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Abstract. In this study the effects of climate change on forest soils has been evaluated with scenario analyses based on mathematical modelling. Meteorological data were originated from the FORSEE database, which provides bias-corrected climate data based on the ENSEMBLES EU project, soil properties data were obtained from the TIM database. The intraannual variability of soil water regime was examined on 18 representative years sampled from the whole period. We concluded that the main annual temperature will gradually increase, although the amount of precipitation will decrease in the near future (A1B55) and increase in the far future (A1B100). The number of days with extreme high precipitation (more than 20 mm per day) will increase, while the number of rainy days will be decreased. Evaporation and transpiration will increase in the near and the far future in both wet and dry years.
1 Introduction
Most recent studies tend to confirm the existence of global climate change. According to climate models, extreme precipitation events become more frequent, together with higher precipitation intensity (Meehl et al., 2000).
Changing meteorological conditions affect hydrological cycle leading to changes in evaporation, surface runoff, frequency of floods as well as droughts (Watson et al, 1995). The predicted temperature increase together with changes in precipitation amount, intensity and spatial distribution can alter soil heat water and nutrients budget and thus soil fertility significantly (Várallyay, 1992; Németh, 1996; Kovács & Dunkel, 1997). Soil sensitivity for floods, droughts and groundwater can be enhanced due to the increase int he frequency of extreme weather events.
Soil water regime is one of the highly uncertain variables in climate modeling due to its spatial heterogeneity determined by precipitation amount and soil texture variability. These factors complicate parameterization of numerical models (Entin et al., 2000).
The effect of climate change on soil water regime and water balance of plant communities is of particular research interest in these days (Birkás & Gyuricza, 2004; Tuba et al., 2004). Process oriented mathematical models, which incorporates physical interpretation of soil processes, enables the investigation of climate change effects on water and energy balance of soils (Farkas & Rajkai, 2002; Koncsos et al., 2004).
The Carpath CC (Climate Change) Project financed by EU DG Environment has been in operation since December 2011 with the participation of our Institution. The aim of the research is to study the effect of the climate change (particularly affecting the Carpathian region) on water stocks, ecosystems, and ecosystem based production systems, the vulnerability of focal areas, to support information exchange with stakeholders, and to develop adaptation strategies. Our related research at ISSAC CAR HAS focuses on climate change impacts on soil water regime and water balance elements in case of grass and forest ecosystems in the Bükk Mountain. Our aim is to develop the methodology for applying scenario analysis to study effects of projected climate change in the aspects defined above. We use mathematical modeling to simulate water and heat transport in the soil-plant-atmosphere system under different climate conditions and to study climate sensitivity of water balance elements and soil water regime.
2 Materials and methods
Our investigation was carried out for the Bükk Mountains, which is a Hungarian pilot area of the CarpathCC project. In the frame of the project - besides evaluating the climate change effects on forest ecosystems - we also investigate the climate-induced changes in the grasslands of the area. These grasslands, originally formed due to deforestation and other anthropogenic activities nowadays represent an individual natural value. We tested and validated the developed scenario analysis methodology, which is based on using a dynamic mathematical model, on a brown forest soil covered with grassland, because we had experience on SWAT model calibration and validation for grassland ecosystems. 

2.1 Application of the SWAP model in scenario analysis
The SWAP (Soil-Water-Atmosphere-Plant) model (Van Dam, 2000) simulates water movement in the unsaturated zone in relation to plant growth for one or more successive vegetation periods. Principally, the model is based on physical equations but also incorporates semi-empirical and empirical relationships. Meteorological, plant and soil data, as well as initial and boundary conditions are required to run the model.  We used the SWAT 2.2 model version for our studies. Soil hydraulic functions determining soil water regime are defined according to the Van Genuchten-Mualem analytical expressions (Van Genuchten, 1980).  For parameterising the crop routine SWAP crop parameters optimised for a grassland nearby Szurdokpüspöki (Hagyó, 2009) were used. Since no groundwater effect should be considered because of the very deep water table, free flux bottom boundary conditions were defined. The meteorological data needed for running the SWAP model and representing the future climate situations were derived from the FORESEE database. The FORESEE database is the outcome of the ENSEMBLES project and contains corrected climatological data (Dobor et al., 2012).
2.2 Preparation of input soil parameters for SWAT model

The modeling is based on the soil data provided by the Soil Information and Monitoring System for the E7705 monitoring site (Juhász, 2006). The site locates on NE direction from central part of Bükk Mountain, it is 150 cm deep, its genetic soil type is brown forest soil with clay illuviation, which is typical in this region. According to the description the strongly acidic A-surface horizon (pH in water 4.1) between 0-30 cm, according to the organic matter content can be divided into two parts: an organic-rich top layer (0-4 cm, organic matter: 7.52%), and an underlying layer with 1.63% organic matter. The texture of the A-horizon -based on the Arany’s plasticity index- belongs to the „loam” category in the Hungarian system, but because of its 30-35% clay content, it would be classified as „clay loam” according to the USDA texture triangle. Clay illuviation/accumulation can be observed in the profile, between 30 and 80 cm (B-horizon), the clay content does not exceed the 42%.  The plasticity index of B-horizon indicates the clayey loam texture class in the national system, but its class based on the USDA triangle would be clay, it has slightly acidic chemistry (pH in water 5.3). The mechanical composition below 80 cm to the bottom of the profile is similar to the surface horizon, with slightly acidic-neutral chemistry.

The Van Genuchten-Mualem parameters of soil hydraulic functions, extracted from TIM soil database and measured values of water-holding capacity were calculated by the RETC program (van Genuchten et al., 1991). Table 1. shows the parameters of soil hydraulic functions, were fitted to the soil hydro-physical dataset.
Table  1. The Van Genuchten-Mualem parameters used in modelling
	Soil layer
	WRC
	WRS
	Alpha
	n
	Ks

	cm/layer
	m3/m3
	m3/m3
	cm-1
	(-)
	cm/day

	0-5/A
	0.45
	0.01
	0.02
	1.16
	9.32

	5-30/B
	0.45
	0.01
	0.04
	1.17
	66.52

	30-80/C
	0.54
	0.01
	0.03
	1.20
	86.21

	80-130/D
	0.49
	0.01
	0.02
	1.19
	79.7

	130-150/E
	0.51
	0.01
	0.01
	1.22
	80.34


WRC – saturated soil water content; WRS – residual water content; Ks – saturated hydraulic conductivity; alpha and n – fitting parameters
2.3 Climate data
Climate data (bias corrected temperature and precipitation) used in this study were obtained from the 1/6 × 1/6 degree resolution FORESEE database (Dobor et al., 2012) that is based on the results ENSEMBLES project. The database provides continuous dataset for the 1951-2100 period, characterizing climate variables by one common reference dataset for the past (1951-2009) and eight different climate model runs for the future (2010-2100) considering A1B emission scenario. Results of the RegCM (International Centre for Theoretical Physics) regional climate model were used in model calculation.

RegCM results show moderate difference between current and future climate. Because there are some models (e.g. DMI-HIRHAM5, MPI-M-REMO) among the eight model runs that predict moderate changes for the Carpathian region it is necessary to test our soil hydrology model for these conditions: how water and energy balance of the examined soils respond to these relatively modest changes?

Data in the closest FORESEE pixel were considered in SWAP calculations representing daily meteorological conditions in the vicinity of the selected soil profile. Climate averages for main driving variables can be found in Table 2.
Table 2. Climate variables of the investigated area for the three examined periods.
	
	Temperature [°C]
	Precipitation [mm]
	Precipitation total cumulated PDF

	REF
	min
	11.0
	500
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	avg
	12.8
	827
	

	
	max
	14.2
	1278
	

	A1B55
	min
	11.7
	522
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	avg
	14.0
	820
	

	
	max
	16.2
	1043
	

	A1B100
	min
	13.6
	549
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	avg
	15.7
	857
	

	
	max
	17.8
	1268
	


Further input meteorological variables required by SWAP were estimated using the MT-CLIM mountain climate simulator (Numerical Terradynamic Simulation Group, University of Montana Thornton et al., 1999) using daily minimum and maximum temperature and precipitation data.
We analyzed the intraannual changes soil water regime in a total of 18 sample years selected from three subperiods of the 1951-2100 period characterizing recent climate, close and far future trends. The most important selection criterion was to have a proper representation annual total precipitation and intraannual variation of precipitation. Besides past climate, we analyized future predictions splitting the 91 year scenario period to two subperiods: 2010-2055 near future (A1B55) and .2056-2100 far future (A1B100).  Three periods with similar number of years in the sample can describe past/near future/far future trends seperately.
To characterize intraannual precipitation dynamics we applied the following measures: annual total precipitation (RT, mm), annual number of precipitation days (RR1, R ( 1 mm), SDII (Simple Daily Intensity Index, ratio of RT and RR1, mm/day). Selection of sample years is based on the joint consideration of these measures.
Cumulative probability density functions of RT are shown in Table 2. for the three examined periods (REF, A1B55, A1B100). The datasets were examined to determine lower, upper quartiles and their median. We selected 'dry' years based on the lower quartile of the dataset, 'average' years based on the median and 'wet' years based on the upper quartile, allowing 2% maximal difference in annual precipitation totals from the quartiles. The selection resulted in nine sets of years characterizing the extreme (dry and wet) and average circumstances in all three periods, each set consisting of 2 to 5 sample years. Sample years in the sets were ranked according to their SDII, and years with lowest (i.e. low average precipitaion intensity) and highest SDII (i.e. high precipitation intensity) were retained for further analysis. Climate data for the selected 18 years are shown in Table 3.
Table 3. Climate data and the calculated soil water balance element (in mm) for the selected years (see text for selection criteria). (EV- evaporation; TR- transpiration; DP- deep percolation)

	 
	 
	Ref
	A1B50
	A1B100

	 
	 
	minSDII
	maxSDII
	minSDII
	maxSDII
	minSDII
	maxSDII

	0.25

(dry)
	RT
	687
	674
	726
	714
	760
	765

	
	RR1
	112
	99
	121
	92
	110
	92

	
	SDII
	6.1
	6.8
	6.0
	7.76
	6.9
	8.3

	
	EV
	165
	173
	202
	172
	207
	192

	
	TR
	417
	475
	499
	410
	551
	481

	
	DP
	11
	1
	147
	2
	242
	2

	0.5

(average)
	RT
	811
	831
	837
	841
	856
	854

	
	RR1
	149
	103
	116
	105
	119
	96

	
	SDII
	5.4
	8.1
	7.2
	8.01
	7.2
	8.9

	
	EV
	195
	174
	189
	212
	220
	198

	
	TR
	479
	506
	517
	599
	554
	593

	
	DP
	3
	143
	4
	4
	12
	96

	0.75

(wet)
	RT
	939
	955
	917
	908
	941
	943

	
	RR1
	129
	108
	135
	123
	122
	112

	
	SDII
	7.3
	8.8
	6.8
	7.4
	7.7
	8.4

	
	EV
	220
	205
	209
	217
	197
	217

	
	TR
	570
	574
	571
	681
	625
	633

	
	DP
	79
	18
	191
	127
	5
	416


Based on modeling results, changes in soil water balance (evaporation, transpiration, deep percolation, changes in total amount of soil water) were investigated under projected near future, far future climate compared to present state, with taking into account precipitation intensity (characterized by SDII) as well. With regard to the shallow root zone of vegetation (grass), soil water regime was examined in the upper 30 cm layer. Number of days, when soil water content is (i) less than wilting point (pF = 4.2; Dhp) and (ii) optimal (2 ≤ pF ≤ 3.5; Dopt) were determined.
3 Results
3.1 Climatologic characteristics 

On the base of the climate model results, increasing of the main annual temperature can be accepted in all the three studied periods, however changes in the amount of yearly rainfall does not show such trend (Table 2). According to the studied regional climate model, the amount of yearly rainfall will be decreased in the A1B55 period compared to the present climate. Contrarily the amount of rainfall will be increased in the A1B100 period representing the far future. In the three studied periods the precipitation distribution is different and decreasing in the amount of precipitation in the A1B55 period can be also dedicated (Table 2). 
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Figure 1. Average SDII for the three examined period (black diamonds) standard deviations are also shown as error bars. Minimal and maximal values of SDII are also plotted for all three sub-periods (squares).
According to the model the number of days with extremely high precipitation (when the daily precipitation amount is higher than 20 mm) will be increased both in A1B55 and A1B100 periods, although the number of precipitation days show decreasing trend. The SDII index representing the daily precipitation intensity will be increased (according to the average of the years of the three periods), nevertheless differences between the years will be decreased in future. It means that the given amount of precipitation falls during shorter (less days) period. Such variation of the precipitation dynamics within the year can affect the soil moisture regime as well. 

3.2. Soil moisture regime and soil water balance elements
Changes in soil moisture regime are mainly affected by changes in the amount and dynamics of precipitation. However, in the SWAP model, effects of temperature and other vegetation-affecting meteorological factors in the soil-plant-atmosphere system are also predominated indirectly. In this study primarily the effects of precipitation changes on soil water regime are studied. 
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Figure 2. Number of days with optimal soil water content 
Changes in soil water balance elements will be demonstrated altogether for 18 years representing the studied period (Table 3). In the near and the far future evaporation and transpiration will be increased in both the rainy and the dry years as well, which can be explained with the higher amount of precipitation. Values of deep percolation do not show any general tendency. 

On the base of the model results, the number of days with optimal soil water content will be increased in dry years (Figure 2), although the change is not statistically significant. This result can be explained with the higher amount of precipitation (Table 2). 

The change is smaller in average or wet years, and the effect of smaller amount of rainfall can be detected in the number of days with optimal soil moisture content in the near future, especially in years with average amount of precipitation. In wet years a small increase is exected also in near and the far future.

The number of those days when soil moisture content is below the wilting point can be characterized with trends similar to Dopt (Figure 3), but differences between the reference period and the far future is significant in years with average amount of precipitation. 
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Figure 3. Number of days with soil water content below wilting point 
4 Discussion and conclusions
In this study the bias-corrected results of RegCM regional climate model have been applied. In the studied area our results proved small changes compared to the present climate (A1B scenario). Having a more detailed picture about the whole possible spectrum of the accepted changes in soil water regime, results of different climate models should also be studied. 

Changes in soil water regime were investigated in the grass rooting zone.  Changes in number of days with optimal soil water content and soil water content below wilting point followed the tendency of probable changes in rainfall. Despite the acceptable precipitation increase, in the far future the number of days with optimal soil water content will decrease and the number of days having soil moisture content below wilting point will increase. It can be explained with the inhomogeneous precipitation distribution, with the increase of daily mean precipitation intensity and with the increasing temperature. 
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