Modelling of water balance and water stress under present and modified climate

Milada Štastná a, Josef Eitzinger b, Zdeněk Žalud a, Martin Dubrovský c

a Institute of Landscape Ecology, Mendel University of Agriculture and Forestry Brno, Zemědělská 1,   613 00 Brno, Czech Republic

b Institute of Meteorology and Physics, University of Agricultural Sciences, Türkenschanzstraße 18, A-1180 Wien, Austria

c Institute of Atmospheric Physics, Academy of Sciences of the Czech Republic, Husova 456, 500 08 Hradec Králové, Czech Republic

Abstract

A comparison of the impact of water stress in particular wheat growth stages on winter wheat production under ECHAM climate change scenario by using the CERES-Wheat model was done at two localities in central Europe (Žabčice in the Czech Republic and Gross-Enzesdorf in Austria). The water stress indicators were modelled for five wheat growth stages under the present and modified climate for rainfed production at both locations after successful parameterization and validation of the model. There was found a significant decrease of water stress together with an increase of the yields in 2xCO2 atmosphere. 
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Introduction

The impacts of climate variabilities and change on crop production and water balance have been studied with use of crop models in many studies (Eitzinger et al., 2000; Semenov and Porter, 1995; Bacsi and Hunkár, 1994; Mearns et al., 1992). The hydrological cycle will be affected through a change in precipitation, evapotranspiration, the magnitude and timing of run-off, as well as through a possible change in intensity and frequency of floods and droughts (Watson et al., 1996). Increased CO2 concentrations can affect plant growth directly through stimulation of photosynthesis and reduction of transpiration and, as a result, can improve water use efficiency (WUE) (Rosenberg et al, 1990). Crop simulation models for a variety of crops and applications including soil water balance assessment have been described (e.g. Majerčák et al., 1994; Robinson et al., 1992; Steiner et al., 1991; Wilhite, 1993). The aim of the study was to highlight the critical water balance parameters and water stress situations for the selected cultivars under the present climatic conditions (1xCO2 weather) and the changes obtained under climate scenarios (2xCO2 weather). 

Material and Methods

Experimental field in Žabčice (latitude 49° 01´ N, longitude 16° 37´ E and altitude 179 m above the see level) is located in the south part of the Czech Republic. The long term mean of yearly precipitation is 480 mm, the mean annual temperature is 9,3 °C. The second experimental field in Gross-Enzersdorf (Marchfeld), is located within the same climatic region (latitude 48° 12´N, longitude 16° 34´E and altitude 153 m above the see level) in north-eastern part of Austria. The mean annual sum of precipitation is 577 mm and the mean annual temperature is 9,9 °C. Winter wheat (Triticum aestivum L.) was grown as an experimental crop at both localities. Cultivar “Perlo” in Gross-Enzersdorf and cultivar “Hana” in Žabčice stations, respectively, to use experimental data for model validation.
The soil type in Žabčice belongs to the subgroup Oxyaquic Cryofluvents (USDA Classification, 1975). The soil at the experimental field in Gross-Enzersdorf could be classified as the soil type 19 according to the Austria Soil Classification (ÖBK). The soil is described as chernozem on fine calcareous sediments over gravel and sand.

The CERES (Crop Environment REsource Synthesis) - Wheat model (Ritchie and Otter, 1985) was designed to simulate the effects of cultivar, planting density, weather, soil water, and nitrogen on crop growth, development, and yield. There are four groups of input data necessary in order to prepare and run model simulation. The minimum data set of the weather data includes daily values of maximum and minimum temperature, global radiation and precipitation. Genetic coefficients were derived partly from literature sources and partly from experimental data from test sites. Soil input data were derived from soil pits that were situated directly at the experimental site. The grain yield has been selected as the evaluation parameter for CERES-Wheat model in both localities.

Input weather files were created based on ECHAM4/OPYC3 scenario to run the simulations under changed climate in the selected locations. The observed weather data of the period of 1985-1993 were used for the simulations. For the 2xCO2 weather the monthly changes of the relevant scenario were applied to the daily weather data of the period 1985-1993. Winter wheat growth and development was simulated for 4 (a-d) various conditions: (a) present conditions (1xCO2 weather, 330 ppm) - represents no change in used weather input files (present climate) as well as no change in concentration of CO2 in the atmosphere (330 ppm), (b) combined effect (2xCO2 weather, 660 ppm) represents a change in weather input compared to present climate (according to scenarios) as well as change in concentration of CO2 in the atmosphere (660 ppm), (c) indirect effect (2xCO2 weather, 330 ppm) represents a change in weather input compared to present climate (according to scenarios) but no change in concentration of CO2 in the atmosphere (330 ppm) and (d) direct effect (1xCO2 weather, 660 ppm) shows no change in weather input but doubled concentration of CO2 in the atmosphere (660 ppm) - increased fertilization effect on ambient CO2. 

The obtained simulation results were analyzed to assess the impact of water balance and water stress to the endurance of wheat growing stages by Zadock (Zadock et al., 1974) as well as on photosynthesis and growth in these stages. Results of combined and indirect effect conditions were processed.
Results and discussions

To show the impact of soil water balance and water stress on wheat yield for particular growing stages for both localities, yields and water stress values 0-1 (0 – no water stress, 1 - the highest water stress) of the years 1985-1993 simulated by CERES-Wheat model with the modified weather files by the ECHAM scenario (combined effect) were chosen. During the first Zadoks stage only low water stress (less then 0.1) occurred in both localities. In the second stage very high water stress occurred in 1989 and 1991 in Gross-Enzersdorf compared to Žabčice, where only small stress occurred in 1988. However, high values at this stage didn’t have a significant impact on the yield production as well. Simulated water deficit appeared also during the third stage in Gross-Enzersdorf where the water stress values reached 0.7 in 1989 and 1993. The most yields sensitive growing stage was found during the grain filling period in Gross-Enzersdorf corresponding yield and water stress levels. 

A comparison among water balance balance, transpiration and wheat grain yield at both localities shows figures 1 a,b. In general, high values of water stress during 1990 and 1993 approved very low yields, but the mean stress value in 1989 and 1991 doesn’t influence the yield significant, because of a lower water stress level during the grain filling period. This result shows the different sensitivity of winter wheat growing stages to water stress occurrences as reported also from field experiments (e.g. Kastelliz and Ruckenbauer, 2000) in Austria. 
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Figure 1 a. Relation between simulated total biomass and transpiration of winter wheat 


for the ECHAM scenario.
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Figure 1 b. Relation between simulated total biomass and soil water balance of winter wheat 


for the ECHAM scenario. 

The main explanation of continuously higher water stress levels at the Austrian location (and by that a stronger decrease of grain yields) compared to Žabčice with groundwater impact is related to differences in the soil water balance during the winter wheat growing period (Figures 1 a,b and 2), as there is no ground water impact to the rooting zone in Gross-Enzersdorf. The comparison between total biomass accumulation and soil water balance at both experimental sites (Figure 1 b) shows a big difference between the two sites. Through a much lower initial available soil water storage in Gross-Enzersdorf, with no impact from groundwater, soil water deficit occurs faster despite the total precipitation amount is higher than in Žabčice (Figure 2) and its distribution is very similar.
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Figure 2. Comparison of soil water balance parameters – average values of nine simulated years for the ECHAM scenario based on 1985-1993 daily weather in Gross-Enzersdorf and Žabčice locations. ISW (initial soil water); WP (wilting point and no groundwater impact); SAT (soil saturation and groundwater impact).

The average lower soil water storage during the growing period leads to less biomass accumulation and lower transpiration through frequently occurring drought stress together with no drainage, low runoff and higher evaporation (less biomass and ground cover) in Gross-Enzersdorf. Žabčice in contrast has much higher soil water storage in the rooting zone through the impact of groundwater, which can act as a buffer during drought periods. Table 1 b shows the simulated soil water input of groundwater in Žabčice, which is 194 mm during the growing period (126 mm for the ECHAM scenario). There is too less water reserve in the soil and no groundwater impact to get over any water stress if it occurs during the wheat-growing period in Gross-Enzersdorf.

Table 1. Water balance components (nine years, ECHAM scenario, the amount of water in mm).The negative value in Žabčice for soil water balance represents the additional water supply from groundwater during the growing period of winter wheat. ISW (initial soil water); WP (wilting point and no groundwater impact); SAT (soil saturation and groundwater impact).


Gross-Enzersdorf 

Present conditions
Gross-Enzersdorf ISW=WP

ECHAM
Žabčice

Present conditions
Žabčice

ISW=WP

ECHAM
Žabčice

ISW=SAT

ECHAM

Soil water balance
-7
18
-194
-30
-126

Precipitation
371
342
337
328
328

Drainage
0
0
52
0
75

Runoff
9
9
19
15
23

Evaporation
177
165
173
157
160

Transpiration
179
150
288
127
195

Evapotranspiration (ET)
355
316
461
283
355

Potential ET
503
469
506
435
428

Potential available soil

water storage capacity of 

the whole soil profile
240
240
259
259
259

Conclusion 

Simulated decrease of water stress and an increase of the yields under future climate scenarios (combined effect of CO2 increase in atmosphere and change in weather) under the given assumptions and limitations showed both selected localities. The impact of groundwater to the rooting zone showed strong impact on water balance and yield level at the site in Žabčice and is the main reason of the difference in yield levels between the two locations. There was found also a shortening of growing period for both sites for all scenarios under unchanged production technique. There is strong evidence that, especially for soils with low soil water storage capacity or no groundwater impact to the rooting zone, irrigation or water saving production techniques will remain their importance to reach the full production potential.
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		Water balance parameter - Austria						2xCO2 - ECH

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat																				Zabcice 2xCO2 660ppm ech2										Grossen. 1xCO2 (1985-1993)		2xCO2		(1985-93)

																														Grossenzersdorf		Zabcice																		stress						(cz-ech2)				stress

		init-final soil wat		29.11		4.51		81.05		-6.69		16.81		8.34		2.88		35.5		-6.38		18.35						Soil water		18		-126														Stage		DC		water						Stage		DC		water

		Precipitation		401.1		400.4		480		326.8		247.3		254.6		330.5		382.2		259.1		342.44		324.1		111.8		Precipitation		342		328														1985				photosynth.		growth				1985				photosynth.		growth

		Drainage		0		0		0		0		0		0		0		0		0		0.00						Drainage		0		75														1		10-29		0.06		0.06				1		10-29		0		0

		Runoff		9.65		8.94		13.78		8.51		0.59		1.56		13.14		17.42		2.93		8.50						Runoff		9		23														2		30-49		0		0				2		30-49		0		0

		Evaporation		180.74		157.27		194.04		144.5		150.61		161.27		176.52		159.98		161.81		165.19						Evaporation		165		160														3		51-59		0		0				3		51-59		0		0

		Transpiration		181.6		229.68		191.13		180.47		79.28		83.42		137.95		169.3		100.75		150.40						Transpiration		150		195														4		61-69		0		0				4		61-69		0.07		0.124

		Evapotranspiration		362.34		386.95		385.17		324.98		229.9		244.7		314.48		329.29		262.55		315.60						Evapotranspiration		316		355														5		71-90		0		0				5		71-90		0		0

		Potential ET		451.06		478.75		469.4		473.58		440.88		465.02		458.74		459.59		523.76		468.98						Potential ET		469		428														1986										1986

																																														1		10-29		0.091		0.091				1		10-29		0.006		0.006

																												available soil water (mm)																		2		30-49		0		0				2		30-49		0		0

		Water balance parameter - Czech						2xCO2 - ECH																																						3		51-59		0		0				3		51-59		0		0

																														Zabcice		Grossenzersdorf														4		61-69		0		0				4		61-69		0.014		0.062

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat		5		8.5																5		71-90		0		0				5		71-90		0		0

																												15		17																1987										1987

		init-final soil wat		-93.41		-143.39		-65.05		-160.4		-128.51		-167.88		-83.36		-113.47		-178.62		-126.01						25		18		32.5														1		10-29		0.071		0.071				1		10-29		0		0

		Precipitation		414.8		396		480.3		326.8		254.1		246.7		291.9		310		228		327.62		453.63		172.4		35		17																2		30-49		0		0				2		30-49		0		0

		Drainage		104.46		157.33		128.54		85.73		12.64		0		26.8		85.51		77.26		75.36						45		17																3		51-59		0		0				3		51-59		0		0

		Runoff		33.33		24.9		41.79		19.02		8.48		15.84		27.6		25.8		10.73		23.05						55		18																4		61-69		0		0				4		61-69		0		0

		Evaporation		175.66		161.44		185.84		168.06		149.13		134.47		160.79		157.03		145.15		159.73						65		16																5		71-90		0		0				5		71-90		0		0

		Transpiration		194.76		195.72		189.19		214.39		212.36		264.28		160.07		155.13		173.47		195.49						75		17		65														1988										1988

		Evapotranspiration		370.41		357.16		375.02		382.45		361.49		398.75		320.86		312.16		318.62		355.21						85		17																1		10-29		0.069		0.076				1		10-29		0		0

		Potential ET		435.18		422.39		445.08		463.84		416.61		457.8		384.51		385.53		438.53		427.72						95		17																2		30-49		0.08		0.103				2		30-49		0		0

																												150		9.9		14.25														3		51-59		0		0				3		51-59		0.048		0.125

																														172.4		111.8														4		61-69		0		0				4		61-69		0.332		0.388

				Grossenzersdorf				Zabcice																																						5		71-90		0		0				5		71-90		0.313		0.394

				total biomas		transpiration		total biomas		transpiration																										aus										1989										1989

		1985		10969		182		14456		195																						zabcice		aus		Combined effect										1		10-29		0.038		0.038				1		10-29		0.079		0.086

		1986		11915		230		14091		196																				Combined effect						2xCO2 weather 660ppm										2		30-49		0		0				2		30-49		0.662		0.717

		1987		11475		191		14518		189																				2xCO2 weather 660ppm												Water stress				3		51-59		0		0				3		51-59		0.665		0.688

		1988		9906		180		16338		214																				ECHAM scenario						Zadock's stage				duration time		photos.		growth		4		61-69		0		0				4		61-69		0		0

		1989		7741		79		17774		212																				1985		6254		5056		ECHAM				[days]						5		71-90		0		0				5		71-90		0.275		0.299

		1990		6547		83		20423		264																				1986		6185		5107		1		10-29		152		0.02		0.02		1990										1990

		1991		10641		138		15990		160																				1987		6335		5026		2		30-49		23		0.22		0.25		1		10-29		0		0				1		10-29		0.069		0.09

		1992		9220		169		13874		155																				1988		7977		3657		3		51-59		14		0.18		0.21		2		30-49		0		0				2		30-49		0.24		0.308

		1993		6013		101		13536		173																				1989		8089		3644		4		61-69		14		0.27		0.31		3		51-59		0		0				3		51-59		0.079		0.097

		average		150		15667		195		15667																				1990		9684		1354		5		71-90		25		0.24		0.26		4		61-69		0		0				4		61-69		0.741		0.804

																														1991		7447		5208				S		228						5		71-90		0		0				5		71-90		0.628		0.648

																														1992		7641		2886								Water stress				1991										1991

		Grossenzersdorf				total biomass		transpiration		available soil water																				1993		7853		1304		Zadock's st.				duration		photos.		growth		1		10-29		0		0				1		10-29		0.005		0.013

				1985		10969		182		29																						7496		3694		ECHAM scenario				[days]						2		30-49		0		0				2		30-49		0.702		0.788

				1986		11915		230		5																										1		10-29		162		0.05		0.05		3		51-59		0		0				3		51-59		0.103		0.135

				1987		11475		191		81																										2		30-49		25		0.01		0.01		4		61-69		0		0				4		61-69		0		0

				1988		9906		180		-7																										3		51-59		15		0.01		0.01		5		71-90		0		0				5		71-90		0.038		0.073

				1989		7741		79		17																										4		61-69		15		0.00		0.00		1992										1992

				1990		6547		83		8																										5		71-90		24		0.00		0.00		1		10-29		0.038		0.038				1		10-29		0		0

				1991		10641		138		3																				Grossenzersdorf																2		30-49		0		0				2		30-49		0		0

				1992		9220		169		36																						stage 1		2		3		4		5		yield				3		51-59		0.049		0.069				3		51-59		0.013		0.038

				1993		6013		101		-6																				1985		0.00		0.00		0.00		0.12		0.00		5056				4		61-69		0		0				4		61-69		0.418		0.552

																														1986		0.01		0.00		0.00		0.06		0.00		5107				5		71-90		0		0				5		71-90		0.464		0.496

		Zabcice		1985		14456		195		-93																				1987		0.00		0.00		0.00		0.00		0.00		5026				1993										1993

				1986		14091		196		-143																				1988		0.00		0.00		0.13		0.39		0.39		3657				1		10-29		0.074		0.075				1		10-29		0		0

				1987		14518		189		-65																				1989		0.09		0.72		0.69		0.00		0.30		3644				2		30-49		0		0				2		30-49		0.343		0.399

				1988		16338		214		-160																				1990		0.09		0.31		0.10		0.80		0.65		1354				3		51-59		0		0				3		51-59		0.705		0.778

				1989		17774		212		-129																				1991		0.01		0.79		0.14		0.00		0.07		5208				4		61-69		0		0				4		61-69		0.824		0.883

				1990		20423		264		-168																				1992		0.00		0.00		0.04		0.55		0.50		2886				5		71-90		0		0				5		71-90		0.45		0.467

				1991		15990		160		-83																				1993		0.00		0.40		0.78		0.88		0.47		1304				2xCO2 660ppm ech2										2xCO2 (ech2)

				1992		13874		155		-113																				Zabcice																average		Zabcice								average		AUSTRIA

				1993		13536		173		-179																						stage 1		2		3		4		5		yield				1		10-29		0		0				1		10-29		0.018		0.022

						total biomass		soil water balance																						1985		0.06		0.00		0.00		0.00		0.00		6254				2		30-49		0		0				2		30-49		0.216		0.246

				1985		10969		29																						1986		0.09		0.00		0.00		0.00		0.00		6185				3		51-59		0		0				3		51-59		0.179		0.207

				1986		11915		5																						1987		0.07		0.00		0.00		0.00		0.00		6335				4		61-69		0		0				4		61-69		0.267		0.313

				1987		11475		81																						1988		0.08		0.10		0.00		0.00		0.00		7977				5		71-90		0		0				5		71-90		0.241		0.264

				1988		9906		-7																						1989		0.04		0.00		0.00		0.00		0.00		8089

				1989		7741		17																						1990		0.00		0.00		0.00		0.00		0.00		9684

				1990		6547		8																						1991		0.00		0.00		0.00		0.00		0.00		7447

				1991		10641		3																						1992		0.04		0.00		0.07		0.00		0.00		7641

				1992		9220		36																						1993		0.08		0.00		0.00		0.00		0.00		7853

				1993		6013		-6

				1985		14456		-93

				1986		14091		-143

				1987		14518		-65

				1988		16338		-160

				1989		17774		-129

				1990		20423		-168

				1991		15990		-83

				1992		13874		-113

				1993		13536		-179
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Tabelle3

		Grossenzersdorf

				yield		water stress in stage 1		water stress in stage 2		water stress in stage 3		water stress in stage 4		water stress in stage 5		water stress average

		1985		5056		0.00		0.00		0.00		0.12		0.00		0.02

		1986		5107		0.01		0.00		0.00		0.06		0.00		0.01

		1987		5026		0.00		0.00		0.00		0.00		0.00		0.00

		1988		3657		0.00		0.00		0.13		0.39		0.39		0.18

		1989		3644		0.09		0.72		0.69		0.00		0.30		0.36

		1990		1354		0.09		0.31		0.10		0.80		0.65		0.39

		1991		5208		0.01		0.79		0.14		0.00		0.07		0.20

		1992		2886		0.00		0.00		0.04		0.55		0.50		0.22

		1993		1304		0.00		0.40		0.78		0.88		0.47		0.51

		Zabcice

				yield		water stress in stage 1		water stress in stage 2		water stress in stage 3		water stress in stage 4		water stress in stage 5		water stress average

		1985		6254		0.06		0.00		0.00		0.00		0.00		0.01

		1986		6185		0.09		0.00		0.00		0.00		0.00		0.02

		1987		6335		0.07		0.00		0.00		0.00		0.00		0.01

		1988		7977		0.08		0.10		0.00		0.00		0.00		0.04

		1989		8089		0.04		0.00		0.00		0.00		0.00		0.01

		1990		9684		0.00		0.00		0.00		0.00		0.00		0.00

		1991		7447		0.00		0.00		0.00		0.00		0.00		0.00

		1992		7641		0.04		0.00		0.07		0.00		0.00		0.02

		1993		7853		0.08		0.00		0.00		0.00		0.00		0.02
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_1076493378.xls
water balance

		Soil water		Soil water

		Precipitation		Precipitation

		Drainage		Drainage

		Runoff		Runoff

		Evaporation		Evaporation

		Transpiration		Transpiration

		Evapotranspiration		Evapotranspiration

		Potential ET		Potential ET



Gross-Enzersdorf (ISW=WP)

Žabčice (ISW=SAT)

water balance components

mm

18.35

-126.01

342.44

327.62

0

75.36

8.5

23.05

165.19

159.73

150.4

195.49

315.6

355.21

468.98

427.72



wat.balance 50%FC

		Soil water		Soil water

		Precipitation		Precipitation

		Drainage		Drainage

		Runoff		Runoff

		Evaporation		Evaporation

		Transpiration		Transpiration

		Evapotranspiration		Evapotranspiration

		Potential ET		Potential ET



Gross-Enzersdorf

Žabčice

water balance components

mm

18.35

-29.79

342.44

328.1111111111

0

0

8.5

14.8455555556

165.19

156.8833333333

150.4

126.5944444444

315.6

283.4777777778

468.98

434.5711111111



wat.balance 2

		Soil water		Soil water		Soil water

		Precipitation		Precipitation		Precipitation

		Drainage		Drainage		Drainage

		Runoff		Runoff		Runoff

		Evaporation		Evaporation		Evaporation

		Transpiration		Transpiration		Transpiration

		Evapotranspiration		Evapotranspiration		Evapotranspiration

		Potential ET		Potential ET		Potential ET



Gross-Enzersdorf (ISW=WP)

Žabčice (ISW=SAT)

Žabčice (ISW=WP)

water balance components

mm

18.35

-126.01

-29.79

342.44

327.62

328.1111111111

0

75.36

0

8.5

23.05

14.8455555556

165.19

159.73

156.8833333333

150.4

195.49

126.5944444444

315.6

355.21

283.4777777778

468.98

427.72

434.5711111111



wat.bal.all

		Soil water		Soil water		Soil water		Soil water		Soil water

		Precipitation		Precipitation		Precipitation		Precipitation		Precipitation

		Drainage		Drainage		Drainage		Drainage		Drainage

		Runoff		Runoff		Runoff		Runoff		Runoff

		Evaporation		Evaporation		Evaporation		Evaporation		Evaporation

		Transpiration		Transpiration		Transpiration		Transpiration		Transpiration

		Evapotranspiration		Evapotranspiration		Evapotranspiration		Evapotranspiration		Evapotranspiration

		Potential ET		Potential ET		Potential ET		Potential ET		Potential ET



Gross-Enzersdorf (present conditions)

Gross-Enzersdorf (ISW=WP)

Žabčice (ISW=present conditions)

Žabčice (ISW=WP)

Žabčice (ISW=SAT)

water balance parameters

mm

-6.4588888889

18.35

194.4177777778

-29.79

-126.01

370.8555555556

342.44

337.4444444444

328.1111111111

327.62

0

0

51.7433333333

0

75.36

9.0488888889

8.5

18.6444444444

14.8455555556

23.05

176.6922222222

165.19

172.9855555556

156.8833333333

159.73

178.6022222222

150.4

288.4866666667

126.5944444444

195.49

355.2955555556

315.6

461.4733333333

283.4777777778

355.21

503.0922222222

468.98

506.3011111111

434.5711111111

427.72



balance data

		Water balance parameter - Austria						2xCO2 - ECH

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat																				Zabcice 2xCO2 660ppm ech2										Grossen. 1xCO2 (1985-1993)		2xCO2		(1985-93)

																														Gross-Enzersdorf (ISW=WP)		Žabčice (ISW=SAT)		Žabčice (ISW=WP)																stress						(cz-ech2)				stress

		init-final soil wat		29.11		4.51		81.05		-6.69		16.81		8.34		2.88		35.5		-6.38		18.35						Soil water		18		-126		-30												Stage		DC		water						Stage		DC		water

		Precipitation		401.1		400.4		480		326.8		247.3		254.6		330.5		382.2		259.1		342.44		324.1		240		Precipitation		342		328		328												1985				photosynth.		growth				1985				photosynth.		growth

		Drainage		0		0		0		0		0		0		0		0		0		0.00						Drainage		0		75		0												1		10-29		0.06		0.06				1		10-29		0		0

		Runoff		9.65		8.94		13.78		8.51		0.59		1.56		13.14		17.42		2.93		8.50						Runoff		9		23		15												2		30-49		0		0				2		30-49		0		0

		Evaporation		180.74		157.27		194.04		144.5		150.61		161.27		176.52		159.98		161.81		165.19						Evaporation		165		160		157												3		51-59		0		0				3		51-59		0		0

		Transpiration		181.6		229.68		191.13		180.47		79.28		83.42		137.95		169.3		100.75		150.40						Transpiration		150		195		127												4		61-69		0		0				4		61-69		0.07		0.124

		Evapotranspiration		362.34		386.95		385.17		324.98		229.9		244.7		314.48		329.29		262.55		315.60						Evapotranspiration		316		355		283												5		71-90		0		0				5		71-90		0		0

		Potential ET		451.06		478.75		469.4		473.58		440.88		465.02		458.74		459.59		523.76		468.98						Potential ET		469		428		435												1986										1986

																																														1		10-29		0.091		0.091				1		10-29		0.006		0.006

																												available soil water (mm)																		2		30-49		0		0				2		30-49		0		0

		Water balance parameter - Czech						2xCO2 - ECH																																						3		51-59		0		0				3		51-59		0		0

																														Zabcice		Grossenzersdorf		Zabcice												4		61-69		0		0				4		61-69		0.014		0.062

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat		5		8.5																5		71-90		0		0				5		71-90		0		0

																												15		17																1987										1987

		init-final soil wat		-93.41		-143.39		-65.05		-160.4		-128.51		-167.88		-83.36		-113.47		-178.62		-126.01						25		18		32.5		43.25												1		10-29		0.071		0.071				1		10-29		0		0

		Precipitation		414.8		396		480.3		326.8		254.1		246.7		291.9		310		228		327.62		453.63		259.25		35		17																2		30-49		0		0				2		30-49		0		0

		Drainage		104.46		157.33		128.54		85.73		12.64		0		26.8		85.51		77.26		75.36						45		17																3		51-59		0		0				3		51-59		0		0

		Runoff		33.33		24.9		41.79		19.02		8.48		15.84		27.6		25.8		10.73		23.05						55		18																4		61-69		0		0				4		61-69		0		0

		Evaporation		175.66		161.44		185.84		168.06		149.13		134.47		160.79		157.03		145.15		159.73						65		16																5		71-90		0		0				5		71-90		0		0

		Transpiration		194.76		195.72		189.19		214.39		212.36		264.28		160.07		155.13		173.47		195.49						75		17		65		85.5												1988										1988

		Evapotranspiration		370.41		357.16		375.02		382.45		361.49		398.75		320.86		312.16		318.62		355.21						85		17																1		10-29		0.069		0.076				1		10-29		0		0

		Potential ET		435.18		422.39		445.08		463.84		416.61		457.8		384.51		385.53		438.53		427.72						95		17																2		30-49		0.08		0.103				2		30-49		0		0

																												150		9.9		142.5		130.5												3		51-59		0		0				3		51-59		0.048		0.125

																																		259.25												4		61-69		0		0				4		61-69		0.332		0.388

				Grossenzersdorf				Zabcice																																						5		71-90		0		0				5		71-90		0.313		0.394

				total biomas		transpiration		total biomas		transpiration																										aus										1989										1989

		1985		10969		182		14456		195																						zabcice		aus		Combined effect										1		10-29		0.038		0.038				1		10-29		0.079		0.086

		1986		11915		230		14091		196																				Combined effect																2		30-49		0		0				2		30-49		0.662		0.717

		1987		11475		191		14518		189																																Water stress				3		51-59		0		0				3		51-59		0.665		0.688

		1988		9906		180		16338		214																				ECHAM scenario						Zadock's stage				duration time		photos.		growth		4		61-69		0		0				4		61-69		0		0

		1989		7741		79		17774		212																				1985		6254		5056		ECHAM				[days]						5		71-90		0		0				5		71-90		0.275		0.299

		1990		6547		83		20423		264																				1986		6185		5107		1		10-29		152		0.02		0.02		1990										1990

		1991		10641		138		15990		160																				1987		6335		5026		2		30-49		23		0.22		0.25		1		10-29		0		0				1		10-29		0.069		0.09

		1992		9220		169		13874		155																				1988		7977		3657		3		51-59		14		0.18		0.21		2		30-49		0		0				2		30-49		0.24		0.308

		1993		6013		101		13536		173																				1989		8089		3644		4		61-69		14		0.27		0.31		3		51-59		0		0				3		51-59		0.079		0.097

		average		150		15667		195		15667																				1990		9684		1354		5		71-90		25		0.24		0.26		4		61-69		0		0				4		61-69		0.741		0.804

																														1991		7447		5208				S		228						5		71-90		0		0				5		71-90		0.628		0.648

																														1992		7641		2886								Water stress				1991										1991

		Grossenzersdorf				total biomass		transpiration		available soil water																				1993		7853		1304		Zadock's st.				duration		photos.		growth		1		10-29		0		0				1		10-29		0.005		0.013

				1985		10969		182		29																						7496		3694		ECHAM scenario				[days]						2		30-49		0		0				2		30-49		0.702		0.788

				1986		11915		230		5																										1		10-29		162		0.05		0.05		3		51-59		0		0				3		51-59		0.103		0.135

				1987		11475		191		81																										2		30-49		25		0.01		0.01		4		61-69		0		0				4		61-69		0		0

				1988		9906		180		-7																										3		51-59		15		0.01		0.01		5		71-90		0		0				5		71-90		0.038		0.073

				1989		7741		79		17																										4		61-69		15		0.00		0.00		1992										1992

				1990		6547		83		8																										5		71-90		24		0.00		0.00		1		10-29		0.038		0.038				1		10-29		0		0

				1991		10641		138		3																				Grossenzersdorf																2		30-49		0		0				2		30-49		0		0

				1992		9220		169		36																						stage 1		2		3		4		5		yield				3		51-59		0.049		0.069				3		51-59		0.013		0.038

				1993		6013		101		-6																				1985		0.00		0.00		0.00		0.12		0.00		5056				4		61-69		0		0				4		61-69		0.418		0.552

																														1986		0.01		0.00		0.00		0.06		0.00		5107				5		71-90		0		0				5		71-90		0.464		0.496

		Zabcice		1985		14456		195		-93																				1987		0.00		0.00		0.00		0.00		0.00		5026				1993										1993

				1986		14091		196		-143																				1988		0.00		0.00		0.13		0.39		0.39		3657				1		10-29		0.074		0.075				1		10-29		0		0

				1987		14518		189		-65																				1989		0.09		0.72		0.69		0.00		0.30		3644				2		30-49		0		0				2		30-49		0.343		0.399

				1988		16338		214		-160																				1990		0.09		0.31		0.10		0.80		0.65		1354				3		51-59		0		0				3		51-59		0.705		0.778

				1989		17774		212		-129																				1991		0.01		0.79		0.14		0.00		0.07		5208				4		61-69		0		0				4		61-69		0.824		0.883

				1990		20423		264		-168																				1992		0.00		0.00		0.04		0.55		0.50		2886				5		71-90		0		0				5		71-90		0.45		0.467

				1991		15990		160		-83																				1993		0.00		0.40		0.78		0.88		0.47		1304				2xCO2 660ppm ech2										2xCO2 (ech2)

				1992		13874		155		-113																				Zabcice																average		Zabcice								average		AUSTRIA

				1993		13536		173		-179																						stage 1		2		3		4		5		yield				1		10-29		0		0				1		10-29		0.018		0.022

						total biomass		soil water balance																						1985		0.06		0.00		0.00		0.00		0.00		6254				2		30-49		0		0				2		30-49		0.216		0.246

				1985		10969		29																						1986		0.09		0.00		0.00		0.00		0.00		6185				3		51-59		0		0				3		51-59		0.179		0.207

				1986		11915		5																						1987		0.07		0.00		0.00		0.00		0.00		6335				4		61-69		0		0				4		61-69		0.267		0.313

				1987		11475		81																						1988		0.08		0.10		0.00		0.00		0.00		7977				5		71-90		0		0				5		71-90		0.241		0.264

				1988		9906		-7																						1989		0.04		0.00		0.00		0.00		0.00		8089

				1989		7741		17																						1990		0.00		0.00		0.00		0.00		0.00		9684

				1990		6547		8																						1991		0.00		0.00		0.00		0.00		0.00		7447

				1991		10641		3																						1992		0.04		0.00		0.07		0.00		0.00		7641

				1992		9220		36																						1993		0.08		0.00		0.00		0.00		0.00		7853

				1993		6013		-6

				1985		14456		-93																								Gross-Enzersdorf (present conditions)		Gross-Enzersdorf (ISW=WP)		Žabčice (ISW=present conditions)		Žabčice (ISW=WP)		Žabčice (ISW=SAT)

				1986		14091		-143																						Soil water		-6		18		194		-30		-126

				1987		14518		-65																						Precipitation		371		342		337		328		328

				1988		16338		-160																						Drainage		0		0		52		0		75

				1989		17774		-129																						Runoff		9		9		19		15		23

				1990		20423		-168																						Evaporation		177		165		173		157		160

				1991		15990		-83																						Transpiration		179		150		288		127		195

				1992		13874		-113																						Evapotranspiration		355		316		461		283		355

				1993		13536		-179																						Potential ET		503		469		506		435		428

		Water balance parameter - Czech						2xCO2 - ECH				50% FC																		2xCO2 - ECH				50% FC

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat						Gross-Enzersdorf		Žabčice

																														Soil water		18		-30

		init-final soil wat		-48.34		-39.55		-83.89		-12.63		-23.43		-3.85		-31.87		-13.12		-11.43		-30								Precipitation		342		328

		Precipitation		414.8		400.4		480.3		326.8		254.1		246.7		291.90		310		228		328		298.33		259.25				Drainage		0		0

		Drainage		0		0		0		0		0		0		0.00		0		0		0								Runoff		9		15

		Runoff		20.05		20.8		28.65		15.87		1.45		3.52		16.08		19.41		7.78		15								Evaporation		165		157

		Evaporation		165.45		150.14		179.36		146.43		161.63		164.91		161.42		147.62		134.99		157								Transpiration		150		127

		Transpiration		180.96		189.92		188.4		151.87		67.59		74.42		82.53		129.86		73.8		127								Evapotranspiration		316		283

		Evapotranspiration		346.41		340.06		367.77		298.3		229.22		239.33		243.95		277.47		208.79		283								Potential ET		469		435

		Potential ET		435.36		445.94		447.48		469.69		425.34		471.19		389.86		386.04		440.24		435

		Water balance parameter - Austria								present conditions

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET

		init-final soil wat		-9		2.31		-38.11		8.04		-8.62		-4.72		-16.1		6.59		1.48		-6

		Precipitation		426.9		424.2		483.8		361.6		309		306.1		369.5		384.2		272.4		371		364

		Drainage		0		0		0		0		0		0		0		0		0		0

		Runoff		10.65		9.87		15.9		7.49		1.13		2.69		14.67		16.24		2.8		9

		Evaporation		178.89		163.72		177.23		193.25		178.37		177.54		196.88		160.3		164.05		177

		Transpiration		227.89		252.91		252.56		168.89		120.89		121.15		141.84		214.25		107.04		179

		Evapotranspiration		406.78		416.63		429.79		362.14		299.26		298.7		338.72		374.55		271.09		355

		Potential ET		479.9		491.71		499.97		507.98		482.59		501.74		502.07		523.08		538.79		503

		Water balance parameter - Žabčice								present conditions

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET

		init-final soil wat		145.94		220.57		104.03		249.67		226.74		179.29		157.1		225.18		241.24		194

		Precipitation		430.7		337.7		439.5		302.7		269.9		337.5		334.5		286.8		297.7		337		532

		Drainage		86.2		69.13		60.67		56.88		13.4		0		44.05		60.81		74.55		52

		Runoff		34.4		17.88		33.36		11.75		10.21		21.16		16.02		15.31		7.71		19

		Evaporation		194.24		164.33		189.1		169.54		160.72		163.97		182		165.7		167.27		173

		Transpiration		261.8		306.93		260.41		314.19		312.3		331.66		249.53		270.15		289.41		288

		Evapotranspiration		456.05		471.26		449.51		483.74		473.02		495.63		431.52		435.85		456.68		461

		Potential ET		499.26		511.24		505.01		529		509.72		526.93		480.53		478.1		516.92		506
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Tabelle3

		Grossenzersdorf

				yield		water stress in stage 1		water stress in stage 2		water stress in stage 3		water stress in stage 4		water stress in stage 5		water stress average

		1985		5056		0.00		0.00		0.00		0.12		0.00		0.02

		1986		5107		0.01		0.00		0.00		0.06		0.00		0.01

		1987		5026		0.00		0.00		0.00		0.00		0.00		0.00

		1988		3657		0.00		0.00		0.13		0.39		0.39		0.18

		1989		3644		0.09		0.72		0.69		0.00		0.30		0.36

		1990		1354		0.09		0.31		0.10		0.80		0.65		0.39

		1991		5208		0.01		0.79		0.14		0.00		0.07		0.20

		1992		2886		0.00		0.00		0.04		0.55		0.50		0.22

		1993		1304		0.00		0.40		0.78		0.88		0.47		0.51

		Zabcice

				yield		water stress in stage 1		water stress in stage 2		water stress in stage 3		water stress in stage 4		water stress in stage 5		water stress average

		1985		6254		0.06		0.00		0.00		0.00		0.00		0.01

		1986		6185		0.09		0.00		0.00		0.00		0.00		0.02

		1987		6335		0.07		0.00		0.00		0.00		0.00		0.01

		1988		7977		0.08		0.10		0.00		0.00		0.00		0.04

		1989		8089		0.04		0.00		0.00		0.00		0.00		0.01

		1990		9684		0.00		0.00		0.00		0.00		0.00		0.00

		1991		7447		0.00		0.00		0.00		0.00		0.00		0.00

		1992		7641		0.04		0.00		0.07		0.00		0.00		0.02

		1993		7853		0.08		0.00		0.00		0.00		0.00		0.02
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Tabelle1

		Water balance parameter - Austria						2xCO2 - ECH

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat

																														Grossenzersdorf		Zabcice

		init-final soil wat		29.11		4.51		81.05		-6.69		16.81		8.34		2.88		35.5		-6.38		18.35						Soil water		18		-126

		Precipitation		401.1		400.4		480		326.8		247.3		254.6		330.5		382.2		259.1		342.44		324.1		111.8		Precipitation		342		328

		Drainage		0		0		0		0		0		0		0		0		0		0.00						Drainage		0		75

		Runoff		9.65		8.94		13.78		8.51		0.59		1.56		13.14		17.42		2.93		8.50						Runoff		9		23

		Evaporation		180.74		157.27		194.04		144.5		150.61		161.27		176.52		159.98		161.81		165.19						Evaporation		165		160

		Transpiration		181.6		229.68		191.13		180.47		79.28		83.42		137.95		169.3		100.75		150.40						Transpiration		150		195

		Evapotranspiration		362.34		386.95		385.17		324.98		229.9		244.7		314.48		329.29		262.55		315.60						Evapotranspiration		316		355

		Potential ET		451.06		478.75		469.4		473.58		440.88		465.02		458.74		459.59		523.76		468.98						Potential ET		469		428

																												available soil water (mm)

		Water balance parameter - Czech						2xCO2 - ECH

																														Zabcice		Grossenzersdorf

				1985		1986		1987		1988		1989		1990		1991		1992		1993		average		D+R+ET		avail.soil wat		5		8.5

																												15		17

		init-final soil wat		-93.41		-143.39		-65.05		-160.4		-128.51		-167.88		-83.36		-113.47		-178.62		-126.01						25		18		32.5

		Precipitation		414.8		396		480.3		326.8		254.1		246.7		291.9		310		228		327.62		453.63		172.4		35		17

		Drainage		104.46		157.33		128.54		85.73		12.64		0		26.8		85.51		77.26		75.36						45		17

		Runoff		33.33		24.9		41.79		19.02		8.48		15.84		27.6		25.8		10.73		23.05						55		18

		Evaporation		175.66		161.44		185.84		168.06		149.13		134.47		160.79		157.03		145.15		159.73						65		16

		Transpiration		194.76		195.72		189.19		214.39		212.36		264.28		160.07		155.13		173.47		195.49						75		17		65

		Evapotranspiration		370.41		357.16		375.02		382.45		361.49		398.75		320.86		312.16		318.62		355.21						85		17

		Potential ET		435.18		422.39		445.08		463.84		416.61		457.8		384.51		385.53		438.53		427.72						95		17

																												150		9.9		14.25

																														172.4		111.8

				Grossenzersdorf				Zabcice

				total biomas		transpiration		total biomas		transpiration																										aus

		1985		10969		182		14456		195																						zabcice		aus		Combined effect

		1986		11915		230		14091		196																				Combined effect						2xCO2 weather 660ppm

		1987		11475		191		14518		189																				2xCO2 weather 660ppm												Water stress

		1988		9906		180		16338		214																				ECHAM scenario						Zadock's stage				duration time		photos.		growth

		1989		7741		79		17774		212																				1985		6254		5056		ECHAM				[days]

		1990		6547		83		20423		264																				1986		6185		5107		1		10-29		152		0.02		0.02

		1991		10641		138		15990		160																				1987		6335		5026		2		30-49		23		0.22		0.25

		1992		9220		169		13874		155																				1988		7977		3657		3		51-59		14		0.18		0.21

		1993		6013		101		13536		173																				1989		8089		3644		4		61-69		14		0.27		0.31

		average		150		15667		195		15667																				1990		9684		1354		5		71-90		25		0.24		0.26

																														1991		7447		5208				S		228

																														1992		7641		2886								Water stress

		Grossenzersdorf				total biomass		transpiration		available soil water																				1993		7853		1304		Zadock's st.				duration		photos.		growth

				1985		10969		182		29																						7496		3694		ECHAM scenario				[days]

				1986		11915		230		5																										1		10-29		162		0.05		0.05

				1987		11475		191		81																										2		30-49		25		0.01		0.01

				1988		9906		180		-7																										3		51-59		15		0.01		0.01

				1989		7741		79		17																										4		61-69		15		0.00		0.00

				1990		6547		83		8																										5		71-90		24		0.00		0.00

				1991		10641		138		3

				1992		9220		169		36

				1993		6013		101		-6

		Zabcice		1985		14456		195		-93

				1986		14091		196		-143

				1987		14518		189		-65

				1988		16338		214		-160

				1989		17774		212		-129

				1990		20423		264		-168

				1991		15990		160		-83

				1992		13874		155		-113

				1993		13536		173		-179

						total biomass		soil water balance

				1985		10969		29

				1986		11915		5

				1987		11475		81

				1988		9906		-7

				1989		7741		17

				1990		6547		8

				1991		10641		3

				1992		9220		36

				1993		6013		-6

				1985		14456		-93

				1986		14091		-143

				1987		14518		-65

				1988		16338		-160

				1989		17774		-129

				1990		20423		-168

				1991		15990		-83

				1992		13874		-113

				1993		13536		-179
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Tabelle3

		Austria				Transpiration		Evaporation		Runoff		Drainage

				Present conditions

				Precipitation+av.soil.wat

				Non direct effect ECHAM

				Precipitation+av.soil.wat

				Non direct effect NCA

				Precipitation+av.soil.wat

				Non direct effect HAD

				Precipitation+av.soil.wat

				Non direct effect AVG

				Precipitation+av.soil.wat																Transpiration		Evaporation		Runoff		Drainage

				Combined effect ECHAM		150		165		9		0				Grossezersdorf		Combined effect ECHAM		150		165		9		0

				Precipitation+av.soil.wat		342		112										Precipitation+av.soil.wat		342		-18

																Zabcice		Combined effect ECHAM		195		160		23		75

																		Precipitation+av.soil.wat		328		126

		Zabcice

				1xCO2

				Precipitation+av.soil.water

				1xCO2-30%

				Precipitation+av.soil.water

				1xCO2+30%

				Precipitation+av.soil.water

				2xCO2+3°C

				Precipitation+av.soil.water

				2xCO2-30%+3°C

				Precipitation+av.soil.water

				2xCO2+30%+3°C

				Precipitation+av.soil.water
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