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Is it going to be dry or wet
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We need to understand the past
history of drought to better
assess future prospects for
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2 5= “And it never failed that during the dry years the g
OS% 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



\ I. Introductio

&4 E Drought is one of the most complex natural hazards, with impacts on
3 agriculture, water resources, natural ecosystems and society.

' B 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.

& '-‘, B Four category of drought studies:

0 & B deals with the causes of drought and the search for an improved
understanding of atmospheric circulation associated with drought
occurrences;

B the assessment of the probability of drought occurrence for various
degrees of severity and spatial distribution;

E the assessment and understanding of drought impacts;

E deals with societal responses to drought threats, appropriate }
mitigation and adaptation strategies to drought impacts. §
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EIt 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).




\ II. What is drought?

} Drought: a significant deficiency of precipitation from
“normal” over an extended period of time,
8 resulting in a water shortage for some activity,

group, or environmental sector (Wilhite, 2011).

44

E 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);

I1. 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;

[11. drought impacts are nonstructural and spread over a larger
geographical area than are damages that result from other |
natural hazards such as floods. S

E Drought is a temporary aberration, unlike aridity, which is a permanent |
feature of the climate.

B Seasonal aridity (i.e., a well-defined dry season) also must be
distinguished from drought.
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 I11. Types of ought

Natural and Social Dimensions of Drought

Decreasing emphasis on the natural event (precipitation deficiencie
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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.

= T U AR WL

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




\ IV. Characterizing Drought and Its Severity

© » 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
i to become established but then can continue for months or
= years.
B = > magnitude - closely related to the timing of the onset of the

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



\ V. Drought indicator

B Another important feature of droughts is their characteristic
time scales, which can vary substantially.

B A single month of deficient rainfall can adversely affect
rainfed crops while having virtually no impact on a large
reservoir system.

B 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).

B However, particularly in the agriculture sector, shorter-time
scale meteorological information is also highly relevant.

B 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.

B 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).

B For this reason, a drought index must be associated with }
specific time scales to be useful for monitoring drought. |
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B To monitor and quantify drought, various indices have been
developed but a unique and universal accepted drought
indicator does not exist so far (Heim 200?2)

B 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

B 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).
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« 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 e
[11 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
SPI1 depending on which PDF
Is used to normalize
preC|p|tat|on (Wu et aI 2007)




The SPElI has all of the ¢ One of the weaknesses of the SPEI

» 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 D; = P,— PET,;

« 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

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

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).



* Soil moisture

calibrated for  relatively
homogenous regions

* Most prominnent drought
index, widely used in sci.
literature

e Input: P and T (monthly,
weekly); available  water ¢
content (1 parametr) +
latitude

algorithm < The first comprehensive « Complexity of calculation

drought index, used s Several variables needed

widely (Precipitation,  Temperature,
Very effective for  Soil water holding capacity)
agricultural drought « Strong influence of calibration
since it includes soil period

moisture » Limited utility in areas other
It includes supply and than that used for calibration
demand * Problems in spatial

Includes the role of comparability

temperature variability * Fixed time-scale (between 9
and change. and 12 months)

 Lacks the multi-scalar

character essential for Dboth

assessing drought in relation

to different  hydrological

systems, and differentiating

among different dr
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V. Drought indicator

B 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.

-3
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Standardized Precipitation Index (SPI)

1

= 0.8
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3 ] 7 moisture category
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SPI = normalised precipitation sum over aﬁlven period -1.0 moderately dry
preclpl |On E B EEGEHE . [ | -1 5 severel d
T 20 y dry

extremely dry

@

SPI- 12 months

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Temporal evolution for data series of SPI at time scales of 12 months for the period 1901-2010 (at Doksany observatory, %

the Czech Republic).




V. Drought indicator

Standardized Precipitation Index (SPI) calculation

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

O Pearson I11 distribution as suitable probability density function for calculation SPI in semi-arid
region:

F(x)

1 X—y e _(X—Vj where a, p and y are the shape, scale and origin parameters,
= ( ) e respectively, for precipitation values x > 0; and T'(B) is the
aol'(p)

Gamma function of .
The parameters of the Pearson 11 distribution, when L-moment ratios have been calculated,
can be obtained following Hosking (1990):
If T, = 1/3, then 1, = 1- T;and P can be obtained using the formula:

a
N

(0.360677, —0.59677°m +0.253617°n)
(1-2.78861r, +2.560967°m —0.77045¢°n)

2 . . . .
If T3 < 1/3, then T, = 37T 3 and B can be obtained using the following expression:

- (1+0.29067, ) B I'(B)
(r, +0.18827%n +0.04427°y) a= i, ['(B+1/2)

P =

The probability distribution function of x is given by:

SN e

al’(P) ;)\ «




V. Drought indicator

SPI calculation

Pearson Il 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:

H(x) =q+(1-q)F(x)

where @ 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 k
months and m is the number of months with no precipitation. f

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

X

To transform H(x) and obtain SPI, the approach formulated by Abramowitz and Stegun £
(1965) is used:

epp _yy_ CotCW+CW? W = /-2In(P) for P<0.5 A

1-dW +dW? +dW*

P is the probability of exceeding a determined precipitation value, P=1-H(u). If P>0.5, Pis
replaced by 1-P and the sign of the resultant SPI is switched. |
The constants are: i | -
C, = 2515517, C, = 0.802853, C, = 0.010328, d, = 1.432788, d, = 0.189269, d; = 0.001308 \
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V. Drought indicator

Standardized Precipitation Index (SPI)

B Temporal evolution for data series of SPI at time scales of at time scales of 1, 3, 6, 12 and 24 months

(€8] i i SPI- 1 month

OO0 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

@ _ SPI- 3months

1 L 1 1

WNRORNW \ONFORNW
©

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

e

900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

onths

@) | :$PI-6m

SPI- 12 months

WRNPORNW L ONRORNW

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

@ SPIi— 24 mor?ths

WNRORNW
1 1 | 1 1

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

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

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)




V. Drought indicator

Standardized Precipitation Evapotranspiration Index (SPEI)

B 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.

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

A AR 4 -

| The 7 classes of SPEI category according to its value » A drought episode was defined as a
e eriod longer or equal to 1 month

SPEI Drought category | Probability guring theggrowingqseason (April to

>2.0 Extreme wet 0.02 September) when the SPEI value

1.50-1.99 Severe wet 0.06 was < -1.

1.49 - 1.00 Moderate wet 0.10 > The monthly SPEI values > -0.99 or
0.99 - -0.99 Normal 0.65 < 0.99 were considered as normal
-1.00 —-1.49 Moderate drought 0.10 condiﬁcqmsl .

-1.50 - -1.99 Severe drought 0.05 4
<-2.00 Extreme drought 0.02

Source: Potop, V. Boroneant, C., Mozny, M., Stépanek, P., Skalak, 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 D; = P;- PET,; series is aggregated at different
time scales, following the same procedure as that for the SPI: -

DY =>P,,—PET,

i=(0
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 ( y> X < oo, ¥
where is the parameter of origin of the distribution); consequently, x can have negative B
values, which are common in D series.

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

expressed as:

» ) (=)
=» where a, f and y are scale, shape and origin parameters, respectively, for D values
in the range (y > D <x).

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



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

V. Drought indicator

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

B 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).

E When L-moments are calculated, the parameters of the Pearson III distribution can be obtained
following Singh et al. (1993):

5 2w, —w, . (W, —2w))
ow, —w, — 6w, Fa+1/pra-1/p)

where I'(B) is the gamma function of p.
B The Log-logistic distribution adopted for standardizing the D series for all time scales is given by:

y i I
F(x)= 1+[ “ ] l
L X= >
ul

B 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 Steaun, 1965):

2
Pl —\W — C,+CW +CW W = /_ 2In( P) for P<0.5 (the probability of exceeding
1-dW +d,W?+dW°® K a determined D value)

y=w,—al (1+1//Ir1-1/5)

1 @ SPEI—],;2months ‘

Temporal evolution for data series of
SPEI at time scales of 12 months for the
period  1901-2010 (at  Doksany
observatory, the Czech Republic).
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V. Drought indicator

Standardized Precipitation Evapotranspiration Index (SPEI)
F 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)

> 4@, ; ; | SPEl-1month

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

2 (1) ' SPEI-3 mgnths
1 '
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-2 4

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

3 T T T T T T

2 @ } | | SPEI- 6 months
1 : ‘

(0]

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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VI. Causes of drought

El Nino 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 Nifio and La Nifa

phases

El Nifio — pressure differences across the

tropical Pacific Ocean are reduced, —=SST

anomalies are “+” in the central and eastern

tropical Pacific Ocean

La Niina — 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 Nifia events than during

El Nifio events

El Nifo - tended to generate more droughts

globally than La Niiia events

B at the longest time scales the percentage

of the global surface area affected by
drought during El Nifio years was more
than 4 times that for La Nifia years
(Vicente-Serrano et al., 2011)

COLD EPISODE RELATIONSHIPS DECEMBER - FEBRUARY

LE R R EREERE

'l [ DHRY & L'uuf.‘;
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http://www.cpc.ncep.noaa.gov/

VI. Causes of drought

El Nifio Southern Oscillation (ENSO)

Historical El Nino and La Nifa Episodes
Based on the ONI computed using ERSST.v3b

Highest Lowest
EIl Niiio ONI Value L.a Nina ONI Value
JJA 1951 — DJF 1951/52 1.2 ASO 1949 — JAS 1950 1.4
DJF 1952/53 — JFM 1954 0.8 SON 1950 — JFM 1951 0.8
NOTE (Mar. 2012): MAM 1957 — JJA 1958 1.8 AMJ 1954 — NDJ 1956/57 1.7
The historical values of | OND 1958 - FMA 1959 0.6 AMJ 1964 — DJF 1964/65 -0.8
the ONL have slightly  Fyyysoe3 jrM 1964 1.4 JJA 1970 — DJF 1971/72 1.3 -
changed due to an §
update in the AMJ 1965 — MAM 1966 1.9 AMJ 1973 — JJA 1974 2.0
climatology. Please JAS 1968 — DJF 1969/70 1.1 SON 1974 — MAM 1976 1.7
click here for more AMJ 1972 - FMA 1973 2.1 ASO 1983 — DJF 1983/84 -0.9 s
details on the B
. ASO 1976 - JFM 1977 0.8 SON 1984 — ASO 1985 -1.1 c
methodology: b
o . ASO 1977 — JFM 1978 0.8 AMJ 1988 — AMJ 1989 1.9
Historical ONI Values
AMJ 1982 — MJJ 1983 2.2 ASO 1995 — FMA 1996 0.9
JAS 1986 — JFM 1988 1.6 JJA 1998 — FMA 2001 -1.7
AMJ 1991 — MJJ 1992 1.6 OND 2005 — FMA 2006 0.9
ASO 1994 — FMA 1995 1.2 JAS 2007 — MJJ 2008 -1.5
AMJ 1997 — MAM 1998 2.4 JJA 2010 — MAM 2011 -1.5

AMJ 2002 — JFM 2003 1.3 ASO 2011 - FMA 2012



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

VII. Drought and Climate Change

E The average global temperature has increased by
+0.74°C over the past hundred years (between 1906 and
2005)

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

. . o e . -3 T P L — L — L — T
B increased significantly in eastern parts of North ~ “ie00" = 1920 1840  1s60 1980 2000

and South America, northern Europe and
northern and central Asia
E declined in the Sahel, the Mediterranean,
southern Africa and parts of southern Asia.
E Globally, the area affected by drought has likely
increased since the 1970s.

Dai et al. 2004

E A large part of the recent drying is related to
the shift toward more intense and frequent warm

events (i.e., El Nifio) of ENSO since the late 1970s. é%’ﬁm. r R*

This is because El Nifio often reduce precipitation
over many low-latitude land areas.

E In the long-term projection for the 2070s, 100-year
droughts show strong increases for large areas of Y A :
southern and southeastern Europe (Portugal, all cucgwesmannesy oo % gy
Mediterranean  countries, Hungary, Bulgaria, B
Romania, Moldova, Ukraine, southern Russia) Lehner et al. 2006




VIII. Level study of drought at global, regional and local
1. At global scale l

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

Ethe prolonged drought in Sahel-which was very prononced
from the late-1960s to the late-1980s —continues;

Ealthought it is not quite as intense as it was;

B this drought has been linked, through changes in atmospheric
circulation

Bto changes in tropical SST patterns in the Pacific, Indian, and
Atlantic basins (Giannini et al. 2003)

B changes in land-use is additional factor of importance

B drought has become widespread throughout much of Africa
and more common in the tropics and subtropics.

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 !!11%.

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.




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

Number Number of Number of Longest Maximum spatial
of droughts <6 | droughts > 12 duration extent
droughts months months (months)
Africa 44 28 4 19(1982-84) 40.0, April 1983
Asia 86 37 22 49(1984-88) 18.5, October 1997
Europe 40 24 4
North = 5, 34 g 44(1950-53)  39.3, March 1956
America

Oceania 24 17 | 12(1951-52) 80.2, February 1965
South 45 37 16(1958-59) 51.2, October 1963
| America

20(1959-61) 42.8, June 1950 "l

I

ST | W} 3
E the Sheffield et al. note with respect to global and continental droughts:
The longest duration drought:
E Asia - 49 months (4 yr) from 1984 to 1988 (persisted over central Siberia before
migrating southeast to northern China and back again)
E North American drought 44 months (1950-53)

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



VIII. Level study of drought at global, regional and local
1. At global scale ‘

FEB 1954

e T ek

B African: dominated by events during the mid-1970s,
1980s

B 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)

E Europe: high variability in the 1950s is associated with
multiple periods of large drought extent

E  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

E 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

B South America: occurred during 1958-59, 1982-83, and

1963-64 (14 months)

Source Sheffield et al. 2009 : Severity and maximum spatial extent of selected major drought events for North America, Europe, and Asia. The events are \R/
extracted by calculating the mean severity of all grid cells in the drought multiplied by the area and searching for the maximum value. ’
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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.
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| 1. At global scale ‘ ) I l I “ | | 6-month SPEI

1950 1960 1970 1980 1990 2000 2010
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- 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.

-2.0 -1.0 0.0 1.0 20

oL N
Source Vicente-Serrano et al. 2012: Spatial distribution of the 6-month SPEI for the entire Africa between July and December
1984.
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2. At the European scale

E 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.

B 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).

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

in summer, over the last two decades.

B 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.

B 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.

B The summer of 2010 was exceptionally warm in eastern Europe and large parts of

B

Main drought events
in Europe:
Tallaksen, 2007

T

Russia and caused adverse impacts that exceeded in amplitude and spatial extent the

previous hottest summer of 2003.

I



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

4 @

| SPEI-24 months

- 2.1 Drought conditions over Europe

WNRORNW

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

B Droughts have occurred frequently over the last century in Europe and they are part of
natural climatic cycles.

B Droughts and floods, present a strong decadal variability:

E very wet conditions were found between mid 1910s and 1920s and at the
beginning of 1980s.
B the driest conditions were in the mid 1940s-1950s

B Drought conditions over Europe appear when the moisture transport from source
regions (e.g., the subtropical Atlantic) to Europe is weak.

B 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.

B 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.

B 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 g
condition in summer.

B 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).
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2.1 Drought conditions over Europe ‘ @ w e L W
B Summer drought conditions over Europe are associated with a g
tripole-like SST pattern (Fig. d):
E over the North Atlantic Ocean
E with positive anomalies over the North Sea
B the east coast of US and negative anomalies over the
Canadian coast and south of Greenland
E Dry(wet) conditions in summer over the central and _ :
southern part of Europe (Scandinavian Peninsula) are ?1)92"1',”*'16;385,519 4f7°'r1$‘;si‘é§g, dlrg'ggt Y76
associated with a strong center of positive SLP anomalies (Up to  (ionita et al, 2011).
2.5 hPa) over (Flg a): (a) PC&mggsggl Aflﬁz ‘(li;l.iggL—Fg_ost
-the central part of Europe

-a center of strong negative SLP anomalies over
Scandinavia and Siberia

B This pattern caries cold and dry air from the north towards
Europe and inhibits precipitation over these areas
B 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

®» 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 a) The composite map (High-Low) between

(e_g_ ENSO) and global warming the standardized times series of TSP1 and
’ winter SLP (lonita et al, 2011).
' 5 YES v
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; Gy N\ 1ol r 500 — 1000
2.2 Drought conditions in Central Europe 550 D N T
L B -4 LS SRR, - g
-L ; s Y o R e -
B CenFral Europe is not frequently thought of as being a L el 3 o
—_ 1 1 T i e 4‘ __ Germ“any \ :
particularly drought-prone region in the European | g, il el ] -
- TR ¥ APRAGUE.. i

context with the exception being the Panonian Basin | ‘ i
(eastern Austria and a large part of Hungary). ance;’: [ S|k
Only recently has the importance of a systematic o | SWtz'nd i
research of drought climatology been recognized in | S
countries like the Czech Republic. L

{4 Hungary

,_:_; - _E;_j,,
gi Serbia ©—

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 (AM]) (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)].
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o o . Major GWT  Circulation GWL
2.2 Drought conditions in Central circulation types (GWL)
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Europe (GWT)
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were 1n: European high
high
l MAM - the Ce]ltl'al-Eul'OPean ) Central-European BM
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2.2 Drought conditions in Central Europe

conducive to drought during AM]J 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 19% 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 AM] 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
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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.
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3.1 Physical geography of Czechia

B CR has a surface area of 78.866 km? located in central Europe within the temperate climate

zone
B Characterized by a moderate humide climate - 4 alternating seasons.
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3.1 Physical geography of Czechia

The country’s territory extends along the 50t paralell 2 5y
The maximum lenght in the longitudional direction — 452 km. ;50'5
The maximum latitudional width is 276 km. 34952
CR is traversed by the 151" meridian, which determines CET. M ol
Mt. Snezka - highest point (1,602m a.s.l.) in the Giant Mt. range E

Hiensko — lowest point (115m a.s.l) at the Elbe River Longitude (°E)
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3.1 Physical geography of Czechia
Bl FC: it icimal vegetation zones (ters)
Vegetation is determined by the merging of the Hercynian and Carpathian S8 =™
forest areas and the warm Pannonian steppe. -
E With increasing elevation there are successive vegetation levels —the oak,
oak-beech, beech-fir, spruce levels and the sub-alpine level above the
timberline.
B Three floristic areas:
E Central European forest flora (most of the Bohemian Upland)
E Pannonian flora area (the Moravian grabens, Ohie Basin, Labe Basin

and lower Vltava Basin)

bukodubovy
beech-oak

dubobukovy
oak-beech

bukovy
beech

jedlobukovy
fir-beech

smrkobukovy
spruce-beech

bukosmrkovy
beech-spruce

smrkovy
spruce

3
4
S
6.
74
- klecovy
mountain pine

hranice pfirodni lesni oblasti
border of natural forest area

F Western Carpathian flora area (eastern part of the country)

non-forest land

EVTAAENADACIAVE A1 EMENT

o, A e s N J:‘rﬁ
8. lesni vegetacni stupen smrkovy: V klimatickych smrcindch jiz nedochdzi k tvorbé piného
korunového zapoje, cehoz vyuziva pfimiseny jerab. Narodni pfirodni rezervace Pradéd (zérez
Bilé Opavy).

Forest altitudinal vegetation zone 8 spruce: Climatic spruce stands do not develop a full crown canopy
at these elevations any more and the advantage is used by the admixed European mountain ash. National
Nature Reserve Pradéd (incision of the Bild Opava River).

Foto / Photo: Tomas Vrska




3.1 Physical geography of Czechia

Four geomorphologic provinces:
E The Bohemian Upland (western and central parts, Paleozoic origin)

E \Western Carpathians (east of Czechia — Alpine orogeny)
B Central European Lowland
B 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 (VItava—the longest river, 430km, with an average &
flow rate of 150m3.st in Mélnik): .

E The Labe Basin includes 63% of Czechia’s territory

E Morava Basin makes up 27% I\Q =

B Odra Basin - 9%.
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3.1 Physical geography of Czechia

RICNI SIT A UMORI
DRAINAGE NETWORK AND SEA DRAINAGE BASINS
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3.3 Climate classes occur in the CR

B The climate is on the borderline between Climatic classification according to Quitt (1971)
continental and oceanic;

B 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);

E Continentality increasing from W to E and is
greater in the lowlands than at higher locations
(19-31%).

Climatic classes occur in CR by Képpen (1900):
B temperate broadleaf deciduous forest (Cfb)
B boreal climate (Dfb and Dfc)

B tundra (ET) at the highest elevations

KLIMATICKE OBLASTI PODLE KOPPENOVY KLASIFIKACE / CLIMATIC REGIONS ACCORDING TO KOPPEN *S CLASSIFICATION

‘ Continentality ‘

TERMICKA KONTINENTALITA PODNEBI PODLE GORCZYNSKEHO / THERMAL H&s
CONTINENTALITY ACCORDING TO GORCZYNSKI X

1: 5mil



3.4 Climate of the CR

| Temperature patterns Average annual air temperature in the CR

B Elevation has a greather impact on the spatial T°C
distribution than the horizontal temperature
differences in any of the synoptical situations;

B Temperature characteristics decrease in line with
elevation (0.61°C/100m);

B Annual temperature:

B from 0°C (Smézka) to 10°C (South

Moravia),
B absolut maximum: (40.4°C 20 August 2012)
(40.2°C 27" August 1983)
B absolut minimum: —42.2°C (11" February 1929)
E the coldest month: January
E the warmest month: July




3.4 Climate of the CR

‘ Temperature patterns

The highest maximum air temperature measured
by maximum thermometer (1961-2000)

The lowest minimum air temperature measured by
minimum thermometer (1961-2000)

Poradi / Stanice / Datum / Hodnota /
Order Station Date Value [°C ]
1 Praha, Uhfinéves 27.7.1983 40,2
2 Plzen, Bolevec 27.7.1983 40,1
3 SedI¢any 27.7.1983 40,1
4 Klatovy 27.7.1983 40,0
5 Husinec 27.7.1983 39,7
6 Vraz 27.7.1983 39,7
7 Strakonice 27.7.1983 39,3
8 Hostomice 27.7.1983 39,2
9 Nepomuk 27.7.1983 39,2
10 Olesna 27.7.1983 39,2

Poradi / Stanice / Datum / Hodnota /
Order Station Date Value [°C |
1 Lenora 7.1. 1985 -33,0
2 Zlaté Hory, Rejviz 13.1. 1987 -32,8
3 Brumov—Bylnice, Bylnice 25.12. 1961 -32,4
4 Vyssi Brod 7.1.1985 -32.3
5 Svétla Hora 12. 1. 1987 -31,8
6 Bohdane¢ 8.1.1985 -31,6
7 Brankovice 7.1.1985 -31,4
8 Horska Kvilda 27.12. 1996 -31,3
9 Vy$si Brod 22.12. 1969 -31,3
10 | Cesky Dub -31,2




3.4 Climate of the CR

- Temperature patterns

} Air temperature during extreme situations

B During winter radiation inversions, which develop in the . iU DNE 27, 7 1983 VAU AR
central part of high-pressure zones, T°C distribution is = TEMPERATUREON 277 JULY 1983
somewhat different. 3
E 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.

PRUMER MAXIMALNI DENNI TEPLOTY VE DNECH 14.-24. 1. 1982 / AVERAGE
OF MAXIMUM DAILY AIR TEMPERATURE FROM 14™ TO 24™ JANUARY 1982
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3.4 Climate of the CR

Precipitation patterns

Edetermined by the dominant circulation patterns in Central
Europe and orographic conditions in the CR
B elevation gradient: 50 to 60mm/100m
Ethe 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
Ethe lowest values of precipitation are associated with 200 250 300 400
leeward areas in the foothills of the Ore Mountains (N-W) and e, oo
Southern Moravia _Summer (JJA)
Ethe windward and leeward effects may bias the expected
dependence of dry (wet) episodes on the elevation
E Annual distribution of precipitation:

B summer 40%, spring 25%, autumn 20% and winter 15%
E The lowest annual precipitation totals: 410mm (Lib&dice)
E _the highest annual precipitation totals: 1705mm (Bily
Potok)

(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

- Precipitation patterns Precipitation total during extrem_

PRI BOURKOVE SITUACI DNE 22. 7. 1998 / DURING THUNDERSTORM ON
¢ 22V JULY 1998

E 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

F Extreme heavy precipitation is usually divided into 2 basic types:
I. Long-lasting, widespread (regional) heavy rain
I1: Short-term, local torrential rain

El: The meto conditions that led to the heaviest large-scale
precipitation events have one feature in common:
Ethe advance of low-pressure zone from the northern y 0 m a  SE—
Mediterranean into Central Europe. OlbOVETRNOSTNI SITUACE DNE 12. 6. 2002 / METEOROLOGICAL STUATION B
E At high altitudes, CR is dominated by south-easterly to "7 AUorerao0 -
north-easterly flows, while the flows at lower levels are
mostly northerly ON 220 JULY 1998
F 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
B Orography played an important role in these events, expressing
itself in increased precipitation on the windward sides of the
mountains
Ell: 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)
F Most often in warm, moist, and unstably stratified air in
front of or along the advancing cold fronts or frontal waves

)

= mm
0 100 km

S S S — |




3.4 Climate of the CR

_Precipitation patterns ' Precipitation total during extreme situations

B Extreme summer heavy precipitation B Lack of precipitation is associated with longer
Is usually associated with C, NEc or B lasting anticyclone-type conditions.
synoptical situations. E If the atmosphere is also dominated by a warm
€ Cyklona nad streci Evropou air supply, then summer air temperature can
Cyclone over Central Europe reach extremely high values: Sa or Swa.

%16

W

S\Wa Jihozapadni anticyklonalni situace

@_ Southwestern anticyclonic
%16
' 12

T2 3 4 5 6 7 8 9 10 10 12

NEc Severovychodni cyklonalni situace
Northeastern cyclonic
[T

0
12
- 1 2 3 4 5 6 7 8 9 10 1 1
B4 - ETHON L A WA
ipu—uely [ BN O] Sa Jizni anticyklonalni situace
o S @ Southern anticyclonic
%16

12

B  Brazda nizkeho tlaku nad stfedni Evropou
Low-pressure trough over Central Europe Q

%16

1 2 3 4 5 6 7 8 9 10 11 12
mésic / month

1 2 38 4 5 6 7 8 9 10 11 12




3.4 Climate of the CR
Precipitation patterns

Daily precipitation totals >210 mm for Czechia in the period 1879-2004

' (data before 1961 adopted from Stekl J., Brazdil R., Kakos V., Jez J., Tolasz R., Sokol Z., 2001)

- - _ ERRES

S5 €5% E2355 £8 28| 25 | £3 z S
£S|585 5288 28 g5 | 85 |28 58

1 345 1 29.7.1897 | Nova Louka 50° 49 | 15°09 780 | Jizerské hory

2 312,0 12.8.2002 | Cinovec (Zinnwald) 50°44° | 13°45% 882 | Krusné hory (ném. strana hra-

nic / German side of border)

3 300,0 | 29.7. 1897 | Jizerka 50°49 | 15°21 970 | Jizerské hory

4 278,0 | 13.8.2002 | Knajpa 50°49 | 15°1% 967 | Jizerské hory

5 2711 13. 8. 2002 | Smédavska hora 50°51" | 15°15" | 1006 | Jizerské hory

6 266,2 29.7.1897 | Pec pod Snézkou 50° 42’ | 15°44 812 | Krkonose

7 260,9 6.7.1997 Studnicni hora 50° 44’ | 15°43 | 1531 | Krkonose

8 247 .8 13. 8. 2002 | Jizerska 50°50° | 15° 18’ 920 | Jizerské hory

9 240,2 9.7 1903 Nova Cervena Voda 50°19" | 17° 12 310 | Hruby Jesenik

10 239,0 | 29.7.1897 | Snézka 50°44" | 15°44’ | 1602 | Krkonose

1 233,8 6.7.1997 | Lysahora 49°33 | 18°27 | 1322 | Moravskoslezské Beskydy

12 230,2 6.7.1997 | Sance 49° 31" | 18°25 509 | Moravskoslezské Beskydy

13 226,8 | 12.8.2002 | Cesky Jifetin, Flaje 50°40" | 13°3% 740

Krudné hory




3.4 Climate of the CR
- Evaporation

E Evaporation from surface of water, soil and
wet vegetation

E Transpiration — physiological evaporation
from plants

E Evapotranspiration — total evaporation from
soil and vegetation

E Evapotranspiration can be measured or
modeled by more or less complex
techniques. Now, no universal method may
be found.

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)
oy .

mm

100 km
1:5mil




3.4 Climate of the CR

- Moisture Balance (MB) 1

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

Annual moisture balance

200 140

£ 9] i
e

A0 B0 0

(Climate Atlas of Czechia, 2007)

.

% ‘\



3.4 Climate of the CR

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

mm
1000 —

1965 1970 1975 1980 1985

Graf 4.19 Rocni vlahova bilance v roce na srazky chudém (1973)

Graph 4.19 Annual moisture balance in a year poor in precipitation (1973)
mm
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Graf 4.20 Rocni vlahova bilance v roce na srazky bohatém (1981)
Graph 4.20 Annual moisture balance in a year rich in precipitation (1981
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3.4 Climate of the CR
| Drought episodes in the CR ‘

Ethe number of dry episodes rises significantly with

decreasing altitude (Tolasz et al., 2007).

B there are two driest areas in Czechia:
B The first zone extends from the foothills of the Ore
mountain (Krusné Hory) into the Elbe (Labe) River
lowland and Central Bohemia as well as into
Western and Southern Bohemia.
B The second driest area is in Moravia, mainly
South-Moravia.

PODIL MESICU ZASAZENYCH EPIZODAMI SUCHA PODLE HODNOT PALMEROVA Z-INDEXU (DUBEN-ZARI) / RATIO OF MONTHS
WITH DROUGHT EPISODES ACCORDING TO PALMER Z-NDEX (APRIL-SEPTEMBER)

aal
, Vel

o/

| Drought indices in the CR

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.

L




3.5 Drought climatology in the Czech Republic

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.

Czech Republic

Legend

secular climatological stations
districts from Elbeland

Data sets

» Long-term secular series (1901-2010) of daily values for PET, Pand T
were used to assess centennial-scale drought severities, durations and
frequencies; e £

»5 secular st. - their geographical locations represent the most | ° g ’
agriculturally productive lowland areas and receive the most irregular
precipitation and are most often affected by drought episodes .

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

. Mean annual
Altitude, amount of

Longitude, _ ~
: Latitude, E temperature, o N,
N el oc precipitation, |

mm

Name station

Caslav 49° 54 15° 23 251 8.8 568

Doksany 50° 27’ 14°10° 158 8.7 449

Brno 49° 09’ 16° 42’ 245 8.9 515 -
Ceské Budgjovice 48°57° 14° 28’ 394 8.4 587 ! ,
Olomouc 49° 34’ 17° 17’ 210 8.8 | 557 A [

: Drought evolution at various time scales in the lowland regions and their impact
. on vegetable crops in the Czech Republic
Source:

Vera Potop*, Martin MoZny?, Josef Soukup?



3.5 Drought climatology in the Czech Republic

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

E the quantification of the SPEI was based on the following steps:
E a calculation of potential evapotranspiration (PET);
F a simple monthly water balance, calculated as the
difference between monthly precipitation (P;) and potential
evapotranspiration (PET;) at different time scales:

D, =P;- PET; This study also has for

E a normalisation of the water balance into a log-logistic Fhe flrs_t time analy§ed
probability distribution to obtain the SPEI index series. in detail the evqlutlon

¥ Input data for PET: of drought episodes

B daily precipitation, for lowland regions in *

B saturation vapour pressure, the Central Europe by
B vapour pressure, the multi-scalar SPEI
_
E mean air temperature at 2 p.m. local time.
E Input data for SPEI: D, = P,— PET;
F Time scales: 1- to 24-month, for each month of the year and 24
accumulated lags during the period 1901-2010.

L 8 Agrlcullural

st it & Drought evolution at various time scales in the lowland reglons and ‘their impact

il on vegetable crops in the Czech Republic

Source: . .
Vera Potop®*, Martin MozZny?", Josef Soukup?




3.5 Drought climatology in the Czech Republic

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

1 W9 15PEL - Céslav - Microsoft Excel
7 1901 nubnr Domi  Vlofeni  RozloZenistranky  Vzorce  Data  Revize  Zobrazeni
EARER Hag v Je 2158
2l AL B C D E P o ] K L M N 0 P a R 5 T v W X Y z
1 -MES_Q MES 3 MES_4®' d9- i 1.5PEI - Caslav - Microsoft Excel
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R i B L S ¥ B TN T Y T S T
1 10l Egl g%’;ﬂrgi iiz ggi égg 151 w1901 9 04 02 01 01 04 00 04 04 02
g . : o190 0 05 41 01 00 00 03 01 04 04 03
15 190214 1902 ENERD W7 689 1018 M1z 1901 M 02 04 00 00 00 00 03 01 04 05 03
5§ 190215 1902 FEBRERC 1210 138 YT CURRC 2 10 o7 o7 02 02 02 02 01 02 05 05 04
TR e T T Y N T T T Y Y T
18 180 L] 102ABRL Bl 728 89 m? 51902 3 05 01 02z 03 03 04 01 01 01 01 02 02 05 05 03
18 1902 MAYO 750 82 003 My e 4 03 04 01 00 03 03 05 0z 02 02 @1 41 02 05 05 04
19| 190213 1302 JuNiO SL50 19 18T 191 qem 5 05 03 01 04 04 00 00 02 00 00 00 00 02 01 03 04 02
0 1902 20 1902 JULIO 1280 2043 B’E 619 1902 6 11 04 05 05 04 03 05 05 06 04 03 03 03 00 03 06 06 05
I B N S B N I T B LR S M I R
0 1902 102 SEPTEME 295 AT M5 Z g 9 02 01 07 10 08 08 08 07T 06 0B 08 08 06 06 06 05 04 06 0 08 0T
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e * Drought evolution at various time scales in the lowland regions and their impact
on vegetable crops in the Czech Republic
Source:

Vera Potop®*, Martin MoZny?, Josef Soukup?



3.5 Drought climatology in the Czech Republic

Caslav
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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.

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




3.5 Drought climatology in the Czech Republic

Temporal evolution of seasonal air temperature and precipitation at the secular stations (1901-2010)
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T (°C) - astatistically 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.
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3.5 Drought climatology in the Czech Republlc

The difference among the two indices
(SPEI-SPI)

> 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.

S‘PEI- SPI(12 mon;hs)

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 201

» 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 20™ century),

2) the highest summer positive temperature anomalies (the end of
the 20t century),

3) both high spring positive temperature and precipitation
anomalies (warm and wet; at the beginning of the 20t century)

4) the lowest deficit of water balance (1947, 2003, 1994, 1983 and §
1933) (Potop et al. 2012).

> The first two decades of the 20" 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.

#x  Agricultural

Source:

e — —

m
el Drought evolution at various time scales in the lowland regions and their impact
B 0N vegetable crops in the Czech Republic

“Vera Potop®*, Martin MoZny", Josef Soukup?



3.5 Drought climatology in the Czech Republic

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 20" 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

Winter Spring Surmimer Autimin

e SPElp | SPEL, | SPEl; | SPEL, | SPEL, | SPElLy | SPEI, | SPEI; | SPEL, |SPEls| SPEIl | SPEI
Doksany =50° 27" 3=14" 10" h=158 m a.s.l.
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3.5 Drought climatology in the Czech Republic

The application of the SPEI in dense network of climatological stations in 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 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).

Usage

spei [timelnterval] [inputFile] [outputFile]

D:\SPEI>spei.exe 1 station_model.txt BIBRBYO01_SPEIO1.txt
series: B1BRBYO01l

latitude: 49.0999

initial date: 1/1961
seasonality: 12

600 registers

calculating SPEI at 1 months

m -1 Mmoo L [
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3.5 Drought climatology in the Czech Republic

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

B The largest number of dry months (meteorological and {2010 = |
agricultural drought) during the growing season was recorded, |?2008 ium—
chronologically, in the following years: 1964, 1976, 1983, 1990, | ) s
1992, 1994, 1998, 2000, 2003 and 2007. 2001 o |
. . . . 1999 sl
¥ The most persistent agricultural drought during the growing | g e
season was in 2003 when on average 5.2 dry months were |15 e
recorded. 132?%
E It terms of persistence it was followed by the years 1992 (3.3 | 1989]
months) and 1976 (3.0 months). gggff aSPEN
B The most persistent hydrological drought during the growing 19832% 4SPEI-3
season was recorded in 1990 when on average 3.8 dry months 1981 Jo— “SPELS
- 1979 Jed B SPEI-12
-represents the evolution of the mean 1977 | 8SPE|-24
number of dry months 1975 ;=’_—_'
-graph also reflect the transition of 122?
meteorological drought (SPEI-1) to 1gegf:f
agricultural drought (SPEI-3 and SPEI-6) 1967
and hydrological drought (SPEI-12 and 1965 Ja

SPEI-24). 1963 ]
1961

*l

1 2 3 4 5 6
mean number of drought months

o

Source: Vera Potop, Constanta Boroneant, Martin Mozny, Petr Stépanek, Petr Skalak (2012) Observed characteristics of
drought over the Czech Republic and its link with the large scale circulation. Theor Appl Climatol (submitted).




3.5. Drought climatology in the Czech Republic

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

longer lags (12 and 24 months)

Source: Vera Potop, Constanta Boroneant, Martin Mozny, Petr Stépanek, Petr Skalak (2012) Observed characteristics of
drought over the Czech Republic and its link with the large scale circulation. Theor Appl Climatol (submitted).

Frequency distribution of the SPEI region [RRREI drovene arocghe [NNSHRAIN MCCEEe B
B droyght occurrence Is !nve_stlgated on the | | ., o, TH o T —
basis of frequency distribution of the SPEI | [ |15 6 1030 &30 1004 s 1o
values in 7 classes (see Table y
s ( )  EWY BN
¥ the normal conditions represent around 65% | m Frer see 1047 6ol 106 s LA
out of the to_tal value_s of SPEI for all lags, in | | [ 28 a8 o5 69 996 601 1S
all three regions, while moderate drought and | ™ “ 26 439 1038 - ores4r 1008 0568 -
moderate wet conditions are almost equally | = 55% 55 0 Ge ow 0 se
dlStI’IbUted around 105% 111 3.09 5.55 5[1)213_;4 63.36 11.09 5.61 0.95
. . L. I 5.27 5.89 11.09 60.26 10.42 5.91 .16
B differences in extremely dry conditions (5%) | n = si&  s4# e s 1133 sS4 1.10
. 111 4.98 4.95 10.98 61.92 11.36 5.02 0.77
compared to extremely wet conditions TSN\
) i 1 .
(1.5%) were observed when increasing the Regijons:
SPEI lags I-mostly intensive agriculture (altitude below
the occurrence of extreme moisture 400 m)
conditions (the SPEI values outside +2) hasa  Il-less intensive agriculture (altitudes
slight tendency toward dry conditions, between 401m and 700 m)
especially for the SPEI calculated with Ill-limited agricultural production and

mostly forested (altitudes above 700 m)
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4. Drought climatology in the Republic of Moldova

E 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).

B The geographical position of the
territory of the RM gives its climate a
marked continental character, with
frequent occurrences of drought.

E Short mild winters, lengthy hot
summers, modest precipitation, and
long dry periods in the south.

B The average annual precipitation
diminishes from north-west to south-
east from 680mm to 420mm.

B The average annual temperature
increases southward from around 8-
9°C in the north to around 10-11°C in
the south.

B The territory is hilly with hills and
plains, the plateaux being located
mostly in the central part (Codrii
woods).

E The relief altitudes vary from 5m

(Giurgiulesti) to 429m (Balanesti).

Annual cycle of precipitation and temperature for Moldova domain
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4. Drought climatology in the Republic of Moldova

€$~%* i t2m DJF - Stations

Sé Winter (DJF) | ST e

B The winter air temperature mean ranges between -1.4 and -3.4°C

E The coldest winter: 1953/1954, with Tmean ranging -8.0 to -9.0°C (6.0-7.0°C &
lower than the norm according to Moldova s State Hydrometeorological Service)

B The warmest winter: 2006/2007, with Tmean ranging +1.0°C to

+3.0°C (exceeded the norm with 4.0-5.0°C)

-1.4
1=-1.8
-2.2

B Absolut minimum: —35.5°C (on 20 January 1963 Bratuseni village, Edinet §°°
district) e
E Absolut maximum: + 23.3°C (on 26 February 1990, Tiraspol) o 275 285 295 305
E The coldest winter month: January (Tmean constitutes 3-5°C below zero) _ [Longitude (7E)

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

climatic particularities of Moldova
E  Precipitation: on average 87-117 mm or 16-20% of the average annual amount
B the precipitations are mainly in a mixed phase — rain and snow
E the maximal daily value was 50-70 mm
E  The hierarchy of the driest winters according to the SPEI: 1948, 1949, 2006,
1953, 1990, 1949, 2002, 1990, 2007, 1946, 1994 and 1959

[N
o
~

275 285 295
Longitude (°E)

Evolution of the SPEI at 3-month lag during winter from December of 1946 to February =
of 2011 at Chisinau climatological station.




4. Drought climatology in the Republic of Moldova

- Spring (MAM) ‘

B The average air temperature: ranges between +8°C and +10°C
B The coldest spring: 1987 with Tmean of +5 to +6°C (3-4°C lower than the norm)
B The warmest springs: 1983 and 2007 with Tmean ranging 11 to
13°C (above the norm with 2-3°C)
E Absolut minimum: —26°C (on 4 March 1955 at Bravicea)
B Absolut maximum: +37°C (on 17 May 1969 and 20 May 1996, at Cahul and
Stefan Voda, respectively)
B Precipitation total: on average 105-150mm or 24% of the mean annual total
B The driest spring: 2003 - precipitations was twice lower than the norm and
constituted 30-60 mm
B The wetness spring: 1991, on contrary, the total fallen precipitations (200-
280 mm) exceeded twice the norm
B Daily maximum precipitation total: was 30-100 mm
B The hierarchy of the driest springs according to the SPEI: 1994, 1968, 1946, 1947,
1986 and 1983
B The longest dry period: 1945-1950

0O SPEI-3 (spring) ‘
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4. Drought climatology in the Republic of Moldova
t2m JJA - Stations

* Summer (JJA) ‘ 484:

B The summer mean air temperature ranges between +18.5°C and +21.0°C 2 BN a5 o
E The hottest summer: 2007 with Tmean ranging 22.0 to 25.0°C (above the norm with ~47.51 " o . —
3.0-4.0°C) S

E Absolut maximum;: +41.5°C (on 21 July 2007 at Kamenka: Moldova’s State faesl /& et |

Hydrometeorological Service source) Sl [ {09 @
B The coldest summers: 1976 and 1984 with Tmean ranging +16 to +19°C (2°C lower .| | Ly

than the norm) 45

B Precipitation: on average 175-235 mm 265

B The lowest: 37 mm (Cahul, 1924)

B The highest: 531mm (Chisinau, 1948) ‘

B Daily maximum rainfall: ranges from 70 mm :
B The hierarchy of the driest summers according to the SPEI: 2007, 1946, 1951, 1968, = [ LEE.
2000, 1953, 1945, 2003 and 20009. 47, : !
B The longest dry periods: 1945-1947, 1950-1951 and 1999-2000. Y

————————————————————————————
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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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tZm SON - Stations

- Autumn (SON) J
e
: | 108
E The autumn air temperature mean ranges between +8.3°C and +10.6°C 10.4
E The coldest autumn: 1988 with Tmean of +6 to +8°C (2°C lower than the norm) 10
E The warmest autumn: 1923 with Tmean of 13 to 14°C (above the norm with 3 9.6
3°C) 9.2
E Absolut minimum: -21.7°C (29 November 1892, at Chisinau) as_ /- |zj
B Absolut maximum: + 37.3°C (9 September 1946, at Chisinau) RS 2T gtte (omy O°
Precipitation total: on average 106-136mm, or 20% of the mean annual total tpr mm SON - Stations

B

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

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

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

E The hierarchy of the driest autumn according to the SPEI: 1963, 1951, 1945, 1961,
1953 and 2011

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

275 285 295
3 e —————— Longitude (°E)

wa  SPEI-3 (autumn)

""""" ; "J'."."I"I'["ﬂ
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4. Drought climatology in the Republic of Moldova

1928 — The smallest amount of annual precipitations — 222 mm
(Comrat ).

1948 — The largest amount of precipitations during a day was
recorded on 8 July — 218 mm (Chisindu ).

1980 — The largest amount of annual precipitations — 934 mmn
(Cornesti)

2004 — The highest rainfall intensity was recorded on 23 _August —
149 mm of precipitations fell during an fiour that is a 3 monthily
norm (Soroca ).

Wind

2000 — The strongest wind was recorded on § July — 44 m/s (158
Em/fr) at Codrii station.

Atmosplieric plienomena

1969 — The hail with the biggest diameter (70 mm) and weight (250
g/ fefl on 29 August (Briceni).

1994 — On 22 May over the nortliern rayons of Moldova (from
Vidratic village, Riscani district, to Tatdrauca Veche viflage, Soroca
district) there occurred a severe whirfwind with a width of 10-25 fm
and a length of 80 Fm.

2000 — The glazed frost with the biggest weiglt occurred in the
period of 26-28 November — 720 g/m (Ribnita).




4. Drought climatology in the Republic of Moldova

e e SE R .
T Loa Moldova's Meteorological Records
N5 8 B Caan
\m&/ S e %
| dur temperature

1955— The lowest air temperature during the summer season for the
entire period of observations was recorded on 1 June — +1,6°C
(Bricent).

1963 = The lowest air temperature for the entire period of
observations was recorded on 20 January — -35,5°C (Bratusen,
Edineti rayon).

1990 — The highest temperature during the winter season for the
entire period of observations was recorded on 26 February — +23,3°C
(Tiraspol).

2006-2007 = The warmest winter for the entire period of
observations (4,0-4,5°C above the norm ).

2007 = The highest air temperature was recorded on 21 July —
+41,5°C (Camenca).

2007 = The warmest spring for the entire period of observations (2-
3°C above the norm)

2007 = The warmest summer for the entire period of observations
(2.5-4,0°C above the norm).

2007 = The warmest year for the entire period of observations (2,0-
2,5°C above the norm ).




BIOCLIMATE - Source and Limit of Social Development, 6th-9th September 2011, Chateau Topolcianky, Slovaki

4. Drought climatology in the
Republic of Moldova

Validation of RegCM simulation of temperature
and precipitation over Republic of Moldova
and projected changes under A1B scenario

E 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.

Constanta Boroneant!, Vera Potop?, Mihaela Caian?
ICenter for Climate Change, University Rovira I Virgili, Campus Terres de 1’Ebre, Tortosa, Spain
2Czech University of Life Sciences Prague, Czech Republic
3Rossby Centre, SMHI. Norrkoping, Sweden

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

F One alternative to bridge the
ga 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.

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

<




4. Drought climatology in the Republic of Moldova

Projected changes in summer mean air temperatures

a t2m JJA - RegCM ctl 1961-1990 b

t2m JJA - RegCM AlB 2021-2050

C t2m JJA - RegCM AlB 2071-2100

49
48.5¢
o 48]
~47.5{
§ 47
'_,346.5—
= 461
45.5-
45- 45 45
26.5 27.5 28.5 29.5 30.5 . 27.5 28.5 29.5 30.5 . 275 28.5 29.5
Longitude (°E) Longitude (°E) Longitude (°E) R
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 S
EThe regional climatic model ¥ The highest increase of monthly temperature mean is
ICTP_RegCM3  centered  over ©€Xpected during summer months.

Romania and including the RM was
run at a horizontal resolution of 10
km, for

B the current climate (1961-

1990)

B under SRES A1B scenario for
2021-2050 and 2071-2100
periods.

E 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.
EThe 30-year summer temperature means for
Moldova domain varies between
_ 18.)O°C to 20.0°C for the current climate (1961-
1990),
E between 19.0°C and 21.0°C for the A1B scenario
(2021-2050),
E 22.0°C to 24.0°C, for the A1B scenario (2071-
2100).



4. Drought climatology in the Republic of Moldova

Projected changes in summer precipitation amonts

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

>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.



4. Drought climatology in the Republic of Moldova

O\l Drought variability and its driving factors in the Moldova

®m This study presents a detailed assessment on drought variability and its
driving factors in Moldova during the second half of 20t century and the
first decade of the 215t 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. ¥

EMS Annual Meeting/ECAC 201
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Box 3. Temporal evolution of data series from 1945 to 2011:

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.
- ‘ o P



4. Drought climatology in the Republic of Moldova

: e e N Results

g = For all the time scales of the SPEI calculation during
18 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).

14945
1950
1955
1960
1965
14970
1975
14980
14985
14940
1995
2000
2005
2010

i’ O —tmin smooihl

Temperature Anomaly [ C)
M oo & a N oW B

53 8888 £88888¢8°¢E ; . :
s I*|* - *lT R ® The largest impact on water deficit during the last three |
E [ TYITY mm smooth )l | - -
= T 1 decades was found to be mainly due to the increase of
S . § s I I : maximum temperature (+0.7°C decade™) and minimum &8
S| I | | temperature  (+0.5°C  decade) associated  with
E-BGG - o o o v & v & e e i - = - _1
© $ 8 5 888588888 8¢§ decreased precipitation (20 mm decade™?).
e ® The increasing trend of extreme temperatures in the
| T | 7 ' Moldova has particularly affected Tmin (the highest &
! pot ! positive deviation was ranging between 1.5°C to 3.5°C) §
nll f . . .
Xa, U SRH DY u e during warm season of the year and the increasing
, 1950 1960 1970 1980 1990 2000 201G water deficit in this season.

o » The high variability of temperature and precipitation §
Www%w during the 1950s and 2000s is associated with multiple
% 5 8 & 8§ 8 8 periods of large drought extent.

Box 3. Temporal evolution of data series from 1945 to 2011: | W The majority of the hottest and driest summers since

upper panel) air anomalies of maximum temperature (a) and minimum temperature (b),

95!
96
96
1970
)
880
19685
1900
90!
2000
vy
200

and precipitation totals (c¢) during the warm season of the year (c). The long-term 1945 Were precedes by Wlnter and Sprlng preC|p|tat|0n
changes in both the temperature and precipitation series were represented by a smoothed
from the baseline climate {1961-1990); middle panel) SPEI at time scales from 1 to 24

filter 5-year scasonal extreme temperatures deviation and precipitation. respectively, deficit Over Moldova (e'g. 1946, 1953, 2000 and 2007).

maonths, bottom panel) the SPEI at | 2-month lag. O » \
S R



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.

12th EMS & 9th ECAC
10 - 14 September 2012 | Lédz | Poland

Drought variability and its driving factors %

in the Republic of Moldova
Vera Potop?, Ala Overcenco?, Constanta Boroneant?

1Czech University of Life Sciences Prague, Faculty of Agrobiology,
Food and Natural Resources, Department of Agroecology and Biometeorology,

2National Center for Public Health, Laboratory of Socio-Hygienic Monitoring, Chisinau, Republic of Moldova

Prague, Czech Republic potop@af.czu.cz

3Center for Climate Change, Geography Department, University Rovira | Virgili, Tortosa, Spain

UNIVERSITAT
ROVIRA | VIRGILI

o
Introduction

™ In the last two decades, drought was one of the greatest threats for field crops farmers in the Southem and Eastem Europe. In
extreme cases, the effects of drought can lcad to serious damages to agricultural sector.

= Dricr conditions and increasing e a!rcadv observed in many regions of Eastern Europe could lead to lower agricultural
production. The Republic of Moldov. the castern European countries affected by extreme drought during the last decades
(Potop 2011).

® Studies based on various greenhouse gas emission scenarios show that Europe is one of the Earth’s most sensitive regions to global
warming and the Romania and Moldova are located in a transition region for the pattern of precipitation changes (Boroneat et al
2011),

ﬁ’ﬁ [cis ik N

e I'Ebre

™ The projected changes in summer drought characteristics in Moldova domain based on the SPI calculated from RegCM simulations
(Boroneat et al. 2011 and Potop et al. 2011) show less frequently dry cvents for almost all timescales of SPI serics during the mid-
century period (2021-2050). By the end of the 21st century (2071-2100) the projections suggest that long-term droughts could
become more important thanit is observed during the present climate (1961-1990),

® During last two decades the heat wave episodes in association with droughts in the Republic of Moldova have inereased significantly
due to climate variability and extremely hot years (Overcenco and Potop, 2011).

® In previous studics (Potop and Soukup, 2009; Potop, 2011) we have extensively analyzed the spatial and temporal evolution of
drought events in the Republic of Moldova by comparing the results from the most advanced drought indices (c.g. the SPI and SPEI)
which take into account the role of antecedent conditions in quantifying drought severity

= This study

Beshinis s dsialiad desuemieition Afougli TRy SRA N biiviAy fickors fn dhe Kepmidls ot Maldove Juring
the second half of 20 century and the first decade of the 217 century. Drought was identified in a multi-scalar way using ¢

Table 1
The 7 classes of the SPEI category according to
its vahues

z @

# The SPEI is a new index developed by Vicente-Serrano et al. (2010) including
temperature as componem
The required input data to run the program on are monthly precipitation totals,
s sl 1 a6 o waesiag ikt

# The SPEI has all of the desirable characteristics of the SPI and that now inchudes a
water balance approach that accounts for cvaporative demand.

# Combines the sensitivity of the PDSI to changes in evaporative demand with the
multi-temporal nature of the SPI Moderate wet

# One of the weaknesses of the SPEI is that it requires more data than the SPI Normal

® Like the SPI, the SPEI has trouble dealing with arid climates where precipitation is

Moderate drought
near zero (Vicente-Serrano etal., 201 Savics Srovahi

® Data and methods
® Due 1o the availability of relatively long continuous series (1945-2011), we chose the Chisinau climatological station as a
representative station for testing the SPEI on various time scales in the Republic of Moldova.
@ The steps followed for the SPEI calculation were.
the of potential
(Tmax) and extraterrestrial radiation:
® a simple monthly water balance (D). calculated as the difference between monthly precipitation (P) and potential
evapotranspiration (PET) and
® normalisation of the water balance into a log-logistic probability distribution to obtain the SPEI series at time scales between
1 and 24 months
@ In this study, we have also analysed the trends of extreme temperatures (Tmin and Tmax) and precipitation anomalics as helpful
factors to assess their influence on drought charactesistics.

(PET) based on monthly minimum (Tmin) and maximum air temperature

= Results and discussion

# Forall the time scales of the SPEI calculation during the warm scason of the year (April to September), the longest duration and highest severity was identified during in the mid 19405-1950s,
iods correspond to the association of the highest temperature and lowest precipitation anomalies (i.c., more than 2.

19605 and 2000s (Boxes 3-4). These peri
SRS ISR (el oot (B
The lan

1.

s e i v s, precipitation (20 mm decade

# The increasing trend of extreme temperatures in the Republic of Moldova has particularly affected Tmin (the highest positive deviation was ranging between 1.5°C to 3.5°C) during warm

scason of the year and the increasing water deficit in this scason (bottom panel of Box 3),

@ 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 dricst summers

since 1945 were precedes by winterand spring precipitation deficit over Moldova (c.g. 1946, 1953, 2000 and 2007 ) (Boxes 1-2

mpact on water deficit during the last thee decades was found to be mainly due to the increase of maximum temperature (+0.7°C decade™') and minimum temperature (+0.5°C

Summer (JJA)

&

= The summer mean of air temperature in Republic of Moldova was calculated
from monthly data from 15 meteorological stations for the period 1961-
1907,

®The summer mean air temperature ranges between +18.5°C and +21
(map A).
®The hottest summer: 2007 with Tmean ranging 22.0 to 25.0°C (exceeding
the norm with 3.0-4.0°C)
Absolut maximum: +41.5°C (on 21 July 2007 in Kamenka, sowce
Moldova's State Hydrometeorological Service source)
B Precipitation: in average 175-235 mun (map B )
B The lowest: 37 mm (Cahl, 1924)
®The hicrarchy of the driest summers according to the SPEI: 2007, 1946,
1951, 1968, 2000, 1953, 1951, 1945, 2003 and 2009,
® The longest dry periods: 1943-1947, 1950-1951 and 1999-2000.

Evehaion ofthe SPEL a3 e g T

e vane: G3A) v e o 3 45
T o el i
bbb

Ti7is36C508s08F 83

Box 1. Summer mean and toeal
(1945-2011) in the Republic of Moldova.

Winter (DJF)

e wiuiee fewn of sl (amprmiure § 1o Repulic of Mldors wes calcuiaied
m1s tions for the period 1960-1997
The winter air tempe: x:luxem:-.lnnngmbah\am 1.4 and -3.4°C (may
& The coldest winter 19531954, with Tmean 8 5.0 10 -9.0°C (6.0-7.0°C
lower than the norm according to Moldova's State Hydromeworological
Service).

® The warmest winter: 20062007, with Dnean rangmg ~1.0°C to
+3.0°C (exceeded the norm with 4.0-5.0°C)
® The high variability of the air temperature during winter season is one of the

climatic particularities of Moldova
B Frecitution: on xieckge ST 171 016300 of e average amncal vt ®
(map

o The hicrachy of the driest winters according 10 the SPEL: 1948, 1949, 2005
1953.1990, 1949, 2002, 1990, 2007, 1946, 1994 an
®  The longest dry periods 19481954, 1958.1985, 19771975, 19891990, 2001

2002 and 2006-2

Evolision of he SPEI

2. Winter mean and total
(1945-2011) in the Republic of Moldova.

5°C associated with precipitation

™

= D is the difference berween precipitation P (the inp

Temporal evolution of 3, 6-, 9-, 15- and 24-month SPEI at Chisinau

climatological station

The drought a¢ these time scales Is slevant for agricotrure, hydrology
and socio- re:

of water into circulation within the landscape) and potential evapowanspiration

o-economic impacts,

PET (the water output componenr)
@ Other components such as surface and ground munoff and changes in underground water storage are not taken into consideration
@ D serves as suitable indicator when coosparing individual sites or years. T8 888
® This fact allows us to cmploy the D value as an indicator of drought Gaput data for SPEI). -
Box 4. Temporal evolution of the SPEI at various time scales from ® Extreme drought (SPEFS-2) occurs in the summer months when the extreme D values come close to -150 mm (e.3. in July of 2007, D :’::rs Temporal evolution of data series from 1945 to 2011:
January 1945 to December 2011 (right panel) and evolution of 79 mm. P=4 mm, Tmean = 25.8°C and Tmax =32.3°C, PET = 153 mm, whereas SPET at 3-month lag = 2.3) e Pt ol (0 Syt am oo of o e G e gt
potential cvapotranspiration (PET) and water balance (D=P-PET) in e it pcptien s s smoohed
e e ey
= P
Conelusion Reterences
= Although lack of precipitation is the principal driving factor for drought conditions, the rapidly increasing of minimum indina CRgCM sy liatotomnen Ry hlice Dlithon
temperature in this region could also play a notable role in drought through increasing its severity as a consequence of roy p 5
water loss by evapotranspiration. P, R o S s oy g s e R of o e g s I rocesdngs f 14
ot Eovivomt eeitep cmm-«- T ‘ ;

w High summer temperatures are responsible for the large extent of the drought conditions in summer during the last two
decades.
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4. Drought climatology in the Republic

of Moldova Area extent of drought
o e Rermniic of Motdova - dryness and drought ®» The extent of drought expressed in the
percentage of the affected area Iis
Py — associated with a specified drought
{2 severity, which considered the total
A NSS number of climatological stations as
(e /(& 100%.
25 )5,
" <. .
f N« 7 ®» the drought observed on the surface of
o o up to 10% of the territory of Moldova is
,’ : s classified as a local one.
A 160° N # .
N K 4] ®» the droughts that cover 11-30% of the m
7N ¥l territory indicate widespread droughts.  §

®» the droughts that cover a territory of
31-50% are considered very widespread

» over 50% are classified as most
[ without drought [ 07>cHT>06 NN CHT>05 - H
EmL S P——s extensive (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.

Spring Summer Autumn
Years Surface Type of droughts Surface Type of droughts ;?g;?;g Type of droughts A CataStrOp hic drou g ht was
0) 0) ! - -
affected, (%) affected, (%) (%) reglstered in 1994
1945 - - 60 catastrophic 40 very widespread . . .
1946 100 catastrophic 33 very widespread = - o Durlng the Spring of that
1947 39 very widespread - - 60 catastrophic
1949 60 catastrophic : : 20 widespread year, the drought covered
1950 33 very widespread - - 20 widespread 0 2
1951 60 catastrophic 40 very widespread - - 87 /0 Of the terrlto ry Of
1952 20 widespread 20 vast widespread - - Mo | dova and was Of a severe
1953 - - 40 very widespread 60 catastrophic . .
1954 : : 73 catastrophic 25 widespread IntenSIIy degree and/or
1956 7 local 13 widespread 20 widespread . 2
1957 7 local 27 widespread - - extreme Intensity degree.
1958 13 widespread - - = = O
1959 - - 13 widespread 13 widespread ot I n the summer the
1960 - - 53 catastrophic 13 widespread
1961 - - 27 widespread 47 very widespread deve I Opment 01? . the
1962 - - 20 widespread 40 very widespread hyd rothermal conditions in
1963 40 very widespread 7 local 93 catastrophic
1964 13 widespread 7 local 7 local the area of drou g ht affected
1965 - - 47 very widespread 80 catastrophic -
1966 47 very widespread 7 local 60 catastrophic 40% Of the territo ry-
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 - - - - 5%
1990 7 local 67 catastrophic 60 catastrophic 3
1992 27 widespread 60 catastrophic 40 very widespread
1993 - - 26 widespread 7 local
1994 87 catastrophic 40 very widespread 100 catastrophic - - |
1995 - widespread E0 widespread . - Spatiotemporal characteristics of dryness and drought
1996 13 W|despreaq 40 very widespread - - in the Republic of Moldova
2000 90 catastrophic 19 widespread 70 catastrophic
2003 10 local 100 catastrophic - - V. Potop - J. Soukup



The Standard Precipitation Indices (SPI) at time scale of 6-month during the driest growing season of 1986 (Moldova).

April 1986 - SPI06 by stations

May 1986 - SPI06 by stations

June 1986 - SPI06 by stations
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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 SPlI values which are
exclusively based on precipitation.
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4. Drought climatology in the Republic of Moldova I

Projected changes in drought
characteristics
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»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.

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.

»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.



I X. 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).

E 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.

E 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.

A sunflower field affected by the 2007
extreme drought (Moldova)




IX. Drought impacts

Republic of Moldova: Extreme Drought of 2007 year
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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.

‘Map shows the extremely dry &
conditions in Eastern Europe during
July 2007, as indicated by an ASCAT

surface soil moisture anomaly. ‘L\ '

i :
‘The anomalous area comprises }f
of Hungary, Romania, Moldova and
Ukraine.

ASCAT Soil Moisture Monthly Anomaly
|
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I X. Drought impacts

Drought consequence on cereals production

¢ 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 5P
< the second one is based on the agro-meteorological £ ek i
conditions during the growing season from one year to
the next

. — _ e R .

¢ 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. |

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).

T —

their potential effects in agriculture. Theor Appl Climatol 99:373-388
A B2 o - RV BB IS L BEE S _R¥STNN
Potop (2011): Evolution of drought severity and its impact on corn in the Republic of Moldova.
Theor Appl Climatol 96:305-318



I X. Drought impacts

Drought consequence on cereals production

¢ The year with a drought risk was identified by the cereals of
detrended yield:
+¢ low drought risk -
+» amiddle drought risk -c>Vi(T) >-1.5c
¢ high drought risk yi(T) <-1.5¢c

Three levels of depar res, y;(N
-0.56>y,(N >-¢ -6>yi(D >-1 56 yi(N <-1.5¢
-0.06 to -0.11 -0.12 to -0.17

~ Triticum aestivum L. Spring wheat  -0.06 to -0.11 -0.12 t0 -0.17 <-0.18

Crops

Triticum aestivum L. Winter wheat

’=- Hordeum vulgare L. Winter barley -0.09to -0.17 -0.18 to - 0.26 <-0.27

d Hordeum vulgare L. Spring barley  -0.09 to -0.17 -0.18to - 0.26 <-0.27
'.; Secale cereale L. Winter rye -0.06 to -0.11 -0.12 t0 -0.17 <-0.18
~ Avena sativa L. Oats -0.08 to -0.15 -0.16 to -0.23 <-0.24

Maize -0.09 to -0.17 -O 18 to 0 26

- - -

=2 _:-.‘-—,-;_- gy, T L
: RO ERE N\ G a3
Potop V, Turkott L, Koznarova V, Mozny M (2010) Drought episodes in the Czech Republic and *,
their potential effects in agriculture. Theor Appl Climatol 99:373-388

A B2 o - RV BB IS L BEE S _R¥STNN
Potop (2011): Evolution of drought severity and its impact on corn in the Republic of Moldova.
Theor Appl Climatol 96:305-318
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IX. Drought impacts

Czech Republic: Drought consequence on cereals production »Comparing the regional

yields of crops and the

national yields of crops, one

can state that the yields were

comparable or higher,

5 - il ualaddd particularly in maize and
BRSOV N M winter wheat.

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

yields (t/ha)

_ »As plots indicate, the fastest
B Yield growth was found in

g maize and wheat (+4.6 and
1 | —*-Springwheat -®-Winterwheat —#—Springbarley =—>Winter barley +2.3 t/ha)

| —#=—Winter rye =®=-0ats =—+=Maize \ )Sprlng bar|ey and
o M B W e BE W NS S E 8 AN B oy winter barley (+2.2

mgggagaaagggggaag t/ha),

»while slower growth
was found for oats and
winter rye (+0.7 and
+1.8 t/ha).

961 |
6

Cm (t/ha)

AWinter 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.



‘ Czech Republic: Drought consequence on cereals production

® Springwheat M Winter wheat A Springbarley X Winter barley X Winterrye ® Oats -+ Maize

#in the year 2000 spring cereals
reached the lowest Vyield
because of the severe drought
during the vegetation period.

Cm (t/ha)

»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. E

\norma”

4 | | ‘ J | »>additionally, the winter cereal

S | | ; | 'y ' - was badly affected by the

916 1 ¢ w -5 - ' % following éarly spring drought. |

5 | | | ! | f | R H“J :\.. — |
s F AR VPL o O WL VSN :
+ Al VH\ BVAS 4, N 0TS

1965 1970 1975 1980 19‘85 1990 19‘95 2000 20054 + -
SR W, HEER. DS o SRR e W S L o AR T - N SN,

»Maize can acquire water very well from deeper layers with its root s
" to dry periods.

» Mt 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).
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IX. Drought impacts

1965
1966
1967
1968
1969
1970
1971
1972
1975
1976
1979
1981
1982
1988
1989
1990
1992
1993
1994
1995
1996
1997
1998
2000
2001
2002
2003
2006

Winter
wheat

-0.5¢
-0.5¢
-0.5¢

-0

e

-1.5¢

-0.5¢

Spring  Spring

wheat  barley

-0
-0

-0.50

-0.5¢

-0
-0.5¢

-0.5¢

-0

-0.5¢
-0.5¢

-0.5¢

-1.5¢
-0.5¢
-0.5¢

-1.5¢

-0

-0.56

Winter
barley

-1.5¢

-0.5¢

-0.5¢

Czech Republic: Drought consequence on cereals production

Winter
rye

Oats

-0
-0.5¢

Maize

. >The
| characterized in the literature as

The evident annual variability of
yield (o) calculated for individual

crops:
»in the year 1976 summer
drought occurred and, as a result,
the yield was reduced in the
crops with
» -0.56 for spring barley,
winter barley and maize,
»-1.56 for winter wheat,

spring wheat and oats.

summer 1976 IS
being exceptional
Europe with
»severe droughts reaching
from Scandinavia to France,
affecting in  particular
Sweden, Denmark, the
Netherlands, Northern
France, England, Scotland
and Ireland, Ilater also
spreading to Eastern Europe,
while “the impact was worst |
in South-East England with |
supply restrictions”
(Bradford 2000).

drought for




- **The highest maize yield was in
= DrF)ughtlmpacts _ _ the 70’s-80’s years of the 20th
- Republic of Moldova: Drought consequence on maize production century, followed by a stable

period, but since 1990’s years

201 harvest has stagnated, motivated
15l by the economic reform.

N " . ’ 1 i i
0 |__high vield of mize |, —— “»*The highest yield reductions due
H : to extreme and severe drought
0.5 |
bl J

‘ ‘ ‘ Yield dynamics  events occurring in the flowering

00 " . of national mean  and grain filling stages on the
JISARR A,

_0'5--— N 2 M W o N o -

_1.0_2 25’-‘3?’-2?—’;‘-‘2'2?’-

HLJT level (a) and Whole territory were in the

yield departure, t'ha

1990 | e

annual departures following years:

2008 |

low yield of maize memm—{>- from normal (b) 3211]9_5631:/(% . Oté rgao)élg%Z (Zt/ﬁt/ ha) ) 18
451 i i . d), . a) an
" EI(/I maize in the 20(()7 0.7 %/ha). ( )
# maize yield — 2nd polynomial fitting maize yield .:’ ThIS faCt IS Ilnked Wlth
1 4 y-00u5Vr 0099305 - e the increasing drought
R?=0.45 . Tendency of annual average maize yield (t/ha) . Conditions Observed for thlS
— ; period,

econditions as  inappropriate
agrotechnical measures

elack of irrigation that contribute
S = = tocorn crops’ decreasing drought
| The evident annual variability of reSlStan Ce.

*% o= JuilEze vei! “Economic assessment of the

. impact of climate vulnerability on
: s~ Maize in the period 1990-2008

Potop (2011): Evolution of drought severity and its impact on cot SuggeStS that net |_OSSGS have so
Source: in the Republic of Moldova. Theor Appl Climatol 96:305-318 far exceeded net gains.
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IX. Drought impacts

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

corn yield, t/ha

2
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c [t I~ Kol [} [0} e N
c $ 5§ N c o 2 8 < 8
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Districts

Criulen

AR

North region Central region South region
6
AVG = 3.3 t/ha AVG = 3.1 t/ha AVG = 2.6 t/ha
5 CV = 20% CV =22% CV = 30%
Drought once Drought once Drought once
4 5 years 3 years 2 years

Slobodzia [E

Comrat [E
Taraclia g
Cimislia

Vulcanesti E

0.60

- 0.50

- 0.40

- 0.30

0.20

0.10

4+ 0.00

H Long-term yield (t/ha)

E variability of yield (Y)

variability of yield

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

the average and standard deviation of yield

O 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.

QO 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 %).

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

variability and reduction in cereal crops yields.

]

-3 Drought
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I X. Drought impacts

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

B The impact of extreme events is
more serious when the extreme
meteo conditions prevail over
extended periods.

B 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.

B The 2006 heat wave was clearly
located more northward of
Europe than in summer 2003.

B Regions such as northern France, = . o L o i
Germany, Belgium, and the Surface air temperature anomalies in July 2006 (top), June 2003

Czech Republic, which were ' (middle) and August 2003 (bottom): mean (left), minimum
strongly affected by the 2003 heat | (middle) and maximum (right) surface air temperature
wave, were affected by an even | Qaiirre: Rohata7 at al 2008

more extreme heat wave in July Differences between July 2006 and June 2003 (top),
2006, in terms of absolute mean August 2003 (bottom) average (left), minimum (middle) and
monthly values. - maximum (right) surface air temperature




IX. Drought impacts

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

B 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.

a) Czech Republic

t -

JULY - 2006

Legend

Temperature anomaly (Celsius Degree)

b) Republic of Moldova

Hradec Kralové weather station

0,5

July
0,4 -

0.3

02 {T=181°C
lo=13c¢

01 oTia =42

o]
" 13 15 17 19 21 23 25 27
Temperature(°C)

0.5

0.4

0.3

0.2

0.1

July

T=209°C
0=123C
8T/o=4.0

0

12 14 16 18 20 22 24

Temperature( C)

S |

Anomalies of averaged July temperatures in the Czech Republic and Moldova (maps) and averaged summer
temperatures at Hradec Kralové and Chisinau 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; o - standard deviation of the reference period; 6T/e - the normalized deviation.



IX. Drought impacts

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

Czechia

B 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 (6T/c =
4.2)

Moldova

E 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 3-4c and in summer up |
to 5o

years and 3 once in 1000 years), it is easy to
Imagine, how rare was summer of 2007 in &
Moldova.



Republic of Moldova and Czech Republic 5. &)

B the 2006 June and July mean, maximum and minimum
temperatures in the CR were constantly above the normal
temperatures with except of August

B 2007 summer temperatures in Moldova were higher not only
of their mean baseline values, but also the values considered
as extremes

Temperature anomalies, °C
g

160 170 180 190

N, N
u & u o

Etmax Etmin Etmean Julian day

N
o

B the IPCC Glossary (IPCC 2007b, p. 875) defines an extreme ")
weather event as “an event that is rare within its o SN wu August
statistical distribution at a particular place” £ . i (I} 1 I
B criteria of «rarity» vary from place to place and are normally s s PN A1
- - | T
calculated as rare as (or rarer than) 90™ percentile values g°
B by 90" and 95" quantiles — in Chisinau all three indicators of E b w S e e
2007 summer temperatures were significantly higher than s
. . . . lleean W Tmax lei1| Julian Day
extremely possible in the baseline climate, and for CR such == == — :
. IvinJ d Jul Deviations of summer daily air temperatures in the CR, 2006 (a) and
exceedance in 2006 was observed on y InJuneand Juty. in the RM, 2007 (b) from their baseline values (horizontal null line)
a — Hradec Kralové, CR . . .-
_ Mean temperature _ Maximal temperature _ Minimal temperature Table: Summeor 20_06 (CR’ a)_ and 2_007 (ROM’ b)
Period [/, 1961-1990 | 20002009 /~~N _1961-1990 | 2000-2009 £, 1961-1990 | 20002009 | temperatures (°C) in comparison with 90% and
2006 7% 002 T95% [ 90% [ 959 |22 Noo% [ 95% | 90% [ 959¢ |26 [¥p0% [ 95% | 90% [95% | 95% quantiles of their distribution in baseline
June 18.5[ 17.9 [ 19.1 | 20.8 [ 20.p [24.4 | p3.5 | 24.7 | 27.0 [ 27.¢ [12.4] 3.3 | 13.4 [ 13.9 [ 13.9] and current climates
July 23.5[ J9.9[20.2 [20.1 [ 204 [30.7]p6.1 [ 26.5 | 26.4 [ 264 [16.0] J43 [ 145 [ 14.4 [14.4 e ——
Summer 5/ 184 [18.6[205][205N25.4 244 [ 245272272 N3 136 | 140 | 141 | 14.1 ' ! )
b — Chisinau, RM RM the greatest exceedance is
Mean temperature Maximal temperature Minimal temperature observed for summer minimum
Period |2\ 1961-1990 | 2000-2009 1961-1990 [ 2000-2009 7N 1961-1990 | 2000-2009 )
007 N0% [ 95% [ 90% | 9597 |7 N00% [ 95% [ 90% | 959¢ 12°°7 Noovs [ 95% | 90% [95% | Lemperatures;
June 2321307 [21.0 [21.5[ 225 |2801p6.3 | 26.7 | 27.4 [ 29.f [17.7[¥5.6 [ 159 [17.0 [176] |n other words — the greatest
July 25.8 [ 21.8[22.0 [235[23.b[323]p7.4[27.7 293 [ 294 [19.7] J6.7 [ 16,9 [ 18.7[18.9 ibution i h ionali f
August \23.9 | 22.0 | 22.4 | 240 | 24.0[29.3 /278 | 28.2 | 29.9 | 30A|19.1 /168 | 172 | 189 | 19.2| contribution into the exceptionality o
Summer [R4.3/21.7 222 |23.7 | 24.0N3024 274 [ 27.9 | 29.4 | 29.8\18.84 16.7 [ 17.1 [ 18.6 [ 189 | these summers was made by increase

Source: Overcenco & Potop, 2010 of Tmin.



I X. Drought impacts

’ Republic Of MOldova and CzeCh RePUblic ‘ ETD — Tmax 2nd Polynomial fitting for Tmax — 2nd Polynomial fitting for TD

I Over paSt 20 yearS the average number % TD = 0.0065% - 0.1208x + 8.5964 Tmax = 0.0012x° - 0.0078x + 23.078 %
of tropical days in the summer season | = R 202082 -z 02900 30
has increased in more than 1.5 times |z . I\A__\Jl B 0
both in Moldova and in the middle part [z =" V7 AT g
of Elbe River Basin (CR) e ’ © g

; 15 -+ 15 g
E =

B The growing number of tropical days is |z | Y3
accompanied by increase of maximum | ° (5 3
temperatures during the whole period o AL OO i LR LR

Year

E Based on surface temperature data from o i tee e royrona g o T
100 European Statlons’ FIrSt European » y =0.0299% - 1.2969x + 25.638 y = 0.0056x? - 0.2261x + 35.279 »
Climate Assessment (ECSN 1995) | *j Roosor g |4
reports an increase from the beginning |, “] AN E
of the 20th century until 1940, a period |£* ">~ AN A=W~ W e ¢
of stabilization or even cooling until |£* | | * g
around 1970, followed by a new [£° 8
iprcr:]reease extending up to the present |2 |y fl- Iy || “ | "

] z n 3
10 10 =
: ‘|“ N A AL
| Our I‘eSU|tS as fOI’ CR as fOI‘ RM R U SUR SR SUR LRI 'H'II;”"'L'II'H'""IJ"'L' S U SR S S L AU AU AU
weather stations coincide with ECSN P88883JFIIEEEEBEEEEE8EREREE
(1995) Year

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

R B



I X. Drought impacts
Republic of Moldova and Czech Republic

B 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

B 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 °C at Hradec Kralové) and in Moldova in 2007 (24 days
and 127.2 °C)

E 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 Kralové (middle part of Polabi, Czech Republic) and Chisinau
(the Republic of Moldova) from 1961 to 2009. Source: Overcenco & Potop, 2010 o

Heat wave

Tropical Heat waves
Year

Days number

in total §C
a — Hradec Kralové, CR
1994 30 1 17 72.8
b — Chisinau, RM

2007 44 3 24 127.2

Severity of heat

Duration, days [waves (XATmax>30),

UHWDI- the maximum period
greater than five consecutive days
with maximum air temperature
(Tmax) >5 °C above 1961-1990
daily Tmax normal (IPCC, 2001).

UTo characterize the heat waves
severity the cumulative Tmax
excess above 30.0°C (24Tmax>30)
and the peak temperature during

heat waves are used (Kysely, 2010).

—
v

By 7

Highest Highest Tmax S8

Tmax during for summer

heat waves, °C season, °C



I X. Drought impacts

- Republic of Moldova and Czech Republic

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.




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 EXPOSURE
+ Severity/Magnitude
Manageme nt. - Intensity/Duration
* Frequency

+ Spatial extent
+ Trends
- Historical
- Future
+ Impacts
+ Early warning

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.

A X Vlnerabiy

SOCIAL FACTORS

* Population growth
* Population shifts

* Urbanization

* Technology

*Land use changes
* Environmental

Degradation

* Water use trends
* Government

policies

* Environmental

awareness

Widely adopted as the new paradigm for drought
management.




XI. The Global Drought Monitor Portal (GDMP)
http://www.drought.qgov/portal/server.pt/community/global drought
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Professor: Dr. Vera Potop

Department Agroecology and Biometeorology
Faculty of Agrobiology, Food and Natural Resources
Czech University of Life Sciences in Prague

potop@af.czu.cz




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.

General information of climatological stations:

1. Doksany lowland station s -

Designator: UIDOKS01 701

Geographical position:  Elevation: 158 m above sea level oo

Latitude: 50° 27° N (50.4583 degree)

40—+

Longitude: 14° 10" E (14.1703 degree) H : }
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Long-term of mean annual temperature: 8.7°C ‘1,50 ;

Long-term of annual amount of precipitation: 449 mm '§ 50
49.5

P
Climatic classification according to QOuitt (1971): warm region o 49

o
H

, . . 16 17 18
2. Lysa hora mountain station Longitude (°E)

Desienator: O1LYSAO1 y !
£ Location of stations used for the

Geographical position:  Elevation: 1322 m above sea level calculation of the SPEI and SPI
drought indices in the Czech
Republic. 1-Doksany and 2-Lysa hora
Longitude: 18° 26° E (18.4478 degree) AT =l {,;, y

Latitude: 49° 32° N (49.5461degree)

Long-term of mean annual temperature: 2.8°C
Long-term of annual amount of precipitation: 1407 mm

Climatic classification according to Quitt (1971):  cold region
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