
Czech University of Life Sciences Prague, Czech Republic 

Department Agroecology and Biometeorology 

Faculty of Agrobiology, Food and Natural Resources 

Czech University of Life Sciences in Prague 
 

potop@af.czu.cz 

 

ERASMUS   PROGRAMME 

STA  -  TEACHING  ASSIGNMENT 



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

Objectives of the mobility :  

To familiarize students of the host university with  research 

focussed on the impact of drought on crop yields  
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Exchange of experience with  current  methodologies and 

introduction  of new approaches in the teaching   
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Drought events and their impact on agriculture crops in 

Central Europe and South-Eastern Europe. 

Expected results:  

Presentations, seminars and extended knowledge of 
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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. 

                      

ñAnd 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.ò 

ðJohn 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 

 ñnormalò 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 difýcult to determine); 

II. the absence of a universally accepted deýnition  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  þoods. 

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

feature of the climate.  

Seasonal aridity (i.e., a  well-deýned  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)ï 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 inýltration of P into the soil. Inýltration 

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  



ü Droughts differ from one another in three essential 

characteristics: intensity, duration, and spatial coverage. 

ü 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. 

ü duration ï droughts usually require a minimum of 2 to 3 months 

to become established but then can continue for  months  or  

years. 

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

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

 

ü Droughts also differ in terms of their spatial characteristics. 

ü the spatial extent of individual events; 

ü the variability within the affected areas; 

ü the dynamics of the spatial extent; 

ü 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) 

Å Based on the  probability of  

precipitation for any  time 

scale 

ÅUsed by many drought 

planners 

ÅGamma distribution is 

commonly used to 

approximate (other 

distribution functions may be 

used, alternatively [Pearson 

III  distribution ]) 

ÅHigh correlation with PDSI at 

time scales at 6 to 12 months 

(Redmonth, 2002) 

ÅSPI can be calculated  in 

all climatic regions and 

for any time period of 

interest.   

ÅIt is commonly calculated 

using 1-month, 3-month, 

6-month, 9-month, 12-

month, and 24-month 

intervals.  

ÅThese time-scales are 

appropriate for monitoring 

different types of drought  

and correspond to 

different drought impacts 

ÅSPI can readily be 

compared across time and 

space 

 

ÅInput : only precipitation 

ÅIt  does  not  include  water  

demand  by  means  of 

evapotranspiration    and    the    

possible    impact    of 

temperature variability and 

change 

ÅMay be less useful during 

short-term,  low rainfall 

periods  

Åit  is important  to note that 

arid  regions, those that 

experience many months with 

zero precipitation 

ÅMay 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) 

ÅBased 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 ï PETi 

 

ÅPET 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 

 

ÅLoglogistic distribution was most 

appropriate for the SPEI 

ÅThe SPEI has all of the 

desirable characteristics of the 

SPI and that now includes a 

water balance approach that 

accounts for evaporative 

demand. 

ÅCombines the sensitivity of 

the PDSI to changes in 

evaporative demand with the 

multi-temporal nature of the 

SPI 

ÅVicente-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  

ÅLorenzo-Lacruz et al. (in 

press) conclude that the SPEI 

is slightly superior to the SPI 

for characterizing 

hydrological droughts and 

reservoir storage 

ÅDetecting, monitoring, and 

exploring the consequences of 

global warming on drought 

conditions 

ÅOne of the weaknesses of the SPEI 

is that it requires more data than 

the SPI 

 

ÅMay also be more difficult  to 

interpret than the SPI since both 

temperature and precipitation 

influence the index values 

 

ÅLike 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) 

ÅSoil moisture algorithm 

calibrated for relatively 

homogenous regions 

ÅMost prominnent drought 

index, widely used in sci. 

literature 

ÅInput: P and T (monthly, 

weekly); available water 

content (1 parametr) + 

latitude 

ÅThe first   comprehensive 

drought index, used  

widely  

ÅVery effective for  

agricultural  drought 

since it  includes soil  

moisture 

ÅIt  includes supply and 

demand 

ÅIncludes the role of 

temperature variability  

and change. 

ÅComplexity of calculation 

ÅSeveral variables needed 

(Precipitation, Temperature, 

Soil water holding capacity) 

ÅStrong influence of calibration 

period  

ÅLimited utility  in areas other 

than that used for calibration 

ÅProblems in spatial 

comparability 

ÅFixed time-scale (between 9 

and 12 months) 

ÅLacks  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  

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

Ç 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 . 

ü 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 Ò -1.  

ü 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., BoroneanŞ, C., MoģnĨ, M., ĠtŊp§nek, P., Skal§k, 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 < Ð), 

whereas in three parameter distributions x can take values in the range ( ɔ> x < Ð, 

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, ɓ  and ɔ are scale, shape and origin parameters, respectively, for D values 

in the range (ɔ > D <Ð ). 
 

 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 ũ(ɓ) is the gamma function of ɓ.  
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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 Ni¶o Southern Oscillation (ENSO) 

one of the main sources of variability in the 

Earthôs 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 Ni¶o and La Ni¶a 

phases  

El Ni¶o ï pressure differences across the 

tropical Pacific Ocean are reduced,  SST 

anomalies are ñ+ò in the central and eastern 

tropical Pacific Ocean 

La Ni¶a ï 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 Ni¶a events than during 

El Ni¶o events 

El Ni¶o - tended to generate more droughts 

globally than La Ni¶a events 

at the longest time scales the percentage 

of the global surface area affected by 

drought during El Ni¶o years was more 

than 4 times that for La Ni¶a years 

(Vicente-Serrano et al., 2011) 

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

VI. Causes of drought 

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


El Ni¶o 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 
+0.74ÁC 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 Ni¶o)  of ENSO since the  late  1970s. 
This  is  because El Ni¶o 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 Ărich get richer and poor get 
poorerô syndrome !!!!ñ. 

 

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 ïcontinues; 

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 (1950ï53) 

 The Eurasian analysis identiýed 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 deýned as Australia, New Zealand, Papua New Guinea, and the Paciýc Islands 



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

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

1980s 

Asia: 1950ï52 (May 1951 centered on Kazakhstan) and 

1999ï2000 (are highlighted in the map for May 2000 to be 

very severe), 1997ï98  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 identiýed for North 

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

States and southern Canada), with only the 1999ï2000 

drought of comparable duration 

Oceania (Australia): there are several events with high 

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

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 1958ï59, 1982ï83, and 

1963ï64 (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 


