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reduced precipitation and related water availability. In 
this study, a summer (June, July, and August) drought 
episode was defined as a continuous period of the SPI 
values less than –1.0 at least once during the episode. 
Values from –1.0 to –1.49 correspond to moderate 
drought, –1.50 to –1.99 to severe drought, and below 
–2.0 to extreme drought. Similarly, values 1.0–1.49 
correspond to moderate wet, 1.50–1.99 to severe wet, 
and values above 2.0 correspond to extremely wet 
conditions. Values from –0.99 to 0.99 are qualified 
as normal conditions.

results and dIscussIon

Model validation 

The 30-year monthly means of RegCM simulations 
(forced by ERA40), CRU observations, and station 
observations were calculated for the period 1961–1990 
in each grid point of corresponding data set, and at 
station location. Then, these means were spatially 
averaged and compared. The results are presented in 
Table 2. Comparison between the simulated (RegCM 
forced by ERA40) and observed monthly temperature 
(CRU and station observations) shows that the model 
skillfully captures the temperature characteristics dur-

ing summer months over Moldova but overestimates 
the winter month temperature means. The model does 
well representing the annual cycle of temperature but 
slightly overestimates winter (December, January, 
February) temperature means and slightly underes-
timates autumn (September, October, November) 
temperature means. Monthly precipitation totals are 
systematically overestimated by the model compared 
to station and CRU observations (Table 2). The largest 
magnitudes of RegCM (ERA40) precipitation errors 
are observed in late spring (April, May) and summer 
(June, July, August) months when the simulated mean 
precipitation totals are almost doubled the observed 
(station and CRU) precipitation means.

The spatial distributions of 30-year summer (JJA) 
temperature means and precipitation totals over 
Moldova domain as represented in RegCM simula-
tion forced by ERA40, CRU TS2.1 data set and at 
stations were represented in Fig. 2. As the maps on 
the upper panel show, the RegCM overestimates pre-
cipitation totals in comparison both with CRU and 
station observations. Higher summer precipitation totals 
are simulated (observed) in the northern half of the 
country while lower precipitation totals are simulated 
(observed) in the southern half of the country. The 
spatial distribution of simulated and observed summer 
(JJA) temperature means are represented in the lower 
panel of Fig. 2. The model reproduces quite well the 
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Fig. 2. Maps of mean summer precipitation totals (a) and air temperature means (b) for 15 station observations, CRU TS2.1 data and simulation 
(RegCM3 forced by ERA40); JJA = June, July, August, REGCM = Regional Climate Model, CRU = dataset
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summer temperature mean and its spatial distribution 
over the country territory. Higher summer temperature 
means are simulated (observed) in the southern part of 
the country while lower temperatures in the northern 
part of the country.

Projected changes of temperature and precipitation

Table 2, among other, shows also the annual vari-
ation of bias corrected monthly temperature means 
and precipitation totals calculated for 30 years, cor-
responding to the RegCM forced by ECHAM5 GCM 
in the control run (1961–1990) and A1B scenario 
runs (2021–2050 and 2071–2100), respectively. The 
results show that the projected temperature means 
for all months in the A1B scenario runs will increase 
compared to the control run. 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, respectively. The highest 
increase of monthly temperature mean is expected during 
the summer months (JJA). 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 precip-
itation totals in summer months (JJA) during the period 
2071–2100. The 30-year summer temperature means 
for Moldova domain vary between 18.0 to 20.0°C for 
the current climate (1961–1990), between 19.0–21.0°C 
for the A1B scenario (2021–2050), and 22.0–24.0°C, 
respectively, for the A1B scenario (2071–2100). The 
projected changes of summer temperature mean under 
the A1B scenario varies between 0.3–0.7°C for the pe-
riod 2021–2050 and between 3.2–4.0°C for the period 
2071–2100 (Boroneant et al., 2011c). According to 
the A1B scenario the summer precipitation totals are 
projected to slightly increase (20%) in the northern part 
of the country during 2021–2050 compared with the 
control run (1961–1990) while significant decrease of 
precipitation is projected for summer during the period 
2071–2100 (–10% to –30%).

observed characteristics of drought for the current 
climate

Based on monthly precipitation totals at 15 mete-
orological stations and in each grid point of CRU data 

set over Moldova domain the SPI at 1 to 24-month 
lags was calculated for the period 1960–1997. To 
assess the time evolution of drought conditions in 
the country, the SPI was calculated for short- (1–2 
months), medium- (3–12 months), and long-term (13–24 
months) droughts. As a result, the largest number of 
summer drought events during the early 1960s’ (1961, 
1963, 1967), mid 1970s’ (1973–1976) to early 1980s’ 
(1981, 1986–1987) and 1990s’ (1990, 1994, 1995, 
1996, 1997) was observed. Additionally, the summer 
drought episodes have increased in frequency and 
intensity since the early 1980s’. However, the long-
est extreme summer droughts were recorded during 
1973–1976 and 1990–1997. In contrast, extreme and 
moderate wet summers have been recorded during the 
years 1965, 1970, and 1985. We also found out that 
according to the summer medium-term droughts which 
impact on agricultural production, all stations were 
affected by severe or extreme drought episodes dur-
ing the summers of 1976 (June–July), 1986 (August),  
1990 (July–August), and 1994 (June–July–August). Out 
of these years, the summer drought episode of 1961 
was only recorded in the northern and central part of 
the country. Throughout the whole period of this study, 
the most extensive and extreme drought covering the 
whole territory was recorded in 1994. That year, the 
maximum drought duration was 6 months divided into 
2 episodes (March–April and June–September) with 
the longest duration in summer months.

In this study, a drought episode was defined as at 
least one continuous period of SPI values less than 
–1.0 during the summer months (JJA). We computed 
the consecutive number of months in each drought 
episode for SPI at time scales from 1 to 24 months. 
Table 3 provides a summary of the average duration and 
number of summer drought episodes for short-, mid-, 
and long-term droughts for the three agro-climatic re-
gions: Northern, Central, and Southern calculated from 
CRU dataset and station observations for the period 
1960–1997. The mean number of drought episodes 
decreased with increasing time scales. As the timescale 
increased, the drought episodes appeared with a longer 
duration. The number of short-term summer drought 
events is higher than that of long-term droughts. It 
is worth to note that the number of summer drought 
events with short-term drought ranges 14–15 for CRU 
dataset and 15–16 for station observations while for 
the long-term drought the number of years ranges 

Table 3. Number of summer drought events and their average duration (in months) at short-term (1–2 months), medium-term (3–12 months), and 
long-term (13–24 months) timescale for 3 agro-climatic regions of the Republic of Moldova: Northern (N), Central (C), and Southern (S) (1960–1997)

Time scales
CRU dataset Station observations

N C S N C S

short-term 14 (0.9) 13 (1.2) 15 (1.2) 16 (1.1) 15 (1.4) 15 (1.4)

medium-term 13 (1.1) 12 (1.8) 11 (2.0) 11 (1.3) 11 (2.0) 11 (2.2)

long-term 10 (1.3) 11 (2.1) 10 (2.8) 7 (1.5) 7 (2.3) 9 (2.9)
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10–11 according to CRU data and 7–9 according to 
station observations. According to CRU and station 
observations, the averaged duration of short-term 
summer drought is 0.9–1.2 and 1.1–1.4 months, re-
spectively, that of mid-term summer drought 1.1– 2.0 
and 1.3–2.2 months, respectively, and the averaged 
duration of long-term summer drought is 1.3–2.8 and 
1.5–2.9 months, respectively. The results show that 
the Southern region is more affected by moderate and 

extreme droughts than the Northern region and that the 
former is likely more vulnerable to drought (P o t o p , 
S o u k u p , 2009; P o t o p , 2011).

changes projected in drought characteristics

sPI – temporal evolution. Drought appears first 
in the short time scales and if dry conditions persist, 
drought develops at longer time scales. The use of 
several time scales of SPI takes into account the role 
of antecedent conditions in quantifying drought sever-
ity. Based on monthly precipitation totals simulated 
by the RegCM for the control run (1961–1990) and 
A1B scenario runs (2021–2050 and 2071–2100), the 
SPI at 1, 3, 6, 12, 18, and 24 month lags have been 
calculated in each grid point of the domain and then 
spatially averaged.

The temporal evolution of the averaged SPI calcu-
lated for 3, 6, 12, 18, and 24 months over Moldova’s 
domain for the period 1961–1990 (control run) is pre-
sented in Fig. 3a. The evolution of the SPI calculated 
for 3 months presented in the upper panel shows a 
high variability of the index between –1 and +1. The 
persistence of drought conditions can be easily identi-
fied from the SPI at time scales of 6 and 24 months. 
As the time scale for calculation the SPI increases 
(6 and 24 months), the wet and dry conditions as 
well as their persistence can be clearly identified. 
The antecedent moisture conditions in SPI calculated 
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Fig. 3. SPI series at time scales of 3, 6, 12, 18, and 24 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; SPI = Standardized precipitation Index; 
RegCM = Regional Climate Model; the vertical axis is for the SPI values.
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from 6 to 24 months point to the persistence of dry 
and wet conditions lasting for several years (central 
and bottom panel of Fig. 3a). The plots show that the 
period in which dry conditions were identified tended 
to increase by some months as the time scale became 
longer. This is a result of the calculation procedure 
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 characteristics are also true for the temporal 
evolution of SPI calculated for the scenario runs for the 
periods 2021–2050 and 2071–2100, respectively (Fig. 
3b, c) at time scales of 3, 6, 12, 18, and 24 months. 
In terms of intensity and persistence of dry and wet 
spells, Fig. 3b shows that the first part of the period 
2021–2050 is characterized by intense and persistent 
wet spells which are projected to be followed by some 
years with severe drought. The variability of SPI is 
projected to increase at the end of this period. The 
temporal evolution of SPI for the period 2071–2100 
for 3, 6, 12, 18, and 24 months is presented in Fig. 3c. 
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.

The projected changes in summer drought char-
acteristics based on the SPI calculated from RegCM 
simulations are presented in Table 4. It shows the 
absolute numbers of summer drought events simulated 
by the RegCM for the time slices 1961–1990 (control 
run) and under SRES A1B scenario for 2021–2050 and 
2071–2100 periods. The number of summer events 
was calculated by averaged SPI values over the three 
months (JJA) of the summer season for all grid points 
of the domain for 3, 6, 12, 18 and 24 months (Table 
4). For the control run, the summer SPI at 3-, 6-, 12- 
and 24-month lags show 5 years. The largest number 
of summer drought events was projected at the end of 
the 21th century (2071–2100) at timescale of SPI-18 
and SPI-24 months (7 years). The RegCM simulation 
produced fewer drought events at timescales of 3 and 
6 months during the period 2021–2150 (3 years). 
Therefore, during the mid-21st century (2021–2050) 
less dry events are projected for almost all timescales 
of SPI series. The projections suggest that by the end 
of the 21st century long-term 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 the 21st century. The 

consequences of drought impact on agriculture and 
environment systems are expected to be severe in terms 
of progressive scarcity of surface water due to high 
demand for irrigation and of erosion and desertifica-
tion processes intensification. Summer drying may 
also be attributed to a combination of both increased 
temperature and potential evaporation not balanced 
by the changes in precipitation. The use of SPI, being 
just a precipitation-based index, does not take into 
account the changes in evapotranspiration, which are 
likely to be a consequence of the projected changes 
in temperature (Blenkinsop, Fowler, 2007). The use 
of the Standardized Precipitation Evapotranspiration 
Index (SPEI), which is more complex and takes into 
consideration both temperature and precipitation, re-
vealed new aspects of drought characteristics over the 
Republic of Moldova (Potop et al., 2012). According to 
the SPEI, the water deficit during the last three decades 
is to a large extent affected mainly by the increase of 
the maximum (+0.7°C decade–1) and minimum (+0.5°C 
decade–1) temperature associated with decreased pre-
cipitation (20 mm decade–1). The increasing trend in 
extreme temperatures in the Republic of Moldova has 
particularly affected the highest positive deviation of 
Tmin (from 1.5 to 3.5°C) during warm season of the 
year and the increasing water deficit in this season. 
Although lack of precipitation is the principal driving 
factor for drought conditions, the rapid 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 
(Potop et al., 2012).

sPI – frequency distribution. The frequency 
distribution was calculated as the ratio between the 
number of occurrences in each SPI category and the 
total number of events counted for all grid points of 
the domain and for a given SPI calculated for various 
lags (1, 3, 6, 12, 18, and 24 months). In the Table 5, 
percentage of drought and wet occurrences is expressed 
in 7 classes of moisture category (%) based on the SPI 
series calculated at 1, 3, 6, 12, 18, and 24 months for 
the time slices 1961–1990 (control run) and 2021–2050 
and 2071–2100 (A1B scenario runs). As can be seen 
from Table 5, the frequency of extreme and severe 
droughts propagates from short-term (1 month, mete-
orological drought) and medium-term (3 and 6 months, 
agricultural drought) to long-term droughts (12, 18, and  
24 months, hydrological drought). According to the 
time scale for calculating the SPI, the normal condition 

Table 4. Number of summer drought events at timescales 3, 6, 12, 18, and 24 months simulated by the RegCM for the control run (1961–1990) 
and A1B scenario runs (2021–2050 and 2071–2100)

Model Time slices SPI-3 SPI-6 SPI-12 SPI-18 SPI-24

RegCM ctl 1961–1990 5 5 5 7 5

RegCM sc1 2021–2050 3 3 5 6 4

RegCM sc2 2071–2100 4 6 5 7 7

SPI = Standardized Precipitation Index; RegCM = Regional Climate Model
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varies between 46–78% out of the total values of SPI 
in all grid points of the domain. Moderate drought and 
moderate wet are almost equally distributed around 
9% while severe drought and severe wet are equally 
distributed around 5%. Differences in extremely dry 
conditions (5%) compared to extremely wet condi-
tions (3%) were observed when increasing the SPI 
lags for the control and scenario runs. The occur-
rence of extreme moisture conditions has a tendency 
toward dry conditions, especially for the SPI calcu-
lated with longer lags (12, 18, and 24 months) for the 
period 2071–2100. The extreme drought conditions  
(SPI ≤ –2) are projected to the increase (9–15%) of 
long-term drought (SPI at 12–24 month lags).

conclusIons

Various economic sectors, notably agriculture, are 
sensitive to changes in the characteristics of drought 
episodes. This article presents the results on drought 
characteristics over Moldova in a multi-scalar way 
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 can be summarized as follows:

(1) RegCM simulations forced by ERA40 data 
were compared with station observations and CRU 
data downscaled at station coordinates. The results 
show that the model does quite well in representing 
the annual cycle of temperature but precipitation totals 
are systematically overestimated compared both with 
stations and CRU data. This feature is transferred to 
SPI which is based only on precipitation. Consequently, 
the model projections underestimate the severity of 
droughts when compared with the characteristics of 
current climate assessed on observation basis.

(2) The temperatures projected by the A1B scenario 
runs will increase compared to the control run. The 
temperatures are projected to increase by the end of 
the 21st century compared to the mid-21st century and 
to the reference period 1961–1990. The precipitation 
totals are projected to slightly decrease in autumn, 
winter, and spring and increase in summer during the 
period 2021–2050. Significant decrease of precipitation 
is projected for summer during the period 2071–2100.

(3) The evolution of the SPI series calculated for 
short- time lags (1–3 months) presents a high vari-
ability of the index around normal conditions. As the 
time scale for calculation the SPI increases (6 and  
24 months), the wet and dry conditions as well as their 
persistence can be better identified.

Table 5. Projects of frequency distribution (%) of summer SPI (1, 3, 6, 12, 18, and 24 month lags) in 7 classes of moisture category (%) for RegCM 
control run (1961–1990) and SRES A1B scenario runs (2021–2050 and 2071–2100)

Time scales Extreme drought Severe drought Moderate drought Near normal Moderate wet Severe wet Extreme wet

1961–1990 (control run)

1-month 1 4 9 77 8 2 0

3-month 7 7 9 54 11 8 4

6-month 7 7 9 54 11 8 4

12-month 11 5 8 54 11 7 5

18-month 13 6 9 45 10 8 8

24-month 15 7 8 46 11 7 6

2021–2050 (A1B scenario run)

1-month 0 3 8 78 8 3 1

3-month 4 6 12 55 9 7 6

6-month 6 6 11 54 8 6 8

12-month 9 6 11 51 10 6 7

18-month 11 7 9 50 8 5 9

24-month 14 4 8 53 8 6 8

2071–2100 (A1B scenario run)

1-month 1 3 9 77 7 3 1

3-month 5 6 10 56 10 6 6

6-month 8 6 10 51 11 7 6

12-month 12 5 7 54 10 6 6

18-month 12 7 9 47 10 7 8

24-month 15 7 8 48 9 5 8

SPI = Standardized Precipitation Index; RegCM = Regional Climate Model
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Ověření a využití regionálního klimatického modelu při sledování změn výskytu sucha v letním období  
v Moldavské republice
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Cílem studie bylo sledovat změny výskytu sucha a suchých období v Moldavské republice, a to pomocí 
indexu SPI (standardizovaný srážkový index) vypočteného z měsíčních úhrnů srážek simulovaných regionál-
ním klimatickým modelem regCM3. Modelové simulace byly provedeny v horizontálním rozlišení 10 km v 
rámci projektu EU-FP6 – CECILIA (41.016ºN–50.175ºN; 14.095ºE–36.192ºE). Sledovaná oblast se středem 
nad rumunskem 46°N 25°E zahrnovala i území Moldavské republiky (45.01ºN–49.01ºN; 26.52ºE–30.48ºE). 
Prvním krokem bylo ověřit schopnost modelu simulovat měsíční teplotu vzduchu a měsíční úhrn srážek po-
rovnáním modelové simulace s databází CrU TS2.0 a s daty staničního pozorování. Změny v ročním chodu 
teploty vzduchu a srážkových úhrnů byly analyzovány na základě porovnání modelových simulací prováděných 
podle scénáře A1B pro období 2021–2050, resp. 2071–2100 s referenčním obdobím 1961–1990. Vypočtený 
index SPI (1–24 měsíců) pomocí simulace modelem regCM pro každý gridový bod na území Moldávie byl 
prostorově průměrný, v porovnání s indexem SPI vypočteným z databáze CrU. Výsledky ukazují zvýšení 
nebezpečí výskytu sucha v letním období na území Moldávie v důsledku nižších úhrnů srážek a celkového 
oteplování. Ve střednědobém a dlouhodobém časovém horizontu by měla sucha přetrvávat a frekvence jejich 
výskytu stoupat.
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