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Abstract

The main goal of this work was to determine a index of the production potential (Z) of winter wheat at two locations Domanínek (potato production region) and Kroměříž (sugar beet production region) under present conditions and evaluate of possible changes related to the climate change. In this study crop growth model CERES-Wheat was used after its calibration and evaluation both for determination of the present value of the Z and also for assessing its changes. Stochastic weather generator Met&Roll was coupled with GCM- based climate change scenarios (4 in total) to prepare input data for the crop model. It was found that overall effect of expected climatic change should result in increase of both water and nutrients limited (by 1500 - 2500 kg.ha-1) and potential yields. Value of Z at the locality Domanínek should remain on the present level i.e. 72,9% however at Kroměříž the value should increase from present 76,6% even up to 90.8%. Such high effectiveness in utilizing locality production potential can be achieved only under near the optimum conditions (such as the small area plot trials at both localities) and usually by common farmer. However the study suggests a positive trend in yields and production effectiveness of winter wheat.
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Introduction
The methodology of dynamic modeling enables a quantitative and qualitative approach to simultaneous and interacting processes in natural systems and is therefore used in climate change impact studies (CURRY et al., 1990). Theories about processes in the soil-crop-atmosphere system that emerged from experimental work can be implemented into mechanistic crop simulation models. Such models are necessarily simplified representation of natural processes (DE WIT, 1986) and cannot fully describe behavior of the real system, implementing a certain range of uncertainty in the model results. Uncertainties of model outputs are also caused by the model input parameters itself, especially by their spatial representativeness. However to assess uncertainties and limitations of climate change impact studies as a whole, a number of other factors have to be taken into account, as the application of crop models in these studies is just one of the causes of uncertainties.

The evaluation of crop models is an important precondition for their use for various applications (e.g. ADDISCOT et al., 1995) especially in climate change studies, in order to reduce related uncertaintiesCrop simulation models are frequently used to estimate the impact of climate change on agricultural production and crop growth. Several related studies are published for different regions in Europe taking into account number of important crops (e.g. ALEXANDROV, 1997; VAN DIEPEN et al., 1990, eitzinger et.al., 2001). As winter wheat is one of the main crops grown in Europe, several climate change impact studies were undertaken for it on different scale and with significant regional variation that however show increase of both potential and water-limited (by 0,1 - 4,5 t.ha-1) yields (e.g. DOWNING et al, 2000). Most simulations were done based on the current management practices, certain cultivars and soil conditions and all considered combined effect, which includes fertilizing effect of elevated carbon dioxide concentration and impact of change in climatic patterns. These results reflect that the positive effect of elevated CO2 on photosynthesis and water use will generally outweigh any negative effect from higher temperatures reducing the length of vegetation period and especially grain filling period. Some studies however predict significant decreases in simulated water limited winter wheat yields at some locations such as for Hungary (HARNOS, et al., 2000) and therefore more careful and detail analysis of climate change impacts on higher number of localities is necessary. 

Material and Methods

The main goal of the study was after successful calibration and evaluation of dynamic crop growth model CERES-Wheat (RITCHIE, J. T. - OTTER, S, 1985), combine the model with selected climate change scenarios and stochastic weather generator (WG) Met&Roll (DUBROVSKÝ, 1997) and calculate the index of the production potential for both localities. 

The study was based on data from locality Kroměříž (49°18´ N, 17° 23´ E and altitude 204 m), which is situated in a sugar beet production region. The annual average air temperature equals 8,6 °C and the annual average precipitation is 599 mm. Soil texture is classified as typical loam and the soil type was determined according MSCS as Luvi-haplic Chernozem. The annual amount of applied nitrogen for winter wheat experiments equaled to 100 kg.ha-1.The experimental site in Domanínek (49°32´ N, 16°15´E and altitude 560 m) belongs to the main potato production region in Czech Republic. The annual average air temperature equals 6,5 °C and the annual average precipitation is 651 mm. Soil can be characterized as loamy sand and the soil type was determined as typical Cambisol according MSCS. The agroclimatic and pedological conditions of the locality were described in detail by Trnka (1999). The annual nitrogen input over the whole period for winter wheat experiments was 90 kg.ha-1. One of the most common cultivars Hana was used in both experiments.

Based on the results from evaluation, a "representative year" was selected for each locality and all input data except weather were then based on these (average or common( values. Season 1992/93 was chosen as representative season for Domanínek and season 1996/97 for Kroměříž. Use of the crop growth model and representative year input values makes possible to study climate change impacts on the index of winter wheat production potential without interferences from other influential factors e.g. crop management or planting dates etc. CERES-Wheat model was then coupled with stochastic weather generator Met&Roll, which parameters were derived from observed weather data from both localities. In order to assess the climate change impact the GCM based scenarios were used. In developing climate change scenario, recent transient runs of general circulation models (GCMs) were used (Dubrovský et al.). Seven GCMs available from IPCC-DDC (http://ipcc-ddc.cru.uea.ac.uk) were validated in detail to examine their performance for a territory of the Czech Republic. Based on the results obtained, three GCMs were selected to define the scenarios: ECHAM4, HadCM2 and NCAR-DOE. In addition, the scenario averaged over all 7 GCMs was developed. The final scenarios were constructed using pattern scaling technique (e.g., Mitchell et al., 1999) and relate to IS92a emission scenario, 2(CO2 climate and middle climatic sensitivity (temperature response to doubled CO2). The scenarios differ in magnitude of the changes of mean annual climate characteristics and in shape of the annual cycle of the changes. ECHAM4: mean annual temperature (T) increases by 3.6ºC, precipitation (P) decreases by 4.0%; HadCM2: ΔT = 2.7, ΔP = −0.7%; NCAR-DOE: ΔT = 2.6, average scenario: ΔP = 10.0%; ΔT = 3.0, ΔR = 3.7%.

 Climate change scenarios were then incorporated and input parameters of WG were changed according these scenarios and 99-year synthetic weather series were created for each scenario. This step was followed by 99 simulation runs for each scenario both for water-limited and potential conditions. This procedure ensures inclusion of interannual weather variability into a study (99 years long weather series) and takes into account influence of water and nutrients stress (potential and water-limited production levels). More detail and comprehensive description of the method can be found in (DUBROVSKÝ, 2000). The results of each simulation are presented in form of quartile values (Fig 3a-b) that allow to present not only middle value but also give perspective about yields variability. 

Each locality maybe described in many ways and one of the possibilities is the index (Z,%) of the production potential of the locality which is defined as ratio between water-limited (WLY) and potential (PY) yields (1) (ŽALUD and dubrovský, 2001).

Z = WLY/PY x 100 (1)

The index of the production potential can be determined both for present and changed weather conditions and describes the 
farmers effectiveness in utilization of the potential of the given locality. The above-mentioned index was determined for present conditions and then for conditions that are expected under 2xCO2 climateaccording four used climate change scenarios (Tab. 1).

Results and Discussion

The evaluation of the phenological data was restricted only to duration of vegetation period (from sowing to physiological maturity) as the anthesis dates were not available at neither of the two localities. The simulated length of vegetation period was underestimated on both localities by 3 or 4 days on average. The values of standard deviation for experimental and simulated length of vegetation period were very similar on both sites, however only in Kroměříž the statistically significant relationship was established between the simulated and experimental duration of vegetation when coefficient of determination equaled to 0,61 (Fig. 1). The evaluation of the model using grain yield was successful both in Kroměříž and Domanínek with coefficients of determination of 0,60 for Domanínek and 0,86 for Kroměříž. The grain yield evaluation results for the two test sites are presented on the Fig. 2a-b. The worse results of the grain yield evaluation and performance of the model in the potato growing production region (Domanínek) is probably closely connected with ability of the model to simulate correctly the influence of winter conditions on the overall performance of the crop. The variability of the experimental yields is higher than the variability of the simulated yields. For details on model evaluation please refer to Šťastná et al. (2001).Doubling of ambient CO2 concentration combined with expected changes of climatic conditions will positively influence grain yield of winter wheat at the locality Domanínek (Fig. 3a) and shorten the duration of vegetation by approximately 20 days. Average limited grain yield should increase depending on used scenario by approximately 780-1520 kg.ha-1 if compared with the present level of about 5700 kg.ha-1. This increase of limited yield will be accompanied by decrease of interannual yield variation coefficient from present 14,6% to 8,9% - 11,0% depending on scenario. The trend of the limited yield increase of and decrease of its variability at this locality was simulated for all four used climate change scenarios. Potential yield should also increase significantly from present level of about 7840 kg.ha-1 to about 8740-9820 kg.ha-1 however the potential yield variability should remain on the present level. The lowest increase of potential yield was predicted when ECHAM4 based climate change scenario was used and on the contrary highest potential yield was predicted using HadCM2 scenario. The reason for differences among scenarios lays clearly in differences in prediction of the temperature increase and also solar radiation distribution over the winter wheat growing season. Shifts in the production potential index under changed climatic conditions at this locality are insignificant with exception of ECHAM4 based scenario which yielded about 9,5% increase of the above-mentioned index (Tab. 1). These results are the exact opposite to those obtained by similar study at this locality for spring barley (ŽALUD et al., 2000) which showed suppression of the limited yield and decrease of the index of the production potential (by 12%) connected with increase of the yield variability This demonstrates different  response of winter and spring grown cereal crops under changed conditions.

Also the locality Kroměříž should be positively influenced by the expected climatic change as far as winter wheat production is concerned (Fig 3b). The duration of vegetation will be shorter too. Limited grain yield should increase by 1720-2905 kg.ha-1 depending on scenario with lower variability which is however higher than at Domanínek. The differences in the variability can be explained by higher temperature and solar radiation resulting in higher potential evapotranspiration in combination with lower rainfall which might lead to water deficit in higher number of years than at Domanínek. However the variation coefficient will also decrease at this locality on the level of limited yield from present 23,1% to about 10,0-15,3% depending on scenario. The lowest increase of the potential yield was predicted when ECHAM4 based scenario was used with the rest of scenarios yielding more less same results around 10 500 kg.ha-1. The variability of the potential yields remains at the same level with variation coefficient equaling to about 7%. Shifts in the index of the production potential of this locality were largest for the scenario based on the ECHAM4 model and the changes lay in interval 

Conclusions

The present value of the index of the production potential under present conditions at Domanínek (0,729) and especially at the locality Kroměříž (0,766) is high. It is partly given by exceptionally good soil conditions (deep soil profile with excellent properties and water holding capacity) and partly by crop management of the trials with appropriate sowing dates and sowing density, near optimum doses of nitrogen and other minerals (the locality Domanínek lower index value is caused mainly by worse soil conditions). Such high values of the index as at the both test sites are hardly attainable by a common farmer for prolonged period of time. However it is reasonable to assume that the main trend of the index development under changed climatic conditions will follow the conclusions of the study i.e. the shifts in the index value will oscillate around the present value at Domanínek and will increase by about 8% at Kroměříž. These changes will be accompanied with the actual winter wheat grain yield increase by about 1500 kg.ha-1 at Domanínek and by 2500 kg.ha-1 at Kroměříž with  lower variability. When concluding such a study it has to be remembered that the sources of uncertainty still exist and either are immanent to the crop model itself e.g. the ability of the model to correctly simulate growth of the crop under higher CO2 concentrations or are caused by uncertainties included in the GCM based scenarios and finally by other factors which were not considered by the study e.g. possible spreading of pests and diseases from warmer areas, changes of the soil properties mainly the organic fraction of the soil or possible increase of occurrence of extreme weather phenomenon as heat waves, hail storms etc. 

Abstrakt
Hlavním cílem této práce bylo stanovit index produkčního potenciálu (Z) ozimé pšenice pro lokalitu Domanínek (bramborářská výrobní oblast) a pro lokalitu Kroměříž (řepařská výrobní oblast). Index byl stanoven pro současné podmínky a zároveň byl vyhodnocen vliv změny klimatu na jeho hodnotu. Ke stanovení hodnoty Z pro současné i změněné klima byl po kalibraci a evaluaci použit růstový model CERES-Wheat. K modifikaci vstupních meteorologických dat (v souladu s očekávanou změnou klimatu) pro růstový model byly použity čtyři scénáře změny klimatu založené na GCM modelech a transformace měsíčních hodnot na denní byla provedena stochastickým generátorem Met&Roll. Změna klimatu spojená se zdvojnásobením koncentrace CO2 pravděpodobně způsobí nárůst potenciálního i vodou a živinami limitovaného výnosu (ve druhém případě se nárůst pohybuje v rozmezí 1500-2000 kg.ha-1). Úroveň Z by se na lokalitě Domanínek neměla měnit (tj. (73%), ale na lokalitě Kroměříž očekáváme nárůst ze současných 76,6% až na 90,8%. Takto vysoký stupeň využití produkčního potenciálu dané lokality může být dosažen pouze v podmínkách blízkých optimu zajištěných např. při odrůdových pokusech, které však nejsou obvykle zajištěny v běžných provozních podmínkách. Po zobecnění výsledků této studie, lze však očekávat pozitivní trend vývoje výnosů a efektivity produkce ozimé pšenice na obou lokalitách a v podmínkách jim blízkých. 
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Fig.1: Evaluation of winter wheat (cultivar Hana), duration of vegetation period at Kroměříž; the straight dashed line represents the regression function relating the observed and simulated maturity date; diagonal line represents 1:1 ratio; each year is marked as number in the middle of the ring
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Fig. 2 a-b: Evaluation of winter wheat (cultivar Hana), grain yield (dry matter) at Domanínek and Kroměříž; the straight dashed lines at the figures 5a-b represent the regression functions  relating the observed and simulated grain yields; diagonal line represents 1:1 ratio; each year is marked as number in the middle of the ring
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Fig. 3a
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Fig. 3b

Fig. 3a-b: Stressed and potential model yields of winter wheat simulated for present conditions and for four climate change scenarios (three based on single GCM and one (AVG) created as average of predictions made by 7 GCMs) under 2xCO2 concentration; the horizontal bars represents the quartiles (5th, 25th (lower quartile), 50th (median), 75th (upper quartile) and 95th) from set of 99 yields simulated with use of 99-year synthetic daily weather series; the other crop model input data are based on representative year (Domanínek 92/93 and Kroměříž 96/97); the bottom parts of the graphs display the water and nutrients limited yields, the top parts display the potential yields. 

Table 1: Values of the winter wheat (cultivar Hana) index of the production potential under

               present and changed climatic conditions at the localities Domanínek and Kroměříž.

	Climate change scenario

CO2 level
	Present climate

1xCO2
	ECHAM4

2xCO2
	HadCM2

2xCO2
	NCAR2

2xCO2
	AVG

2xCO2

	LOCALITY DOMANÍNEK

	Index of the production potential
	0,729
	0,824
	0,736
	0,719
	0,762

	Change of the index p.p. (%)
	100,0
	113,0
	101,0
	98,6
	104,5

	LOCALITY KROMĚŘÍŽ

	Index of the production potential
	0,766
	0,846
	0,840
	0,908
	0,878

	Change of the index p.p. (%)
	100,0
	110,4
	109,7
	118,5
	114,6


_1054974399.xls
length of vegetation

		298

		312

		305

		310

		312

		315

		296

		302

		299

		304

		297

		313

		315



&A

Strana &P

SIM VEGETATION

experimental data

simulated data

length of vegetation

309

304

303

308

299

298

291

306

305

300

295

316

307



grain yield

		5304

		5211

		4955

		6086

		6231

		7370

		6860

		5959

		4709

		5951

		4709

		5483

		4973



&A

Strana &P

experimental yield (kg.ha-1)

simulated water-limited 
 yield (kg.ha-1)

87

93

96

84

85

97

88

94

92

86

91

90

89

R2 = 0.60

6178

5918

5768

6642

5270

7370

7034

6482

4751

6011

4904

6587

5767



grain yield sloupce

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1996		1996

		1997		1997



&A

Strana &P

EXP YIELD

SIM YIELD

5304

6178

5211

5918

4955

5768

6086

6642

6231

5270

7370

7370

6860

7034

5959

6482

4709

4751

5951

6011

4709

4904

5483

6587

4973

5767



source data

		year		EXP ANTHESIS		SIM ANTHESIS		EXP VEGETATION		SIM VEGETATION		EXP YIELD		SIM YIELD

		1984		no data available				298		309		5304		6178

		1985						312		304		5211		5918

		1986						305		303		4955		5768

		1987						310		308		6086		6642

		1988						312		299		6231		5270

		1989						315		298		7370		7370

		1990						296		291		6860		7034

		1991						302		306		5959		6482

		1992						299		305		4709		4751

		1993						304		300		5951		6011

		1994						297		295		4709		4904

		1996						313		316		5483		6587

		1997						315		307		4973		5767

		průměr						306.00		303.15		5677.00		6052.46

		maximum						315		316		7370		7370

		minimum						296		291		4709		4751
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				vegetation		grain yield		LAI		biomass

		mean		268.0		9105.0		4.7		18954.0

		std		8.0		1160.0		0.6		1624.0

		5th		253.0		7061.0		3.3		15704.0

		25th		261.0		8554.0		4.4		18097.0

		50th		268.0		9385.0		4.8		19198.0

		75th		273.0		9950.0		5.1		20234.0

		95th		281.0		10771.0		5.5		21099.0
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přehled domanínek

				water limited

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		5712.0		6845.0		7201.0		7232.0		6942.0		7125.0		mean

		std		760.0		694.0		684.0		643.0		717.0		646.0		std

		5th		4120.0		5670.0		6000.0		6117.0		5463.0		5859.0		5th

		25th		5302.0		6319.0		6799.0		6765.0		6512.0		6606.0		25th

		50th		5827.0		6809.0		7172.0		7218.0		6944.0		7151.0		50th

		75th		6319.0		7256.0		7674.0		7747.0		7376.0		7572.0		75th

		95th		6793.0		8221.0		8252.0		8283.0		8092.0		8163.0		95th

				potential

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		7837.0		10521.0		8737.0		9822.0		9661.0		9351.0

		std		624.0		595.0		1064.0		940.0		1166.0		956.0

		5th		6615.0		9596.0		6661.0		7845.0		7189.0		7245.0

		25th		7582.0		10206.0		8110.0		9374.0		9231.0		8850.0

		50th		7884.0		10480.0		8852.0		9869.0		9793.0		9434.0

		75th		8196.0		10806.0		9509.0		10390.0		10383.0		9919.0

		95th		8955.0		11839.0		10181.0		11181.0		11231.0		10652.0

		index Z		0.729		0.651		0.824		0.736		0.719		0.762
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graf dom data

				water limited

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		5712.0		6845.0		7201.0		7232.0		6942.0		7125.0

		std		760.0		694.0		684.0		643.0		717.0		646.0

		5th		4120.0		5670.0		6000.0		6117.0		5463.0		5859.0

		25th		5302.0		6319.0		6799.0		6765.0		6512.0		6606.0

		50th		5827.0		6809.0		7172.0		7218.0		6944.0		7151.0

		75th		6319.0		7256.0		7674.0		7747.0		7376.0		7572.0

		95th		6793.0		8221.0		8252.0		8283.0		8092.0		8163.0

				potential

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		7837.0		10521.0		8737.0		9822.0		9661.0		9351.0

		std		624.0		595.0		1064.0		940.0		1166.0		956.0

		5th		6615.0		9596.0		6661.0		7845.0		7189.0		7245.0

		25th		7582.0		10206.0		8110.0		9374.0		9231.0		8850.0

		50th		7884.0		10480.0		8852.0		9869.0		9793.0		9434.0

		75th		8196.0		10806.0		9509.0		10390.0		10383.0		9919.0

		95th		8955.0		11839.0		10181.0		11181.0		11231.0		10652.0

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		index Z		0.73		0.65		0.82		0.74		0.72		0.76

						5th		25th		50th		75th		95th

		water limited		1xCO2 present		4120.0		5302.0		5827.0		6319.0		6793.0

				2xCO2 present		5670.0		6319.0		6809.0		7256.0		8221.0

				2xCO2 echam4		6000.0		6799.0		7172.0		7674.0		8252.0

				2xCO2 HadCM2		6117.0		6765.0		7218.0		7747.0		8283.0

				2xCO2 NCAR2		5463.0		6512.0		6944.0		7376.0		8092.0

				2xCO2 AVG		5859.0		6606.0		7151.0		7572.0		8163.0

		potential		1xCO2 present		6615.0		7582.0		7884.0		8196.0		8955.0

				2xCO2 present		9596.0		10206.0		10480.0		10806.0		11839.0

				2xCO2 echam4		6661.0		8110.0		8852.0		9509.0		10181.0

				2xCO2 HadCM2		7845.0		9374.0		9869.0		10390.0		11181.0

				2xCO2 NCAR2		7189.0		9231.0		9793.0		10383.0		11231.0

				2xCO2 AVG		7245.0		8850.0		9434.0		9919.0		10652.0

		water limited		present		4120.0		1182.0		525.0		492.0		474.0

				ECHAM4		6000.0		799.0		373.0		502.0		578.0

				HadCM2		6117.0		648.0		453.0		529.0		536.0

				NCAR2		5463.0		1049.0		432.0		432.0		716.0

				AVG		5859.0		747.0		545.0		421.0		591.0

		potential		present		6615.0		967.0		302.0		312.0		759.0

				ECHAM4		6661.0		1449.0		742.0		657.0		672.0

				HadCM2		7845.0		1529.0		495.0		521.0		791.0

				NCAR2		7189.0		2042.0		562.0		590.0		848.0

				AVG		7245.0		1605.0		584.0		485.0		733.0
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Graf kroměříž
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přehled kroměříž

				water limited

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		6674.0		8394.0		8984.0		9579.0		9105.0

		std		1541.0		1289.0		1415.0		957.0		1160.0

		5th		3669.0		5552.0		6212.0		7769.0		7061.0

		25th		5495.0		7846.0		8166.0		9093.0		8554.0

		50th		6990.0		8709.0		9345.0		9690.0		9385.0

		75th		7909.0		9231.0		10021.0		10348.0		9950.0

		95th		8750.0		10129.0		10831.0		11038.0		10771.0

				potential

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		8713.0		9927.0		10701.0		10545.0		10366.0

		std		616.0		766.0		741.0		826.0		727.0

		5th		7800.0		8378.0		9415.0		9248.0		9026.0

		25th		8302.0		9481.0		10219.0		9926.0		9802.0

		50th		8734.0		9898.0		10644.0		10463.0		10306.0

		75th		9152.0		10362.0		11310.0		11217.0		10956.0

		95th		9711.0		11303.0		12087.0		12077.0		11578.0

		index Z		0.766		0.846		0.840		0.908		0.878



&A

Strana &P



data krom 

				water limited

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		6674.0		8394.0		8984.0		9579.0

		std		1541.0		1289.0		1415.0		957.0

		5th		3669.0		5552.0		6212.0		7769.0

		25th		5495.0		7846.0		8166.0		9093.0

		50th		6990.0		8709.0		9345.0		9690.0

		75th		7909.0		9231.0		10021.0		10348.0

		95th		8750.0		10129.0		10831.0		11038.0

				potential

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		8713.0		9927.0		10701.0		10545.0		10366.0

		std		616.0		766.0		741.0		826.0		727.0

		5th		7800.0		8378.0		9415.0		9248.0		9026.0

		25th		8302.0		9481.0		10219.0		9926.0		9802.0

		50th		8734.0		9898.0		10644.0		10463.0		10306.0

		75th		9152.0		10362.0		11310.0		11217.0		10956.0

		95th		9711.0		11303.0		12087.0		12077.0		11578.0

						5th		25th		50th		75th		95th

		water limited		1xCO2 present		3669.0		5495.0		6990.0		7909.0		8750.0

				2xCO2 echam4		5552.0		7846.0		8709.0		9231.0		10129.0

				2xCO2 HadCM2		6212.0		8166.0		9345.0		10021.0		10831.0

				2xCO2 NCAR2		7769.0		9093.0		9690.0		10348.0		11038.0

				2xCO2 AVG		7061.0		8554.0		9385.0		9950.0		10771.0

		potential		1xCO2 present		7800.0		8302.0		8734.0		9152.0		9711.0

				2xCO2 echam4		8378.0		9481.0		9898.0		10362.0		11303.0

				2xCO2 HadCM2		9415.0		10219.0		10644.0		11310.0		12087.0

				2xCO2 NCAR2		9248.0		9926.0		10463.0		11217.0		12077.0

				2xCO2 AVG		9026.0		9802.0		10306.0		10956.0		11578.0

		water limited		present		3669.0		1826.0		1495.0		919.0		841.0

				ECHAM4		5552.0		2294.0		863.0		522.0		898.0

				HadCM2		6212.0		1954.0		1179.0		676.0		810.0

				NCAR2		7769.0		1324.0		597.0		658.0		690.0

				AVG		7061.0		1493.0		831.0		565.0		821.0

		potential		present		7800.0		502.0		432.0		418.0		559.0

				ECHAM4		8378.0		1103.0		417.0		464.0		941.0

				HadCM2		9415.0		804.0		425.0		666.0		777.0

				NCAR2		9248.0		678.0		537.0		754.0		860.0

				AVG		9026.0		776.0		504.0		650.0		622.0
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_1054974402.xls
pomocný

		

				vegetation		grain yield		LAI		biomass

		mean		268.0		9105.0		4.7		18954.0

		std		8.0		1160.0		0.6		1624.0

		5th		253.0		7061.0		3.3		15704.0

		25th		261.0		8554.0		4.4		18097.0

		50th		268.0		9385.0		4.8		19198.0

		75th		273.0		9950.0		5.1		20234.0

		95th		281.0		10771.0		5.5		21099.0

		CTRL X
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přehled domanínek

				water limited

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		5712.0		6845.0		7201.0		7232.0		6942.0		7125.0		mean

		std		760.0		694.0		684.0		643.0		717.0		646.0		std

		5th		4120.0		5670.0		6000.0		6117.0		5463.0		5859.0		5th

		25th		5302.0		6319.0		6799.0		6765.0		6512.0		6606.0		25th

		50th		5827.0		6809.0		7172.0		7218.0		6944.0		7151.0		50th

		75th		6319.0		7256.0		7674.0		7747.0		7376.0		7572.0		75th

		95th		6793.0		8221.0		8252.0		8283.0		8092.0		8163.0		95th

				potential

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		7837.0		10521.0		8737.0		9822.0		9661.0		9351.0

		std		624.0		595.0		1064.0		940.0		1166.0		956.0

		5th		6615.0		9596.0		6661.0		7845.0		7189.0		7245.0

		25th		7582.0		10206.0		8110.0		9374.0		9231.0		8850.0

		50th		7884.0		10480.0		8852.0		9869.0		9793.0		9434.0

		75th		8196.0		10806.0		9509.0		10390.0		10383.0		9919.0

		95th		8955.0		11839.0		10181.0		11181.0		11231.0		10652.0

		index Z		0.729		0.651		0.824		0.736		0.719		0.762
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graf dom data

				water limited

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		5712.0		6845.0		7201.0		7232.0		6942.0		7125.0

		std		760.0		694.0		684.0		643.0		717.0		646.0

		5th		4120.0		5670.0		6000.0		6117.0		5463.0		5859.0

		25th		5302.0		6319.0		6799.0		6765.0		6512.0		6606.0

		50th		5827.0		6809.0		7172.0		7218.0		6944.0		7151.0

		75th		6319.0		7256.0		7674.0		7747.0		7376.0		7572.0

		95th		6793.0		8221.0		8252.0		8283.0		8092.0		8163.0

				potential

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		7837.0		10521.0		8737.0		9822.0		9661.0		9351.0

		std		624.0		595.0		1064.0		940.0		1166.0		956.0

		5th		6615.0		9596.0		6661.0		7845.0		7189.0		7245.0

		25th		7582.0		10206.0		8110.0		9374.0		9231.0		8850.0

		50th		7884.0		10480.0		8852.0		9869.0		9793.0		9434.0

		75th		8196.0		10806.0		9509.0		10390.0		10383.0		9919.0

		95th		8955.0		11839.0		10181.0		11181.0		11231.0		10652.0

				1xCO2 present		2xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		index Z		0.73		0.65		0.82		0.74		0.72		0.76

						5th		25th		50th		75th		95th

		water limited		1xCO2 present		4120.0		5302.0		5827.0		6319.0		6793.0

				2xCO2 present		5670.0		6319.0		6809.0		7256.0		8221.0

				2xCO2 echam4		6000.0		6799.0		7172.0		7674.0		8252.0

				2xCO2 HadCM2		6117.0		6765.0		7218.0		7747.0		8283.0

				2xCO2 NCAR2		5463.0		6512.0		6944.0		7376.0		8092.0

				2xCO2 AVG		5859.0		6606.0		7151.0		7572.0		8163.0

		potential		1xCO2 present		6615.0		7582.0		7884.0		8196.0		8955.0

				2xCO2 present		9596.0		10206.0		10480.0		10806.0		11839.0

				2xCO2 echam4		6661.0		8110.0		8852.0		9509.0		10181.0

				2xCO2 HadCM2		7845.0		9374.0		9869.0		10390.0		11181.0

				2xCO2 NCAR2		7189.0		9231.0		9793.0		10383.0		11231.0

				2xCO2 AVG		7245.0		8850.0		9434.0		9919.0		10652.0

		water limited		present		4120.0		1182.0		525.0		492.0		474.0

				ECHAM4		6000.0		799.0		373.0		502.0		578.0

				HadCM2		6117.0		648.0		453.0		529.0		536.0

				NCAR2		5463.0		1049.0		432.0		432.0		716.0

				AVG		5859.0		747.0		545.0		421.0		591.0

		potential		present		6615.0		967.0		302.0		312.0		759.0

				ECHAM4		6661.0		1449.0		742.0		657.0		672.0

				HadCM2		7845.0		1529.0		495.0		521.0		791.0

				NCAR2		7189.0		2042.0		562.0		590.0		848.0

				AVG		7245.0		1605.0		584.0		485.0		733.0
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přehled kroměříž

				water limited

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		6674.0		8394.0		8984.0		9579.0		9105.0

		std		1541.0		1289.0		1415.0		957.0		1160.0

		5th		3669.0		5552.0		6212.0		7769.0		7061.0

		25th		5495.0		7846.0		8166.0		9093.0		8554.0

		50th		6990.0		8709.0		9345.0		9690.0		9385.0

		75th		7909.0		9231.0		10021.0		10348.0		9950.0

		95th		8750.0		10129.0		10831.0		11038.0		10771.0

				potential

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		8713.0		9927.0		10701.0		10545.0		10366.0

		std		616.0		766.0		741.0		826.0		727.0

		5th		7800.0		8378.0		9415.0		9248.0		9026.0

		25th		8302.0		9481.0		10219.0		9926.0		9802.0

		50th		8734.0		9898.0		10644.0		10463.0		10306.0

		75th		9152.0		10362.0		11310.0		11217.0		10956.0

		95th		9711.0		11303.0		12087.0		12077.0		11578.0

		index Z		0.766		0.846		0.840		0.908		0.878
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data krom 

				water limited

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		6674.0		8394.0		8984.0		9579.0

		std		1541.0		1289.0		1415.0		957.0

		5th		3669.0		5552.0		6212.0		7769.0

		25th		5495.0		7846.0		8166.0		9093.0

		50th		6990.0		8709.0		9345.0		9690.0

		75th		7909.0		9231.0		10021.0		10348.0

		95th		8750.0		10129.0		10831.0		11038.0

				potential

				1xCO2 present		2xCO2 echam4		2xCO2 HadCM2		2xCO2 NCAR2		2xCO2 AVG

		mean		8713.0		9927.0		10701.0		10545.0		10366.0

		std		616.0		766.0		741.0		826.0		727.0

		5th		7800.0		8378.0		9415.0		9248.0		9026.0

		25th		8302.0		9481.0		10219.0		9926.0		9802.0

		50th		8734.0		9898.0		10644.0		10463.0		10306.0

		75th		9152.0		10362.0		11310.0		11217.0		10956.0

		95th		9711.0		11303.0		12087.0		12077.0		11578.0

						5th		25th		50th		75th		95th

		water limited		1xCO2 present		3669.0		5495.0		6990.0		7909.0		8750.0

				2xCO2 echam4		5552.0		7846.0		8709.0		9231.0		10129.0

				2xCO2 HadCM2		6212.0		8166.0		9345.0		10021.0		10831.0

				2xCO2 NCAR2		7769.0		9093.0		9690.0		10348.0		11038.0

				2xCO2 AVG		7061.0		8554.0		9385.0		9950.0		10771.0

		potential		1xCO2 present		7800.0		8302.0		8734.0		9152.0		9711.0

				2xCO2 echam4		8378.0		9481.0		9898.0		10362.0		11303.0

				2xCO2 HadCM2		9415.0		10219.0		10644.0		11310.0		12087.0

				2xCO2 NCAR2		9248.0		9926.0		10463.0		11217.0		12077.0

				2xCO2 AVG		9026.0		9802.0		10306.0		10956.0		11578.0

		water limited		present		3669.0		1826.0		1495.0		919.0		841.0

				ECHAM4		5552.0		2294.0		863.0		522.0		898.0

				HadCM2		6212.0		1954.0		1179.0		676.0		810.0

				NCAR2		7769.0		1324.0		597.0		658.0		690.0

				AVG		7061.0		1493.0		831.0		565.0		821.0

		potential		present		7800.0		502.0		432.0		418.0		559.0

				ECHAM4		8378.0		1103.0		417.0		464.0		941.0

				HadCM2		9415.0		804.0		425.0		666.0		777.0

				NCAR2		9248.0		678.0		537.0		754.0		860.0

				AVG		9026.0		776.0		504.0		650.0		622.0
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VÝSLEDKY SIMULACÍ

		year		experimental yield		simulated water limited yield		length of veg.		simulated

		1994		5831		6041		290		285		1993

		1995		5959		6038		295		290		1994

		1996		5738		5991		300		303		1995

		1997		4922		5149		298		300		1996

		1998		4837		4998		297		285		1997

		1999		4395		5089		277		278		1998

		2000		6426		6020		293		285		1999

		year		EXP ANTHESIS		SIM ANTHESIS		EXP VEGETATION		SIM VEGETATION		EXP YIELD		SIM YIELD

								291		291

		1993						290		285		5831		6041

		1994						295		290		5959		6038

		1995						300		303		5738		5991

		1996						298		300		4922		5149

		1997						297		285		4837		4998

		1998						277		278		4395		5089

		1999						293		285		6426		6020
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VÝSLEDKY SIMULACÍ

		year		experimental yield		simulated water limited yield		length of veg.		simulated

		1994		5831		6041		290		285		1993

		1995		5959		6038		295		290		1994

		1996		5738		5991		300		303		1995

		1997		4922		5149		298		300		1996

		1998		4837		4998		297		285		1997

		1999		4395		5089		277		278		1998

		2000		6426		6020		293		285		1999

		year		EXP ANTHESIS		SIM ANTHESIS		EXP VEGETATION		SIM VEGETATION		EXP YIELD		SIM YIELD

								291		291

		1993						290		285		5831		6041

		1994						295		290		5959		6038

		1995						300		303		5738		5991

		1996						298		300		4922		5149

		1997						297		285		4837		4998

		1998						277		278		4395		5089

		1999						293		285		6426		6020






