖
× 100 … … … … … … … … … … … … … … … … … … … … … … 𝟏𝟐 

where 𝑛𝑖 is drought events, and 𝑁𝑖 accumulative month numbers during the monitoring 

period. 

 

2.4.Impact of agricultural drought evolution on the Hungarian agricultural sector: 

In the last few decades, the agricultural sector in Hungary, and in particular, maize and 

wheat production have witnessed a remarkable yield increase. Thus, we need to remove 

the bias regarding technological development in the agricultural sector.  So, the impact 

of drought (i.e. agricultural drought indices (SPI-3, SPEI-3, SPI-6, SPEI-6)) on crop 
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productivity was analysed using the Standardized Yield Residual Series (SYRS) as 

proposed by Potopová et al., (2016), by using the following equation:  

𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 =
(𝒚𝒄,𝒓,𝒚,𝒕

𝑻 − 𝝋𝒄,𝒓,𝒚,𝒕
𝑻 )

Ϫ𝒄,𝒓,𝒚,𝒕
𝑻

… … … … … … … … … … … … … … … … … … … … . . 𝟏𝟑 

where 𝒄: crop, 𝒓: region, 𝒚: year, 𝒕: timescale, 𝑻 : year, 𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕: Standardized Yield 

Residual Series, 𝒚𝒄,𝒓,𝒚,𝒕
𝑻 : detrended value of crop yield, 𝝋𝒄,𝒓,𝒚,𝒕

𝑻 : mean of 𝒚𝒄,𝒓,𝒚,𝒕
𝑻  , Ϫ𝒄,𝒓,𝒚,𝒕

𝑻 : 

standard deviation of 𝒚𝒄,𝒓,𝒚,𝒕
𝑻 . The classification of the SYRS is given as follows (Table 2): 

Table 2. SYRS classification 

Yield  𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 

Acceptable  −0.5 < 𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕  ≤ 0.5 

Low impact −0.5 < 𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 ≤ −1.0 

Upper low impact −1.0 < 𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 ≤ −1.5 

Exceed impact  −1.5 < 𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 < −2.0 

Mega impact  𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 ≤ −2.0 
 

 

In this research we investigated the impact of agricultural drought on maize and wheat 

yields, by using the above-mentioned method. 

After calculating the SYRS, the crop yield resilience to drought (𝑪𝒀𝑹𝑻) was analysed 

using the following equation (Guo et al. 2019):  

𝑪𝒀𝑹𝑻 =
𝒚𝑻

𝑶

𝒚𝑻
𝒅

… … … … … … … … … … … … … … … … … … … … … … … … … … … … . . 𝟏𝟒 

where: 𝑪𝒀𝑹𝑻: crop yield resilience to drought, 𝒚𝑻
𝑶: observed crop yield, 𝒚𝑻

𝒅: de-trended 

yield in driest year. The classification of 𝑪𝒀𝑹𝑻 is given as follows (Table 3): 

Table 3. 𝐶𝑌𝑅𝑇value classification  

Crop yield resilience to drought  𝑪𝒀𝑹𝑻 value 

Resilient  𝐶𝑌𝑅𝑇> 1 

Slightly non-resilient 0.9 < 𝐶𝑌𝑅𝑇< 1 

Moderately non-resilient 0.8 < 𝐶𝑌𝑅𝑇< 0.9 

Severely non-resilient  𝐶𝑌𝑅𝑇< 0.8 
 

Finally, to show the impact of agricultural drought (SPI-3, SPI-6, SPEI-3, SPEI-6) on 

crop yields (i.e. maize, wheat); the coefficient of determination (R2) was carried out. For 

each region, the R2 value between  𝐒𝐘𝐑𝐒𝒄,𝒓,𝒚,𝒕 and agricultural drought (SPI-3, SPI-6, 

SPEI-3, SPEI-6) was obtained on a monthly scale between 2000 and 2010. Then, the 

maximum and minimum R2 values were keyed to GIS to produce the correlation maps. 

 

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.6210#joc6210-tbl-0001
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.6210#joc6210-tbl-0001
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2.5.A comparative analysis of CO2 emissions from two different agricultural 

ecosystems on a regional scale (Debrecen vs Tehran)  

 

Two different climate locations were chosen; the first one in Tehran (T) (Iran) as a 

representative of a semi-arid climate; while the second one in Debrecen (D) (Hungary) 

was representative of a continental climate. Almost the same treatments were applied, 

with some differences in irrigation due to the different crop managements in the two 

different climates (i.e. irrigation). In both locations the land use was maize cultivation 

under two types of crop management: a tillage (T) and a non-tillage (NT) system. Gas 

sampling was performed at 7–10-day intervals at each subplot based on the GHG 

sampling protocol of GRACEnet Chamber-based Trace Gas Flux Measurement. The 

static closed chamber method was used to measure the amount of gas emissions. The 

polyvinyl chloride (PVC) chambers (15 cm diameter, 12.5 cm height) with ports for gas 

sampling were placed on the soil surface to a depth of 5 cm during the whole monitoring 

period. Two chambers per subplot/ location (one within the plant row and one in between 

plant rows) were installed in three replications of each residue treatment, giving a total of 

18 chambers for each plot of no-tillage and conventional tillage. The average of two 

chambers was considered to be the soil surface emissions for the entire subplot. Chambers 

were only removed during management practices. Gas samples were collected after 24 h 

of chamber installation to avoid disturbance effects. Gas samples were collected during 

the day from 9 to 10 am, at 0-, 30-, and 60-min. intervals. After this, samples were 

analysed in the soil science laboratory (Bouk University-Austria) using gas 

chromatography. In the Debrecen location (the Latokep field), following the previously 

described approach, the Testo 535 (0560 5350) CO2 measuring instrument was used for 

CO2. It is appropriate to mention here that soil temperature and soil water content were 

measured and recorded sequentially with other measurements in both locations. 
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3. RESULTS  

 

As a part of the UNFCCC (United Nations Framework Convention on Climate Change), 

the EU-26 committed to keeping net emissions to a 10% increase beyond 1990 levels, as 

mentioned in the Kyoto Protocol. Thus, in this section, we will track changes in GHG 

emissions from the agricultural and industrial sector in the EU-26 between 1990 and 

2016, where the relevant question was “What was the trend of GHG emissions in the EU-

26 between 1990 and 2016?”. 

3.1.Carbon dioxide emissions from the agricultural sector (AG) within EU 

The M-K test and Sen's slope showed that all EU-26 countries witnessed a remarkable 

reduction (Table 4). The negative but not significant trend was detected in all EU-26 

countries except for Estonia, Hungary, Iceland, Latvia, Lithuania, and Spain. 
  

Table 4. Trends in GHG emissions (thousands of tonnes of CO2 equivalent) from the 

AG in the EU-26 between 1990 and 2016, and their significance (P<0.05) 

EU-26 Changes* P-value EU-26 Changes* P-value 

Austria -41.783 < 0.0001 Norway -17.9024 < 0.0001 

Belgium -109.4372 < 0.0001 Portugal -22.9288 0.0004 

Czech Republic -113.7134 < 0.0001 Slovak Republic -72.07 < 0.0001 

Denmark -95.0117 < 0.0001 Slovenia -6.081 < 0.0001 

Estonia -4.4968 0.6206 Sweden -39.3726 < 0.0001 

Finland -16.1237 0.0007 Switzerland -19.9917 < 0.0001 

Greece -70.1134 < 0.0001 France -229.8465 < 0.0001 

Hungary -13.1877 0.3416 Germany -268.7552 < 0.0001 

Iceland -0.4364 0.3631 Italy -272.24 < 0.0001 

Ireland -90.5264 0.0002 Netherlands -336.4756 < 0.0001 

Latvia -7.2289 0.5358 Poland -285.5101 < 0.0001 

Lithuania -19.403 0.1710 Spain -5.6002 1.0000 

Luxembourg -2.4454 0.0025 United Kingdom -382.1733 < 0.0001 

* thousands of tonnes of CO2 equivalent; grey colour indicates the significance level at 

P< 0.05 

 

3.2.Carbon dioxide emissions from the industrial (ID) sector within the EU 

The M-K test and Sen's slope showed that most EU-26 countries witnessed a remarkable 

reduction (Table 5).  Nonetheless, a negative significant (p< 0.05) trend was detected in 

Belgium, the Czech Republic, Denmark, Hungary, Ireland, Latvia, Lithuania, the Slovak 

Republic, Sweden, Switzerland, France, Germany, Poland, Spain, and the United 

Kingdom (Table 8), while a positive significant (p< 0.05) trend was detected in Norway, 

Ireland, and Spain. However, a positive, but not significant trend was detected in Austria, 

Greece, Iceland, and Slovenia. 

http://localhost/OECDStat_Metadata/ShowMetadata.ashx?Dataset=AIR_GHG&Coords=%5bCOU%5d.%5bDEU%5d&ShowOnWeb=true&Lang=en
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Table 5. Trends in GHG emissions (thousand tonnes of CO2 equivalent) from the 

industrial sector in the EU-26 between 1990 and 2016 and their significance (p< 0.05) 

EU-26 Changes* P-value EU-26 Changes* P-value 

Austria 74.449 0.5089 Norway 371.1598 < 0.0001 

Belgium -853.7511 < 0.0001 Portugal 23.4421 0.9343 

Czech Republic -1625 < 0.0001 Slovak Republic -671.5617 < 0.0001 

Denmark -1063 < 0.0001 Slovenia 60.5662 0.0549 

Estonia -103.6771 0.1462 Sweden -675.6224 < 0.0001 

Finland -314.6814 0.1710 Switzerland -107.3684 0.0187 

Greece 708.0427 0.2138 France -2342 0.0005 

Hungary -817.3291 < 0.0001 Germany -8489 < 0.0001 

Iceland 0.6325 0.9671 Italy -1748 0.2820 

Ireland 270.8153 0.0147 Netherlands -144.1049 0.4573 

Latvia -152.8869 < 0.0001 Poland -2193 0.0001 

Lithuania -200.2695 < 0.0001 Spain 2032 0.0235 

Luxembourg -6.6453 0.8690 United Kingdom -6643 < 0.0001 

* thousands of tonnes of CO2 equivalent; the grey colour indicates the significance P< 

0.05. 

 

3.3. Current and future GHGs emission from agricultural sector in Hungary  

In general, 10% is the contribution of agricultural sector to total GHGs emissions in 

Hungary. Nonetheless, 65% of the total N2O originated from agricultural sector in 

Hungary.  

The current GHGs emission from agricultural sector in Hungary showed a positive trend 

for both CO2, and N2O, while a negative trend for CH4 (Fig.2) 

 

Figure 2 Current and future GHGs emissions from agricultural sector in Hungary 
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http://localhost/OECDStat_Metadata/ShowMetadata.ashx?Dataset=AIR_GHG&Coords=%5bCOU%5d.%5bDEU%5d&ShowOnWeb=true&Lang=en
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In this research, we applied ARIMA model (Autoregressive integrated moving average) 

to predict future GHGs emissions from agricultural sector in Hungary. Results, indicate 

clearly a gradual increase of CO2 emission from agricultural sector in Hungary till 2040. 

In contrast, CH4, and N2O showed a remarkable decrease between 2016-2040. 

 

3.4. Drought analysis of Hungary and its impact on the agricultural sector 

The M-K trend test for the SPI (-3, -6) and the SPEI (-3, -6) showed that the eastern part 

of Hungary was less prone to agricultural drought, while agricultural drought in the 

western part was more pronounced. Figure 3 shows a negative trend of the Sen slope 

analysis (shown in brown) in the western part, where most of the studied points have a 

significant trend (p> 0.05).  

 

Figure 3. Agricultural drought trends (Sen's slope estimator M-K statistic test) in 

Hungary between 1961 and 2010; significant trends at P<0.05 illustrated by black 

points. 

As illustrated in Figure 5, the frequency of agricultural drought (TDD) between 1961 and 

2010 for SPI-3 and SPEI-3 (i.e. the 3-month time-scale) demonstrates that the central part 

(Bács–Kiskun), and the eastern northern part (i.e. Veszprém) (red colour) were the areas 

most subjected to agricultural drought. Almost the same results were obtained for SPI-6 

and SPEI-6, but with a greater spatial extent, as can be seen in Figure 4. Based on the 

TDD-SPEI-6, it can be concluded that Hungary tends to be frequently hit by waves of 
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drought. However, the differences between the outputs of two indices (SPI, SPEI), here 

and in the other following sections, can mainly be attributed to the direct impact of 

evapotranspiration, which SPI did not calculate (Alsafadi et al. 2020).   

 

Figure 4.  TDDs distribution of SPI/SPEI-3-6 in Hungary between 1961 and 2010. 

Drought stress had a great impact on crop production, not only in Hungary, but also in 

many parts of the world. Thus, we analysed the interaction between drought and crop 

yield for maize and wheat by using two indices: the standardized yield residual series 

(SYRS), and the crop yield resilience to drought (CYRT). Fig. 5 shows the most affected 

subregion by drought in Hungary in terms of maize, while Fig. 6 shows the most affected 

subregion by drought in Hungary in terms of wheat.  
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Figure 5. The highest corelations between agricultural drought indices (SPI-3, SPEI-3, 

SPI-6, SPEI-6) and SYRS for maize in the Hungarian regions between 2000 and 2010. 

 

 

Figure 6. The highest corelations between agricultural drought indices (SPI-3, SPEI-3, 

SPI-6, SPEI-6) and SYRS for wheat in the Hungarian regions between 2000 and 2010. 

 

3.5.comparative analysis of CO2 emissions from two different agricultural 

ecosystems on a regional scale (Debrecen vs Tehran) 

The main aim of this section is to give an overview of difference in emissions between 

two agroecosystems. The first one is a continental region represented by Debrecen 

(Latokep field), while the second is an arid region represented by Tehran (field of the 

Faculty of Agriculture). The measurements were caried out in two different maize fields: 

1) tillage (T), 2) and non-tillage (N), between 02.08.2018, and 13.09.2018.  
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On a daily scale, the results showed a statistical difference (p<0.05) among treatments in 

the first, second, fourth, and fifth sampling dates (Table 6). For the third sampling date 

(10.08.2018), no significant differences were detected between the Tehran treatments, 

while in the sixth sampling date a statistical difference (p<0.05) was detected among 

locations (i.e. Debrecen vs. Tehran) regardless of the treatment types (i.e. T, N). Notably, 

the highest emissions were recorded in the tillage field in Tehran (C3), which ranged 

between 648±270 and 445±202. Meanwhile, the lowest emissions were recorded in the 

non-tillage field in Debrecen (C1), which ranged between 159± 48.8 and 66.33±16.20 

(Figure 7). 

 

Figure 7. Daily soil CO2 emissions data (ppm) with respect to treatments; C0: tillage field 

in Debrecen; C1: non-tillage field in Debrecen; C2: non-tillage field in Tehran; C3: tillage 

field in Tehran 

Table 6. Statistical analysis of soil CO2 emissions data (ppm) using the Fisher LSD test. 

Means with the same letter are not significantly different (p<0.05). 

Field*   02.08.2018 10.08.2018 14.08.2018 22.08.2018 11.09.2018 13.09.2018 

T. Debrecen  C0 265.7A± 82.7 171.7A±41.4 164.3A±60.1 196.7A±128.5 157.0A±68.4 93.00A±7.55 

N. Debrecen  C1 159B± 48.8 110.0B±26.1 107B±15.13 106.7B±20.6 68.0B±17.3 
66.33A±16.2

0 

N. Tehran  C2 522C± 190 453.5C±123. 367C±200 400.0C±124 358.2C±143. 413B±179 

T. Tehran  C3 604D± 176 648D±270 445C±202 533D±210 486D±196 
518.0B±158.

8 

(T: tillage, non-tillage N) (n= 3 for each sampling date) 

For further investigation of the difference among the means  of the treatments, we applied 

the Fisher individual tests as presented in Table 7. The results can be summarized as 

follows: 
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1- On a daily scale, no statistical differences (p<0.05) were detected among 

treatments from the same geographical locations e.g. C1 - C0, and C3 - C2. 

2- No statistical differences (p<0.05) were detected between the non-tillage field in 

Tehran (C2), and the tillage field in Debrecen (C0), which reveals that emissions 

from non-tillage agricultural lands in dry and semi-dry regions are almost similar 

to emissions from tillage fields in continental regions. 

Table 7. Fisher individual tests for differences in the means of the treatments (p<0.05) 

Difference 

of Levels 

02.08.2018 10.08.2018 14.08.2018 22.08.2018 11.09.2018 13.09.2018 

P-Value 

C1 - C0 0.372 0.629 0.642 0.448 0.413 0.792 

C2 - C0 0.052 0.051 0.126 0.109 0.087 0.011 

C3 - C0 0.017 0.005 0.045 0.018 0.013 0.002 

C2 - C1 0.012 0.023 0.060 0.032 0.023 0.008 

C3 - C1 0.004 0.002 0.021 0.005 0.004 0.002 

C3 - C2 0.490 0.153 0.528 0.271 0.252 0.313 

(C0: tillage field in Debrecen; C1: non-tillage field in Debrecen; C2: non-tillage field in 

Tehran; C3: tillage field in Tehran) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

16 

 

4. NEW SCIENTIFIC RESULTS   
 

This research demonstrates the following new scientific results: 

1- In the EU scale, a significant (p< 0.05) reduction of GHGs were tracked between 

1990 and 2016, from industrial and agricultural sector. However, the most 

significant (p< 0.05) reduction was noticed in the United Kingdom (-382.1733 

thousand tonnes of CO2 equivalent) and the Netherlands (-336.4756 thousand 

tonnes of CO2 equivalent). 

1-  Future projection by ARIMA indicate clearly a gradual increase of CO2 emission 

from agricultural sector in Hungary till 2040. In contrast, CH4, and N2O showed 

a remarkable decrease between 2016-2040. 

2- The M-K test results showed that total CO2 emissions were reduced significantly 

(p<0.05) by -1114 thousand tonnes/year. Similarly, the total N2O emissions were 

subject to a significant decrease (p<0.05) of -0.35 thousand tonnes/year. 

3- Drought frequency analysis reveals the eastern northern part and central part as 

the most affected regions by drought. Also, this study highlighted the exposure of 

the western part of Hungary to drought, where the drastic years are 1970-1973, 

1990-1995, 2000-2003, and 2007. 

4-  The western and southern regions of Hungary were more subject to maize yield 

losses (SYRS), while wheat yield reduction was less pronounced in comparison 

with maize.  

5- The highest maize yield losses (i.e. SYRS ≤ −1.50) in 2003 were recorded in 

southern part. Wheat yield losses due to drought were experienced in 2003 and 

2010. However, the highest impact of drought on crop reduction (i.e. highest 

correlation between SYRS and crop yield) was recorded in August for central and 

eastern part of Hungary. 

6- The CYRT showed that the maize and wheat yields were severely non-resilient 

(𝐶𝑌𝑅𝑇< 0.8) in the central and western part of Hungary. Nonetheless, across 

Hungary, wheat crop is more resilient to drought events than maize. 

7- Climate conditions (Debrecen vs. Tehran) and agricultural practice (Tillage vs. 

Non-tillage) have a significant impact on CO2 emission from agricultural soil. 
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5. PRACTICAL UTILIZATION OF THE RESULT  
 

1- GHGs reduction across Hungary and national strategy 

Until recently, policies in many countries were driven by economic growth; meanwhile, 

few plans were drawn out to mitigate environmental degradation, including minimizing 

GHGs emissions. As Hungary is required to reduce GHGs emission by 10 % by 2020 

compared to 2005 levels (the baseline), the output of this research highlighted the most 

emitted sectors across Hungary. Thus, the outcome could serve as a starting point or 

baseline for implementing some actions toward minimizing GHGs from various sectors. 

Also, this research could be used to develop a national plan for climate adaptation and 

climate mitigation from different sectors in Hungary. Notably, the results could support 

the government work through the Hungarian Adaptation Strategy (NAS); the National 

Decarbonization Roadmap (NDR); and the Climate Awareness Plan in a national level 

(CAP). 

2- Risk assessment of climate change on agricultural sector  

This study demonstrates the most affected subregion by drought and highlighted the 

affected crops by agricultural drought in terms of agriculture. Maize and wheat were 

severely non-resilient to drought (𝐶𝑌𝑅𝑇< 0.8) in the following regions:  Baranya, 

Budapest, Fejer, Nograd, Pest, Somogy, Szabolcs-Szatmar-Bereg, Tolna, and Zala. Such 

a result stresses the importance of a climate change adaptation plan for the sustainability 

of the agroecosystem. Thus, a national plan accompanies by some action on a sub-

regional scale could mitigate climate change. Also, the adaptation of some agricultural 

technology such as precision agriculture in the affected area by drought could increase 

crop resilience and enhance natural resource management. 

3- Minimizing GHGs emission from agricultural sector over Hungary 

Our results showed that the CO2 emission from traditional system was higher than 

conservation one. Thus, the output recommended the conservation agricultural system 

(CAS) for reducing the total emission. Along with: 1) enhancements of Climate-Smart 

Agriculture (CSA), and 2) application of management practices that reduces soil organic 

matter decomposition rates. 

All in all, our work come along with the new National Climate Change Strategy NCCS-

2 action plan of Hungary, especially with NDR and CAP. 
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