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Abstract: The present work considers the Struma River on the Bulgarian territory using the integral method

for evaluation of climatic and anthropogenic impacts on the river flow average annual water volume and

maximum and minimum water flow.

The level of this impact is determined by the index Ki (flow module), the index Ci for the deviation of the

average annual water flow Qi from the flow norm Q0, the index Ki,max for the deviation of the maximum water

flow Qmax,i from the flow norm Q0, the index Ki,min for the deviation of the minimum water flow Qmin,i from

the flow norm Q0, the index Mi,max for the deviation of the maximum water flow from the maximum flow

norm Qmax,0, the index Mi,min for the deviation of the minimum water flow from the minimum flow norm

Qmin,0.

The new approach offered includes the introduction of more specific indicators for assessment of climatic

impacts on the river water flow like indices for flow module (Ki,av), for deviation of average (Ci). The use of

the indices suggested makes possible to estimate the role of different climatic changes by Ki,av, Ki,min, Ki,max,

Mi,min, Mi,max, Ci, hi and hi,max. This is made for the first time in assessment of climatic impacts and has been

checked at Pernik and Krupnik for the period 1948–2006.

The indices are integral in their nature because they reflect specific climatic caused events like abundant

years, dry years, floods and draughts.
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The transbounadry Struma River flows in the western part of Bulgaria and has

a catchment area of 107.97 km2 and length of 290 km. The catchment follows

a mountain pattern and is characterized by a relatively low forestation level. The river
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water sources are in the high mountain part of the Vitosha and Rila Mountains. The

Struma River flows through Bulgaria and Greece to the Aegean.

The Struma River catcment area is a part of a region that experiences the influence of

European continental climate. The southernmost part of the river valley serves as

a corridor for the Mediterranean climate impact. After Krupnik, the Struma River flow

formation depends on the Mediterranean climate impact.

The EU Water Framework Directive [1] prescribes good water quality as a goal for

all water bodies within a given catchment. To achieve this status, each EU country

should develop an optimal management strategy [2–4].

The water quantity of the Struma River is controlled at 6 hydrometric stations –

Pernik, Razhdavitsa, Dupnitsa, Boboshevo, Krupnik and Marino Pole, four of them

being situated along the Struma River. The atmospheric precipitation is controlled at 7

stations – Pernik, Kyustendil, Dupnitsa, Blagoevgrad, Sandanski, Krupnik and Kulata.

The characteristics of the Struma River flow are basically assessed according to the

information coming from the Pernik and Krupnik stations (Fig. 1).
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Fig. 1. Catchment of the Struma River in Bulgaria



The relief of the investigated area is diverse: the difference between the highest point

(2180 m) and the lowest point at the Greek border (270 m) is significant. Preliminary

studies have shown that the natural state of the river flow formation depends on the

altitude [5].

The natural conditions of the Struma River flow formation are due to the climate

impact, while the effect of the economic activity is insignificant. The Struma River is

used for industrial water supply and for irrigation.

In the recent years many researchers focused their attention on climate changes due

to anthropogenic activity [6–8].

Many authors believe that a period of warming will characterize the coming decades.

Others are more reserved on the issue [9–10]. What can be pointed out is that the natural

climate dependencies are disturbed by the anthropogenic impacts [3, 11].

Therefore, we believe that difficult for prediction climate changes at regional and

global level are possible. The topic of risk assessment of flood events is a priority for all

EU countries. A special Framework Directive 2007/60/EU of the European Parliament

and Council for management of the flood risk has been recently accepted. The present

work considers a particular regional problem with the goal of managing the waters in

a transboundary river basin.

The main objectives of this research are to study:

– the tendency of the annual average value dynamics of the Struma River water

during the period 1948–2006 with respect to climate impact assessment,

– the tendency of the multi-annual dynamics of the absolute maximum values of the

river flow with respect to the risk assessment of flood events,

– the tendencies of the multi-annual dynamics of the absolute minimum values of the

river flow with respect of drought events,

– the tendencies of the annual average atmospheric precipitation in the Bulgarian

Struma River section during the period 1948–2006 with respect to climatic factors

assessment,

– the tendencies of the multi-annual dynamics of the absolute maximum values of the

atmospheric precipitation.

Materials and methods

The retrospective analysis of the river water flow dynamics is performed on the basis

of information collected at the Pernik and Krupnik hydrometric stations. For this

purpose the Origin 6.0 software [12] has been applied for data analysis.

Different functions were considered in the trend analysis for certain periods – linear,

exponential, second and third degree polynomials. The type of the function describing

the trend was determined on the basis of statistical criteria as correlation coefficients

and Fisher’s tests [13, 14]. The function representing the trend can be used for

short-term (up to 1 year) prediction of the river flow dynamics, when it describes

a significant trend.
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Statistical methods are used in hydrology for the assessment of climatic and

anthropogenic impact on the river flow formation in a specific cross-section of the river

basin [15–17].

In the present work, an integral approach to evaluating the level of climate impact on

the river flow formation is applied [18,19]. The proposed approach is based on the

average multi-annual river flow Q0 (flow norm), the ratios between the annual average

flow Qi and the flow norm [19]. With respect to the risk assessment of flood events and

drought events new specific integral indicators are introduced, which are based on the

ratios between the highest water discharge for the year Qmax,i and the flow norm Q0, as

well as on the ratios between the maximum water discharges with respect to the

annual-average value of the maximum water discharge Qmax,0 and on the ratio between

the minimum water discharge Qmin,i to the multi-annual-average value of the minimum

water discharge Qmin,0.

These relations represent indices, on the basis of which the effect of the climatic and

anthropogenic factors on flow formation has been determined. The proposed approach

is applied to the Struma River catchment on Bulgarian territory.

The flow norm Q0, the Ki index for the run-off modulus in the catchment area, the

index Ci for the degree of diversion of Qi from Q0 [19], and the new index Ki,max index,

representing the ratio between the maximum water flow Qmax,i and the flow norm Q0,

the Ki,min index, representing the ratio between the minimum river flow Qmin,i and the

flow norm Q0, the Mi,max index, representing the ratio between the maximum river flow

Qmax,i and the average multi-annual value of the maximum water flow Qmax,0 and the

Mi,min index, representing the ratio between the minimum river flow Qmin,i and the

average multi-annual value of the minimum river flow Qmin,0, have been determined.

The proposed indices are found according to the equations:

Ki = Qi / Q0 (1)

Ci = (Qi – Q0) / Q0 (2)

Ki,max = Qmax,i / Q0 (3)

Ki,min = Qmin,i / Q0 (4)

Mi,max = Qmax,i / Qmax,0 (5)

Mi,min = Qmin,i / Qmin,0 (6)

The fluctuations of the Ki, Ci [3, 4, 20], Ki,max, Ki,min, Mi,max and Mi,min indices for

a certain period give the possibility of making integral assessment of the climatic and

anthropogenic impact on the river flow formation on a river basin scale.

The dynamics of the annual average river flow, the absolute maximum river flow and

the absolute minimum river flow at the points of Pernik and Krupnik, is studied for the

period 1948–2006 (Fig. 1).

The climate could influence the river water flow formation by atmospheric

precipitation. An integral index hi is proposed for evaluating the impact of atmospheric

precipitation on river flow formation. The index hi can be presented as the ratio between

the annual average atmospheric precipitation per year (Hi) at a control point in the river
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basin and the multi-annual average atmospheric precipitation (H0) for more than 30

years. The index hi,max can be presented as the ratio between maximum atmospheric

precipitation per year (Hi,max) and the multi-annual average maximum atmospheric

precipitation Hmax,0.

The index is determined according to the equation:

hi = Hi / H0 (7)

hi,max = Hi,max / Hmax,0 (8)

The influence of climate on river flow formation is determined on the basis of the

multi-annual flow and atmospheric precipitation dynamics for a certain period. They are

compared with the average multi-annual water flow (flow norm) and with the average

multi-annual value of atmospheric precipitation, respectively.

The fluctuation of the hi index, the hi,max index, together with the variation of the Ki,

Ci, Ki,max, Ki,min, Mi,max, Mi,min indices allows more precise integral assessment of

climate impact on river flow formation on river basin scale.

The dynamics of the hi index at the Pernik and Krupnik stations is analyzed. The

dynamics of the hi,max index at the Pernik and Blagoevgrad stations is analyzed, because

of lack of monitoring data for the Krupnik station. The Blagoevgrad station is situated at

a distance of about 20 km above Krupnik.

The anthropogenic impact on the Struma River flow formation is insignificant and

for this reason it is not considered further on.

Based on the results, one can specify different levels of correlation. Although no

exact numbers are given, according to one of us [21] and his experience from

environmetric studies indicates that correlation could be interpreted for the values:

for 0.0 < r < 0.1 – no tendency,

for 0.1 < r < 0.2 – insignificant tendency,

for 0.2 < r < 0.3 – slight tendency,

for 0.3 < r < 0.5 – moderate tendency,

for 0.5 < r – significant tendency.

These values have significance and interpretation only if the number of observations

is above 30. In order to check the significance of the correlation coefficient, the

calculated value is compared with the theoretical one, which represents in fact the

r significance test [21].

A preliminary qualitative estimation of the relationship between the integral

indicators is achieved by interpretation of the cross correlation table of the variables. All

values of the correlation coefficient higher than 0.5 are accepted as statistically

significant and are interpreted as a measure for high level of correlation. For values 0.2

< r < 0.5 the statistical interpretation is more difficult but could be accepted

provisionally as a moderate level of correlation [21].

By the use of the integral indices (Ki, Ci, Ki,max, Ki,min, Mi,max, Mi,min, hi, hi,max) for

assessment of the climatic factors on the stream dynamics, it could be possible in future

studies to estimate the role of climate on determination of high-water and low-water

events and, hence, the risk of draught or flood. It might be assumed by our preliminary
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results that the indices are limned exactly in two latent factors – one explaining flood

events and the other – draught events. This approach will resemble the study performed

by [22, 23], dealing with river water quality of the Struma River catchment.

Results and discussion

According to Amoros [8] and Sing [17], the fluctuations of climate and physical

geographic characteristics provoke trends, including leap-like (catastrophic) events.

In our study the trends of the basic characteristics of the river flow (Ki, Ci, Ki,max,

Ki,min, Mi,max, Mi,min indices) and the atmospheric precipitation (hi index and hi,max

index) at the Pernik and Krupnik stations are determined.

The theoretical correlation coefficient of the trend functions at degrees of freedom

No = 59 and a probability of error = 5 % has a value r = 0.253. The calculated values

of the correlation coefficients for the investigated period are in the interval 0.2–0.59.

This fact shows that the model for the trend characterizes adequately clearly expressed

tendency and significant tendency.

The assessment of the flow change in the hydrometric stations of Pernik and Krupnik

is made on the basis of integral parameter dynamics.

The multi-annual average river water flow for a period of 59 years (Q0) at the Pernik

point is 2.11 m3/s.

The multi-annual average river water flow for a period of 59 years (Q0) at the

Krupnik point is 45.90 m3/s.

The analyses of the Ki index dynamics at the Pernik and Krupnik points during the

period 1948–2006 are presented in Figs. 2–3.
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Fig. 2. Dynamics of the Ki,av index for the Struma River at the Pernik point
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The trend of the Ki index dynamics for the Pernik point is described by a linear

function with a value of the correlation coefficient R = –0.22. The trend of the Ki index

tends to increasing and it exhibits a slight tendency.

The trend of the Ki index dynamics for the Krupnik point is described by a 3rd order

polynomial with a value of the correlation coefficient R = 0.31. The trend shows

variable tendency to increasing during the interval 1948–1965 and to decreasing during

1966–1990 and increasing during 1991–2006. The observed trend exhibits a moderate

tendency.

The trend in the dynamics of the Ci index for the Pernik point is described by a linear

function with a value of the correlation coefficient R = –0.22. The observed trend to

increasing exhibits a slight tendency. (Fig. 4).

The trend in the dynamics of the Ci index for the Krupnik point is described by a

third order polynomial with a value of the correlation coefficient R = 0.31. The trend

shows variable tendency to increasing for 1948–1965, decreasing for 1966–1990 and

increasing for 1991–2006 (Fig. 5). The trend exhibits a moderate tendency.

The influence of climate and physical geographic characteristics (Pernik and

Krupnik) is determined by retrospective analysis of the Ki and Ci indices. The dynamics

of the Ci index at the Pernik point changes within the range from 1.50 to –0.7, while the

dynamics of the Ki index – from 2.8 to 0.3. The dynamics of the Ki index for Krupnik

changes from 1.8 to 0.1, while the dynamics of the Ci index changes from 0.8 to –0.9.

Three typical periods are determined for the Pernik and Krupnik points: first

(1948–1972) with years of lower water resources (Ci < 0, Ki < 1); and second

(1972–1995) with years of higher water resources (Ci > 0, Ki > 1) and third

(1996–2006) with years of lower water resources (Ci < 0, Ki < 1).
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Fig. 3. Dynamics of the Ki,av index for the Struma River at the Krupnik point
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The period 1948–1972 is characterized by a corresponding run-off reduction with

respect to the norm Q0 (Ci < 0, Ki < 1). The period 1973–1995 is characterized by

run-off increase with respect to the norm Q0 (Ci > 0, Ki > 1). During the next period

1996–2006 decreasing of run-off is observed compared with the norm.
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Fig. 4. Dynamics of the Ci index for the Struma River at the Pernik point
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Fig. 5. Dynamics of the Ci index for the Struma River at the Krupnik point
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Cycles of one-three water abundant years, followed by several low water years are

outlined. These cycles are:

– for the first low-water period the years 1963–1965 (water abundant) and the years

1966–1969 (low water);

– for the second water abundant period – 1975–1979 (water abundant years) and the

years (1981–1984) (low water);

– for the third low-water period – 1997–1999 (water abundant) and the years

2000–2003 (low-water).

These run-off variations could be explained with the influence of climatic factors,

typical for the considered region.

For the integral assessment of the impact of climatic factors on extreme river flow

formation, flood and drought events, the dynamics of the maximum and minimum water

discharge is considered for the single years during the period 1948–2006. The dynamics

of the Ki,max, Ki,min, Mi,max and Mi,min indices is analyzed.

The trend in the dynamics of the Ki,max index for the Pernik point is described best by

a linear function with a correlation coefficient R = –0.52. At the Krupnik point the trend

is given by a linear function with a correlation coefficient R = –0.58 (Figs. 6, 7).

The trend in the dynamics of the Ki,max index for both points exhibits a significant

tendency to decreasing for the considered period. The values of Ki,max in the Pernik

point vary within the interval 2–86 for the considered period. This indicates that

significantly higher maximum water flow exceeding the run-off norm Q0 is observed,

especially in the years 1948–1953, 1963–1968, 1990–1993 and 2003–2005.

The values of Ki,max in the Krupnik point vary within the range 1.5–17. This shows

that at this point the observed maximum water flow exceeds the run-off norm but the

extent of rising is lower than that of the Pernik point.
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Fig. 6. Dynamics of the Ki,max index for the Struma River at the Pernik point
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The trend in the dynamics of the Mi,max index is described best by a linear function

with a correlation coefficient R = –0.52 for Pernik (Fig. 8) and R = –0.58 for Krupnik

(Fig. 9).
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Fig. 7. Dynamics of the Ki,max index for the Struma River at the Krupnik point
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Fig. 8. Dynamics of the Mi,max index for the Struma River at the Pernik point
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A significant trend towards decreasing of the Mi,max index is outlined, which

corresponds to the trend towards diminution of the maximum water flow Qmax,i for both

points.

Similar results are obtained when investigating the character of the changes in the

values of the Ki,max index.

The values of Mi,max in the Pernik point vary within the range 0.3–6.2, which

indicates that both higher and lower maximum water flow than the norm (average

multi-annual value of the maximum water flow) is observed.

Years with hazardous flooding are outlined (Mi,max > 2), for example 1949–1953,

1960, 1975–1976, 1982 and 2005. It has to be noted that the years with values of the

maximum water flow Qmax,i, which are lower or insignificantly higher than the norm of

the maximum water flow for the considered period, are predominant.

The values of Mi,max in Krupnik vary within the range 0.25–23, which indicates that

in certain years the maximum water flow Qmax,i significantly exceeds the norm of the

maximum water flow Qmax,0, forming in this way hazardous floods. Years with

hazardous flooding are outlined as 1950–1960, 1975–1976, 1982, 1986 and 2005.

The trend in the dynamics of the Ki,min index for the Pernik point (Fig. 10) is

described by a 3rd order polynomial with a value of the correlation coefficient R = 0.54

and by a linear function with R = 0.21 for the Krupnik point (Fig. 11).

A stable tendency is observed towards increasing the minimum water flow in the

considered period for the Krupnik point. The trend shows variable significant tendency

to increasing during the interval 1948–1988 and to decreasing during the period

1989–2006 for the Pernik point.
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Fig. 9. Dynamics of the Mi,max index for the Struma River at the Krupnik point
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The values of Ki,min in Pernik vary within the interval 0.05–0.8, indicating that years

are observed with minimum water flow, which is significantly lower than the run-off

norm (Q0).
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Fig. 10. Dynamics of the Ki,min index for the Struma River at the Pernik point
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Fig. 11. Dynamics of the Ki,min index for the Struma River at the Krupnik point
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The values of Ki,min in Krupnik vary within the range 0.02–0.48, indicating that

minimum water flow significantly lower than the run-off norm (Q0).

The trend in the dynamics of the Mi,min index for Pernik (Fig. 12) is described by

a 3rd order polynomial with a value of the correlation coefficient R = 0.54 and by

a linear function with R = 0.21 for Krupnik (Fig. 13).
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Fig. 12. Dynamics of the Mi,min index for the Struma River at the Pernik point
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Fig. 13. Dynamics of the Mi,min index for the Struma River at the Krupnik point
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A significant trend towards increasing values of the Mi,min index is outlined, which

corresponds to the trend towards increasing of the minimum water flow Qmin,i for the

Krupnik point. The trend shows variable tendency to increasing during the interval

1948–1988 and to decreasing during the period 1989–2006 for the Pernik point.

The conclusion can be made that a trend is established towards increasing the values

of the ratio between the minimum water flow Qmin,i and the average multi-annual value

of the minimum water flow Qmin,0 for the considered period.

The values of Mi,min in Pernik vary within the interval 0.2–2.5, which indicates that

years with minimum water flow, significantly lower than the norm of the minimum

water flow (Qmin,0), are observed, thus forming hazardous drought periods. These years

are 1948–1953.

The values of Mi,min in Krupnik vary within the range 0.2–3, which indicates that

years with minimum water flow, significantly lower than the norm of the minimum

water flow (Qmin,0), are outlined, thus forming hazardous drought periods. Such years

are 1948–1953, 1954–1956, 1990, 1993, 1996 and 2002. During the considered period

the years with minimum water flow higher than the norm of the minimum water flow

(Qmin,0) are predominant.

The dynamics of the Ki, Ci, Ki,max, Ki,min, Mi,max and Mi,min indices shows the

influence of climate in the Struma River basin under natural conditions of river flow

formation (with the assumption for insignificant water use, as already mentioned).

The years with Ki > 1 and Ci > 0 are years with high water resources and with Ki < 1

and Ci < 0 – years with lower water resources.

Flood effects during high water are observed during the years with Mi,max > 1, while

for the years with Mi,max < 1 high water with possible negative effect may be observed.

Low water with possible negative effect is observed during the years with Mi,min > 1,

while for the years with Mi,min < 1 low water with drought effect may be observed.

Atmospheric precipitation higher than the multi-annual average atmospheric pre-

cipitation is observed during the years with hi index > 1, while atmospheric pre-

cipitation, lower than the multi-annual average atmospheric precipitation, is observed

for the years with hi index < 1.

During the years with hi,max index > 1 (maximum atmospheric precipitation higher

than the average multi-annual maximum precipitation) flood effects may be observed in

the respective section of the river catchment.

The multi-annual atmospheric precipitation (H0) at the Pernik station is 621 mm and

at the Krupnik station – 633 mm.

The fluctuation of the hi index at the Pernik station for the considered period

(1948–2006) is shown in Fig. 14.

The trend is represented by a 3rd order polynomial with a correlation coefficient

R = 0.11. An insignificant variable tendency to increasing during the period 1948–1960,

decreasing during the period 1961–1985 and increasing during 1986–2006 is observed.

The dynamics of the hi index changes within the range from 0.50 to 1.55. Two

typical periods are determined: first (1948–1990) of low atmospheric precipitation

(hi < 1), and second (1991–2006) with years of higher atmospheric precipitation

(hi > 1). Cycles are outlined with one – four water abundant years (hi >1), and several
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low-water years (hi < 1). The dynamics of the hi index is not similar to that of the Ki and

Ci indices for the period 1948–2006, which may be explained with the specific impact

of the climatic factors in the region.
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Fig. 14. Dynamics of the hi index for the Struma River at the Pernik point
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Fig. 15. Dynamics of the hi index for the Struma River at the Krupnik point
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The trend of the hi index dynamics at the Krupnik point is presented by a third order

polynomial with a correlation coefficient R = 0.14. The trend shows variable tendency

to increasing during the period 1948–1960, decreasing during 1961–1985 and increas-

ing during 1986–2006 (Fig. 15).

The dynamics of the hi index at the Krupnik point is similar to that of the Ki and Ci

indices at the Krupnik point for the period 1948–2006.

A stable variable tendency is observed in the studied region (Krupnik) towards

increasing, followed by decreasing and subsequent increasing of the annual average

values of the Struma River flow (Ki, Ci) corresponding to the increasing-decreasing and

increasing tenor of the average annual precipitation (hi index).

The trend of the hi,max dynamics at the Pernik point is presented by a linear function

with a correlation coefficient R = –0.14 (Fig. 16). An insignificant trend towards

decreasing values of the hi,max index is outlined, which corresponds to the trend towards

decreasing of the maximum water volume (Ki,max, Mi,max).

The dynamics of the hi,max index at the Blagoevgrad station is analyzed, because of

lack of monitoring data for the Krupnik station. The Blagoevgrad station is situated at

about 20 km above Krupnik. The trend of the hi,max dynamics at the Blagoevgrad point

is represented by a third order polynomial with a correlation coefficient R = 0.17. The

trend shows variable tendency to increasing during the period 1948–1960, and to

decreasing during the period 1961–1978 with subsequent increasing during 1979–2006.

The dynamics of the hi,max index at the Blagoevgard point is similar to that of the Ki

and Ci indices at the Krupnik point for the period 1948–2006 and is not similar to that of

the Ki,max and Mi,max indices.
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Fig. 16. Dynamics of the hi,max index for the Struma River at the Pernik point
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The following conclusions may be drawn on the basis of the performed assessment

of the integral indices dynamics.

A stable trend is observed towards decreasing of the maximum water flow (Mi,max,

Ki,max) during the considered period for both points (Pernik, Krupnik).

A stable trend is observed towards increasing the minimum water flow during the

considered period for the Krupnik point. A trend showing variable tendency towards

increasing and decreasing of the minimum water flow during the considered period is

established for the Pernik point.

A preliminary qualitative estimation of the relationship between the integral

indicators – Ki,av, Ki,max, Ki,min, Mi,max, Mi,min, hi and hi,max is achieved by interpretation

of the cross correlation table of the variables (Table 1, 2).

Table 1

Correlation matrix for Pernik point

Ki,av Ki,min Ki,max Mi,min Mi,max hi hi,max

Ki,av 1.00 0.29 0.37 0.29 0.37 0.35 0.26

Ki,min 0.29 1.00 –0.31– 1.00 –0.31– 0.04 –0.09–

Ki,max 0.37 –0.31– 1.00 –0.31– 1.00 0.01 0.13

Mi,min 0.29 1.00 –0.31– 1.00 –0.31– 0.04 –0.09–

Mi,max 0.37 –0.31– 1.00 –0.31– 1.00 0.01 0.13

hi 0.35 0.04 0.01 0.04 0.01 1.00 0.44

hi,max 0.26 –0.09– 0.13 –0.09– 0.13 0.44 1.00
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Fig. 17. Dynamics of the hi,max index for the Struma River at the Krupnik–Blagoevgrad point
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Table 2

Correlation matrix for Krupnik point

Ki,av Ki,min Ki,max Mi,min Mi,max hi hi,max

Ki,av 1.00 0.45 0.50 0.45 0.50 0.53 0.33

Ki,min 0.45 1.00 0.20 1.00 0.20 0.27 0.27

Ki,max 0.50 0.20 1.00 0.20 1.00 0.26 0.10

Mi,min 0.45 1.00 0.20 1.00 0.20 0.27 0.27

Mi,max 0.50 0.20 1.00 0.20 1.00 0.26 0.10

hi 0.53 0.27 0.26 0.27 0.26 1.00 0.52

hi,max 0.33 0.27 0.10 0.27 0.10 0.52 1.00

All values of the correlation coefficient higher than 0.5 are accepted as statistically

significant and are interpreted as a measure for significant level of correlation. For

values 0.2 < r < 0.5 of the correlation coefficient the statistical interpretation is more

difficult but could be accepted as a moderate level of correlation between the integral

indicators.

The presented results confirm the importance of using the integral assessment of the

climatic and anthropogenic impact within a catchment as a reliable tool for water

management.

Conclusions

1. Two periods are outlined in the tenor of the changes in the average annual water

flow for the investigated river points: first period – 1948–1972, second period –

1973–1995 and third period 1996–2006.

The period 1948–1972 is characterized by average annual river flow, which is lower

than the average multi-annual water flow (flow norm) – dry years (Ci < 0, Ki < 1).

The period 1973–1995 is characterized by average annual water flow, which is

higher than the flow norm – high water years (Ci > 0, Ki > 1). The period 1996–2006 is

characterized by annual average river flow, which is lower than the flow norm – dry

years (Ci < 0, Ki < 1).

In a long standing average of the annual water flow, determined cycles of wet and

dry years in the identified water period are shown. Cycles with one-three wet years and

a few dry years are outlined as well.

2. The character of the changes in the maximum water flow at the two river points

with respect to the average multi-annual value of the maximum water flow Qmax,0 does

not differ from the character of the changes in the average annual water flow with

respect to the flow norm Q0.

Two periods are outlined for the two points: first 1948–1975 and second 1976–2006.

The 1948–1975 period is characterized by maximum water flow, which is higher

than the average multi-annual value Qmax,0 (Mi,max > 1; high water and flood effect). For

the two points a four-year cycle is outlined (1955–1958), when the maximum water

flow is lower than the average multi-annual value Qmax,0.
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The period 1976–2006 is characterized by maximum water flow, which is lower than

the average multi-annual value Qmax,0 for both points (Mi,max < 1; high water, possible

negative effect). For the two points a three-year cycle is outlined (1976–1978), when the

maximum water flow is higher than the average multi-annual value Qmax,0.

3. Two periods are outlined at the river points for the changes in the minimum water

flow. The 1948–1972 period is characterized by minimum water flow, which is lower

than the average multi-annual value Qmin,0 (Mi,min < 1; low water and drought effect).

For the two points a three-year cycle is outlined (1961–1964), when the minimum water

flow is higher than the average multi-annual value Qmin,0.

The 1973–2006 period is characterized by minimum water flow, which is higher than

the average multi-annual value Qmin,0 (Mi,min > 1). For the two points a three-year cycle

is outlined (1998–2001), when the minimum water flow is lower than the average

multi-annual value Qmin,0.

4. Two periods are outlined in the change of the annual average atmospheric

precipitation: first 1948–1990 of low atmospheric precipitation (hi < 1) and second

1991–2006 with years of higher atmospheric precipitation for Pernik and Krupnik

points. One to four water abundant years (hi > 1) are outlined during the two periods.

5. Two periods are determined at the Pernik and Krupnik (Blagoevgrad) points for

the changes in the maximum atmospheric precipitation. The period 1948–1990 is

characterized by maximum atmospheric precipitation, which is lower than the average

multi-annual value Hmax,0 (hi,max <1, high atmospheric precipitation possible negative

effect). For the two points a four years cycle is outlined (1948–1952 for Pernik and

1954–1959 for Krupnik/Blagoevgrad), when the maximum atmospheric precipitation is

higher than the Hmax,0 (hi,max >1, flood effect).

The period 1991–2006 is characterized by maximum atmospheric precipitation

which is higher than Hmax,0. For the two points a four year cycle is outlined (1998–

–2002) when the maximum atmospheric precipitation is lower than Hmax,0 (hi,max < 1).

6. The proposed integral indices provide the possibility of evaluating the climate

impact on the Struma River flow formation, but they may also be applied for other

rivers on regional, national and transboundary level. Using integral indicators, high

water years, dry years, maximum water flow and flood effect, minimum water flow and

drought effect, are identified, which is a preliminary estimation of the risk assessment of

flood events and drought events.

7. With the proposed integral parameters it is possible to investigate the influence of

climate on the formation of the average annual maximum/minimum water flow and to

establish and predict possible short-term negative effects.
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OCENA WP£YWU ZMIAN KLIMATYCZNYCH
NA PRZEP£YW TRANSGRANICZNEJ RZEKI STRUMA PRZEZ TERYTORIUM BU£GARII

Z WYKORZYSTANIEM WSKA NIKÓW ZINTEGROWANYCH

Abstrakt: Dokonano oceny wp³ywu zmian klimatycznych i antropogennych na œredni roczny przep³yw wody

oraz wartoœæ maksymalnego i minimalnego przep³ywu wody w rzece Struma przep³ywaj¹cej przez terytorium

Bu³garii. Parametry te s¹ okreœlone przez indeks Ki (wskaŸnik przep³ywu), wskaŸnik Ci œredniego odchylenia

rocznego przep³ywu wody Qi do normy przep³ywu Q0, indeks Ki,max maksymalnego odchylenia przep³ywu

wody Qmax,i do normy przep³ywu Q0, indeks Ki,min minimalnego odchylenia przep³ywu wody Qmin,i do normy

przep³ywu Q0, wskaŸnik Mi,max maksymalnego odchylenia przep³ywu wody do maksymalnej normy

przep³ywu Qmax,0, indeks Mi,min minimalnego odchylenia przep³ywu wody do minimalnej normy przep³ywu

Qmin,0. Nowe podejœcie wprowadza bardziej szczegó³owe wskaŸniki oceny wp³ywu klimatu na wody rzeki, jak

wskaŸniki przep³ywu modu³u (Ki,av), odchylenie œredniej (Ci). Zastosowanie sugerowanych wskaŸników

umo¿liwia ocenê roli ró¿nych zmian klimatycznych przez Ki,av, Ki,min, Ki,max, Mi,min, Mi,max, Ci, hi i hi,max.

Metoda ta zosta³a zastosowana i sprawdzona w Perniku i Krupniku dla lat 1948–2006 w celu oceny skutków

zmian klimatu. Indeksy te odzwierciedlaj¹ wywo³ane zmianami klimatycznymi szczególne wydarzenia, takie

jak: lata suche, powodzie i wiatry.

S³owa kluczowe: wskaŸniki zintegrowane, wp³yw klimatu, przep³yw rzeki
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