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This study reveals the climate and its changes in the period 1979-2018 in the following
karst regions in Bulgaria - Devetashko Plateau, Brestnishka Karst Geosystem, Trigrad, Dab-
rash and Shumensko Plateau. Statistical methods are the main tool in this research. The cli-
mate of the five model karst regions is largely dependent on their location, especially on their
altitude. A widespread rise in air temperatures and evaporation is observed in the months of
the warm half-year. Precipitation increases mainly in September and October, and decreases
in August.
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KIIMMAT U HETOBUTE ITPOMEHMU B I[IEPUO/IA 19792018 I
B U35PAHU MOJIEJTHU KAPCTOBU PAMOHU B BbJITAPUS

Ilemvp Hoorcapos

Pe3srome: ToBa n3cnenBaHe pa3KkpuBa KjMMara M HETOBUTE NPOMEHU B nepuoaa 1979—
2018 r. B n30paHu MOJICITHN KapCTOBH paiioHu B benrapus. MonemHuTe KapcTOBH palioHU ca
Jeseramniko miato, bpecTanmka kapcToBa reocuctema, Tpurpan, Asopam i [llymeHcko mra-
To. M3n0113Bar ce OCHOBHO CTATUCTUYECKU MeTO[H. KiMMarbT Ha METTe MOJCIHN KapCTOBH
paiioHa 10 ToJIsIMa CTEIEH 3aBUCH OT TSXHOTO MECTOIIOJIOKEHHE U Hali-Beye OT HaJMOpCcKaTa
UM BrcodnHa. TpuTe CpaBHUTEITHO HUCKO pa3nosioxkeHu paiiona B CeBepHa bearapus ce xa-
paKTepu3upar ¢ Mo-BUCOKH TEMIEpaTypy Ha Bb3yXa, YMEPEHHU BAJICXKH U MO-TOJISIMO H3IIa-
perue. ToBa BOAM 1O MO-IBIBI IEPHO, TPUOIM3UTEIIHO MOIOBHH TOJMHA, HA OTPUIATEITHA
CTOMHOCTH (HEIOCTHUT Ha BOJA) HA pa3jIMKaTa MEKIY BaJCKUTE U M3MapeHneTo. ChOTBETHO
CpPE/IHOTOJIMIIHATE CTOMHOCTH Ha Ta3W pa3jivKa ca MajKo HaJl HyJara, KOeTO BCe OIle XapakK-
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TepU3Mpa Te3U palloHN KaTo TaKKMBa C MAJIBK BOJICH U3IHUIIBK. J[BaTa F0XKHU U MO-BUCOKO pa3-
MOJIOXKEHU palioHa B Poonure nMar no-HUCKU TEMIIEPATYPH HA Bb3/yXa, IO-BUCOKH BaJIEXKH,
MO-HHCKO M3MApEHHUE M ChOTBETHO MTO-BUCOKH CTOMHOCTH HA Pa3IMKaTa BaJIC)KU—U3MapEHHUE.
ToBa rm mpaBM M3TOYHUIM HA BOJA NPE3 TPHU YETBBPTU OT roamHara. CpenHOTONUIITHNTE
CTOMHOCTH Ha Ta3M pa3iiMKa ca 3HAUYUTEIHO I10-BUCOKHU OT TE3U Ha OCTaHAJIUTE TPH paiioHa
B CeBepHa bwarapus. OT mieaHa Touka Ha TEHACHIMUTE UMa IIHPOKO Pa3IpOCTPAaHEHO MO-
KayBaHE Ha TEMIIEpaTypUTe Ha Bb3jyXa Ipe3 MeceluTe OT TOIIoTo nonyroaue. Habmonasa
ce ChIIO 3HAYMMO YBEIMUYEHHE Ha CPEJHOTOJUIIHUTE TEMIIEPATYpH Ha Bb3AyXa. TpeHgoBere
IIPU M3MAPEHNETO ca MOoN00HM Ha TE3W MPU TEeMIlepaTypHuTe Ha Bb3ayxa. Bamexure ce yBe-
JM4aBaT IaBHO TIPE3 CENTEMBPU M OKTOMBPH, a HAMAJIABAT Npe3 aBrycT. CpeHOrOqUITHNTE
CTOMHOCTH HE I0Ka3BaT 3HAYMMHM TeHICHIUH. Pa3inkara Banexu—u3napeHue clie/iBa TeHIeH-
LUKTE MTpU BasiekuTe. He ce HaOmoaBaT 3HaUUTEIHU TPOMEHH B IPUBEICHOTO KbM MOPCKO
paBHuile armocdepHo HaisArane. Bp3 ocHOBa Ha TPEeHOBETE MPU CPEAHOTOIUIIHUTE CTOMU-
HOCTH, KBJIETO MMa 3HAYMMO MOBUIIIABAaHE HA TEMIIEpaTypaTa Ha Bb3/yXa U HSIMa U3MEHEHUE
Ha BAJICKHNTE KOJMUYECTBA, MOXKE J1a C€ 3aKJII0UH, Y€ MPOIECUTE B KAPCTOBUTE PaliOHN KaTo
1510 OM CIIeBaIo 1a yBEINYaBaT HHTEH3UBHOCTTA CH.

Knrouoeu oymu: x1uMaTUYHYU IPOMEHHU, bbarapus, kapcToBU pallOHHU, TEHAECHINH

INTRODUCTION

One of the major global processes in the last century has been climate warming,
which is caused mainly by the increase in greenhouse gases (Bindoff et al., 2013).
According to the latest, fifth IPCC report (Hartmann et al., 2013), the rise in global air
temperature is 0.85°C for the period 1880-2012 and 0.72°C for the period 1951-2012.
Similar tendencies are observed also in Bulgaria (Nojarov, 2014; Nojarov, 2019). The
climate change has various manifestations at regional level, mainly changes in atmo-
spheric circulation such as increasing of the width of the tropical belt (Seidel et al.,
2008; Forster, 2011), poleward moving of jet streams in the northern hemisphere (Fu
et al., 2006; Hu and Fu, 2007; Strong and Davis, 2007), etc. These changes in turn
lead to changes in precipitation, atmospheric pressure, cloudiness, solar radiation,
direction of transport of air masses, wind and other climatic elements. In Bulgaria,
there have been serious changes in intra-annual course of precipitation (Drenovski
and Stoyanov, 2009, 2010) which are caused by changes in atmospheric circulation
(Nojarov, 2017a; Nojarov, 2017b). The gas composition of and aerosols in the atmo-
sphere over Bulgaria (the same as in other locations around the world) has a serious
influence on elements such as radiation fluxes at earths surface and air temperature
(Che et al., 2018; Derimian et al., 2016; Chou et al., 2006). A few works in recent
years show that greenhouse gases (water vapor, CO,, CH,) in the atmosphere over
Bulgaria are increasing and the amount of aerosols is decreasing (Nojarov, 2016).

There are many studies worldwide that link climate change and conditions in
karst territories, including caves. A number of articles have highlighted the link be-
tween climate change (mainly precipitation amounts and evaporation) and caves/
karst systems as sources of water for the population living there (Jia et al., 2017,
Loaiciga et al., 2000; Sarrazin et al., 2018 ). Some of these studies focus on the re-
lationship between climate change and quality (mineralization) of water supplied by
karst systems (Khaska et al., 2017; Jeannin et al., 2016). Other articles deal with the
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relationship between changes in atmospheric air temperature and changes in air tem-
perature in caves, which also lead to changes in the ventilation regime (and, accord-
ingly, the gas composition) of the caves (Badino, 2004; Peyraube et al., 2017). There
are less studies that assess in complex the impact of different climatic elements on
different elements of the karst system/cave (Pipan et al., 2019). In Bulgaria, there is
research on the relationship between atmospheric air temperature and air temperature
in caves (Stoeva and Stoev, 2005), cave microclimate (Maglova et al., 2004; Stoev
and Cholakov, 1983; Kyurkchiev, 2019) and in recent years a complex approach has
been developed to investigate karst systems and caves (Andreychuk and Stefanov,
2006; Stefanov, 2013).

The aim of this study is to reveal the climate, through some of its main elements,
and its changes in the period 1979-2018 in selected model karst regions in Bulgaria.
The model karst regions are five: Devetashko Plateau, Brestnishka Karst Geosys-
tem, Trigrad, Dabrash and Shumensko Plateau (Figure 1). Studied climatic elements
include air temperature, precipitation, evaporation, difference between precipitation
and evaporation, and sea level pressure (SLP). The main tasks to achieve this aim are
to reveal the intra-annual course of the studied climatic elements in the five model
karst regions and to identify the trends in the period 1979-2018. The aim and tasks
of this study are based on the idea that these climatic elements are very important for
the processes occurring in karst systems/caves.
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Fig. 1. Location of the model karst regions in Bulgaria 1— Devetashko Plateau;
2 — Brestnishka Karst Geosystem; 3 — Trigrad; 4 — Dabrash; 5 — Shumensko Plateau
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DATA AND METHODS

Two meteorological stations from the National Institute of Meteorology and Hy-
drology system - Pleven and Lovech — are a source of primary climatic information,
which includes air temperature and precipitation. Mean monthly data for these two
elements are used for the entire study period, which coincides temporally with the
reanalysis data. Spatially, these are the closest meteorological stations located near
the Devetashko Plateau and are included mainly to reveal if there is a good agreement
with the reanalysis data, which in this and further studies will be leading as they cover
areas where there are no currently operating meteorological stations. Mean monthly
data from The European Center for Medium-Range Weather Forecasts (ECMWF),
ERAS reanalysis (Copernicus Climate Change Service (C3S), 2017) were used for
all studied regions. The resolution of these data is 0.25 x 0.25° (30 x 30 km) and
their period is 1979-2018. This period is long enough to show the climate and its
current trends in the studied model regions. Reanalysis data include air temperature,
precipitation, SLP and evaporation, the latter allowing to calculate the water which
remains available in a given region after evaporation. In accordance with the reso-
lution of the reanalysis, the cells, which cover the respective model karst regions,
are as follows: Devetashko Plateau is covered by two cells 43-43.15°N, 24.45-25°E
and 43-43.15°N, 25-25.15°E; Brestnishka Karst Geosystem is covered by two cells
42.45-43°N, 24-24.15°E and 42.45-43°N, 24.15-24.30°E; Trigrad is covered by one
cell 41.30-41.45°N, 24.15-24.30°E; Dabrash is covered by one cell 41.30-41.45°N,
23.45-24°E; Shumensko Plateau is covered by two cells 43-43.15°N, 26.45-27°E and
43.15-43.30°N, 26.45-27°E.

This study uses mainly statistical methods (Wilks, 2006). The level of statistical
significance for all calculations is p < 0.05. The trend analysis was done by means
of linear regression. The linear regression represents the relationship between the
independent variable (time) and the dependent variable (different climatic variables
- air temperature, precipitation, etc.) through a linear equation based on the observed
values. Also, monthly average values for the entire studied period based on monthly
averages of the different climatic elements were calculated for the five model karst
regions, which makes it possible to create a spatial and intra-annual characteristic of
the different climatic elements.

RESULTS AND DISCUSSION
DEVETASHKO PLATEAU REGION

Figure 2 shows the intra-annual course of air temperature, precipitation, evap-
oration and the difference precipitation-evaporation in the region Devetashko Pla-
teau. Precipitation, evaporation, and their difference are shown through their average
monthly values for correct comparison of the months of the year. Air temperature has
course with a maximum in July (22.8°C) and a minimum in January (-0.2°C). Precip-
itation maximum is in May and the secondary one is in December, and the minimum
is in February and the secondary one is in October. Since evaporation is measured in
negative values the higher negative values indicate higher evaporation and vice versa.
That is why it has a maximum in June and a minimum in January. This course largely
follows the intra-annual air temperature course. Precipitation-evaporation difference
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Fig. 2. Intra-annual course of air temperature (in °C, right Y-axis), precipitation (in mm, left
Y-axis), evaporation (in mm, left Y-axis) and the difference precipitation-evaporation
(in mm, left Y-axis) in the region Devetashko Plateau for the period 1979-2018

is highest in December (positive, 1.4 mm) and smallest in August (negative, -1 mm).
As a whole, there is a water surplus in the region in the period October-March, and
in the rest of the year the balance is negative, i.e. there is a water shortage that could
be replenished from other regions. On an average annual basis, for the period 1979-
2018, Devetashko Plateau has a positive precipitation-evaporation balance of 0.2
mm. This means that the area is generally a source of water.

Figure 3 shows a climatogram of the meteorological station Lovech for the peri-
od 1979-2018 and it includes only air temperature and precipitation, since only these
data are available. Air temperature maximum is in July (23.2°C) and the minimum
is in January (0.3°C). These values are slightly higher than those shown in Figure 2,
due to the local physico-geographic conditions typical for the location of the mete-
orological station. In the course of the study, an inhomogeneity in the series of air
temperatures at Lovech station was found, when compared to station Pleven, which
is homogeneous during the studied period. The finding was that there are two sharp
jumps in air temperature at Lovech station, the first one between 2000 and 2001 and
the second one between 2008 and 2009. Accordingly, the periods before 2009 were
adjusted to the last period (2009-2018) through the method of differences with sta-
tion Pleven. Precipitation series during the studied period are homogeneous, having
intra-annual course with maximum in July and a secondary one in September, while
the minimum is in February and the secondary one is in August. Here, too, there are
differences with Figure 2, but generally precipitation has greater spatial variability,
which explains these differences.

Figure 4 shows a climatogram of the meteorological station Pleven, which in-
cludes the available data on air temperature and precipitation. Air temperature max-
imum is in July (23.8°C) and the minimum is in January (-0.1°C). It could be seen

15



[ precipitation  e=—3ir temperature

Fig. 3. Intra-annual course of air temperature (in °C) and precipitation (in mm)
at Lovech station for the period 1979-2018
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Fig. 4. Intra-annual course of air temperature (in °C) and precipitation (in mm)
at Pleven station for the period 1979-2018

that the main difference with Figure 2 is in July, but this should be expected since
Pleven is located lower than Devetashko Plateau and especially in summer the air
temperature is higher. Precipitation maximum is in June and the secondary ones are
in September and January, while the minimum is in February and the secondary ones
are in August and December. Here, there are also some differences with Figure 2,
which are largely explained by the spatial variability of precipitation amounts.
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Fig. 5. Intra-annual course of air temperature (in °C, right Y-axis), precipitation (in mm, left
Y-axis), evaporation (in mm, left Y-axis) and the difference precipitation-evaporation
(in mm, left Y-axis) in the region Brestnishka Karst Geosystem for the period 1979-2018

BRESTNISHKA KARST GEOSYSTEM REGION

Figure 5 shows the intra-annual course of air temperature, precipitation, evap-
oration and the difference precipitation-evaporation in the region Brestnishka Karst
Geosystem. Air temperature maximum is in July (20.7°C) and the minimum is in Jan-
uary (-1.2°C). These temperatures are lower compared to Devetashko Plateau due to
the higher altitude of this region. Precipitation maximum is in May and the secondary
one is in December, while there are two equivalent minima in November and January.
Evaporation minimum is in December and the maximum is in June, largely following
the course of air temperature. The precipitation-evaporation difference maximum is
in December (positive, 1.5 mm) and the minimum is in July (negative, -0.9 mm).
The period when this region has water surplus is from October to May, and water
shortage is observed in the period June-September. On an annual basis, for the period
19792018, Brestnishka Karst Geosystem has a positive precipitation-evaporation
balance of 0.4 mm. This region is also a source of water, with values approximately
twice as much as Devatashko Plateau region.

TRIGRAD REGION

Figure 6 shows the intra-annual course of air temperature, precipitation, evapo-
ration and the difference precipitation-evaporation in Trigrad region. Air temperature
maximum is in July (16.6°C) and the minimum is in January (-3.2°C). These tem-
peratures are significantly lower compared to the previous two model karst regions
due to the higher altitude of this region. Precipitation maximum is in May and the
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Fig. 6. Intra-annual course of air temperature (in °C, right Y-axis), precipitation (in mm, left
Y-axis), evaporation (in mm, left Y-axis) and the difference precipitation-evaporation
(in mm, left Y-axis) in Trigrad region for the period 1979-2018

secondary one is in December, while the minimum is in September and the secondary
one is in J. anuary. Evaporation maximum is in July and the minimum is in J anuary (1n

sync with air temperature). The precipitation- evaporatlon difference maximum is in
December (positive, 2.3 mm), and the secondary maximum is in February (positive,
2 mm), and the minimum is in August (negative, -0.8 mm) and the secondary one is
in January (positive, 1.8 mm). The period of water surplus in this region lasts from
October to June, and water shortage period is from July to September. On average
annual basis, for the period 1979 -2018, the Trigrad region has a positive precipita-
tion-evaporation balance of 1 mm. This value is about 5 times higher than the De-
vatashko Plateau one, which indicates that this region in the Rhodopes is a significant
source of water during almost the entire year (excluding three months).

DABRASH REGION

Figure 7 shows the intra-annual course of air temperature, precipitation, evap-
oration and the difference precipitation-evaporation in Dabrash region. Air tempera-
ture maximum is in July (16.5°C) and the minimum is in January (-3.6°C). These
temperatures are similar to those in the nearby Trigrad region. Precipitation max-
imum is in May and the secondary one is in December, while the minimum is in
September and the secondary one is in January. Evaporation maximum is in July and
the minimum is in December. The precipitation-evaporation difference maximum is
in December (positive, 2.8 mm) and the secondary maximum is in February (positive,
2.4 mm), and the minimum is in August (negative, -0.4 mm) and the secondary one
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Fig. 7. Intra-annual course of air temperature (in °C, right Y-axis), precipitation (in mm, left
Y-axis), evaporation (in mm, left Y-axis) and the difference precipitation-evaporation
(in mm, left Y-axis) in Dabrash region for the period 1979-2018

is in January (positive, 2.1 mm). The period of water surplus in the region lasts from
October to June, and the period with water shortage is from July to September. On av-
erage annual basis, for the period 1979-2018, the Dabrash region has a positive pre-
cipitation-evaporation balance of 1.2 mm. Thus, this region (similarly to Trigrad) is
a significant source of water during almost the entire year (except for three months).

SHUMENSKO PLATEAU REGION

Figure 8 shows the intra-annual course of air temperature, precipitation, evapo-
ration and the difference precipitation-evaporation in the region Shumensko Plateau.
Air temperature maximum is in July (22°C) and the minimum is in January (-0.1°C).
Precipitation maximum is in June and the minimum is in August. During the period
September-February an almost uniform distribution of precipitation with slightly ex-
pressed maxima and minima is observed. Evaporation maximum is in June and the
minimum is in January. The precipitation-evaporation difference maximum is in Jan-
uary (positive, 1.4 mm) and the minimum is in July (negative, -1.3 mm). The water
surplus period here lasts from October to March, and the period of water shortage
is from April to September. On average annual basis, for the period 1979 - 2018 the
region Shumensko Plateau has a positive precipitation-evaporation balance of 0.1
mm. In general, this region can also be considered as a source of water, but it has
the lowest value of this indicator compared to the other model karst regions. This is
largely due to its relatively low altitude and its location in an area with lower precip-
itation amounts.
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Fig. 8. Intra-annual course of air temperature (in °C, right Y-axis), precipitation (in mm, left
Y-axis), evaporation (in mm, left Y-axis) and the difference precipitation-evaporation
(in mm, left Y-axis) in the region Shumensko Plateau for the period 1979-2018
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Fig. 9. Intra-annual course of sea level pressure (in hPa) in the five model karst regions
for the period 1979-2018

SEA LEVEL PRESSURE
Figure 9 shows the intra-annual SLP course in the five model karst regions for

the period 1979-2018. SLP is one of the main indicators characterizing atmospheric
circulation over a given region. For its part, it exerts essential impact on other cli-
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matic elements such as precipitation, wind, air temperature, etc. Also, SLP influences
ventilation regimes in the caves and hence the other elements of cave microclimate.
Overall, the figure shows that SLP has a course with one basic minimum for all stud-
ied regions, which is in April, and the three regions with lower altitude have another
minimum in July. The main maximum everywhere is in December, and the secondary
one is in October. During the cold half-year (October—April), no significant differ-
ences in SLP values are observed in the five model karst regions. In the warm half-
year, the regions with higher altitude have higher SLP due to the stratification of the
atmosphere during that part of the year, when air temperature is higher and there is a
normal lapse rate.

TEMPORAL CHANGES IN THE DIFFERENT CLIMATIC ELEMENTS

Table 1 shows the trends in air temperatures in the model karst regions and me-
teorological stations in the period 1979-2018. In this way, current tendencies in the
studied climatic element can be traced. It could be seen that the average annual air
temperatures are increasing everywhere, and this increase is statistically significant.
Specific values range from 0.3 to 0.5 °C/decade. This increase is mainly due to the in-
crease in air temperatures in summer, and also to the increase in spring months in the
higher and southern regions (Trigrad and Dabrash). There is also a widespread rise
in air temperatures in November. These trends are in good agreement with previous
studies on the territory of Bulgaria (Nojarov, 2014, 2019). The increase in air tem-
peratures in November is due also to the circulation factor as a result of the change
of'location of major circulation centers affecting the weather and climate of Bulgaria.

Table 1.

Trends (per decade) in air temperature (°C) in the model karst regions
and meteorological stations in the period 1979-2018. Statistically significant trends
(at p <0.05, where p is significance) are bolded
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Table 2 shows precipitation trends in the model karst regions and meteorolog-
ical stations in the period 1979-2018. Overall, no statistically significant trends are
observed in the average annual values, i.e. there has been no change in precipitation
amounts over the last four decades. However, there are some differences in the av-
erage monthly values. An increase in precipitation is observed in all regions in Sep-
tember and October, and half of the values are statistically significant. This trend, as
well as the causes explaining it (changes in atmospheric circulation manifested in a
poleward shift of the Azores High, a decrease of sea level pressure and an increase
in the number or intensity of cyclones) have already been addressed in the article by
Nojarov (2017b) (for Mediterranean and Black Sea basins). In the two higher and
southern regions (Trigrad and Dabrash) a statistically significant increase has been
also revealed in March. This is a trend which has not been observed in the period
1950-2012 (Nojarov, 2017a), which means that in the period before 1979, the precip-
itation during this month was higher and in the last decades there has been a recovery
towards these higher values. There are widespread negative trends in August and
November, and some of them are statistically significant. The November trends are
confirmed by previous study (Nojarov, 2017a), which shows their persistence, while
those in August do not coincide, which means that in the period before 1979 the Au-
gust precipitation was lower and in the last decades it again has been recovering to-
wards current values. The revealed different trends in the different months of the year
will lead to changes in intra-annual precipitation course, which will also influence the
processes in the model karst regions.

Table 2.

Trends (per decade) in precipitation (average monthly and average annual, in mm)
in the model karst regions and meteorological stations in the period 1979-2018.
Statistically significant trends (at p <0.05, where p is significance) are bolded
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Table 3.
Trends (per decade) in evaporation (average monthly and average annual, in mm)
in the model karst regions in the period 1979-2018. Statistically significant trends
(at p <0.05, where p is significance) are bolded

B I “
) @ L 5
> 1% - = [ =) o _
| 2| 5| = z| E| 2| 5| &%
S|l 5| 5| E| =l 2| |2l 2] 8] =
s | 2| S| &a|&| 5|5 5| 2| 8|8| 2| =
S| =2 | <] 2| R|R|<|a|OC|Z]|Aa|<
Devetashko| 0 [-0.02|-0.06|-0.07|-0.05|-0.08-0.07|-0.06| 0.05| 0 |-0.02|0.01 [-0.03
Plateau
Brestnishka |-0.01(-0.03-0.06{-0.07{-0.08-0.09|-0.06{-0.08{ 0.04 | 0 |-0.03] 0 |-0.04
geosystem

Trigrad -0.02{-0.04| -0.1 | -0.1 | -0.1 |-0.07|-0.07|-0.04| 0.06 | 0 |[-0.02|-0.04|-0.04
Dabrash -0.03(-0.04| -0.1 | -0.1 |-0.07{-0.05|-0.04{-0.04| 0.02 {-0.01|-0.02|-0.03 |-0.04

Shumensko| 0 [-0.03|-0.07|-0.07{-0.04{-0.03(-0.03|0.02 | 0.08 | 0.02 {-0.01|0.01 {-0.01
Plateau

Table 3 shows trends in evaporation in the model karst regions in the period
1979-2018. Since evaporation has negative values, the negative trends here indicate
an increase in evaporation and vice versa. In this sense, there are negative trends in
the average annual values, which means an increase in evaporation. In four of the five
studied regions, these trends are also statistically significant. This is largely explained
by the observed increase in air temperatures. There are widespread negative trends in
spring and summer monthly averages, most of which are statistically significant. This
is also in agreement with trends in air temperatures during these months. Positive
trends, some of which are statistically significant, are observed only in September,
due to the increase in cloudiness and precipitation (Nojarov, 2015, 2017b).

Table 4 shows trends in precipitation-evaporation difference in the model karst
regions in the period 1979-2018. This indicator shows how much water remains in a
given region after evaporation of a certain part of precipitation. It could be seen that
there is no trend in average annual values. It should be noted that precipitation is the
leading term in this indicator since the evaporation trends are of order of magnitude
smaller. The average monthly values show widespread negative trends in late spring
and summer, but statistically significant values are observed only in August. At the
same time, there are positive trends in September and October, some of which are
statistically significant. This means that the trend of increasing water shortage in
August is quickly overcomed by the trend of increasing water surplus in the next
two months.
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Table 4.

Trends (per decade) in precipitation-evaporation difference (in mm)

in the model karst regions in the period 1979-2018. Statistically significant trends
(at p <0.05, where p is significance) are bolded

> 3 5| 5
E E‘, = 2] -g g '§ é =
= S| 3| 5| F 5|5 2|52z 2)¢
S| | 2| <2 |8 |8|<|a|0|z|a|<
Devetashko| 0.1 | 0.1 | 0.1 |[-02(-02|-0.1| O |-0.4|03]03|-02|01| 0
Plateau
Brestnishka| 0.2 | 0.1 | 0.2 |-0.1|-02|-0.1| O |-0.4| 04 | 03 |-02| O 0
geosystem
Trigrad 01/01}03]|-02|-02(021]-03[-05|04|03]|-02|-01| 0
Dabrash 02(102(03]-03|-02(0.11]-03[-05]|03|02|-02]-01|] 0
Shumensko| 0.2 | 0.1 | 0 |-03|-0.1|-0.1[{-02|-02]0202-02]|0.1] 0
Plateau
Table 5.
Trends (per decade) in sea level pressure (in hPa)
in the model karst regions in the period 1979-2018. Statistically significant trends
(at p <0.05, where p is significance) are bolded
I o -
) D -5 )
> = - = = = 2 | =
5 § S| = ° 5 12 E| 8| 5
- = > - B | B 8] 2| 8| =
= 3 = = = 5 = = = S 5 2 =
- = = < = - - < »n =} V4 Q| <
Devetashko [-0.18{-0.82(-0.51|0.39 [-0.19| 0.04 |-0.41| 0.04 |-0.34(-0.09| 0 |0.88|-0.1
Plateau
Brestnishka [-0.19(-0.82(-0.47| 0.41 |-0.19| 0.04 | -0.4 | 0.05 |{-0.35|-0.08|-0.01| 0.89 |-0.09
geosystem
Trigrad -0.17|-0.76|-0.4410.41 | -0.2 | 0.07 |-0.33| 0.09 {-0.39|-0.18| 0.09 | 0.77 |-0.09
Dabrash -0.16| -0.7 | -0.4 {0.39| -0.2 | 0.05 |-0.34| 0.08 | -0.4 |-0.18| 0.1 [0.76 |-0.08
Shumensko |-0.13|-0.79(-0.58| 0.38 |-0.21| 0.08 [-0.38| 0 |-0.38/|-0.15/0.06|0.83|-0.11
Plateau

Table 5 shows SLP trends in the five model karst regions in the period 1979—
2018. There are negative trends in average annual values, but they are not statistically
significant. The most of the monthly trends are also negative, but only July trends are
statistically significant and not in all five regions. Positive trends exist in April, June,
August, November and December, but they are not statistically significant. Overall, it
can be summarized that, despite the different trends, SLP in the studied model karst
regions does not show significant changes over the period 1979-2018, except for

July.
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CONCLUSION

The climate of the five model karst regions is largely dependent on their loca-
tion, especially on their altitude. The three relatively low-lying regions in northern
Bulgaria are characterized by higher air temperatures, moderate precipitation and
higher evaporation. In general, this results in a longer period of negative values (wa-
ter shortage) of precipitation-evaporation difference, which lasts approximately half
a year. Accordingly, the average annual values of this difference are slightly above
zero, which still leaves these regions with small water surplus. The two southern
and higher regions in the Rhodopi mountains have lower air temperatures, higher
precipitation, lower evaporation and respectively higher values of the difference
precipitation-evaporation. This makes them water sources in three quarters of the
year. The average annual values of this difference are significantly higher than those
of the other three regions in northern Bulgaria. The SLP has a similar intra-annual
course in the five model karst regions. In terms of trends, there is a widespread
rise in air temperatures mainly during the months of the warm half-year. There is
also a significant increase in average annual air temperatures. Since air tempera-
ture is essential for evaporation, the trends in evaporation are similar to those in
air temperatures. Precipitation, which depends mainly on atmospheric circulation,
shows different trends in the different months. The precipitation increases mainly
in September and October, and decreases in August. Average annual values do not
show significant tendencies. Precipitation-evaporation difference follows precipita-
tion trends as evaporation trends are one order of magnitude lower. No significant
changes are observed in SLP.

Revealed trends have different effect on the processes in karst regions. Air tem-
perature rise should accelerate these processes. On the other hand, this increase is ob-
served in months when there is a decrease in precipitation and respectively of residual
water in the studied regions. Lower precipitation should slow down karst processes.
At the same time, precipitation rise in September and October is not associated with
a significant increase in air temperatures. However, there is some increase in air tem-
peratures in these months, which leads to a conclusion that the processes in the model
karst regions should intensify. No definite conclusion can be drawn for the summer
months. Looking at the trends in average annual values, where there is a significant
increase in air temperature and no trends in precipitation, it can be concluded that the
processes in karst regions should generally increase their intensity. This conclusion
could be confirmed or rejected by a future research, where relevant data from karst
systems/caves will be included.
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