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The main purpose of the first version of the computer system PERUN, which has been developed in 2001-2002 (presented in EGS 2002), is the probabilistic seasonal crop yield forecasting for a given site. The system is based on the crop growth model WOFOST (version 7, slightly modified) and the six‑variate version of the stochastic weather generator Met&Roll. The system is now being enhanced to allow assessment of the crop yield potential of a larger area in present and changed climate conditions.

The spatial assessment will be made using two methods:

A) Integrating model crop yields simulated at multiple sub‑regions with region‑specific climatic and pedological conditions. The input daily weather series will be produced by the stochastic weather generator Met&Roll whose parameters will be interpolated (for locations without observed data) from the surrounding stations.

B) Model crop yields will be simulated only for the locations with available weather observations. When integrating the crop yields over the whole territory, the yields for individual subregions will be obtained by interpolating these model crop yields. 

As this assessment requires a great amount of meteorological, pedological and crop data to be gathered, but collection of these data is still in process, this presentation gives results of the sensitivity analysis with respect to a) soil types and b) climatic conditions occurring in the Czech Republic. 

Perun system

= system (run under Windows) for crop model simulations under various meteorological conditions

components of the Perun system:


1) crop model = WOFOST v.7.1.1



new-added feature: evapotranspiration is calculated by either Penman or Makkink formula


2) weather generator Met&Roll: 



SRAD, TMAX, TMIN, PREC generated by the WGEN-like generator



Humidity + WindSpeed are added by nearest neighbours resampling

input meteorological data:

- observed data

- directly modified (according to the climate change scenario)

- synthetic data (generated by weather generator) representing present climate

- synthetic data representing changed climate

- observed till day D0 and followed by synthetic series which fit the weather forecast for the forthcoming period

typical experiments:

- single‑year simulation [Fig. 2]

- multiyear simulation [Fig. 3]

- sensitivity analysis (up to 3 parameters may be varied in a single batch)

- multisite analysis (selected input parameters are specified for each location separately)

+ combinations of above experiments; e.g. multisite ( sensitivity analysis
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Fig. 1  PERUN’s main panel, where the input parameters for crop model simulations are defined.
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Fig. 2  Output of the single‑year crop model simulation. The courses of one or two characteristics simulated under potential and/or water‑limited conditions may be displayed [displayed in the figure: WSO = dry weight of living storage organs (kg·ha-1); TAGP = total above ground production (dead and living plant organs) (kg·ha-1)]
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Fig. 3  Output of the multi‑year simulation. Up to 4 annual characteristics may be displayed simultaneously. [displayed in the figure: TWRT = total dry weight of roots (dead and living) (kg·ha-1); TWLV = total dry weight of leaves (dead and living) (kg·ha-1); TWST = total dry weight of stems (dead and living) (kg·ha-1); TWSO = total dry weight of storage organs (dead and living) (kg·ha-1)]
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Fig. 4  Weather stations used for the present analysis.

The blue ellipse highlights Zabcice station, where the field experiments are made by MZLU. Results of these experiments are used to calibrate the WOFOST model.
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Fig. 5
  Sensitivity to soil type (X-axis) of the model spring barley yields simulated by WOFOST using Žabčice weather series. The bars demarcate <MIN − AVG±STD − MAX> from the 30-year crop yields. The blue bars display the variability of the average crop yields related to individual soil types. [Zabcice: all soils, Zabcice*: all soils except for CZ03]
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Fig. 6a
 Spring barley yields: the “between‑soils” variabilities calculated from the mean crop yields related to given weather site (X-axis) and 22 soil types. The green bar represents variability (MIN − AVG±STD − MAX) of the blue bar means.
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Fig. 7
  The sensitivity of the model spring barley yields grown on CZ13 soil type to climatic conditions represented by 45 Czech locations (X‑axis; the stations are arranged according to their altitude DOKS: 158 m; LYSA: 1354 m). The bars demarcate <MIN − AVG±STD − MAX> from the 30-year crop yields. The blue bar displays  the variability of the average crop yields related to individual weather stations.
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Fig. 8a
  Spring barley yields: the between-stations variabilities calculated from the mean crop yields related to given soil type (X-axis) and 45 weather stations. Green bars: Summary = MIN − AVG±STD − MAX from the blue‑bar averages (all soils); Summary* = MIN − AVG±STD − MAX from the blue‑bar averages (CZ03 excluded).
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Fig. 6b
  As Fig. 6a but for the winter wheat.
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Fig. 8b
  As Fig. 8a but for the winter wheat.
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Fig. 9  Sensitivity of the crop yields (spring barley) to the Maximum Rooting Depth (RDmax). RDmax = RDmax,0 ( k, where RDmax,0 is the max. rooting depth related to given soil and k = 0.25 (A); 0.5 (B), ..., 1.5 (F). The sensitivity analysis is made for two soils (Haplic Chernozem /RDmax,0 = 132 cm/ and Eutric Leptosol / RDmax,0 = 87/) and three weather series (Žabčice, Vel. Meziříčí, Domanínek).

comments:

· The variability of the crop yields related to the climate variability (expressed by the blue bars in Figs. 8a,b) is greater than the variability related to the soil variability (blue bars in Figs. 6a,b)

· The variability of the crop yields related to the soil variability is larger for winter wheat (Fig. 6b) than for the spring barley (Fig. 6a).

· The variability of the crop yields related to the climate variability is larger for winter wheat (Fig. 8b) than for the spring barley (Fig. 8a).

Table 1. List of the soils and their typical characteristics (maximum rooting depth /rdmsol/ and initial available soil water /wav/). wght = number of soil pits  indicating a given soil type.





file  rdmsol   wav  wght	description


CZ01     132  15.6    56	Haplic Chernozem


CZ02     130  14.8    13	Haplic Phaeozem


CZ03     126  15.6    14	Eutric Vertisol


CZ04     136  15.8    21	Haplic Greyzem


CZ05     133  14.2    67	Haplic Luvisol


CZ06     127  13.4    70	Albic Luvisol


CZ07     126  12.8    14	Plano-Gleyic Luvisol


CZ08      73   8.2     2	Rendzic Leptosol


CZ09      87   7.5    44	Eutric Leptosol


CZ10     115   6.9    14	Haplic Arenosol


CZ11     108   8.4    14	Eutric Regosol


CZ12     105   8.2     3	Eutric Cambisol


CZ13     111   9.5   181	Cambisol on crude soils


CZ14     111   9.5   181	Cambisol on teraces


CZ15     121   9.9    15	Dystric Cambisol (pHKCl>4.5)


CZ16     130  11.5     3	Dystric Cambisol (pHKCl<4.5)


CZ17     116  12.7    32	Cambic Podzol


CZ18     104  10.8     9	Haplic Podzol


CZ19     129  13.1    45	Eutric Fluvisol


CZ20     118  13.8     9	Fluvi-Gleyic Phaeozem


CZ21     118  11.3    29	Dystric Gleyosol


CZ23     117  10.2     4	Mollic Solonchack
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