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 Abstract 
Nowadays climate change has become a reality. As a result, the 
focus has been on avoiding, mitigating and adjusting to expected 
adverse effects. 
In this study, we focus on Kecskemét, which is the largest city on 
the sand ridge between the Danube and Tisza rivers. The city is 
highly exposed to the negative effects of the climate change, that 
is why we investigated the elements of the environmental 
condition in the city. These elements have a significant role on 
the adaptation. 

1 Introduction  

Reducing CO2 emissions to the atmosphere (eg. through energy saving, increasing energy 
efficiency, using new management solutions and technologies, significant societal change and 
raising environmental awareness) is the most important area in the fight against climate change. The 
task is to remove CO2 from the atmosphere with plants and afforestation, but there are also 
experimental industrial processes for CO2 syngas conversion. 

This is particularly important as global atmospheric CO2 concentrations reached a peak of 415 
ppm in May 2019 (NOAA 2019). Given the rise in the last decade, CO2 levels could reach the second 
half of the 2030s 450 ppm, which is linked to a +2 C° change in global average temperature rise as 
a critical value [4]. 

2 Carbon footprint of Kecskemét 

For 2014, based on the average annual emissions of the population based on the data of KSH 
(Central Statistic Office of Hungary), Kecskemét „emits” 640 820 t CO2 (5.73 t/capita/year). Adjusted 
for this value with annual data on electricity and gas consumption, today CO2 emission is 770 229 t 
per year (6.88 t/capita/year) [3]. On the capture side, taking into account all vegetation, the model 
used to build the MOD17A3 v55 database showed a total of 156 685 t of carbon sequestered in the 
city (1.4 t/capita/year), taking into account the city-level balance of 613 544 t. If only forest areas are 
taken into account (this is more accurate, because, for example, in the case of agricultural crops, 
carbon is only temporarily stored in plants and soil), the annual absorption value is only 33 440 t 
(10% of the total forest area in Corine Land Cover 2018 data), so the amount of CO2 released into 
the atmosphere in Kecskemét can exceed 700 000 t per year. 

On this basis, it can be concluded that the city’s carbon footprint is significant. Even in the best 
case scenario, CO2 emissions are almost twenty times higher than the amount bound by vegetation. 
While this value is based on a one-year estimate for the carbon balance, other trends related to the 
state of the environment (eg. increase in the number and circulation of motor vehicles, increase in 
electricity and gas consumption, decrease in green spaces) suggests that since 2014 further 
deteriorated. This underlines both the importance and the need for a commitment by the city 
leadership in the Covenant program and demonstrates that several programs have been proposed 
over the last few decades (eg. improving air quality, developing sustainable urban mobility, 
increasing afforestation, improvement of plant quality, modernization of building energy systems, 
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development of district heating system, increase of renewable energy production) cannot be 
postponed. 

3 Air quality in Kecskemét 

An important indicator of the state of the environment is the development of air quality. 
According to the traffic counting data [6], Between 2014 and 2018 a 12.4% increase in traffic was 
recorded within the administrative area of Kecskemét. Stopping this kind of traffic growth is vital for 
Kecskemét, as CO2 and other air pollutant emissions from road traffic, as well as residential heating 
– in non-environmentally friendly ways – have become more common, and various air pollutants 
may become denser in the near future (PM10; PM2.5; NO2; NOX; SO2; O3). 

From the available data (2009-2019), the concentration of highly transport-dependent nitrogen 
dioxide (NO2) is illustrated in Figure 1. It shows data for the start year, an intermediate year, and the 
last three years between 2009 and 2019. 

 

 
Source: www.levegominoseg.hu 

Figure 1. Concentration of NO2 in Kecskemét (2009-2019) 

The health limit value for NO2 is 85 µg/m3/day [8]. Figure 1. shows that over the years (2017-
2018), limit values have been exceeded, mainly in the summer and autumn periods. Nitrogen dioxide 
as a pollutant is not only related to transport, but also eg. for residential heating, however, summer 
and autumn limit values are more likely to indicate the origin of traffic. It is worth comparing the 
percentage increases in monthly averages for 2009 and 2018. The January values are ignored in 
this case, as there was no overshoot in this month except for 2017. However, in the spring period 
(April), the average NO2 concentration increased by 57% in ten years. In July, the two-year growth 
rate was 169%, compared with 197% in October. In addition to the steep increase in concentration, 
the monthly (!) average in October 2018 was 89,67 µg/m3, which also an unfavorable process, 
exceeding the 24-hour limit. 

Concentrations of other transport-related pollutant emissions (eg. CO, CO2, NOX, PM10) are 
only available from 2015 and most data series are rather incomplete. The exception is the 
concentration of PM10 (airborne solid and liquid particulates, also called „suspended dust”). It can 
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be said that the data series available from 2015 also shows increasing concentrations, with several 
limit values (50 µg/m3) overshoot, particularly in January 2016 and 2017, October 2018, January 
2019 and 2020 (Fig. 2). 
 

 
Source: www.levegominoseg.hu 

Figure 2. Concentration of PM10 in Kecskemét (2015-2020) 

4 Characteristics of the environmental elements in the city 

The sand ridge between Danube-Tisza rivers and Kecskemét are among the most 
environmentally sensitive areas of Hungary. The state of the natural elements (soil, air quality, 
vegetation, hydrological conditions) is part of the environmental sensitivity. As with the evolution of 
air quality, it is worth briefly reviewing the soil, vegetation and hydrological conditions of the city and 
its surroundings. 

From the point of view of the soils, Kecskemét lies at the junction of the Kiskunság sand ridge 
and the Kiskunság loess back. Sandy soils have loose structure, good water permeability and poor 
water retention, which, combined with low rainfall, results in rapid drought, a tendency to drought 
and wind erosion damage. Loess areas, especially to the south of the settlement, mean more fertile 
soils that can be used more effectively for agricultural purposes. The aridification of the sand ridge 
has been traced to the sinking groundwater for decades. Over the last 40 years, the mean value of 
the groundwater level sinking between Danube and Tisza rivers was 1,5-2 meters, which in some 
cases reached 6-7 meters [2; 5; 7]. The loss of groundwater highlights the crucial importance of 
water conservation and irrigation problems, which not only adversely affect agriculture, but also 
make it difficult to manage urban green areas and maintain green infrastructure. That is why it is 
important to emphasize the solutions and opportunities that focus on water retention and rainwater 
storage. 

Land cover and vegetation are closely interrelated factors that determine the degree of close 
to nature state of the landscapes on the one hand, and the establishment of a liveable environment 
in a settlement environment on the other. In addition, they influence land use and changes in land 
cover. In case the land use does not meet the conditions provided by the natural environment (eg. 
agricultural production is not adapted to the soil and/or climatic conditions), we are talking about land 
use anomaly [1]. Over the past decade, the number of land use anomalies in the Kecskemét region 
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has increased. One of the manifestation of this is the decrease of green areas – the expansion of 
city council owned green areas within the administrative border of Kecskemét decreased by 30,7% 
between 2008-2018, based on KSH data – which is mainly due to the expansion of the southern 
industrial area. Another disadvantage of the growth of built-up areas is that the industrial facilities 
are located in the areas that represent the most fertile areas of the city, which can be interpreted as 
a very significant anomaly of landscape use. 

In addition to protecting green areas, we should be optimize land use/land cover in the interest 
of create a so-called compact city, where the optimal use of different city functions – by analyzing 
daily spatial paths – would reduce the city’s energy and resource use. 

5 Urban green infrastructure 

Intra-urban soil conditions, combined with air pollution mean a challenge the expansion and 
maintenance of green infrastructure. Urban soils with poor water management, degraded structure 
and poor nutrient supply can only be successfully planted with broad tolerance, possibly non-native 
woody vegetation. In areas where woody plants are not feasible, the selection of mulch vegetation 
may be important, highlighting the importance of careful green space maintenance and variety 
selection. However, the development of green infrastructure would also require the complex 
application of city-level water management solutions. These include, in particular, the expansion of 
underground rainwater storage options and solutions for surface desiccation. These include the 
reduction of paved surfaces, the development of water-permeable pavements, the replacement of 
existing pavements with water-permeable pavements and designing rain gardens. Rain gardens 
appeared in the United States in the 1990s and have spread throughout the world over the past 30 
years. Artificially formed and planted with vegetation, a deeper surface in the soil for the purpose of 
storing, temporarily storing and filtering rainwater. Do not mix the so-called bio ditches, the rain 
garden is a flat surface, while bio ditches are sloping, which primarily serves to drain water and only 
secondarily to clean it. In addition, a rain garden should not be confused with a garden pond in which 
standing water is constantly present; nor with an artificial pond (reservoir) for storing rainwater, which 
stores rainwater for much longer than the rain garden. 

The quantity and quality of green infrastructure is particularly important for mitigating the 
negative effects of climate change. Especially in the downtown area, the shading ability of vegetation 
is important, which can reduce the over-warming of public areas during heat wave periods and 
mitigate the urban heat island effect. However, this requires a healthy, well-closed canopy and multi-
level planting. According to a survey conducted by us in downtown of Kecskemét [3], the majority of 
woody vegetation is not in good health condition. Most trees reach the upper limit of their viability 
within 10-15 years. 

Considering that changes in the urban area (large-scale built-up areas) allow limited greening 
in the traditional sense (parks, alleys, gardens, etc.), more attention needs to be paid to other 
elements of green infrastructure. The use of green roofs and green facades increases green areas 
without the need for space, contributes to urban air quality, shading and insulating buildings, and its 
aesthetic role is not negligible. Unfortunately, these elements of green infrastructure are only rarely 
found not only in Kecskemét but also in Hungary. 
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