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Examples of two specific climate change impact studies and risk assessments conducted during 
summer 2005 are given to illustrate the aims, methods and tolls of the research team.

Detail spatial analysis of SPI (Fig. 2) and Z-index (Fig. 3) under PRESENT climate shows marked 
area of higher drought risk in south-east of the country. This region is characterized by more than 
60% of months being within a relative drought compared to the whole region. Both SPI and Z-index 
showed also that the mean drought episode duration is over 5 months. 
Spatial analysis of drought risk under expected climatic conditions (Fig. 4) shows that the marked 
increase of „high risk“ area of the agricultural drought will become notable by 2020-2030 
(depending on GCM scenario and climate system sensitivity used). By 2040 areas of extremely 
high drought risk (with 90% drought probability in 1961-2000 climate terms) will be established at 
south Moravia region and probably in the north-west of the Czech Republic (not shown) as well.

AIM: To determine drought risk in the selected region under present and changed climatic 
conditions using multiple meteorological drought indicators.   

METHODOLOGY:
We have used so called relative Standardized Precipitation index (SPI), the Palmer Drought 
Severity Index (PDSI) or Palmer Z-index (PZI) described by (Dubrovský et al., 2005). The core 
difference of this method over the original version is utilisation of the complete set of monthly 
data from all stations involved in the analysis as a reference data sequence. The presented 
study includes  example of region-wide analysis of the drought risk in the Moravia&Silesia 
region.
The SPI, PDSI and Z-index characteristics were at first calculated at 96 stations within the region 
using the pooled monthly data from all stations during 1961-2000 as a reference. The results were 
interpolated using polynomial regression with easting, northing, elevation and Maximum soil water 
holding capacity as independent variables. The Digital Landscape Model (DLM) embedded in the 
GIS Arc Info platform with 1x1 km basic grid resolution was used for the construction of the final 
maps. 

The applied climate change scenarios 
included three GCM (Echam4, HadCM3
NCARPCM) and three levels of climate 
system sensitivity in combination with 
defined SRES scenarios. Analyses were 
centered around the years 2010, 2020, 
2030, 2040 and 2050 and 2080. For each 
climate change scenario the reference 
data set was modified by direct 
modification approach at each station

The ECAMON estimates of the climatic niche correspond well with the reality and the 
method of climatic mapping proved to be efficient in case of ECB (Figs. 6-7).

The trends under present conditions (1961-1990 vs. 1991-2000) are in accordance with 
expected climate change and were well depicted by the ECAMON (Figs. 6-7).

Fulfillment of the scenario assumptions would lead to significant increase of the ECB 
1st generation climatic niche from present 18% to 35-100% by 2050 (Fig. 8).

Between years 2020-2050 (depending on the scenario) the main production areas will allow 
complete development of 2 ECB generations per year. The most pessimistic scenario predicts 
40% of the country possibly hit in 2/3 of seasons by 2050 (Fig. 9).

Similarly dramatic changes ought to be expected in case of other poikilothermic species.
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Figure 1: The threshold of the SPI, PDSI and PZI indices as 
provided by McKee et al. (1993) and Palmer (1965).
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Figure 2: Spatial analysis of the relative SPI-1 month results under 
PRESENT CLIMATE (1961-2000) including number of drought episodes and 
percentage of dry months during whole year, summer (June-August) and 
winter (December-February) months. 
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Figure 3: Spatial analysis of the relative Z index
results under PRESENT CLIMATE (1961-2000)
including number of drought episodes and 
percentage of dry months during whole year.

CASE STUDY 1
Regional Drought Risk Under Expected Climatic Conditions
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Figure 4: Spatial analysis of the percentage of dry months during whole year (based on relative Z-index) for the 1961-2000 
baseline and EXPECTED climatic conditions in Moravia and Silesia. The climate change scenario is based on the ECHAM 
GCM model, average of A1 and B1 SRES scenarios and medium sensitivity of climate system to the greenhouse gasses 
concentration increase. The relative Z-index calculation used 1961-2000 baseline data as the reference. The area with drought 
probability < 20% is considered as “low risk“, >60% “high risk“ and “extremely high“ >90 .

RESULTS:

CASE STUDY 2
Possible Shifts in the Climatic Niche of European Corn Borer 

No area suitable for the 
2nd ECB generation under 

1961-1990 climate.

AIM: To develop and evaluate the method of climatic mapping for determination of a climatic 
niche of European Corn Borer (ECB) under present and expected climatic conditions.   

METHODOLOGY:
The Environmental Change Assessment Model for Ostrinia Nubilalis (ECAMON) that can be 
used in order to determine the extend of a climatic niche of the ECB under present and future 
climates (Fig. 5) was developed and provisionally programmed using VBA. Performance of the 
ECAMON was successfully verified using both multiple site data as well as set of 897 field 
observations from 234 locations during 1961-2000 period (Fig. 6 and Fig. 7). We have found 
e.g. that there is high degree of correlation between the climatic niche area (Figs. 6a, 7a) and 
the extend of actual damage caused by ECB (Figs. 6b, 7b).
Then we focused on the delimitation of the 1st generation climatic niche (i.e. area with climatic 
conditions suitable for complete development of the 1st generation in 75% of seasons – Fig. 8) 
and especially the 2 generation niche (defined as area allowing for complete two generation 
cycle in at least 66% of seasons-Fig. 9). The later one is particular important to the growers 
and the agrosystems as a whole because the second generation occurrence would increase 
loses to the maize yield and quality and thus would either lead to increase in the amount of 
insecticides applied or to Bt-hybrids (GMO) introduction.

The ECAMON was run at first at 45 
representative sites with available daily 
data sets for 1961-2000 period. The results 
were then interpolated using polynomial 
regression with easting, northing, and 
elevation. The same DLM embedded in the 
GIS Arc Info platform as in the case study 1 
was applied to derive the final 
maps. 

We tested 12 climate change scenarios 
based on 4 GCM (Echam4, HadCM3
NCARPCM, CSIRO) and 3 levels of 
climate system sensitivity in combination 
with defined SRES scenarios. Analyses
were centered around the years 2010, 
2015, 2020, 2025, 2030, 2040, 2050. 

Figure 5: Simplified scheme of the ECAMON model modus.

RESULTS:

Fig. 6: The mean extent of the ECB 1st generation climatic 
niche during  1961-1990 (reference) period (a-left); reported 
crop damage with significant yield reduction caused by ECB 
during the same period (b-right).  

Fig. 7: The mean extent of the ECB 1st generation climatic 
niche during  1991-2000 (warmest decade of 20th century) 
period (a-left); reported crop damage with significant yield 
reduction caused by ECB during the same period (b-right).  

Fig. 8: Example of the shifts in the area of the 1st

generation climatic niche under the present and expected 
climatic conditions. In this case scenarios were based on 
the ECHAM 4 GCM model with assumption of the middle 
climatic system sensitivity.

Fig. 9: Prediction of the possible formation of the climatic 
niche enabling two consecutive ECB generations per 
season under expected climatic conditions. The climate 
change scenarios were based on the ECHAM 4 GCM model 
with assumption of the middle climatic system sensitivity.

A) Spatial evaluation of the ECAMON performance under present conditions

B) Spatial distribution of the 1st generation

C) Spatial distribution of the 2nd generation
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