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Abstract 

It is highly probable that the precipitation and temperature changes induced by global warming projected for the 21st century will 

affect the regime of Carpathian Basin rivers, e.g. that of River Maros. As the river is an exceptionally important natural resource both 

in Hungary and Romania it is necessary to outline future processes and tendencies concerning its high and low water hydrology in 

order to carry out sustainable cross-border river management. The analyses were based on regional climate models (ALADIN and 

REMO) using the SRES A1B scenario. The modelled data had a daily temporal resolution and a 25 km spatial resolution, therefore 

beside catchment scale annual changes it was also possible to assess seasonal and spatial patterns for the modelled intervals (2021-

2050 and 2071-2010). Those periods of the year are studied in more detail which have a significant role in the regime of the river. 

The study emphasizes a decrease in winter snow reserves and an earlier start of the melting period, which suggest decreasing spring 

flood levels, but also a temporally more extensive flood season. Changes in early summer precipitation are ambiguous, and therefore 

no or only slight changes in runoff can be expected for this period. Nevertheless, it seems highly probable that during the summer 

and especially the early autumn period a steadily intensifying water shortage can be expected. The regime of the river is also greatly 

affected by human structures (dams and reservoirs) which make future, more detailed modelling a challenge. 
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INTRODUCTION 

River Maros has always been an important natural re-

source on the Southern Great Plains of the Carpathian 

Basin. The amount of water it drains annually equals to 

the total water consumption of Hungary. Although only 

part of this water is utilised, the river is by far the most 

significant water resource for irrigation and industrial 

activity in the region. Besides, it also feeds a thriving 

riparian ecosystem and has a unique geomorphological 

character. The availability and quality of its resources 

are endangered by several factors. From among these the 

short and long term effects of human interventions and 

that of climate change have to be emphasized. The future 

of River Maros and adjacent territories is determined 

basically by the amount of water drained by the river. 

Previous research has demonstrated that the Late 

Pleistocene and Holocene evolution of the river has 

primarily been affected by climatic variations (Kiss et 

al., 2013). The fluvial system is still very active and it is 

highly sensitive to external forcing factors (Kiss and 

Sipos, 2007), from which recent climate change is get-

ting to be more and more pronounced. In the near future 

climate change will supposedly alter the duration and 

pattern of both flood and low water discharges and the 

intensity of channel development. Large number of in-

vestigations have demonstrated that the actual changes 

of the temperature and precipitation will have significant 

effects on all factors of the environment, and can also 

alter the rate of geomorphologic, and especially fluvial 

processes (Dikau and Schrott, 1999). 

The possible causes of climate change concerning 

river hydrology and fluvial activity has been addressed 

by several studies recently. These apply for the simula-

tions climate models to predict future deviations in tem-

perature and precipitation. For concluding general trends 

on large catchments global climate models (GCM) are 

applied by several studies (e.g. Boyer et al., 2010; Chung 

and Jung, 2010; Zeng et al., 2012), however, differences 

in the topography and hydrology of subcatchments 

would call for the downscaling of global models (Dobler 

et al., 2012), or the application of regional climate mod-

els (RCM) at best (Veijalainen et al., 2010). Studies 

agree, however that the application of several models 

and emission scenarios can increase the reliability of 

results (Kay et al., 2006; Smith et al., 2013). However, 

moderate analyses usually apply the A1B SRES scenario 

for calculations. 

One of the most important problems addressed by 

hydrologists is the expectable change in flood frequency 

and flood height. In this respect variations in 

snow/precipitation ratio and seasonal rainfall distribution 

are key parameters (Boyer et al., 2010; Bell et al., 2012). 

As a consequence of these flood hazard can increase 

even if total annual runoff is expected to decrease (Kay 

et al., 2006; Zeng et al., 2012). Furthermore, in several 
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cases the elongation of the flood season, can result a 

lower predictability concerning flood timing in the future 

(Dobler et al., 2012). 

On the other end water shortage may pose serious 

problems for water managers (Lorenzo-Lacruz et al., 

2010; Koutroulis et al., 2013). Beside well known con-

sequences, such as future limitations in water use and 

related agricultural, economic and social conflicts, even 

accelerated geomorphological change can be expected at 

certain catchments (Smith et al., 2013). Concerning low 

stage periods predictability of river hydrology is highly 

limited by human interventions (e.g. water retention, 

irrigation), which is a problem on most of engineered 

rivers (Kiss and Blanka, 2012). Among these circum-

stances adaptation will be a key issue. 

In this study a conceptual framework was set up for 

the trends in catchment scale hydrological changes con-

cerning River Maros. The major questions were: (1) What 

changes can be expected in temperature and precipitation 

on the watershed of the river in the 21st century? How 

these changes can affect the regime of the river and the 

total annual volume of water drained? The tendencies of 

future changes were explored by using regional climate 

models. The study aims to provide base for future hydro-

logical modelling and runoff calculations. 

STUDY AREA 

The catchment of River Maros is located in the south-

eastern part of the Carpathian Basin. 92% of its total area 

(30 000 km2) belongs to Romania, the remaining 8% to 

Hungary (Fig.1). River Maros and its tributaries are 

mostly fed by precipitation and overland flow. Due to 

the geology of the catchment (overwhelmingly volcanic 

and crystalline rocks) and the high proportion of very 

steep slopes floods rise relatively quickly, and last for 

only a short time. Two major floods may develop annu-

ally on the river. The first is due to snowmelt in early 

spring, the second is caused by early summer rainfall 

usually in June (Fig. 2). Following the April-June floods 

the rest of the year is characterized by low stages, which 

last for approximately 10 months from June till March, 

with a minimum water delivery at October (Boga and 

Nováky 1986). 

 

Fig. 1 The location of the Maros catchment within the Carpa-

thian Basin 

The mean annual discharge of the river is 160 

m
3
/s. Peak and minimum discharges are around 2000-

2500 m
3
/s and 30-50 m

3
/s, respectively. 

The area is dominated by westerly winds, 

though from time to time the effect Eastern-European 

and Mediterranean air masses are also significant 

(Csoma 1975). The annual mean temperature on the 

catchment is between 4–11 °C, though there is a great 

territorial variation, determined primarily by the to-

pography. As a general rule the value of the mean 

annual temperature is increasing continuously in an 

east-west direction. In the Giurgeu Mountains the 

mean annual temperature in the 20th c. has been 4–6 

°C, in the Transylvanian Basin 8–9 °C, west of the 

Arad–Oradea line it has been just above 10 °C, while 

southwest of the Nadlac–Szeged line it has been 

above 11 °C (Csoma, 1975; Andó, 2002). 70–80% of 

the water drained by the river is originating from 

precipitation (Andó, 1993, 2002). Still, there is no 

close relation between floods and the temporal distri-

bution of precipitation (Andó, 2002), as the greatest 

floods are initiated by the melting of snow, accumu-

lating in the winter period. The spatial distribution of 

precipitation shows a great variation (Fig. 3). At the 

source of the river annual values are around 600 mm, 

going downstream this amount can double on the 

western slopes of the Gurghiu Mountains,but reach-

ing the closed Transylvanina basin it falls back to 600 

mm again. It increases again in the region of the 

Sebeş and Retezat Mountains. West of Lipova precip-

itation decreases continuously (Csoma, 1975).  

 

Fig. 2 An average hydrological year based on 50 year mean 

values (1950-2000) 

Climate model simulations for the 21
st

 century 

predict a continuous, but uneven temperature rise, 

with the most intense increase occurring in the sum-

mer months in the Carpathian Basin. The change in 

total annual precipitation in the models is not signif-

icant; however, the temporal distribution is expected 

to become more uneven: decreasing summer and 

increasing winter precipitation (Bartholy et al. , 2008, 

Szabó et al., 2011; Csorba et al., 2012). Climate 

simulations do also emphasize that extreme weather 

events may occur more frequently in the next centu-

ry. This will be especially true for drought periods 

which will be longer and more severe than before 

(Szépszó et al., 2008). 
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METHODS 

Climatic changes concerning the entire Earth are best 

predicted by global numerical models. These incorpo-

rate the most important processes and relationships 

acting in and between the major elements of the Earth 

system (atmosphere, oceans, continents, ice sheets, 

biosphere, society). The horizontal resolution of global 

models, however, is only around 100 km, which does 

not provide adequate information for performing small-

er scale, regional analyses (Szépszó and Zsebeházi, 

2011). 

For the investigation of smaller areas, such as the 

drainage basin of a river, regional climate models can 

be applied. The resolution of these is much better than 

that of global models, since input data are more de-

tailed and smaller scale relationships can be considered. 

As a consequence, atmospheric processes and surface 

changes can be predicted more precisely for a given 

area (van der Linden and Mitchell, 2009; Szabo et al., 

2011). Large, Earth scale models, however determine 

the possible end values of the regional forecast (Giorgi 

and Bates, 1989; Giorgi 1990). The projection of cli-

mate processes to the future includes several uncertain-

ties. These are caused by the natural oscillation of the 

climatic system, the complicated relationships between 

environmental elements, the limitations concerning the 

resolution of input data and the hardly predictable so-

cial-economic processes (Cubasch et al., 2001; Haw-

kins and Sutton, 2009). From among the factors above 

mankind can affect mostly social-economic processes, 

and most of all, these factors can significantly deter-

mine the rate of climate change. 

Several regional climate models comprise the ter-

ritory of the Carpathian Basin, these are the ALADIN, 

the REMO, the PRECS and the RegCM (Szépszó et al., 

2008). For the purposes of estimating future climatic 

processes on the Maros catchment, the change of cli-

matic parameters was calculated on the basis of the 

ALADIN (www.cnrm.meteo.fr/aladin) and the REMO 

(www.remo-rcm.de) models, since these are based on 

the SRES A1B scenario. 

These models assume a moderate increase in the 

emission of greenhouse gases and an average degree of 

global warming. Concerning population numbers the 

A1B scenario assumes an increase till the middle of the 

century and a decrease later, besides, it foresees a fast 

economic growth, the quick spread of new and more 

efficient technologies and a balance between the use of 

fossil and renewable energy sources (Nakicenovic and 

Swart, 2000; IPCC 2007). 

The horizontal resolution of the applied model da-

ta is 0.22° (approximately 25 km). The climate projec-

tions were generated by the Numerical Modelling and 

Climate Dynamics Division of the Hungarian Meteoro-

logical Service. For making comparisons, temperature 

and precipitation data were investigated. Expected 

changes were examined for those periods of the year 

which are the most important in terms of floods and 

low water periods.  

The models provide daily temperature and precipi-

tation data for the 2021–2050 and the 2071–2100 peri-

ods. Results are given as the difference from the daily 

average values of the 1961–1990 reference period in 

mm for precipitation and in °C for temperature. From 

the daily data series average values were calculated for 

the two future periods (2021-2050 and 2071-2100) for 

those months which are important in terms of the hy-

drology of River Maros. Values were calculated for the 

grid points, interpolation between points was made by 

using kriging. 

At present our aim was to demonstrate the tenden-

cy of changes, but later on the basis of these data fur-

ther models can be generated in terms of runoff and 

water balance. 

 

Fig. 3 Yearly mean precipitation (1901-1940) on the Maros catchment (Csoma, 1975) 
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RESULTS  

Compared to the reference values both models predict an 

average 1.3–1.4 °C temperature increase for the 2021–

2050 period in the winter months (Fig. 4). However, in a 

longer perspective the models forecast somehow differ-

ent values. According to the REMO the rise of mean 

temperature can be as much as 3.9 °C for 2071–2100, 

which is a substantial increase. The ALADIN predicts a 

little lower increase, being around 2.1 °C (Fig. 4, Table 

1). However, even if we take the more optimistic version 

a significant warming can be expected on the entire 

catchment. If we take a look at Fig. 4, in the first model-

ling period temperature rise seems to be uniform on the 

catchment. However, later the Eastern Carpathian tribu-

taries and the lowland section of the river can be more 

affected. Concerning the entire catchment, average pre-

cipitation values calculated by the two models are very 

different. According to the ALADIN, practically no 

change can be expected, while the REMO predicts a 22 

mm increase for 2021–2050 and 34 mm for 2071–2100 

(Fig. 5, Table 2). Average values though hide some 

regional differences. Both models agree that there can be 

a notable increase in precipitation on the eastern moun-

tainous part of the catchment (Giurgeu Mountains), 

while only a slight increase (REMO) or even a substan-

tial decrease (ALADIN) can be expected in the west 

(Fig. 5). Based on the above, it seems well supported 

that due to general warming the average snow reserve 

will decrease on most of the sub-catchments. Although, 

at higher altitudes in the Eastern Carpathians the 

snow/precipitation ratio might be higher as a matter of 

precipitation increase. The severity of flooding on these 

sub-catchments will mostly be determined by the intensi-

ty of snowmelt. 

Table 1 Average temperature change (°C) on the Maros catchment 

  REMO ALADIN 

  

 2021-

2050 

 2071-

2100 

 2021-

2050 

 2071-

2100 

December-

February 
1.4 3.9 1.3 2.1 

May-June 1.1 2.4 1.5 3.1 

July-August 1.4 5.0 3.0 5.5 

September-

October 
2.2 4.8 2.5 4.6 

Annual 1.4 3.8 2.02 3.55 

March and April temperature has a significant ef-

fect on the start and intensity of snow melt and there-

fore the development of floods. Based on the models, 

a general temperature increase can be expected (Fig. 

 
Fig. 4 Model predictions of temperature change compared to the reference period 
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4, Table 1). For the first period (2021–2050) an aver-

age 1.1–1.5 °C growth is suggested. By the second 

period (2071–2010) this value can be as much as 2.4 

°C (REMO) or 3.1 °C (ALADIN). Warming up can be 

more intensive in the Transylvanian Basin and on the 

lowlands, however the Eastern catchment can also 

face an approximately 1.0 °C later a 2.0 °C tempera-

ture increase in the spring period during the 21st cen-

tury (Fig. 4, Table 1). These changes suggest that in 

an average year early spring snowmelt can be faster in 

the upland catchment. This does not necessarily mean 

greater floods, because we have seen the total snow 

reserve can be slightly lower. Nevertheless, the period 

of flood development will extend, and in years of 

higher winter precipitation the chance of the devel-

opment of extreme floods can increase.  

Based on previous observations, the second po-

tential flood of the year can occur as a consequence of 

May and June rainfalls (Andó, 2002). Model predic-

tions are ambiguous in this respect (Fig. 5, Table 2).  

According to average data calculated for the en-

tire catchment, REMO forecasts an insignificant 

change in early summer rainfall for the 2021–2050 

period, and a substantial 50 mm decrease for 2071–

2100. On the other hand ALADIN predicts an approx-

imately 30 mm increase for the first period and just a 

minor increase for the second (Fig. 5, Table 2). The 

pattern of change is also different. According to the 

ALADIN model, the most significant increase can be 

expected in the middle of the catchment. On the con-

trary REMO heralds the most significant decrease also 

to this area (Fig. 5). Therefore, the direction of 

change in this case is highly uncertain. Consequently, 

it is hard to tell whether the significance of early 

summer rain-fed floods will increase or decrease. If 

we take the average of the two models rather insignif-

icant changes can be expected. 

Table 2 Average precipitation change (mm) on the Maros 

catchment 

  REMO ALADIN 

  

 2021-

2050 

 2071-

2100 

 2021-

2050 

 2071-

2100 

December-

February 22.38 34 0.12 -5.5 

May-June -3.5 -50.1 32.6 35.4 

July-August -0.3 -55.3 -21.5 -55.6 

September-

October 2.2 8.3 -2.8 -17.4 

Annual 2 -53 44 -20 

As it was mentioned earlier, the low water peri-

od starts in July (Boga and Nováky, 1986). From 

August discharges can be as low as 50 m
3
/s. The 

 
Fig. 5 Model predictions of precipitation change compared to the reference period 
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volume of water arriving to the lowland sections is 

greatly determined by the intensity of evaporation on 

the catchment. Of course, human interventions, such 

as water storage, can also be of great significance. In 

this respect July–August temperatures are very im-

portant. Both models forecast an increase, being 

between 1.4 °C (REMO) and 3.0 °C (ALADIN), for 

the first modelling period (2021–2050). Concerning 

the second period (2071–2100) the increase can be 

even more significant, reaching 5.0 °C (REMO) or 

5.5 °C (ALADIN) (Fig. 4, Table 1). The expected 

temperature growth is fairly uniform on the catch-

ment, however, according to ALADIN, warming will 

mostly affect the Gurghiu Mountains and the low-

land areas, while REMO predicts the most intensive 

increase on the middle part of the catchment. There-

fore, the spatial pattern for warming cannot be un-

ambiguously determined. In the meantime, there is a 

high chance for the decrease of summer precipita-

tion. Regarding the average values for the entire 

catchment the ALADIN model forecasts a 20 mm 

decrease for 2021–2050, while according to the 

REMO, catchment averages may not change. How-

ever, both models agree that by 2071–2100 precipita-

tion loss can be around 55 mm (Table 2), affecting 

mostly the middle part of the drainage basin. The 

decrease can be less intensive in the western slopes 

of the Hargitha, Giurgeu and Gurghiu Mountains 

(Fig. 5). Concerning the summer period, therefore, 

increasing evaporation and decreasing precipitation 

can be forecasted. This can lead to a significant re-

duction in average discharges, which may result an 

increasing water shortage during the low water per i-

od starting from July–August. 

Based on previous observations (Konecsny and 

Bálint, 2007), usually the September–October period 

brings the lowest discharges on River Maros (some-

times only 30–40 m
3
/s). If catchment scale average 

temperature change is considered the two models are 

in good agreement. For 2021–2050 both models 

forecast a temperature increase, being around 2–3 

°C, while between 2071–2100 average warming can 

be as much as 4–5 °C (Fig. 4, Table 1). Concerning 

the spatial distribution of temperatures, warming 

might affect less the slopes of the Apuseni Moun-

tains and the Gurghiu Mountains, but in the Transyl-

vanian Basin and the Tarnava Tableland temperature 

rise can be dramatic (Fig. 4). Precipitation change is 

less obvious on the basis of the models, and catch-

ment scale averages seem to stay more or less the 

same as the 1961–1990 reference values (Table 2). 

The calculated few mm changes are insignificant and 

they are within the error of the prediction. 

The high correspondence of the two models 

suggests that there is going to be a significant warm-

ing in the early autumn period. In the meantime av-

erage precipitation values will hardly change, which 

can finally result a more intensive water loss through 

evaporation. This can lead to the development of 

long drought periods along River Maros. 

DISCUSSION  

Although we have seen that in certain cases the two 

models do not reinforce each other, there are some 

clearly recognisable tendencies in terms of future 

climate. Warming will be general both in spatial and 

temporal terms. However, lower lying closed areas, 

such as the Transylvanian Basin, can be more severely 

affected. It seems also clear that temperature rise will 

be the most significant in the summer–autumn period, 

though the REMO model forecasts significantly 

warmer winters as well. In the meantime, changes in 

precipitation are harder to predict. What seems obvi-

ous though is that the late summer period will face a 

significant precipitation decrease on the basis of aver-

age values. Changes in other seasons are less unam-

biguous (Table 3). 

Table 3 Precipitation change (%) compared to the reference 

period on the mountain section of the catchment 

  REMO ALADIN 

  

 2021-
2050 

 2071-
2100 

 2021-
2050 

 2071-
2100 

December-
February 

21% 31% 0% -8% 

May-June -2% -26% 16% 17% 

July-August 0% -32% -12% -32% 

September-

October 
2% 8% -3% -17% 

Annual 0% -7% 6% -3% 

If annual mean values are considered, a signifi-

cant 1.4 °C (REMO) and 2.0 °C (ALADIN) tempera-

ture increase can be predicted already for 2021–2050. 

Moreover, by 2071–2100 overall warming can be 3.6 

°C (ALADIN) and 3.8 °C (REMO) compared to the 

values of the 1961–1990 reference period. Interest-

ingly, annual precipitation values show a slight in-

crease for 2021–2050 in case of the ALADIN model, 

but for the 2071–2100 period both models forecast a 

significant, 20–50 mm decrease. Taking into consid-

eration that the average precipitation is between 600–

1000 mm on the catchment, this means a 5–10% re-

duction in annual runoff. The decrease can be even 

more significant if increasing evaporation is account-

ed, but further modelling is necessary to explore 

these relationships. 

Concerning the hydrological regime of the river 

we can expect a more uniform runoff during the win-

ter, however, early spring snow melt can be more 

intensive. In the meantime early summer floods might 

be less significant (Table 3). Therefore, the frequency 

and average magnitude of floods will slightly de-

crease, however, if conditions are suitable (high win-

ter precipitation and fast snowmelt) extreme floods 

can of course occur. Although several climate-related 

studies emphasize the relevance of high-precipitation 

extremes (Szépszó et al., 2008), these will be charac-

teristic mostly on the western half of the Carpathian 

Basin (Horányi et al., 2009). Consequently, from a 
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climatic aspect the hazards and conflicts related to 

floods and flood protection will not increase signifi-

cantly along the Maros/Mureş in the near future. On 

the other hand, results show that summer and autumn 

low water extremes may be more frequent, and severe 

water shortage may occur along the lower section of 

the river from time to time (Table 3). Moreover, as we 

have seen, total annual runoff will certainly decrease 

in the long run. According to Konecsny (2010), there 

are already periods with significant water deficit, 

meaning that the discharge is lower than the statisti-

cally determined average low water value. Thus, the 

main problems and conflicts related to the changing 

regime of the river will be related primarily to low 

water events. 

CONCLUSIONS 

Calculations concerning the future climate of the Ma-

ros/Mureş catchment were outlined, and the tendency 

of expectable changes was assessed in this study con-

cerning the hydrological regime of the river.  

Due to increasing temperatures at winter the aver-

age snow reserve can decrease on several sub-

catchments. Nevertheless, at higher altitudes greater 

reserves may develop, since models herald a slight 

increase in winter precipitation. Spring snowmelt can 

be faster in the upland catchment, thus in years when 

winter precipitation is high the probability of extreme 

floods can increase. In general, however, the magnitude 

of floods is expected to decrease. Based on the models, 

considerable changes in the volume of early summer 

rainfed floods are not expected. For the summer and 

early autumn period dramatically increasing tempera-

ture and decreasing precipitation can be forecasted. 

This can lead to a significant reduction in average dis-

charges. On a catchment scale mean annual tempera-

ture is expected to increase by 1.4-2.0 °C and 3.6-3.8 

°C in average by 2021–2050 and 2071–2100, respec-

tively. Mean annual precipitation presumably will only 

slightly change by the first modelling period, however, 

for 2071–2100 the models forecast a significant, 20–50 

mm decrease. Considering the above a 5–10% reduc-

tion can be expected in annual runoff, and the severity 

of droughts will certainly increase. 

Consequently, the main problems and conflicts of 

the future will be related primarily to low water events. 

Industrial, agricultural, ecological and recreational 

demands need to be harmonised as each of these will 

grow during the increasingly hot and dry summer peri-

od. All these problems call for a unified water man-

agement strategy with a sustainable share of resources 

between the upstream and lowland sections of the river 

and also between the two neighbouring countries. 
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