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ABSTRACT: On the Hungarian Great Plain aridification originates from the increasing deficiency of precipi-
tation and certain human influences. Its environmental results could be detected since the second half of 
1980’s resulting in some meaningful economical consequences. 
The physical geographical consequences of aridification might be studied through the change of the biomass 
quantity and quality, or the change of wetlands. Their spatial and temporal variation – as a complex index – 
might reflect the strength of this process. Remote sensing is one of the best methods to follow this process, 
applying different data bases (NOAA-AVHRR, LANDSAT and CORONA satellite images, aerial photos). In 
the present study multispectral and multitemporal analyses were applied to determine the land and wetland 
degradation on regional and local scale, NDVI values were calculated to determine the sensitivity of different 
vegetation types and its relationship with meteorological variables. 

1 THE PROBLEM OF ARIDIFICATION 

Since the second half of the 20th century progressive 
aridification can be observed in the central part of 
the Great Hungarian Plain, on the Danube-Tisza In-
terfluve. In contrast to a single drought event, aridi-
fication is a long-term problem affecting all ele-
ments of our environment, thus the semiarid charac-
ter is becoming more dominant.  

The problem is characterised by a decreasing 
amount of precipitation (-0,917 mm/year) and an 
increasing mean temperature (+0.011oC/year) via 
meteorological data from 1881 to 1996 (Molnár 
1996, Kertész and Mika 1999).
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Figure 1. The precipitation data in Ásotthalom – on the south 
part of the Danube-Tisza Interfluve 

Several researchers agree, that the decreasing 
precipitation is the dominant factor in the aridi-
ication of the area, as it is supported by the trend of 
the long meteorological data-set on the Danube-
Tisza Interfluve (stations: Ásotthalom, Cegléd, 
Izsák, Kecskemét, Kiskunhalas, Kistelek, Szeged). 
This trend follows the observed and accepted yearly 
and summer precipitation mean decrease measured 
all over the country (Fig.1). 

Besides the climatic change, river regulations and 
the inland-water prevention works also influence the 
aridification processes, where the wetlands are the 
most endangered. The studied region is an important 
agricultural area, but the possibilities of irrigation 
are rather limited from superficial waters, therefore, 
subsurface waters supply the greatest part of the  
rural water consumption. 

The common result of the above mentioned natu-
ral and human influences is an intensive groundwa-
ter-level decrease since the second half of 1970’s. 
The greatest amount of this decrease happened be-
tween 1970-2000 in comparison with the mean of 
1971-1975 period, resulting in a 6-7 metre relative 
decrease.

2 AIMS

The effects of aridification can be evaluated only by 
long-term studies. Still, it remains a great task how 
these changes can be objectively detected. How can 
we evaluate the changed wetness stand and what can 
give signals of environmental changes and their 
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rate? The results of this study concentrate on them, 
but we know that a longer period should be studied 
and reference analysis is needed for the exact sum-
mary. 

The environmental change influences biological 
production, therefore, the process of aridification 
could be well characterised by the changing quantity 
and quality of vegetation. One aim of this study was 
to analyse the biomass changes of grasslands, pas-
tures and forests within a longer period, and to 
evaluate the possible consequences of weather 
changes on the variation of vegetation quantity.

In case of the strictly protected wetlands on the 
Danube-Tisza Interfluve, the open water surface – 
which highly depends on precipitation – has been 
shrinking due to aridification since the 1980’s, as is 
indicated by the expansion of shoreline vegetation. 
According to earlier studies (Iványosi 1994) each 
lake and wetland has become endangered during the 
last ten years, as they disappear and halophyton 
grasslands occupy the lake beds. This study was car-
ried out in the area of the Northern-Kiskunság 
Lakes, where open water surface still can be found, 
but it is the best study area to determine the vegeta-
tion shift and to evaluate the quantity and quality of 
the environmental effects of aridification on a pro-
tected area. Therefore, the other aim of the research 
was to describe the aridification process through the 
changes of the wetlands (Fig.2).

Figure 2. The study areas (with underlines) 

3 METHODS 

Remote sensing methods were suitable for the ana-
lysis, as far as: 

they supply data set for the last fifty years, 
without them data for biomass and its condition 
are irreplaceable,  

the rare topographic maps do not supply enough 
data for comparative analysis, 
the map data are defective, because they show the 
boundaries of open-waters without indicating the 
potential water surfaces and they do not give any 
data for the seasonal changes, 
it is impossible to carry out field measurements in 
spring time on wetlands, but the vegetated and non-
vegetated surfaces have good contrast on the images. 
Meteorological data since 1930 till now were also 

used during the analysis. 

3.1 Regional analysis 

The vegetation dynamics were studied during the 
growing season in every year, applying monthly 
MVC using NOAA AVHRR data with 1.1 km spa-
tial resolution for the period of 1992-2001 (supplied 
by Hungarian Meteorological Service and USGS; 
Eidenshink and Faundeen 1996). We have worked 
with AVHRR keeping its best spatial resolution, 
therefore, the monthly MVC images were created of 
minimum 3 or maximum 11 pieces. Unfortunately, 
in some years the data set was not complete (only 4 
years has a full data set), thus, this can cause some 
uncertainties. Those MVC’s pixels were used, where 
the analysed land cover (forest, grass) occupied at 
least 70-80% of the pixel and the vegetation patch 
was covered by at least 3 neighbouring, continuous 
pixels, because the land cover is very heterogeneous. 

The land use of the area was identified on the ba-
sis of CORINE 1:100.000 map. 

The Normalised Differential Vegetation Indices 
(NDVI) is the most often used method in the estima-
tion of net-biomass production: 

NDVI = (NIR - R) / (NIR + R) 

where R is red wavelength and NIR is near-infrared 
wavelength.

The NDVI values above 0.4-0.5 show totally 
vegetated areas. 

In this approach we have distinguished two land 
covers and analysed the vegetation dynamics during 
the growing season (from April to September): 

- forest class includes leafy, evergreen and 
mixed stands, their area is 76,470 ha, 

- herbaceous class includes grasslands and 
pastures occupying 22,140 ha. 

The research provides a tool for displaying the 
different effects of the aridification process both on 
the deep rooted (forests) and on the shallow rooted 
(grasslands) vegetation. 

In the first half of 1990’s the effects of a very dry 
period could be detected, which started in the 
1980’s. The second half of the 1990’s represented 
normal or mean precipitation data (2000 was an ex-
ceptionally dry year, though it started with a wet 
spring). The existence of these very different periods 
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raises the question of how does the vegetation 
change reflect these different periods? 

We have statistically analysed the mean, minimum 
and the maximum NDVI values of the longest possible 
period on the basis of the available data set, studying 
their yearly and monthly values respectively. Special 
mean values were calculated for wet years (1995-99), 
creating „normal profiles” for each land cover class to 
outline the areas on Danube-Tisza Interfluve which are 
most endangered by aridification. 

3.2 Local analysis 

Survey maps, aerial photos since the 1950’s and sat-
ellite images were used to determine and analyse 
shoreline changes. The detailed analysis was carried 
out on the strictly protected Northern-Kiskunság 
Lakes using B&W photos (1950 June, 1973 April, 
1994 August), colour infrared photos (1999 Febru-
ary) and satellite images (CORONA: 1968 March, 
LANDSAT TM: 1986 August and 2002 June). The 
selected images were taken at springtime represent-
ing the wetness conditions very well. 

Non-vegetated, potentially inundated or perma-
nently water-covered areas were outlined for each date, 
then the territory changes of these patches were ana-
lysed. It will show the rate of migration of wetland 
vegetation towards the centre of the lakes, thus it re-
flects the degradation of lakes due to water-cover loss. 
The pervasion of plant associations at the expense of 
water surface indicates the aridification process.  

In most cases the boundary between non-vegetated 
water surfaces and plant association was distinctive, in 
other cases a comparative study was carried out. In wet 
years the expanding water-cover might veil the real 
vegetation boundary, but the next image from the sub-
sequent period might open it up (in 1999 and 2002). 

Of course the study area is wetter than our analysis 
suggests, because during spring waterlogged wetlands 
and marshlands co-exist with lakes, but remote sensing 
does not give accurate data for their changes. 

4 RESULTS 

4.1 Evaluation of biomass values on regional scale 

All of NDVI mean, maximum and minimum data 
show decreasing trends even in years with normal 
precipitation. The change is the most significant on 
forested areas (Fig.3). Despite the overall decrease, 
the area of the great NDVI values (more than 0.5) is 
increased.
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Figure 3. The relationship between forest NDVI and precipi-
tation mean data 

Considering the monthly changes during 10 
years, the greatest fluctuation of NDVI values was 
detected in June, when the difference in mean values 
might be even doubled, and in June the mean NDVI 
values are normally higher than in the other summer 
months. The decrease of the monthly mean values is 
the most striking in July and September. The great-
est decrease is four times higher than the greatest 
increase (Fig.4). The change of all NDVI mean val-
ues is almost equal to the standard deviation of data 
(std.dev.~0.8), therefore, to determine the unambi-
guous decrease the study must be extended for a 
longer period. 

The deviation from the “normal profiles” hardly 
more than 0.1, the greatest differences were ob-
served in a negative direction in both classes, but 
there is no unambiguous decrease. The greatest de-
viation is in June, July and August in the case of 
shallow rooted vegetation. Even in wet years (1997, 
1998) the forests show great negative deviations 
from the “normal profiles”. These deviations are 
sometimes more than 0.3 as in 1997 (Fig.5).  

Sensitive areas can be found in the centre of the 
Danube-Tisza Interfluve, but the most sensitive ones 
are situated on South and Southeast. The negative 
deviation in territory of these areas is greater by sev-
eral 1000 ha than the positive deviation of some 
other areas. We should divide the forest class into 
the leafy, evergreen and mixed-wood subclasses, 
thus, the deviation could be evaluated at their own 
“normal profile”. Right now, only slight relationship 
exists between spatial NDVI deviation and ground-
water level decrease. 
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Figure 4. Shallow rooted NDVI mean value from 1992 to 2001 

Figure 5. The deviation value from the NDVI “normal profile” 
data on the centre and on the south part of Danube-Tisza Inter-
fluve 

4.2 Degradation of wetlands on a study site 

The most notable result is the decreasing and the 
disappearing open water surfaces of the sodic lakes. 
The greatest area of the non-vegetated, potentially 
inundated or permanently water-covered areas was 
10% (1000 ha) of the study area in 1968. By the be-
ginning of the 1970’s the territory of permanent wa-
ter cover decreased even more, down to 3% (300 

ha). The aridification is unambiguous, but its reasons 
are still in question. By the end of the 1990’s, as a 
result of some wet years, the area of water surfaces 
has increased, but unfortunately it was not a long-
lasting change (Fig.6).

The effects of the dry years could still be detected 
in the second half of the 1990’s (in a wet period) and 
we can still follow it. Even in the wettest years (as 
1999) the greatest extension of lake surfaces only 
reached 60 % in 1968. 

The favourable de-concentrated state provided 
connection between the water surfaces. The ratio of 
these wet corridors was 20-45 % at the beginning 
and today it is only 1%, due to the open water sur-
faces concentrated just in the great lakes, therefore, 
the connection between them is getting looser.   

Based on the evaluation of images the invading 
weed associations – in the case of Kelemen-szék 
Lake – advanced 250-300 m during the last 50 years. 
This means a 5-5,5m/year shift in the lake-boundary.
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Figure 6. The change of open surface of the lake’s area on the 
Northern-Kiskunság Lakes 

A good example is the Kis-réti Lake, that for-
merly was the largest open-water here, but now it 
hardly has any open water surface. The decrease of 
its area was 1.7%/year, therefore, it is a marshland 
today. Its southern neighbour is the Zab-szék Lake 
that can be considered as the most stable lake on the 
basis of its present area and ecogeography. All to-
gether the open-water surface of every sodic-lake 
decreases until nowadays (the most intensive de-
crease is 3 times greater than the shrink of other 
lakes).
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Figure 7. Hidrogeographical changes of the open water surfaces in the Northern-Kiskunság 
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Based on the tendencies of disadvantageous 
years, it is to be feared that in the next 55-60 years 
the open water surfaces will completely disappear.
This is the most optimistic trend, because we have 
calculated the small water surfaces, which are al-
ready dissected from the main lake surfaces and will 
disappear even faster.

Statistically, the remote sensing images represent 
an average of 1% annual decrease in water surface  
(maximum is 2%/year), in contrast with traditional 
survey maps, where the decrease is only  0,1-
0,5%/year (Rakonczai and Kovács 2001). 

After all this implies that environmental pro-
tection should not remain on the level of using pas-
sive methods on the territory, but they should try to 
keep back superficial waters in wet years, even in 
the form of inland waters. 

5 POSSIBILITIES

The above represented regional study pointed to the 
fact that a longer period of analysis will be necessary 
to validate the above mentioned local changes. The 
temporal and spatial correction of the results could 
be maintained with the help of LANDSAT TM data. 
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