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Objectives of the mobility:  

To familiarize students of the host university with research 

focussed on the impact of drought on crop yields  

Added value expected from the mobility (both for the host 

institution and for the teacher):  

Exchange of experience with current methodologies and 

introduction of new approaches in the teaching   

Content of the teaching programme:  

Drought events and their impact on agriculture crops in 

Central Europe and South-Eastern Europe. 

Expected results:  

Presentations, seminars and extended knowledge of 

students 
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Is it going to be dry or wet 

this year? 

We need to understand the past 

history of drought to better 

assess future prospects for 

drought. 

                      

“And it never failed that during the dry years the 
people forgot about the rich years, and during the wet 
years they lost all memory of the dry years. It was 
always that way.” 

—John Steinbeck 

East of Eden 

Vera Potop, Czech University of Life Sciences Prague, Czech Republic 



Drought is one of the most complex natural hazards, with impacts on 
agriculture, water resources, natural ecosystems and society.  

 
Drought should be understand as a natural part of a climate system under 
all climatic regimes since it occurs both in humid and arid areas and has a 
wide range of impacts and consequences. 

 
Four category of drought studies: 

deals with the causes of drought and the search for an improved 
understanding of atmospheric circulation associated with drought 
occurrences; 
the assessment of the probability of drought occurrence for various 
degrees of severity and spatial distribution; 
the assessment and understanding of drought impacts; 
deals with societal responses to drought threats, appropriate 
mitigation and adaptation strategies to drought impacts.  

 
It is difficult to precisely define drought because meteorological 

drought results from precipitation deficits, agricultural drought is 
identified based on total soil moisture deficits, and hydrological drought 
is related to a shortage of streamflow (Keyantash and Dracup, 2002).  

I. Introduction 



Drought: a significant deficiency of precipitation from 

 “normal” over an extended period of time, 

 resulting in a water shortage for some activity, 

 group, or environmental sector (Wilhite, 2011).  

Drought differs from other natural hazards in several ways: 

I. drought is a slow-onset natural hazard, its effects accumulate 

slowly over a substantial period of time (the onset and end of 

drought are difficult to determine); 

II. the absence of a universally accepted definition  of  drought  

adds  to  the  confusion  about  whether  a drought exists and, if 

it does, its degree of severity; 

III. drought impacts are nonstructural and spread over a larger 

geographical area than are damages that result from other  

natural  hazards  such  as  floods. 

Drought is a temporary aberration, unlike aridity, which is a permanent 

feature of the climate.  

Seasonal aridity (i.e., a  well-defined  dry  season)  also  must  be  

distinguished  from drought.  

II. What is drought? 



III. Types of drought 



It is largely accepted the drought classification into 4 types:  

(1) Meteorological: absence or reduction of precipitation (P)– can develop quickly and 

end abruptly (accompanied with above-normal temperatures (T), and precedes and causes other 

types of droughts);  

(2) Agricultural: dryness in the surface layers, which occurs during the growing season 

and thereby reduces crop yields (a period with dry soils that results from below-average P, intense 

but less frequent rain events, or above-normal evaporation, all of which lead to reduced crop production 

and plant growth)  

  But: No direct relationship exists between P and infiltration of P into the soil. Infiltration 

rates vary according to antecedent moisture conditions, slope, soil  type,  and  the  intensity  of  the  

precipitation  event.  Soils also  vary  in  their  characteristics,  with  some  soils  having  a high  water-

holding  capacity and  others  a  low  water-holding capacity.  Soils  with  a  low  water-holding  capacity  

are  more drought prone; 

(3) Hydrological: occurs when river streamflow and water storages in aquifers, lakes, or 

reservoirs fall below long-term mean levels. Hydrological drought develops more slowly because 

it involves stored water that is depleted but not replenished.  

 

 

(4) Socio-economic: result of the 3 above drought   occurs  when  human  activities  are  

affected  by  reduced precipitation and related water availability.  

III. Types of drought 

All three types are related to a prolonged period of insufficient precipitation; 

However, evapotranspiration deficits can be critical for agricultural and hydrological droughts, and 

they can even be more relevant than precipitation deficits in certain cases  



 Droughts differ from one another in three essential 

characteristics: intensity, duration, and spatial coverage. 

 intensity - the degree of the precipitation shortfall  and/or  the  

severity  of  impacts  associated  with  the shortfall. It is generally 

measured by the departure of some climatic parameter (e.g., 

precipitation), indicator (e.g., reservoir levels), or index (e.g., 

Standardized Precipitation Index) from normal and is closely 

linked to duration in the determination of impact. 

 duration – droughts usually require a minimum of 2 to 3 months 

to become established but then can continue for  months  or  

years. 

 magnitude  - closely related to the timing of the onset of the 

precipitation shortage, its intensity, and the duration of the event. 

 

 Droughts also differ in terms of their spatial characteristics. 

 the spatial extent of individual events; 

 the variability within the affected areas; 

 the dynamics of the spatial extent; 

 recurrent patterns in space. 

IV. Characterizing Drought and Its Severity 



Another important feature of droughts is their characteristic 
time scales, which can vary substantially.  
A single month of deficient rainfall can adversely affect 
rainfed crops while having virtually no impact on a large 
reservoir system. 
 As drought is generally viewed as a slow onset event, it may 
be that the most relevant time scale for drought predictions 
is seasonal (or longer).  
However, particularly in the agriculture sector, shorter-time 
scale meteorological information is also highly relevant. 
 Drought impact involves the multi-scalar nature of drought 
because the responses of hydrological and/or agricultural 
systems to accumulating precipitation deficits have different 
response times. 
 This explains why severe drought conditions can be 
recorded in one system (e.g., low river flows), while another 
system (high crop yields) in the same region displays normal 
conditions (e.g., Guttman, 1999). 
 For this reason, a drought index must be associated with 
specific time scales to be useful for monitoring drought. 

V. Drought indicator  

Time scales 



To monitor and quantify drought, various indices have been 
developed but a unique and universal accepted drought 
indicator does not exist so far (Heim 2002) 

 
Most studies related to drought analysis and monitoring have 
been conducted using either  

 1) the SPI, based on a precipitation probabilistic 
approach or  
 2) PDSI, based on a soil water balance equation 
 

Overall, all drought indices are simple models, and 
consequently, they do not incorporate vegetation cover, 
height and albedo and/or the intensity of daily precipitation, 
all of which have direct impacts on water consumption, soil 
moisture, crop failures and the drought severity (Vicente-
Serrano et al., 2011). 

V. Drought indicator  



index Description and Use Strengths Weaknesses 

Standardized  

Precipitation 

Index  

(SPI)  

 

McKee et al. 

(1993) 

•  Based on the  probability of  

precipitation for any  time 

scale 

• Used by many drought 

planners 

• Gamma distribution is 

commonly used to 

approximate (other 

distribution functions may be 

used, alternatively [Pearson 

III distribution ]) 

• High correlation with PDSI at 

time scales at 6 to 12 months 

(Redmonth, 2002) 

• SPI can be calculated  in 

all climatic regions and 

for any time period of 

interest.   

• It is commonly calculated 

using 1-month, 3-month, 

6-month, 9-month, 12-

month, and 24-month 

intervals.  

• These time-scales are 

appropriate for monitoring 

different types of drought  

and correspond to 

different drought impacts 

• SPI can readily be 

compared across time and 

space 

 

• Input: only precipitation 

• It  does  not  include  water  

demand  by  means  of 

evapotranspiration    and    the    

possible    impact    of 

temperature variability and 

change 

• May be less useful during 

short-term,  low rainfall 

periods  

• it is important to note that 

arid regions, those that 

experience many months with 

zero precipitation 

• May be problematic for the 

SPI depending on which PDF 

is used to normalize 

precipitation (Wu et al. 2007) 



index Description and Use Strengths Weaknesses 

Standardized 

Precipitation 

Evapotranspir

ation Index 

(SPEI) 

 

Vicente-

Serrano et al. 

(2010) 

• Based on monthly precipitation 

totals and temperature means and 

follows a simple approach to 

calculate the  PET based on a 

normalization of the simple water 

balance Di = Pi – PETi 

 

• PET is calculated using the 

Thornthwaite (1948) method  It is 

necessary to use a 3-parameter 

model to fit the frequency 

distribution of the P-PET 

differences since, unlike when 

only precipitation is considered, 

negative values are possible 

 

• Loglogistic distribution was most 

appropriate for the SPEI 

• The SPEI has all of the 

desirable characteristics of the 

SPI and that now includes a 

water balance approach that 

accounts for evaporative 

demand. 

• Combines the sensitivity of 

the PDSI to changes in 

evaporative demand with the 

multi-temporal nature of the 

SPI 

• Vicente-Serrano et al. (2011) 

claim that the SPEI is superior 

to the sc-PDSI because it can 

be calculated for any time 

period of interest  

• Lorenzo-Lacruz et al. (in 

press) conclude that the SPEI 

is slightly superior to the SPI 

for characterizing 

hydrological droughts and 

reservoir storage 

• Detecting, monitoring, and 

exploring the consequences of 

global warming on drought 

conditions 

• One of the weaknesses of the SPEI 

is that it requires more data than 

the SPI 

 

• May also be more difficult to 

interpret than the SPI since both 

temperature and precipitation 

influence the index values 

 

• Like the SPI, the SPEI has trouble 

dealing with arid climates where 

precipitation is near zero (Vicente-

Serrano et al., 2012). 

 



index Description and Use Strengths Weaknesses 

Palmer 

Drought  

Severity 

Index (PDSI)  

 

Palmer 

(1965)  

Alley (1984) 

• Soil moisture algorithm 

calibrated for relatively 

homogenous regions 

• Most prominnent drought 

index, widely used in sci. 

literature 

• Input: P and T (monthly, 

weekly); available water 

content (1 parametr) + 

latitude 

• The first  comprehensive 

drought index, used  

widely  

• Very effective for  

agricultural drought 

since it includes soil  

moisture 

• It includes supply and 

demand 

• Includes the role of 

temperature variability 

and change. 

• Complexity of calculation 

• Several variables needed 

(Precipitation, Temperature, 

Soil water holding capacity) 

• Strong influence of calibration 

period  

• Limited utility in areas other 

than that used for calibration 

• Problems in spatial 

comparability 

• Fixed time-scale (between 9 

and 12 months) 

• Lacks  the  multi-scalar  

character  essential  for  both  

assessing  drought  in  relation  

to different hydrological 

systems, and differentiating 

among different drought types 



Standardized Precipitation Index (SPI) 
Drought scientists are aware of the superiority of multi-scalar drought indices such as SPI. 

Moreover, the SPI has been accepted by the WMO as the reference drought index to characterise 

droughts, and it can be used by national hydrometeorological services worldwide.  

summarizes the calculation procedure, where the cumulative distribution 

frequency of a precipitation series (biased because the events of high intensity 

show a low frequency) is transformed into a normal standard distribution 

where mean = 0 and standard deviation = 1.  

V. Drought indicator  

 7 moisture category 

SPI = normalised precipitation sum over a given period 
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Temporal evolution for data series of SPI at time scales of 12 months for the period 1901-2010 (at Doksany observatory, 

the Czech Republic).  



Standardized Precipitation Index (SPI) calculation  

 The total precipitation in a given month j and year i depends on the time scale chosen, k. 

 Pearson III distribution as suitable probability density function for calculation SPI in semi-arid 

region: 

V. Drought indicator  
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SPI calculation  

V. Drought indicator  

where q is the probability of zero precipitation. Edwards (2001) suggested 

that q can be calculated simply as m/n, where n is the total number of 

months and m is the number of months with no precipitation. 

Pearson III distribution is not defined for x = 0, which is a drawback as precipitation series 

may include months in which there is no precipitation. With this in mind, an adapted statistic 

H(x) can be calculated using the following formula: 

After calculating H(x), the mean is standardised as 0 and standard deviation as 1.  

)()()( xFq1qxH

To transform H(x) and obtain SPI, the approach formulated by Abramowitz and Stegun 

(1965) is used:  
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P is the probability of exceeding a determined precipitation value, P=1-H(u). If P>0.5, P is 

replaced by 1-P and the sign of the resultant SPI is switched.  

The constants are:  

C0 = 2.515517, C1 = 0.802853, C2 = 0.010328, d1 = 1.432788, d2 = 0.189269, d3 = 0.001308 



Standardized Precipitation Index (SPI) 
Temporal evolution for data series of SPI at time scales of at time scales of 1, 3, 6, 12 and 24 months 

for the period 1901-2010 (at Doksany observatory, the Czech Republic) 

V. Drought indicator  

Drought appears first on the 

short time scale and continues 

to the longer time scales if dry 

conditions persist 

The plots showed that the 

period in which dry (wet) 

conditions were identified 

tended to increase by some 

months as the time scale 

became longer 

This resulted from the 

procedure for calculation of the 

multi-scalar drought index, 

because longer time scales 

generated smoother fluctuations 

and thus a larger sequence of 

anomalies with the same sign 

These graphs also reflect the 

transition of meteorological 

drought (SPI-1) to agricultural 

drought (SPI-3 and SPI-6) and 

hydrological drought (SPI-12 

and SPI-24) 
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Standardized Precipitation Evapotranspiration Index (SPEI) 

 New variation of the SPI index by Vicente-Serrano et al. (2010) includes a temperature 

component.  

The required input data to run the program on are monthly precipitation totals, mean temperature, 

and the latitude of weather station.  

More information can be explored through obtaining the SPEI at 

http://sac.csic.es/spei/index.html. 

 A drought episode was defined as a 

period longer or equal to 1 month 

during the growing season (April to 

September) when the SPEI value 

was ≤ -1.  

 The monthly SPEI values > -0.99 or 

< 0.99 were considered as normal 

conditions.  

 The 7 classes of SPEI category according to its value 

 Source: Potop, V., Boroneanţ, C., Možný, M., Štěpánek, P., Skalák, P. 

 Observed characteristics of drought over the Czech Republic  and its 

link with the large scale circulation. Theor Appl  Climatol (submitted). 2012 

V. Drought indicator  



Standardized Precipitation Evapotranspiration Index (SPEI) 

The probability distribution of cumulative Di  = Pi - PETi series is aggregated at different 

time scales, following the same procedure as that for the SPI: 

 

 

where k (months) is the timescale of the aggregation and n is the calculation 

month. 

A  three  parameter  distribution  is  needed  to  calculate  the  SPEI,  since  in  two  

parameter distributions  the variable (x) has a lower boundary of zero (0 > x < ∞), 

whereas in three parameter distributions x can take values in the range ( γ> x < ∞, 

where  is the parameter of origin of the distribution); consequently, x can have negative 

values, which are common in D series. 

The probability density function of a three parameter Log-logistic distributed variable is 

expressed as:                        

  

where a, β  and γ are scale, shape and origin parameters, respectively, for D values 

in the range (γ > D <∞ ). 
 

 Source: More information can be explored through obtaining the SPEI at http://sac.csic.es/spei/index.html 

V. Drought indicator  

http://sac.csic.es/spei/index.html


Standardized Precipitation Evapotranspiration Index (SPEI) Vicente-Serrano et al. (2010)  

Parameters of the Log-logistic distribution can be obtained following different procedures. 
Among them, the L-moment  procedure  is  the  most  robust  and  easy  approach  (Ahmad  et  
al.,  1988).   
When  L-moments  are calculated, the parameters of the Pearson III distribution can be obtained 
following Singh et al. (1993):  
 
 
 
 
 
The Log-logistic distribution adopted for standardizing the D series for all time scales is given by: 

 

 

       
 value the SPEI is then transformed to a normal variable With F(x) the SPEI can easily be 

obtained as the standardized values of F(x) by means of the following approximation (Abramowitz 

and Stegun, 1965): 

 

 

  
Temporal evolution for data series of 

SPEI at time scales of 12 months for the 

period 1901-2010 (at Doksany 

observatory, the Czech Republic).  

V. Drought indicator  

where Γ(β) is the gamma function of β.  
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Standardized Precipitation Evapotranspiration Index (SPEI) 

Temporal evolution for data series of SPEI at time scales of 1, 3, 6, 12 and 24 months 
for the period 1901-2010 (at Doksany observatory, the Czech Republic) 

V. Drought indicator  
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El Niño Southern Oscillation (ENSO) 

one of the main sources of variability in the 

Earth’s climate 

a warm water current that periodically flows 

along the coast of Ecuador and Peru (every 2 

to 7 years) 

the extremes of this atmosphere-ocean coupled 

mode are known as the El Niño and La Niña 

phases  

El Niño – pressure differences across the 

tropical Pacific Ocean are reduced,  SST 

anomalies are “+” in the central and eastern 

tropical Pacific Ocean 

La Niña – cold SST, enhanced SLP gradient 

from W to E across the tropical Pacific Ocean.  

precipitation/soil moisture at  the  global scale 

is greater during La Niña events than during 

El Niño events 

El Niño - tended to generate more droughts 

globally than La Niña events 

at the longest time scales the percentage 

of the global surface area affected by 

drought during El Niño years was more 

than 4 times that for La Niña years 

(Vicente-Serrano et al., 2011) 

http://www.cpc.ncep.noaa.gov 

VI. Causes of drought 

http://www.cpc.ncep.noaa.gov/


El Niño Southern Oscillation (ENSO) 

http://www.cpc.ncep.noaa.gov 

VI. Causes of drought 

http://www.cpc.ncep.noaa.gov/


VII. Drought and Climate Change 

Dai et al. 2004 

The average global temperature has increased by 
+0.74°C over the past hundred years (between 1906 and 

2005)  
The average global precipitation shows a slight 
increase over the last century 

increased significantly in eastern parts of North 
and South America, northern Europe and 
northern and central Asia 
declined in the Sahel, the Mediterranean, 
southern Africa and parts of southern Asia.  

Globally, the area affected by drought has likely  
increased since the 1970s. 

 
A  large  part  of  the  recent  drying  is  related  to  
the  shift  toward  more  intense  and frequent warm 
events (i.e., El Niño)  of ENSO since the  late  1970s. 
This  is  because El Niño often reduce  precipitation  
over  many  low-latitude  land areas. 

 
In the long-term projection for the 2070s, 100-year 
droughts show strong increases for large areas of 
southern and southeastern Europe (Portugal, all 
Mediterranean countries, Hungary, Bulgaria, 
Romania, Moldova, Ukraine, southern Russia) 
 

Lehner et al. 2006  



VIII. Level study of drought at global, regional and local 

1. At global scale 

Trenberth (2011) points out on a direct influence 
of global warming on precipitation.  

Increased heating leads to greater 
evaporation and thus surface 
drying, thereby increasing the 
intensity and duration of drought.  

 

The models project that patterns of 
precipitation will not change much, 
but will result in dry areas 
becoming drier (generally 
throughout the subtropics) and wet 
areas becoming wetter, especially in 
the mid- to high latitudes.  

 

So, that wet areas get wetter and 
dry areas get driers, giving rise to 
the „rich get richer and poor get 
poorer’ syndrome !!!!“. 

 

Global warming leads to increased 
risk of heat waves in association 
with drought; because once the soil 
moisture is depleted, all of the 
heating goes toward raising 
temperatures and wilting plants.  

the prolonged drought in Sahel-which was very prononced 

from the late-1960s to the late-1980s –continues; 

althought it is not quite as intense as it was; 

this drought has been linked, through changes in atmospheric 

circulation 

to changes in tropical SST patterns in the Pacific, Indian, and 

Atlantic basins  (Giannini et al. 2003) 

changes in land-use is additional factor of importance 

drought has become widespread throughout much of Africa 

and more common in the tropics and subtropics. 



VIII. Level study of drought at global, regional and local 

the Sheffield et al. note with respect to global and continental droughts:  

The longest duration drought:  

Asia - 49 months (4 yr) from 1984 to 1988 (persisted  over central Siberia before 

migrating southeast to northern China and back again) 

North American drought 44 months (1950–53) 

 The Eurasian analysis identified 116 events: in Europe (40) and Asia (86).  

1. At global scale 

Table (Sheffield et al. 2009):  Summary of large-scale drought occurrence for the six continents. For 

the last column, the extent as a percentage of total area and the date when the maximum spatial 

extent. Oceania is defined as Australia, New Zealand, Papua New Guinea, and the Pacific Islands 



VIII. Level study of drought at global, regional and local 

African: dominated by events during the mid-1970s, 

1980s 

Asia: 1950–52 (May 1951 centered on Kazakhstan) and 

1999–2000 (are highlighted in the map for May 2000 to be 

very severe), 1997–98  most spatially extensive (from 

eastern China to central Asia); 1976 as the second driest 

year in the European part of the FSU (1981was the driest) 

Europe: high variability in the 1950s is associated with 

multiple periods of large drought extent  

North America: the longest droughts identified for North 

America are in the 1950s (1952/53 most of the United 

States and southern Canada), with only the 1999–2000 

drought of comparable duration 

Oceania (Australia): there are several events with high 

percentage extent in drought (e.g., 82% in 1965);the 1982–

83 drought - one of the most severe and damaging events  

of  the  second  half  of  the  20th century because it was 

intense causing over 3 billion Australian dollars ($AUS) in 

damages 

South America: occurred during 1958–59, 1982–83, and 

1963–64 (14 months) 

1. At global scale 

 Source Sheffield et al. 2009 : Severity and maximum spatial extent of selected major drought events for North America, Europe, and Asia. The events are 

extracted by calculating the mean severity of all grid cells in the drought multiplied by the area and searching for the maximum value. 



VIII. Level study of drought at global, regional and local 

1. At global scale 

 Source Sheffield et al. 2009 : Severity and maximum spatial extent of selected major drought events for North America, Europe, 

and Asia. The events are extracted by calculating the mean severity of all grid cells in the drought multiplied by the area and 

searching for the maximum value. 



VIII. Level study of drought at global, regional and local 

1. At global scale 

 Source Vicente-Serrano et al. 2012: Spatial distribution of the 6-month SPEI for the entire Africa between July and December 

1984. 

- the evolution of the 

SPEI in Nairobi 

(Kenya) between 

1950 and 2010  

 

- the 6-month SPEI 

from July to 

December 1984 when 

very extreme drought 

conditions affected the 

Sahel and East Africa.  



Research on drought has been particularly focused on 
the Iberian Peninsula, Mediterranean and Balkans 
which are regions mostly prone to severe drought 
with impacts on agriculture, water recourses and 
ecosystems. 
Drought situation in many European regions has become 

more severe (e.g., 2003 and 2006 in Central Europe, 

2007 in southern and eastern Europe, and 2010 in eastern 

Europe). 

High summer temperatures are responsible for the large extent of the drought conditions, 

in summer, over the last two decades. 

The 2003 heat wave that affected much of Europe from June to September bears a close 
resemblance to what many regional climate models are projecting for summers in the 
latter part of the 21st century.  
The 2007 European heat wave during June-August affected mostly the S and S-E 
Europe with record-breaking temperatures in a situation unprecedented even for the 
regions typically used to conditions of extreme heat.  
The summer of 2010 was exceptionally warm in eastern Europe and large parts of 
Russia and caused adverse impacts that exceeded in amplitude and spatial extent the 
previous hottest summer of 2003.  

Main drought events 

in Europe: 
Tallaksen, 2007 

2. At the European  scale 

VIII. Level study of drought at global, regional and local 



Droughts have occurred frequently over the last century in Europe and they are part of 

natural climatic cycles. 

Droughts and floods, present a strong decadal variability: 

very wet conditions were  found between mid 1910s and 1920s and at the 

beginning of 1980s. 

the driest conditions were in the mid 1940s–1950s 

Drought conditions over Europe  appear  when  the  moisture  transport  from  source 

regions (e.g., the subtropical Atlantic) to Europe is weak. 

Weak   moisture   transport   +   other anomalies   (e.g.,   soil   moisture   content,   

water   holding capacity of the soil, local temperature) is associated with drought 

conditions over Europe. 

Reduced soil moisture during winter or spring covering a midcontinental region, could 

help to induce and amplify a warm and dry summer over the region. 

since soil moisture varies slowly (weeks to months) and thus carries memory from 

the previous month’s climate, reduced soil moisture in winter, due to the lack of 

precipitation and cold temperatures, can affect the availability of moisture 

condition in summer. 

The  10  hottest  and  driest  European  summers  since  1948 were systematically 

preceded by a winter and spring precipitation deficit over the southern part of Europe 

(Vautard et al. (2007). 

2.1 Drought conditions over Europe 
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Summer drought conditions over Europe are associated with a 

tripole-like SST pattern (Fig. d):  

over the North Atlantic Ocean  

with positive anomalies over the North Sea 

the east coast of US and negative anomalies over the 

Canadian coast and south of Greenland 

Dry(wet)  conditions  in  summer  over  the  central  and 

southern  part  of  Europe  (Scandinavian  Peninsula)  are 

associated with a strong center of positive SLP anomalies (up to 

2.5 hPa) over (Fig. a): 

 

 

 

 

This pattern caries cold and dry air from the  north  towards  

Europe  and  inhibits  precipitation  over these areas 

Cold air and reduced amount of precipitation in winter can 

trigger dry conditions over this area in summer, due  to  the  

fact  that  the  soil  is  dry  and  not  saturated 

2.1 Drought conditions over Europe 

VIII. Level study of drought at global, regional and local 

d) winter SST for the seven driest years 

(1921, 1938, 1947, 1949, 1950, 1975, 1976) 

(Ionita et al, 2011). 

a) The composite map (High–Low) between 

the standardized times series of TSP1 and 

winter SLP (Ionita et al, 2011). 

-the central part of Europe 

-a center of  strong  negative  SLP  anomalies over  

Scandinavia  and Siberia 

the variability of summer moisture conditions  over  Europe  

is  strongly  related  to  the  previous winter SST anomalies, 

associated with large scale climate modes  of  variability  

(e.g.,  ENSO)  and  global warming 



Central Europe is not frequently thought of as being a 
particularly drought-prone region in the European 
context with the exception being the Panonian Basin 
(eastern  Austria  and  a  large  part  of  Hungary). 
Only  recently  has  the  importance of  a  systematic  
research  of  drought  climatology  been recognized in 
countries like the Czech Republic. 

2.2 Drought conditions in Central Europe  

Drought conditions in the central part of Europe are related to the occurrence of 
different circulation patterns and that drought is very pronounced during the early 
vegetation season (AMJ) (Trnka et al. 2009) 
Specific circulation types are associated with higher drought  occurrence 
Hess–Brezowsky catalogue of large-scale circulation patterns (Hess and Brezowsky, 
1952; Gerstengarbe et al.,  1999)  is  commonly  used  to  describe  the  atmospheric  
flow  over  Europe   

 
Three groups of the circulation (zonal, half-meridional, and meridional) are divided 
into ten major types [Grosswettertypen  (GWT)]  and  29  types  
[Grosswetterlagen(GWL)].  
 

VIII. Level study of drought at global, regional and local 



The patterns conducive to drought 
during large-scale drought events 
were in: 

MAM - the Central-European 
high, east types (HFA, HNFA), 
south and south-west types 
(TRW, SWA), south-east types 
(SEA and SEZ) and partially 
also north-east types (NEA) 
JJA - as conducive to drought 
are associated with above 
normal temperatures or below 
average precipitation, or both 
(the Central-European  high,  
east  types, south types, south-
east types and south-west  
types) 

AMJ - the Central-European  high  
(HM,  BM),  east  types  (HFA, 
HNFA,  HFZ),  south  types  (TRW,  
SA,  SZ)  and  south-east  types  
(SEA)  being  the  most  important. 

2.2 Drought conditions in Central 
Europe  

VIII. Level study of drought at global, regional and local 



VIII. Level study of drought at global, regional and local 

2.2 Drought conditions in Central Europe  

 Source Trnka et al 2009: Long-term variability of GWT conducive to 

drought (c) and to wet (d) conditions is also expressed as 9-year 

moving averages of the aggregated frequency of the dry and wet 

circulation types during the AMJ period. The shading represent the 

99% confidence intervals of the dry/wet circulation-type frequencies 

during the 1881–1940 reference period.  

conducive  to  drought during AMJ that are 
east  types,  south  types,  and Central-
European  high   
 those  conducive  to  wet conditions west 
types, north types, and Central-European 
low 
at the end of the 19th century the ratio of 
dry to wet GWT was 30 : 70, this ratio has  
changed  to  being  close  to  50 : 50  a  
hundred  years later 
this  change  in  favour  of  the  drought-
conducive patterns  took  place  after  1940  
and  has  continued  ever since 
this  phenomenon  is  particularly strong  
during  the  AMJ  period 
the increasing frequency of south GWL 
(associated with higher temperatures and 
lower rainfall) at the expense of north types 
might contribute to Central Europe drying 
in addition to the regional warming that 
cannot be related to changes in 
atmospheric circulation 



The Czech Republic 

3. Drought conditions in Czechia 

VIII. Level study of drought at global, regional and local 



3.1 Physical geography of Czechia 

CR has a surface area of 78.866 km2 located in central Europe within the temperate climate 

zone 

Characterized by a moderate humide climate  - 4 alternating seasons. 



3.1 Physical geography of Czechia 

The country’s territory extends along the 50th paralell  

The maximum lenght in the longitudional direction – 452 km. 

The maximum latitudional width is 276 km. 

CR is traversed by the 15th meridian, which determines CET. 

Mt. Snežka - highest point (1,602m a.s.l.) in the Giant Mt. range 

Hřensko – lowest point (115m a.s.l) at the Elbe River  

1602m a.s.l. 115 m a.s.l. 
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3.1 Physical geography of Czechia 

Vegetation is determined by the merging of the Hercynian and Carpathian 

forest areas and the warm Pannonian steppe.  

With increasing elevation there are successive vegetation levels –the oak, 

oak-beech, beech-fir, spruce levels and the sub-alpine level above the 

timberline.   

 Three floristic areas: 

Central European forest flora (most of the Bohemian Upland) 

Pannonian flora area (the Moravian grabens, Ohře Basin, Labe Basin 

and lower Vltava Basin) 

Western Carpathian flora area (eastern part of the country) 



3.1 Physical geography of Czechia 

Four geomorphologic provinces:  

The Bohemian Upland  (western and central parts, Paleozoic origin) 

Western Carpathians (east of Czechia – Alpine orogeny) 

Central European Lowland 

West Pannonian Basin. 

 

Soils:  (1) fertile chernozems - in the lowlands of S Moravia  and in the Labe Basin; 

(2) brown earths – dominate at medium elevations; (3) illimerized and podzol soils 

are prevailed at higher elevations.  

 

Water – three main river basins (Vltava–the longest river, 430km, with an average 

flow rate of 150m3.s-1 in Mělnik):  

The Labe Basin includes 63% of Czechia’s territory 

Morava Basin makes up 27% 

Odra Basin - 9%. 



3.1 Physical geography of Czechia 



3.2 Natural landscapes in the Czech Republic 

1. Landscape of neovolcanic mountain  

ranges (České středohoří Mts) 

Landscape means an areas, as 

perceived by people, whose 

character is the result of the action 

and interaction of natural and/or 

human factors (European 

Landscape Convention, 2000)  



3.3 Climate classes occur in the CR 

The climate is on the borderline between 

continental and oceanic;  

A continental climate is characterised by high 

values of the Gorczynsky’s index of thermic 

continentality (full continentality is 100% and it 

is valid for Central Siberia); 

Continentality increasing from W to E and is 

greater in the lowlands than at higher locations 

(19-31%). 

Climatic classification according to Quitt (1971)  

cold 

warm 

moderate warm 

Climatic classes occur in CR by Köppen (1900): 

temperate broadleaf deciduous forest (Cfb) 

boreal climate (Dfb and Dfc) 

tundra (ET) at the highest elevations 
 

 

 

 

 

 

 

 

 

 

 

Continentality 



3.4 Climate of the CR 

Elevation has a greather impact on the spatial T°C 

distribution than the horizontal temperature 

differences in any of the synoptical situations; 

Temperature characteristics decrease in line with 

elevation (0.61°C/100m);  

Annual temperature:  

from  0°C (Sněžka) to 10°C (South 

Moravia), 
absolut maximum:  (4O.4°C  20th August 2012)  

    (4O.2°C  27th August 1983)  
absolut minimum: – 42.2°C  (11th February 1929) 
the coldest month: January  
the warmest month: July 

Average annual air temperature in the CR Temperature patterns 

July 

January 



3.4 Climate of the CR 

The highest maximum air temperature measured 

by maximum thermometer (1961-2000) 

The lowest minimum air temperature measured by 

minimum thermometer (1961-2000) 

Temperature patterns 



3.4 Climate of the CR 

During winter radiation inversions, which develop in the 

central part of high-pressure zones, T°C distribution is 

somewhat different.  

e.g., in January 1982 – extreme both as regards its 

duration and the T°C difference between the cold 

lowlands and the relatively warm mountain 

locations. 

Air temperature during extreme situations 
Temperature patterns 

Extreme maximum air temperature is the situation on July 

27th, 1983, when most of the territory of CR experienced 

the highest temperatures ever recorded there. 



3.4 Climate of the CR 

determined by the dominant circulation patterns in Central 

Europe and orographic conditions in the CR 

elevation gradient: 50 to 60mm/100m 

the highest values of precipitation totals occur along the 

border of mountain ranges  they could be attributed to the 

strong effect of their windward location on precipitation and 

to „precipitation-forming“ cyclones 

the lowest values of precipitation are associated with 

leeward areas in the foothills of the Ore Mountains (N-W) and 

Southern Moravia 

the windward and leeward effects may bias the expected 

dependence of dry (wet) episodes on the elevation 

Annual distribution of precipitation: 

  summer 40%, spring 25%, autumn 20% and winter 15% 

The lowest annual precipitation totals: 410mm (Libědice) 

 the highest annual precipitation totals: 1705mm (Bílý 

Potok) 

Precipitation patterns Winter (DJF) 

Summer (JJA) 

A significant excess of precipitation during some periods can result in flooding 

(1997, 2002) while, on the other hand, a long-term lack of precipitation contributes to 

the incidence of drought spells (2000, 2003 and 2006).  



3.4 Climate of the CR 

Distribution of precipitation over time and at various locations 

within the territory of CR thus depends on the trajectory and speed 

of the advance of the low-pressure zone or related frontal system 

 

Extreme heavy precipitation is usually divided into 2 basic types:  

I. Long-lasting, widespread (regional) heavy rain 

II: Short-term, local torrential rain 
 

I: The meto conditions that led to the heaviest large-scale 

precipitation events have one feature in common: 

the advance of low-pressure zone from the northern 

Mediterranean into Central Europe.  

 At high altitudes, CR is dominated by south-easterly to 

north-easterly flows, while the flows at lower levels are 

mostly northerly 

 In August 2002 (two precipitation waves followed in quick 

succession), this affected the western part of the country, whereas 

in July 1997 it was mainly concentrated in north-eastern Moravia 

 Orography played an important role in these events, expressing 

itself in increased precipitation on the windward sides of the 

mountains 

II: has different meteorological origins, connected to the 

formation of massive convection (thunder) clouds and can be 

accompanied by dangerous effects (hailstorms and /or strong 

winds) 

Most often in warm, moist, and unstably stratified air in 

front of or along the advancing cold fronts or frontal waves 

Precipitation total during extreme situations Precipitation patterns 



3.4 Climate of the CR 

Extreme summer heavy precipitation 

is usually associated with C, NEc or B 

synoptical situations.   

Precipitation total during extreme situations Precipitation patterns 

Lack of precipitation is associated with longer 

lasting anticyclone-type conditions. 

If the atmosphere is also dominated by a warm 

air supply, then summer air temperature can 

reach extremely high values: Sa or Swa. 



3.4 Climate of the CR 

Daily precipitation totals ≥210 mm for Czechia in the period 1879-2004  
(data before 1961 adopted from Štekl J., Brázdil R., Kakos V., Jež J., Tolasz R., Sokol Z., 2001) 

Precipitation patterns 



3.4 Climate of the CR 

Evaporation from surface of water, soil and 

wet vegetation 

Transpiration – physiological evaporation 

from plants 

Evapotranspiration – total evaporation from 

soil and vegetation 

Evapotranspiration can be measured or 

modeled by more or less complex 

techniques. Now, no universal method may 

be found.  

Evaporation  Annual long-term PET ranges from 450 to 750 

mm 

July – the month with the highest water surface  

evapotranspiration and has a long-term average 

evaporation values of over 120 mm 

Average annual PET (Climate Atlas, 2007) 

July (Climate Atlas, 2007) 



3.4 Climate of the CR 

The difference between precipitation (the input of 

water into circulation within the landscape) and 

total evaporation (the water output component) 

  MB = P - PET 

Other components such as surface and ground 

runoff and changes in underground water storage 

are not taken into consideration 

Serves as suitable indicator when comparing 

individual sites or years 

A positive MB value means a surplus of 

precipitation while a negative balance means a lack 

of it 

This fact allows us to employ the MB value as an 

indicator of drought 

Annual values below -150mm indicate areas of 

frequently occurring precipitation deficiencies 

In agricultural areas, MB is zero or „-“ even during 

years of high precipitation – precipitation is weaker 

than evaporation  that there are drought 

conditions during certain parts of such years 

In years of low precipitation, MB is only „+“ all 

year round at the highest locations, i.e., mountain 

areas 

Severe drought occurs in the warmest areas 

because the extreme MB values come close to -

500mm 

Moisture Balance (MB)   Annual moisture balance 

Warm period of year 

(Climate Atlas of Czechia, 2007) 



3.4 Climate of the CR 

Variation of annual PET at Kuchařovice (lowland station) and Lysa hora (mountain station) 



3.4 Climate of the CR 

Drought episodes in the CR 

the number of dry episodes rises significantly with 

decreasing altitude (Tolasz et al., 2007). 

there are two driest areas in Czechia:  

The first zone extends from the foothills of the Ore 

mountain (Krušné Hory) into the Elbe (Labe) River 

lowland and Central Bohemia as well as into 

Western and Southern Bohemia.  

The second driest area is in Moravia, mainly 

South-Moravia. 

The  predominant  drought  indices  

usually  used  to establish  drought  

conditions  in  the  CR  are SPI, 

PDSI, Palmer's Z index, and Lang's 

rain factor.  

The SPI is an index used with a 

suite of tools for regional 

classifications of drought 

climatology within the territory of 

Czechia  

Lang’s rain factor - one of the oldest 

and most frequently used indices for 

the identification of dry and/or wet 

areas, which is also the most 

popular in the CR (Tolasz et al. 

2007). 

Its popularity is mainly due to its 

simplicity, which is based on the 

ratio of the average annual 

precipitation total to the average 

annual air temperature.  

At the same time, both indices, 

PDSI and Z index, have become two 

of the most widely used tools for the  

drought  assessment  in  Czechia.  

Drought indices in the CR 



Objective:   

To determine how effectively the SPEI represented drought patterns in the CR, we compared the 

obtained results to the SPI;  

To identified differences between the effects of precipitation variability and evapotranspiration on 

drought severity, frequency and duration.  

Data sets 

Long-term secular series (1901-2010) of daily values for PET, P and T 

were used to assess centennial-scale drought severities, durations and 

frequencies; 

5 secular st. - their geographical locations represent the most 

agriculturally productive lowland areas and receive the most irregular 

precipitation and are most often affected by drought episodes 

  Name station 
Longitude, 

N 
Latitude, E 

Altitude, 

m.a.s.l. 

Mean annual 

temperature, 

°C 

Annual 

amount of 

precipitation, 

mm 

1. Čáslav 49° 54’ 15° 23’ 251 8.8 568 

2. Doksany 50° 27’ 14° 10’ 158 8.7 449 

3. Brno 49° 09’ 16° 42’ 245 8.9 515 

4. České Budějovice 48° 57’ 14° 28’ 394 8.4 587 

5. Olomouc 49° 34’ 17° 17’ 210 8.8 557 

List of secular stations with annual temperature and precipitation data from 1901–2010  

Brno

Caslav
Olomouc

Doksany

Ceske Budejovice/

Legend

secular climatological stations

districts from Elbeland

200 km100 km0 km

Czech Republic

3.5 Drought climatology in the Czech Republic 

Source: 



3.5 Drought climatology in the Czech Republic 

Calculation of Standardized Precipitation Evapotranspiration Index (SPEI) and its input parameters 

the quantification of the SPEI was based on the following steps:  

 a calculation of potential evapotranspiration (PET);  

 a simple monthly water balance, calculated as the 

difference between monthly precipitation (Pi) and potential 

evapotranspiration (PETi) at different time scales:  

  Di = Pi - PETi;  

 a normalisation of the water balance into a log-logistic 

probability distribution to obtain the SPEI index series.  

Input data for PET:  

daily precipitation,  

saturation vapour pressure,  

vapour pressure,  

the vapour pressure deficit  

mean air temperature at 2 p.m. local time. 

Input data for SPEI: Di = Pi – PETi  

Time scales: 1- to 24-month, for each month of the year and 24 

accumulated lags during the period 1901-2010.  

Source: 

This study also has for 

the first time analysed 

in detail the evolution 

of drought episodes 

for lowland regions in 

the Central Europe by 

the multi-scalar SPEI 



3.5 Drought climatology in the Czech Republic 

Calculation of Standardized Precipitation Evapotranspiration Index (SPEI) and its input parameters 

Source: 

SPEI calculate in Excel 



Drought evolution at various time scales in the lowland regions and their impact on vegetable crops in the Czech Republic (Potop et al., 2012) 

the SPEI and SPI were 

calculated for short-term (1 to 2 

months), medium-term (3 to 12 

months) and long-term droughts 

(13 to 24 months) 

the evolution of the variability of 

temperature and precipitation 

anomalies during the 20th 

century was allow us to assess 

their impact on the frequency of 

drought events  

Although precipitation is the 

main driver of drought 

conditions, the rapidly increasing 

temperature can also play a 

notable role in drought by 

increasing the severity of the 

episodes as a consequence of 

water loss by evapotranspiration  

The comparison between SPEI and SPI 

secular series 
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3.5 Drought climatology in the Czech Republic 

the long-term changes in both the temperature and precipitation secular series were 

represented by a smoothed 10-year seasonal air temperature deviation and percentage of 

precipitation, respectively, from the baseline climate. 



Temporal evolution of seasonal air temperature and precipitation at the secular stations (1901-2010) 

Winter (DJF) 

 the warmest periods were 

recorded at the beginning of 

the 20th century in the 1910s 

and 1920s, and the coldest 

period was measured in the 

1940s ; 

 1928/1929 (-42.2°C, δT/σ = 

3.5) was the coldest winter 

recorded since the beginning 

of meteorological 

measurements.  
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Spring (MAM) 

 2 warm periods, the first 

at the beginning of the 

20th century with high 

positive T°C anomalies 

and P; (warm and wet) 

and the second at the end 

of the 20th century with 

warm and dry 

conditions; 

 significant trends: high as 

0.7°C/decade. 

 Summer (JJA) 

 the 1970s had the coolest 

summer in 1978 (σ=-

1.7°C); 

 The warmest summer was 

in 2003 (σ = 4.0°C); 

 rapidly rising T°C since 

the mid-1980s (as much 

as +0.6°C decade-1); 

 in the first two decades of 

the 20th century the 

lowest P were recorded. 

Autumn (SON) 

 2000s - the warmest and 

driest period; 

 the majority of autumn 

seasons with P less than 

40% below normal 

simultaneously had 

normal T°C; 

 shortage of P was the 

primary cause of drought 

development during the 

autumn. 

T (°C)  - a statistically significant increase has been observed since the 1980s, but  we did not find any significant 

growth or decrease in the trend of the annual, seasonal or monthly amounts of rainfall during the 20th century. 

3.5 Drought climatology in the Czech Republic 



The difference among the two indices 

(SPEI-SPI)  
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 The comparison between SPEI and SPI showed differences in 

representing severe drought records during the decades with  

1) the lowest summer negative temperature anomalies combined 

with the lowest negative precipitation anomalies (cold and dry; during 

the first two decades of the 20th century), 

2) the highest summer positive temperature anomalies (the end of 

the 20th century),  

3) both high spring positive temperature and precipitation 

anomalies (warm and wet; at the beginning of the 20th century) 

4) the lowest deficit of water balance (1947, 2003, 1994, 1983 and 

1933) (Potop et al. 2012).  

3.5 Drought climatology in the Czech Republic 

Source: 

 Similarities in drought 

representation with SPI and SPEI 

were identified during the decades 

showing:  

1) high positive temperature 

anomalies in spring associated with 

below normal precipitation (warm 

and dry; 1950s, 1990s and 2000s);  

2) extremely long sunshine durations 

associated with large number of 

consecutive dry days.  

 The first two decades of the 20th century clearly exhibited more wet events than drought events using the SPEI, by 

SPI qualified as dry.  

 This can be explained by the fact that in those decades, lower precipitation and negative temperature anomalies were 

recorded. This perspective is then transferred to the SPI, which is based only on precipitation.  

 The number of dry episodes detected by the SPEI was greater than those detected by the SPI during the last 20 years 

due to increasing temperatures (0.6°C per decade) and no significant change in precipitation.  

 Drying in this period may also be attributed to a combination of both increased T and PET not balanced by the 

changes in precipitation.  

 The use of a precipitation-based index does not take into account the changes in PET. 



Secular chronology of drought episodes per seasons by SPEI 

Winter drought events were concentrated in the period from 

1900-1960, whereas the period from 1960 to 2010 contained 

only 6 cases. -associated with the intensification of the 

Siberian High ridge in Central Europe, resulting in a flow of 

dry continental air. 

Spring droughts were non-existent in the decades of 1961-

1970 and 1981-1990, and the 1910s and 1930s were marked 

by low drought incidence. Spring droughts gained in 

persistence during the last 20 years, with a greater number and 

duration occurring in the periods of 2001-2010. 

Summer droughts tended to be longer and more severe, 

extending into autumn with a greater frequency in the  1950s, 

1990s and 2000s. 

Autumn droughts - the periods 1941-1950 (the extreme and 

persistent drought of 1947) and 2001-2010 (note the drought 

of 2003 and 2006) were ranked as having a large number of 

long severe drought events. 

Frequent and long winter droughts occurred at the 

beginning of the 20th century, while spring and 

summer droughts prevailed at the end of the century. 

Summer droughts appear due to an increasing sea 

level pressure for western and central Europe where a 

more pronounced Azores High and its ridge to Central 

Europe are then reflected 

3.5 Drought climatology in the Czech Republic 



 In order to give more insight on the expansion of drought during the growing 

season, the dry months have been counted for the SPEI series with various lags at 

each station, every year 

 the SPEI was calculated from monthly records of temperature means and 

precipitation totals for the period 1961-2010 

 for calculation the SPEI, the algorithm developed by Vicente-Serrano et al. (2010) 

was used 

 a batch script was created and used for optimizing the calculation of the SPEI for 

the 184 stations and five accumulated periods: 1, 3, 6, 12 and 24 months 

 the drought at these time scales is relevant for agriculture (1, 3 and 6 months), 

hydrology (12 months) and socio-economic impacts (24 months), respectively. 

The application of the SPEI in dense network of climatological stations in Czech Republic 

3.5 Drought climatology in the Czech Republic 

Usage 

spei [timeInterval] [inputFile] [outputFile] 

D:\SPEI>spei.exe 1 station_model.txt B1BRBY01_SPEI01.txt 

series:    B1BRBY01 

latitude:   49.0999 

initial date: 1/1961 

seasonality: 12 

600 registers 

calculating SPEI at 1 months 

The first line contains the name of the station, and is only used for identification  purposes.  

The second line is the latitude of the stations, in degrees.  

The third line contains the year and month of the first record in the time series, separated 

by a semi-colon (;).  

The fourth line contains the seasonality of the time series, and must be set to 12.  

Finally, from the fifth line the data series of monthly precipitation and mean temperature, 

separated by a semi-colon (;). (spei_manual_en). 

Source: Vera Potop, Constanţa Boroneanţ, Martin Možný, Petr Štěpánek, Petr Skalák (2012)Observed characteristics of 

drought over the Czech Republic and its link with the large scale circulation. TAC 



The largest number of dry months (meteorological and 

agricultural drought) during the growing season was recorded, 

chronologically, in the following years: 1964, 1976, 1983, 1990, 

1992, 1994, 1998, 2000, 2003 and 2007.  

The most persistent agricultural drought during the growing 

season was in 2003 when on average 5.2 dry months were 

recorded.  

It terms of persistence it was followed by the years 1992 (3.3 

months) and 1976 (3.0 months).  

The most persistent hydrological drought during the growing 

season was recorded in 1990 when on average 3.8 dry months  

The application of the SPEI in dense network of climatological stations in CR 

3.5 Drought climatology in the Czech Republic 

Source: Vera Potop, Constanţa Boroneanţ, Martin Možný, Petr Štěpánek, Petr Skalák (2012) Observed characteristics of 

drought over the Czech Republic and its link with the large scale circulation. Theor Appl Climatol (submitted). 
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SPEI-24-represents the evolution of the mean 

number of dry months  

-graph also reflect the transition of 

meteorological drought (SPEI-1) to 

agricultural drought (SPEI-3 and SPEI-6) 

and hydrological drought (SPEI-12 and 

SPEI-24).  



Frequency distribution of the SPEI 

drought occurrence is investigated on the 

basis of frequency distribution of the SPEI 

values in 7 classes (see Table)  

the normal conditions represent around 65% 

out of the total values of SPEI for all lags, in 

all three regions, while moderate drought and 

moderate wet conditions are almost equally 

distributed around 10.5% 

differences in extremely dry conditions (5%) 

compared to extremely wet conditions 

(1.5%) were observed when increasing the 

SPEI lags 

the occurrence of extreme moisture 

conditions (the SPEI values outside ±2) has a 

slight tendency toward dry conditions, 

especially for the SPEI calculated with 

longer lags (12 and 24 months) 

The application of the SPEI in dense network of climatological stations in CR 

3.5. Drought climatology in the Czech Republic 

Source: Vera Potop, Constanţa Boroneanţ, Martin Možný, Petr Štěpánek, Petr Skalák (2012) Observed characteristics of 

drought over the Czech Republic and its link with the large scale circulation. Theor Appl Climatol (submitted). 

Regions: 

I-mostly intensive agriculture (altitude below 

400 m) 

II-less intensive agriculture (altitudes 

between 401m and 700 m) 

III-limited agricultural production and 

mostly forested (altitudes above 700 m) 



3.5 Drought climatology in the Czech Republic 



4. Drought climatology in the Republic of Moldova (South-eastern Europe) 

Capital Chisinau 

Government republic 

Currency Moldovan leu (MDL) 

Area 33,843 sq km 

Population 
4,455,421 (July 2006 est.) 

Time Zone UTC+2 



4. Drought climatology in the Republic of Moldova 

RM is situated in the South-East part 

of Europe, between 45°28' – 48°28' 

northern latitude (350km) and 

between 26°40' - 30°06' eastern 

longitude (150km). 

The geographical position of the 

territory of the RM gives its climate a 

marked continental character, with 

frequent occurrences of drought.  

Short mild winters, lengthy hot 

summers, modest precipitation, and 

long dry periods in the south. 

The average annual precipitation 

diminishes from north-west to south-

east from 680mm to 420mm. 

The average annual temperature 

increases southward from around 8-

9°C in the north to around 10-11°C in 

the south.   

The territory is hilly with hills and 

plains, the plateaux being located 

mostly in the central part (Codrii 

woods). 

 The relief altitudes vary from 5m 

(Giurgiulesti) to 429m (Balanesti).  
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4. Drought climatology in the Republic of Moldova 

The winter air temperature mean ranges between -1.4 and -3.4ºC  

The coldest winter: 1953/1954, with Tmean ranging -8.0 to -9.0ºC (6.0-7.0ºC 

lower than the norm according to Moldova’s State Hydrometeorological Service) 

The warmest winter: 2006/2007, with Tmean ranging +1.0ºC to 

+3.0ºC (exceeded  the  norm  with 4.0-5.0ºC) 

Absolut minimum: –35.5ºC (on 20 January 1963; Brătuşeni village, Edineţ 

district) 

Absolut maximum: + 23.3ºC (on 26 February 1990, Tiraspol)  

The coldest winter month: January (Tmean constitutes 3-5ºC below zero) 

The high variability of the air temperature during winter season is one of the 

climatic particularities of  Moldova  

Precipitation: on average 87-117 mm or 16-20% of the average annual amount 

the precipitations are mainly in a mixed phase – rain and snow 

the maximal daily value was 50-70 mm 

The hierarchy of the driest winters according to the SPEI: 1948, 1949, 2006, 

1953, 1990, 1949, 2002, 1990, 2007, 1946, 1994 and 1959   

Winter (DJF) 
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Evolution of the SPEI at 3-month lag during winter from December of 1946 to February 

of  2011 at Chisinau climatological station. 
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Spring (MAM) 

The average air temperature: ranges between +8ºC and +10ºC 

The coldest spring: 1987 with Tmean  of +5 to +6ºC (3-4ºC lower than the norm)  

The warmest springs: 1983 and 2007 with Tmean ranging 11 to  

13°C (above  the  norm  with 2-3ºC) 

Absolut minimum: –26ºC (on 4 March 1955 at Bravicea) 

Absolut maximum: +37ºC (on 17 May 1969 and 20 May 1996, at Cahul and 

Stefan Voda, respectively)  

Precipitation total: on average 105-150mm or 24% of the mean annual total 

The driest spring: 2003 - precipitations was twice lower than the norm and 

constituted 30-60 mm 

The wetness spring: 1991, on contrary, the total fallen precipitations (200-

280 mm) exceeded twice the norm  

Daily maximum precipitation total: was 30-100 mm 

The hierarchy of the driest springs according to the SPEI: 1994, 1968, 1946, 1947, 

1986 and 1983 

The longest dry period: 1945-1950 

4. Drought climatology in the Republic of Moldova 
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SPEI-3 (spring)
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Summer (JJA) 

The summer mean air temperature ranges between +18.5ºC and +21.0ºC  

The hottest summer: 2007 with Tmean ranging 22.0 to 25.0ºC (above the norm with 

3.0-4.0ºC)  

Absolut maximum: +41.5ºC (on 21 July 2007 at Kamenka: Moldova’s State 

Hydrometeorological Service source)  

The coldest summers: 1976 and 1984 with Tmean ranging +16 to +19ºC (2ºC lower 

than the norm)  

Precipitation: on average 175-235 mm     

The lowest: 37 mm (Cahul, 1924)  

The highest: 531mm (Chisinau, 1948)  

Daily maximum rainfall: ranges from 70 mm  

The hierarchy of the driest summers according to the SPEI: 2007, 1946, 1951, 1968, 

2000, 1953, 1945, 2003 and 2009. 

The longest dry periods: 1945-1947, 1950-1951 and 1999-2000. 

4. Drought climatology in the Republic of Moldova 
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SPEI-3 (summer)

Evolution of the SPEI at 3-month lag during summer (JJA) from June of 1945 to 

August of  2011 at Chisinau climatological station 
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The autumn air temperature mean ranges between +8.3ºC and +10.6ºC 

The coldest autumn: 1988 with Tmean  of +6 to +8ºC (2ºC lower than the norm)  

The warmest autumn: 1923 with Tmean of 13 to 14°C (above the  norm  with 

3°C) 

Absolut minimum: -21.7°C (29 November 1892, at Chisinau)  

Absolut maximum: + 37.3ºC (9 September 1946, at Chisinau)  

Precipitation total: on average 106-136mm, or 20% of the mean annual total  

The driest: 1963 with 8-36mm (7-27% of the norm)  

The wetness: 1996 with 240-345mm (exceeded the norm 2-3 times)   

Daily maximum rainfall: reached 153mm (September, 2001, at Leova) 

The hierarchy of the driest autumn according to the SPEI: 1963, 1951, 1945, 1961, 

1953 and 2011 

The longest dry periods: 1951-1963 and 2006-2011 

 

Autumn (SON) 

4. Drought climatology in the Republic of Moldova 
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4. Drought climatology in the 

Republic of Moldova 

It is well recognized that GCMs 
can reproduce reasonably well 
climate features on large scales 
(global and continental), but their 
accuracy decreases when 
proceeding from continental to 
regional and local scales because 
of the lack of resolution. 
 

 This is especially true for 
surface fields, such as 
precipitation and surface air 
temperature, which are critically 
affected by topography and land 
use. 
 

One alternative to bridge the 
gap between the climate 
information provided by GCMs 
and that needed in impact studies 
is nesting of a fine scale limited 
area model (or Regional Climate 
Model, RCM) within the GCM. 
 

 Such an approach have been 
used in the framework of the EU-
project CECILIA (Central and 
Eastern Europe Climate Change 
Impact and Vulnerability 
Assessment).  



Projected changes in summer mean air temperatures  

Projected changes in summer mean air temperatures (a) for the control run 
(b) for the period 2021-2050 and (c) for the period 2071-2100 

The highest increase of monthly temperature mean is 
expected during summer months.  

The temperatures are projected to a higher increase 
by the end of the 21st century compared to the mid 
21st century and reference period 1961-1990.  

The  30-year  summer  temperature means  for  
Moldova  domain varies  between  

 18.0°C  to  20.0°C for the current climate (1961-
1990),  

between 19.0°C and 21.0°C for the A1B scenario 
(2021-2050), 

 22.0°C to 24.0°C, for the A1B scenario (2071-
2100). 
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4. Drought climatology in the Republic of Moldova 

The regional climatic model 
ICTP_RegCM3 centered over 
Romania and including the RM was 
run at a horizontal resolution of 10 
km, for 

 the current climate (1961-
1990)  

under SRES A1B scenario for 
2021-2050 and 2071-2100 
periods.  
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The monthly precipitation totals are projected to 
slightly decrease in late autumn (ON), winter (DJF) 
and spring (MA) and highly increase in summer 
months (JJA) during the period 2021-2050.  

 

The A1B scenario projects significant decrease of 
precipitation totals in summer months (JJA) during the 
period 2071-2100.  

Projected changes in summer precipitation amonts 

Projected changes in summer precipitation (a) for the control run (b) for the 
period 2021-2050 and (c) for the period 2071-2100 
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4. Drought climatology in the Republic of Moldova 



This study presents a detailed assessment on drought variability and its 

driving factors in Moldova during the second half of 20th century and the 

first decade of the 21st century.  

Drought was identified in a multi-scalar way using the SPEI. 

 

Data and methods  

Due to the availability of relatively long continuous series (1945-2011), we 

chose the Chisinau climatological st. as a representative station for testing 

the SPEI on various time scales in Moldova.  

The steps followed for the SPEI calculation  were: 

the parameterization of PET based on monthly minimum (Tmin) 

and maximum air temperature (Tmax) and extraterrestrial 

radiation;  

a simple monthly water balance (D) 

normalisation of the D into a Log-logistic PDF to obtain the SPEI 

series at time scales between 1 and 24 months.  

We have also analysed the trends of extreme temperatures (Tmin and 

Tmax) and precipitation anomalies as helpful factors to assess their 

influence on drought characteristics. 

4. Drought climatology in the Republic of Moldova  

Source: Vera Potop, Ala Overcenco, Constanţa Boroneanţ, 10 – 14 September 2012 | Łódź, Poland  

Drought variability and its driving factors in the Moldova 



4. Drought climatology in the Republic of Moldova 

Box 3. Temporal evolution of  data series from 

1945 to 2011:  

upper panel)  

air anomalies of maximum temperature (a),  

minimum temperature (b),  

precipitation totals (c) during the warm season of 

the year.  

The long-term changes in both the temperature 

and precipitation series were represented by a 

smoothed filter 5-year seasonal extreme  

temperatures deviation and precipitation, 

respectively, from the baseline climate (1961-

1990); 

 middle panel)  

SPEI at time scales from 1 to 24 months,  

 bottom panel)  the SPEI at 12-month lag. 



Results  
For all the time scales of the SPEI calculation during 

the warm season of the year (April to September), the 

longest duration and highest severity was identified 

during in the mid 1940s-1950s, 1960s and 2000s.  

These periods correspond to the association of the 

highest temperature and lowest precipitation anomalies 

(i.e., more than 2.5°C associated with precipitation 

anomalies up to 60% below normal).  

The largest impact on water deficit during the last three 

decades was found to be mainly due to the increase of 

maximum temperature (+0.7°C decade-1) and minimum 

temperature (+0.5°C decade-1) associated with 

decreased precipitation (20 mm decade-1).  

The increasing trend of extreme temperatures in the 

Moldova has particularly affected Tmin (the highest 

positive deviation was ranging between 1.5°C to 3.5°C) 

during warm season of the year and the increasing 

water deficit in this season. 

The high variability of temperature and precipitation 

during the 1950s and 2000s is associated with multiple 

periods of large drought extent.  

The majority of the hottest and driest summers since 

1945 were precedes  by winter and spring precipitation 

deficit over Moldova (e.g. 1946, 1953, 2000 and  2007). 

4. Drought climatology in the Republic of Moldova 



4. Drought climatology in the 

 Republic of Moldova 

 

Although lack of 

precipitation is the principal 

driving factor for drought 

conditions, the rapidly 

increasing of minimum 

temperature in this region 

could also play a notable 

role in drought through 

increasing its severity as a 

consequence of water loss 

by evapotranspiration.  

 

High summer temperatures 

are responsible for the large 

extent of the drought 

conditions in summer 

during the last two decades. 



4. Drought climatology in the Republic 

of Moldova Area extent of drought 

 

The extent of drought expressed in the 

percentage of the affected area is 

associated with a specified drought 

severity, which considered the total 

number of climatological stations as 

100%.  

 

the drought observed on the surface of 

up to 10% of the territory of Moldova is 

classified as a local one.  

 

the droughts that cover 11-30% of the 

territory indicate widespread droughts. 

 

 the droughts that cover a territory of 

31-50% are considered very widespread 

 

over 50% are classified as most 

extensive  (catastrophic) 



Years 

Spring Summer Autumn 

Surface 

affected, (%) 

Type of droughts 

  

Surface 

affected, (%) 

Type of droughts 

  

Surface 

affected,  

(%) 

Type of  droughts 

  

1945 - - 60 catastrophic 40 very widespread  

1946 100 catastrophic 33 very widespread - - 

1947 39 very widespread - - 60 catastrophic 

1949 60 catastrophic - - 20 widespread 

1950 33 very widespread - - 20 widespread 

1951 60 catastrophic 40 very widespread - - 

1952 20 widespread  20 vast widespread - - 

1953 - - 40 very widespread 60 catastrophic 

1954 - - 73 catastrophic 25 widespread 

1956 7 local 13 widespread 20 widespread 

1957 7 local 27 widespread - - 

1958 13 widespread - - - - 

1959 - - 13 widespread 13 widespread 

1960 - - 53 catastrophic 13 widespread 

1961 - - 27 widespread 47 very widespread 

1962 - - 20 widespread 40 very widespread 

1963 40 very widespread 7 local 93 catastrophic 

1964 13 widespread 7 local 7 local 

1965 - - 47 very widespread 80 catastrophic 

1966 47 very widespread 7 local 60 catastrophic 

1967 60 catastrophic 40 very widespread 93 catastrophic 

1968 93 catastrophic 7 local - - 

1969 7 local 47 very widespread 73 catastrophic 

1971 26 widespread 20 widespread - - 

1973 20 widespread 53 catastrophic 87 catastrophic 

1975 - - 7 local 87 catastrophic 

1976 27 widespread 20 widespread 7 local 

1981 7 local 53 catastrophic - - 

1982 60 catastrophic - - 93 catastrophic 

1983 20 widespread 13 widespread 93 catastrophic 

1985 27 widespread - - 73 catastrophic 

1986 100 catastrophic 13 widespread 100 catastrophic 

1987 13 widespread 7 local 40 very widespread 

1989 40 very widespread - - - - 

1990 7 local 67 catastrophic 60 catastrophic 

1992 27 widespread 60 catastrophic 40 very widespread 

1993 - - 26 widespread 7 local 

1994 87 catastrophic 40 very widespread 100 catastrophic 

1995 13 widespread 26 widespread - - 

1996 13 widespread 40 very widespread - - 

2000 90 catastrophic 19 widespread 70 catastrophic 

2003 10 local 100 catastrophic - - 

Estimation of the territories affected by drought in the Republic of Moldova in the 1945-2006 period on the basis of data 

from 15 meteorological stations; “-” marks the absence of drought in that year. 

A catastrophic drought was 

registered in 1994. 

 During the spring of that 

year, the drought covered 

87% of the territory of 

Moldova and was of a severe 

intensity degree and/or 

extreme intensity degree.  

In the summer the 

development of the 

hydrothermal conditions in 

the area of drought affected 

40% of the territory.  

 



 The Standard Precipitation Indices (SPI) at time scale of 6-month during the driest growing season of 1986 (Moldova).  
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August 1986 - SPI06 by stations
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Sep 1986 - SPI06 by stations
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the most extensive and extreme drought cover the whole territory was recorded in 1986 

all stations were affected by severe or extreme drought episodes during the May, August and 

September 



4. Drought climatology in the 

Republic of Moldova 

presents the results of the first 
study on drought characteristics 
over Moldova based on SPI 
calculated for RegCM simulated 
data at high resolution (10 km) for 
the current (1961–1990) and two 
future climates (2021–2050 and 
2071–2100).  

 

the results will present the RegCM 

performance in simulating 

precipitation and their influence on 

the SPI values which are 

exclusively based on precipitation.  

 
 



 The results show the intensification of 
summer drought severity due to reduced 
precipitation in the context of general 
warming in Moldova.  
 

2021-2050 - in terms of intensity and 
persistence of dry and wet spells, shows 
that the first part of the this period is 
charcterized by intense and persistent wet 
spells which are projected to be followed 
by some years with severe drought.  
 

 2071-2100 - the time series are 
characterized by a higher variability and 
longer persistence of both wet and dry 
periods as compared with the control run 
and scenario run for the period 2021-2050. 
 

During the mid-century period is 
projected to be less frequently dry events 
for almost all timescales of SPI series. 

 By the end of the 21st century the 
projections suggest that long-duration 
droughts could thus become more 
important than it is observed during the 
present climate. 

 Increases in drought severity are also 
projected for the end of century. 

Projected changes in drought  
characteristics  

SPI series at time scales of 12 months based on monthly 
precipitation totals simulated by the RegCM control run a) 
(1961-1990) and A1B scenario runs b) (2021-2050) and c) (2071-
2100), averaged for all grid points of the domain. 

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

1961 1964 1968 1972 1975 1979 1983 1987 1990

SPI - 12 ctl

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

2021 2024 2028 2032 2035 2039 2043 2047 2050

SPI - 12 sc1

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

2071 2074 2078 2082 2085 2089 2093 2097 2100

SPI - 12 sc

a 

b 

c 

4. Drought climatology in the Republic of Moldova 



IX. Drought impacts 

Direct impacts of drought are reduced crop and forest productivity; 

reduced water levels; increased fire hazard … 

 A reduction in crop productivity usually results in less income for 

farmers, increased prices for food. 

Effects of drought are dependent not only on the duration, 

intensity, areas affected by a drought episode and water supplies, 

but also on the level of economic development in a given country.  

The consequences of droughts of identical intensities and durations 

will have different effects in different regions. 

In the case of RM - 2007 severe drought, which presents a topical 

illustration of how a country can be affected by, and respond to, 

the dual challenge of an extreme drought events and high 

international cereals prices (Potop, 2011).  

As a result, the drought in Moldova which considerably reduced 

yields of winter crops (mostly wheat and barley) and summer 

crops (sunflower, maize, grapes, etc.), affected the overall 

agricultural production (FAO 2007).  

At the same time, a severe spring drought was registered across 

Czechia, which started as a consequence of poor winter snowfalls 

and little spring rain (Potop et al., 2010).  

Firstly, due to the fact, that the drought in the CR had not 

occurred during the reproductive phase of the crops, the 

yields were not drastically affected.  

Secondly, different effects of the drought in Moldova and 

Czechia are associated with different levels of development 

of agriculture and climate conditions in the two countries.   

Location of the Czech Republic and the 

Republic of Moldova in European map 

A sunflower field affected by the 2007 

extreme drought (Moldova) 



average air

temperature

dry spell

rainfall

2007 year

Chisinau 47°01'N Lat. 28°49' E Long. 173 m a.s.l.

•Map shows the extremely dry 
conditions in Eastern  Europe during 
July 2007, as indicated by an ASCAT 
surface soil moisture anomaly.  
 
•The anomalous area comprises parts 
of Hungary, Romania, Moldova and 
Ukraine. 

Republic of Moldova: Extreme Drought of 2007 year 

The severity of Moldova’s 2007 drought is 
comparable only to the worst situation 
that occurred in 1946, known as the year 
of the famine, when many people starved 
to death following the loss of the spring 
cereal harvest.  

IX. Drought impacts 



IX. Drought impacts 

Drought consequence on cereals production  

Potop (2011): Evolution of drought severity and its impact on corn in the Republic of Moldova.  

Theor Appl Climatol 96:305–318 

 Thus, the response of yield is dependent on the meteorological conditions during the 

growing season as well as during the preceding periods.  

 Technological progress and improvement of societal conditions are responsible for 

the generally increasing trend of the crop yield. 

 Using the weather-yield model as a measure of the fluctuations in crop yields, it is 

possible to reflect the changes in the favourable and unfavourable 

agrometeorological conditions and their impacts on the crop production every year 

(Wu and Wilhite 2004). 

 The indicator of agricultural drought risk may be represented 

by the residuals of the detrended yield. 

 The fluctuations in crop yields over time were calculated on 

the basis of two components: 

 the first one is determined by the agricultural technology 

level and/or the climatic conditions 

 the second one is based on the agro-meteorological 

conditions during the growing season from one year to 

the next  

Potop V, Türkott L, Kožnarová V, Možný M (2010) Drought episodes in the Czech Republic and 

their potential effects in agriculture. Theor Appl Climatol 99:373–388 



IX. Drought impacts 

Drought consequence on cereals production  

Potop (2011): Evolution of drought severity and its impact on corn in the Republic of Moldova.  

Theor Appl Climatol 96:305–318 

 The year with a drought risk was identified by the cereals of 

detrended yield:  

 low drought risk         -0.5  ≥ yi(T) > -  

 a middle drought risk   -  ≥ yi(T) > -1.5   

 high drought risk          yi(T) ≤-1.5   

Potop V, Türkott L, Kožnarová V, Možný M (2010) Drought episodes in the Czech Republic and 

their potential effects in agriculture. Theor Appl Climatol 99:373–388 

Crops       Three levels of departures,  yi
(T) 

-0.5 ≥yi
(T) >-  - ≥yi

(T) >-1.5  yi
(T) ≤-1.5  

Triticum aestivum L. 
 

Winter wheat -0.06 to -0.11 -0.12 to -0.17 ≤-0.18  

Triticum aestivum L. 
 

Spring wheat -0.06 to -0.11 -0.12 to -0.17 ≤-0.18 

Hordeum vulgare L. 
 

Winter barley -0.09 to -0.17 -0.18 to - 0.26 ≤-0.27 

Hordeum vulgare L. 
 

Spring barley -0.09 to -0.17  -0.18 to - 0.26 ≤-0.27 

Secale cereale L. 
 

Winter rye -0.06 to -0.11 -0.12 to -0.17 ≤-0.18 

Avena sativa L. 
 

Oats -0.08 to -0.15 -0.16 to -0.23 ≤-0.24 

Zea mays L. Maize -0.09 to -0.17 -0.18 to - 0.26 ≤-0.27 



The evident annual variability of Cm index for for spring and winter crops  

The evident annual variability of Cm index for for spring and winter crops  

Trends of annual average yields (t/ha) for spring and winter crops  

IX. Drought impacts 

Czech Republic: Drought consequence on cereals production  

The evident annual variability of Cm index for for spring and winter crops  

Comparing the regional 
yields of crops and the 
national yields of crops, one 
can state that the yields were 
comparable or higher, 
particularly in maize and 
winter wheat.  
 
As plots indicate, the fastest 
yield growth was found in 
maize and wheat (+4.6 and 
+2.3 t/ha),  

spring barley and 
winter barley (+2.2 
t/ha),  
while slower growth 
was found for oats and 
winter rye (+0.7 and 
+1.8 t/ha). 
 

Winter wheat gives very high 
yield stability in contrast to 
spring wheat. 
 
 The difference between spring 
and winter cereals was 23 % in 
favour of winter cereals. 
 



Maize can acquire water very well from deeper layers with its root system and is resistant 
to dry periods.  
 

It has increased demands for moisture during the flowering period (July-August). For 
example, a severe drought in 1992 affected all cereals with the exception of maize.  
 

That year’s drought was widespread in Germany (crop production was reduced by 22%), 
Hungary, Bulgaria, Moldova and much of western Russia (Ben Lloyd-Hughes 2005). 

Czech Republic: Drought consequence on cereals production  
 
in the year 2000 spring cereals 
reached the lowest yield 
because of the severe drought 
during the vegetation period.  
 
 in 2003 winter cereals reached 
the lowest yield in the Czech 
Republic, which was around 
22% lower in comparison to 
spring cereals due to an 
extensive winter kill. 
 
 additionally, the winter cereal 
was badly affected by the 
following early spring drought.  
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                            Winter 

wheat 

Spring 

wheat 

Spring 

barley 

Winter 

barley 

Winter 

rye 

 Oats Maize 

1964  -1.5σ  -1.5σ -0.5σ -0.5σ   -    -  

1965  -0.5σ  -      -0.5σ  -    -  

1966 -0.5σ  -       -  -0.5σ -0.5σ 

1967 -0.5σ           -0.5σ 

1968         -0.5σ     

1969      -   -      -0.5σ 

1970   -0.5σ   -1.5σ  -1.5σ  -  -0.5σ -0.5σ 

1971      -   -        

1972             -0.5σ 

1975  -  -0.5σ   -0.5σ -0.5σ    

1976  -1.5σ  -1.5σ -0.5σ -0.5σ     -1,5  -0.5σ 

1979   -     -1.5σ  -1.5σ -0.5σ   -0.5σ 

1981     -0.5σ -0.5σ -0.5σ     

1982     -0.5σ -0.5σ   -0.5σ   

1988    -            

1989   -0.5σ        -  -0.5σ 

1990       -1.5σ 

1992 -0.5σ -0.5σ     -0.5σ -0.5σ   

1993   -     -1.5σ  -1.5σ -0.5σ     

1994 -0.5σ -0.5σ     -0.5σ  -1.5σ  -1.5σ 

1995   -0.5σ      -  -0.5σ -0.5σ 

1996      -   -   -    -0.5σ 

1997         -0.5σ -0.5σ   

1998  -1.5σ  -   -  -0.5σ -0.5σ -0.5σ   

2000 -0.5σ   -1.5σ -0.5σ -0.5σ  -  -0.5σ   

2001   -0.5σ           

2002   -0.5σ       -0.5σ   

2003 -0.5σ    -0.5σ  -0.5σ  -0.5σ  -0.5σ -0.5σ 

2006  -0.5σ  -0.5σ  -0.5σ  -0.5σ -0.5σ  -0.5σ   

 

 The evident annual variability of 

yield ( ) calculated for individual 

crops: 
in the year 1976 summer 
drought occurred and, as a result, 
the yield was reduced in the 
crops with  
 -0.5σ for spring barley, 

winter barley and maize,  
-1.5σ for winter wheat, 

spring wheat and oats. 
The summer 1976 is 
characterized in the literature as 
being exceptional drought for 
Europe with  
severe droughts reaching 

from Scandinavia to France, 
affecting in particular 
Sweden, Denmark, the 
Netherlands, Northern 
France, England, Scotland 
and Ireland, later also 
spreading to Eastern Europe, 
while “the impact was worst 
in South-East England with 
supply restrictions” 
(Bradford 2000). 

IX. Drought impacts Czech Republic: Drought consequence on cereals production  



Republic of Moldova: Drought consequence on maize production  

IX. Drought impacts 

Source: 
Potop (2011): Evolution of drought severity and its impact on corn 

in the Republic of Moldova. Theor Appl Climatol 96:305–318 

Yield dynamics 

of national mean 

level (a) and 

annual departures 

from normal (b) 

for maize in the 

RM 

The highest maize yield was in 
the 70’s-80’s years of the 20th 
century, followed by a stable 
period, but since 1990’s years 
harvest has stagnated, motivated 
by the economic reform.  

The highest yield reductions due 
to extreme and severe drought 
events occurring in the flowering 
and grain filling stages on the 
whole territory were in the 
following years:  

1953(1.0t/ha),1992(2.5t/ha),19
94(1.6t/ha),2003(2.8 t/ha) and 
2007 (0.7 t/ha). 

 This fact is linked with: 

• the increasing drought 
conditions observed for this 
period,  

•conditions as inappropriate 
agrotechnical measures  

•lack of irrigation that contribute 
to corn crops’ decreasing drought 
resistance. 

Economic assessment of the 
impact of climate vulnerability on 
maize in the period 1990-2008 
suggests that net losses have so 
far exceeded net gains. 



Long-term maize yield by district (1955-2007) and variability of maize yield in Moldova  

IX. Drought impacts 

AVG – average yield per region; CV = coefficient of variation is calculated from 

the average and standard deviation of yield 
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 The regional data for variability of yield indicates that relatively 

favorable humidity conditions for obtaining high maize yield are in 

the North (CV = 20 %) and Central (CV = 22 %) regions of the 

country. 

 Districts located in the South agro-climatic region, which receive 

less precipitation, tend to be more vulnerable to drought. In the 

South, therefore, the CV value is highest (0.30 or 30 %). 

 The more extensive are the drought areas, the greater are the 

variability and reduction in cereal crops yields.  
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Summer heat episodes and drought in Central and Eastern Europe:  

Czech Republic and Republic of Moldova case 

The impact of extreme events is 

more serious when the extreme 

meteo conditions prevail over 

extended periods. 
 

The 2006 European heat wave 

was also a period of exceptionally 

hot weather that arrived at the end 

of June 2006 in certain European 

countries.  
 

The 2006 heat wave was clearly 

located more northward of 

Europe than in summer 2003. 
 

 Regions such as northern France, 

Germany, Belgium, and the 

Czech Republic, which were 

strongly affected by the 2003 heat 

wave, were affected by an even 

more extreme heat wave in July 

2006, in terms of absolute mean 

monthly values.  

Surface air temperature anomalies in July 2006 (top), June 2003 

(middle) and August 2003 (bottom): mean (left), minimum 

(middle) and maximum (right) surface air temperature 

Source: Rebetez et al., 2008  
Differences between July 2006 and June 2003 (top),  

August 2003 (bottom) average (left), minimum (middle) and 

maximum (right) surface air temperature  

IX. Drought impacts 



Anomalies of averaged July temperatures in the Czech Republic and Moldova (maps) and averaged summer 

temperatures at Hradec Králové and Chişinău weather stations (charts) in 2006 and 2007 on the background of baseline 

(1961-1990) temperatures approximated by a normal distribution curve. 

T- the average July  temperature; σ - standard deviation of the reference period; δТ/σ - the normalized deviation.  

We present the results of two research goals (Overcenco & Potop, 2010):  

(1) comparative assessment of the extremely hot summer of 2006 in the Czech Republic (CR) and 2007 in the 

Republic of  Moldova (RM) 

(2) identification of  heat episodes (tropical days and heat waves) in these countries during 1961-2009. 

IX. Drought impacts 

Summer heat episodes and drought in Central and Eastern Europe: Czech Republic and Republic of Moldova case 



Czechia 

 

The summer of 2006 was 

recorded as very hot; 

however, temperatures in June 

and July did not break record 

In July 2006, as in June and 

August 2003, deviation of the 

mean temperature from norm 

was more than +4.7 °C over 

the CR  

The chart shows that averaged 

temperatures were exceeded 4 

standard deviations (δT/σ = 

4.2)  

Moldova 

 

During summer 2007 the absolute 

temperature records were registered for all 

observation period (since 1887) 

July 2007 was the warmest month for all 

observation period  

Temperature anomalies have exceeded its 

baseline in July on 3-4  and in summer up 

to 5  

Anomaly ≥2  can occur with a probability 

of 5%, and ≥3  ─ 0.3% (i.e. 5 times in 100 

years and 3 once in 1000 years), it is easy to 

imagine, how rare was summer of 2007 in 

Moldova. 

IX. Drought impacts 

Summer heat episodes and drought in Central and Eastern Europe: Czech Republic and Republic of Moldova case 



the 2006 June and July mean, maximum and minimum 

temperatures in the CR were constantly above the normal 

temperatures with except of August 

2007 summer temperatures in Moldova were higher not only 

of their mean baseline values, but also the values considered 

as extremes 

the IPCC Glossary (IPCC 2007b, p. 875) defines an extreme 

weather event as “an event that is rare within its 

statistical distribution at a particular place” 

criteria of «rarity» vary from place to place and are normally 

calculated as rare as (or rarer than) 90th percentile values 

by 90th and 95th quantiles – in Chişinău all three indicators of 

2007 summer temperatures were significantly higher than 

extremely possible in the baseline climate, and for CR such 

exceedance in 2006 was observed only in June and July. 

Republic of Moldova and Czech Republic  

 Deviations of summer daily air temperatures in the CR, 2006 (a) and 

in the RM, 2007 (b) from their baseline values (horizontal null line) 
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Table: Summer 2006 (CR, a) and 2007 (RM, b) 

temperatures (ºC) in comparison with 90% and 

95% quantiles of their distribution in baseline 

and current climates 

Source: Overcenco & Potop, 2010 

It is interesting, that as in CR, as in 

RM the greatest exceedance is 

observed for summer minimum 

temperatures; 

In other words – the greatest 

contribution into the exceptionality of 

these summers was made by increase 

of Tmin. 



Over past 20 years the average number 
of tropical days in the summer season 
has increased in more than 1.5 times 
both in Moldova and in the middle part 
of Elbe River Basin (CR) 

 

The growing number of tropical days is 
accompanied by increase of maximum 
temperatures during the whole period  

 

Based on surface temperature data from 
100 European stations, First European 
Climate Assessment (ECSN 1995) 
reports an increase from the beginning 
of the 20th century until 1940, a period 
of stabilization or even cooling until 
around 1970, followed by a new 
increase extending up to the present 
time. 

 

 Our results as for CR as for RM 
weather stations coincide with ECSN 
(1995).  
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Tendency of number of tropical days in summer during 1961-2009 in the Czech 
Republic (upper) and the Republic of Moldova (lower) Source: Overcenco & Potop, 
2010 
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In the CR, the last two decades were characterized by 
prolonged periods of severe heat waves, whereas the 1970s 
and 1980s were characterized by diminishing or completely 
missing heat waves 

The hottest summer as regards heat wave duration and 
severity have occurred in the CR in 1994 (the longest 
heatwave lasting 17 days and cumulative Tmax excess of 
72.8 ºC at Hradec Králové) and in Moldova in 2007 (24 days 
and 127.2 ºC) 

It is evident that during last two decades the total number of 
heat episodes in two countries has increased significantly 
resulted by climate variability and extremely hot years. 

The most severe heat waves in Hradec Králové (middle part of Polabí, Czech Republic) and Chişinău 

(the Republic of Moldova) from 1961 to 2009. Source: Overcenco & Potop, 2010 

Year 
Tropical 

Days 

Heat waves 

number 

Heat wave 

Duration, days 

in total 

Severity of heat 

waves (ΣΔTmax>30), 

ºC 

Highest 

Tmax during 

heat waves, ºC 

Highest Tmax 

for summer 

season, ºC 

a – Hradec Králové, CR 

1994 30 1 17 72.8 37.8 37.8 

b – Chişinău, RM 

2007 44 3 24 127.2 39.4 39.4 

HWDI- the maximum period 

greater than   five consecutive days 

with maximum air temperature 

(Tmax) >5 °C above 1961–1990 

daily Tmax normal (IPCC, 2001). 

To characterize the heat waves 

severity the cumulative Tmax 

excess above 30.0°C (ΣΔTmax>30) 

and the peak temperature during 

heat waves are used (Kyselý, 2010).  

Republic of Moldova and Czech Republic  

IX. Drought impacts 



Taking into account the hot summer climate of the country, the 

continuation of this tendency could result in very negative 

consequences for all biological systems, primarily affecting the most 

vulnerable components – agriculture and human health.  

A catastrophic drought, occurred in 2007, has led to disastrous 

consequences – 90% of country’s territory and 80% of rural 

population depending of agriculture were affected by the diminished 

harvest, output of cereal crops declined by 63% compared to 2006 

and the wheat harvest reduced in 10 times.  

Total losses during this drought amount 1 billion USD (UNDP 

2009).  

The oppressive weather of this summer has resulted in both direct 

and indirect effects on human health, reflected in increased 

ambulance call-outs and the increase in total mortality, especially 

from cardiovascular disease among the elderly population.  

As shown recent study, the direct heat effect during 2007 hot 

summer in Chisinau has resulted in about 200 of excess deaths 

(Corobov and Opopol 2010). 

In the CR with its quite mild summer the picture is not less 

depressing. Thus, the drought spell of 2006 hot summer has affected 

70% of agricultural areas in the Czech Republic.  

However, the yield losses of agriculture crops due to hot and dry 

summer of 2006 were not as high as in summer of 2003 in the Czech 

Republic. 

IX. Drought impacts 

Republic of Moldova and Czech Republic  



X. Top 10 Challenges to Adopting Drought Risk Management Approach 

1.Drought doesn’t get the respect of other natural hazards. 

2.Drought monitoring/early warning is more complex. 

3.Institutional inertia constrains change from crisis to risk  

management. 

4. Impacts are poorly understood and not well documented. 

5.Drought relief discourages risk-based management 

approach (i.e., crisis management). 

6.Poor understanding of how societal changes affect 

vulnerability. 

7. Drought predictability is low in most cases. 

8.Decision-support tools and delivery systems must be 

improved and tailored to the needs of users. 

9. Drought mitigation actions are less obvious.  

10.Political will must be present for nations to move to a 

more proactive, risk-based drought management 

approach. 



Current Global Drought Conditions – University College London 

Participating Continents 

North American Drought Monitor 

European Drought Observatory 

Princeton University African Drought Monitor 

XI. The Global Drought Monitor Portal (GDMP) 

http://www.drought.gov/portal/server.pt/community/global_drought  
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STA  -  TEACHING  ASSIGNMENT 





Objective of the seminar:  

-Calculate the most advance multi-scalar drought indices for two climatological stations situated in different 

climatological regions from the Czech Republic.  

-Describe and compare the temporal evolution of moisture conditions in lowland and mountain regions using SPI and 

SPEI drought indices.  

-Create a time series of Standardized Precipitation-Evapotranspiration Index (SPEI) and Standardized Precipitation 

Index for the period 1961-2010 and five accumulated periods: 1, 3, 6, 12 and 24 months.  
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Location of stations used for the 

calculation of the SPEI and SPI 

drought indices in the Czech 

Republic. 1-Doksany and 2-Lysá hora 
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