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Abstract: Relations between discharge changes and solar activity are very complex and this is the reason why the
obtained results are often contradictory. In this paper we tray to explore possible relation between Danube river
discharge elements and parameters of solar activity. The best result has been found between flow index and latitude
of sunspots. According to literature we propose possible mechanism of solar activity influence on the discharge.
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Capap:kaj: Bese usmehy mpomena mpoTuiaja u cyHueBe akTHBHOCTH BeoMa Cy CIOXKeHe, 300T dera cy HOOHjeHH
pe3yJTaTH 4ecTo IPOTUBPEUHH. Y pagy CMO IOKyLIAIH Ja UCIHTaMo Moryhy Be3dy m3Mmely ememeHaTa mpoTHIiaja
JlyHaBa u mapamerapa cyHdeBe akTHBHOCTH. Haj6osbu pesyntaT mobujeH je 3a Besy usMel)y mHaexca BOJHOCTH U
acuMmerpuje xenuorpadcke MmUpHHE CyH4eBHX Iera. Ha OCHOBY JiuTeparype MpeaioxkeH je Morylin mexaHnm3am
yTHIaja CyHYEeBE aKTUBHOCTHU Ha IPOTHULIA].

Kbyune peun: npotunaj, [[yHas, cyH4eBa aKTHBHOCT.

Introduction

How much of an influence the Sun exerts on earth's climate has long been a topic
of heated discussion in the area of global climate change (Franks, 2002). The main reason
for the different opinions on this subject derives from the fact that although numerous
studies have demonstrated significant correlations among some measures of solar activity
and various climatic phenomena (Reid, 1991, 1997, 1999, 2000). The magnitude of the
variable solar radiative forcing reported in these studies is generally so small, that it is
difficult to see how it could possibly produce climatic effects of the magnitude observed.

Supporters of solar effects theories claim that various positive feedback
mechanisms may amplify the initial solar perturbation to the extent that significant climate
changes really take place.

Nearby in Europe, a review of the relationship between extreme weather events and
the climate during the Holocene also implicates solar forcing as the factor responsible for
the above-average rainfall during the Little Ice Age. During this period, according to Starkel
(2002), continuous rains and high-intensity downpours coinciding with periods of reduced
solar activity were major problems that often led to severe flooding.

* Jp Baapan JQyuuh, Banpenuu npodecop, I'eorpadeknu daxynrer, beorpan, Crynentcku Tpr 3/3.
Jp Huna HukousioBa, Banpeanu npodecop, Yuusepsuret "CB. Kinument Oxpuncku", Coduja.
Jenena JlykoBuh, numn. reorpad, crunenaucra Munucrapersa Hayke Ha ['eorpadckom akynrery.
Pan mpencrapipa pe3ynTaT HCTpakuBarma npojekra 146005 koju ¢punancupa MuHHCTapCTBO Hayke PemyOnike
Cpouje.
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Relations between solar activity, precipitation and river discharge

Perry (1995) has investigated association between Solar-Irradiance Variations and
Hydro-climatology of Selected Regions of the USA. He has found that projections of solar-
activity cycles for estimating future hydro-climatic events have been suspect because there
has been no identified physical mechanism to explain the connection between activity on the
Sun and regional hydro-climatic patterns on Earth.

Measurements of the Sun's total energy output (total solar irradiance) by Earth
satellites show small changes in total energy that generally follow the solar-activity cycle
and are providing new information on the controversial solar/climate relation. These
variations have been shown to correlate significantly with regional precipitation in various
locations in the USA (Perry, 1994).

The possible mechanism proposed for the coupling of solar-irradiance variations
with regional hydro-climate consists of three main components. These are: (1) absorption of
solar energy by the tropical oceans in a deep surface layer, (2) transport of that energy by
major ocean currents of the Pacific Gyre, and (3) transfer of that energy by evaporation into
atmospheric moisture and atmospheric pressure systems that can be advantageous for
precipitation formation (Perry, 1994).

Perry has also investigated connection between annual solar-irradiance and annual
average flow of the Mississippi River at St. Louis. The best correlation is obtained with a 5-
year lag time. The correlation coefficient for these data is R=0.52, significant at the 1%
level. An approximate 5-year lag is apparent for other basins and sub-basins between the
Rocky Mountains and the Appalachian Mountains, as opposed to the 4-year lag time
observed in the Pacific Northwest. Possible explanation for the greater lag time, by Perry,
may be in the more eastward location of the ocean temperature anomalies in the Pacific
Ocean that affect atmospheric dynamics over the midsection of the United States than over
the Pacific Northwest. An additional year may be needed to move the ocean temperature
anomalies farther to this location (Perry, 1995). An intriguing observation of individual
graphical correlations of annual solar-irradiance variations with annual precipitation and
discharge in the United States is an apparent change in effective lag times for a specific
location. Prior to the mid- 1970's, lag times were slightly less than lag times after the mid-
1970's. This point in time coincides with an apparent shift in atmospheric pressure patterns
and with an increase in global surface air temperatures recorded at land-based stations
(Graham, 1995).

Investigating the solar activity and discharge of the Parana River, Mauas and
Flamenco found that there is a very strong direct correlation between solar activity, as
expressed by the yearly Sunspot Number, and the discharge, in intermediate, interdecadal
scales. This correlation implies that wetter conditions in this region coincide with periods of
higher solar activity (Mauas, Flamenco, 2005).

Possible relationship between River Po discharge and Cycles of Solar activity is
analyzed by Tomasino and Dalla Valle (2000). They found that the strongest peak in the
analysis of River Po discharges appears at 8.7 years, a wave length that most astrophysicists
and climatologists do not associate with solar activity. So an explanation is in order,
especially as the time series of River Po discharges is used by the authors to forecast periods
of droughts and floods as well as instances of slime bloom in the Adriatic Sea.

Ocokoljic (1994) distinguished 4 cycles of discharge fluctuations that lasted 29, 45,
16 and 40 years (average 32.5), for the station Orsova in the instrumental period. He claims
that “there is no regular chronology in the appearance of very low flow and very high flow
years, so it can be said that they are accidental phenomena”. Comparing the cyclicity of low
flow and high flow periods with Wolf’s number, same author concludes that “there is almost
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no relation between them because both wet and dry periods appear in the periods of minimal
and maximal sunspots, and no conclusions can be obtained based on this”.

However, Ocokoljic cites that each cycle is characterized by transitional years. In
addition, he cites the study of Gavrilovic (1981) and concludes that "during these years, or
around them, the minimum of sunspots was noticed, or each period of transition from one to
another discharge is preceded by maximum of the solar activity".

Relation between Wolf’s number, climate elements and river runoff has been
investigated by I'eneB (2004). The author shows that in Bulgaria climate feedback of solar
activity is presented by extremely low values for precipitation total and river discharge. The
drought in Bulgaria is clearly determined in 2000 when the maximum of Wolf’s number has
been observed.

Secular sunspot cycle of 80-90 years which modulates the intensity of the 11-year
cycle, valid cycles have been derived from the Sun's irregular oscillations about the centre
of mass of the solar system. Landscheidt (1998, 1999) has shown that these solar motion
cycles are so closely connected with climate phenomena that dependable forecasts of
droughts and floods, strong negative and positive anomalies in global temperature, and even
El Nifios and La Nifias can be based on this relationship.

Similar results were obtained by Ducic (2005) as well. He has found periodicity of
20 years in reconstructed Danube River discharge, which might be connected to above
mentioned solar motion influence.

Jovanovic has investigated relationship between solar activity, presented as Total
faculae areas, and River Danube discharge in yearly, maximal and minimal values for the
period 1931-1990. Results are showing that “the solar activity, in statistical sense may
influence the maximal river flow, with seven years lag, and the minimal stream flow after a
lag of nine years” (Jovanovic, 1995).

Data and Methodology

The Danube is the river with relatively high number of hydrological gauges with
observation for more than 50 years. However, the longest observation period was on the
Romanian hydrological gauge Orsova, which was in operation from 1840 up to 1972, when
a lake was created by Water —power station Djerdap. After 1972 time-series is charged by
data gained by using of electricity generation as well as by measuring overflow waters on
Kladovo dam. In this way time-series of 150 years is formed by discharged data during the
period 1840-1989'. Hydrological gauge Orsova is one of the most reliable gauges on
Danube River, because it is locates in Iron Gate which is consisted of rocks, riverbed is
steadily and there is no outflow of high waters (Ocokoljic, 1994).

Because of the period length this time-series is representative for the river regime
study as well as for the hydro-power utilization of waters. This is also a kind of parameter
for proving of representativeness of short series on the other great rivers with similar
regime.

Considering the length of the series as well as data reliability, we decided to
include them into analyses in relation to the solar activity. According to Jean-Claude Pecker
the use of many stations together may lead to distortion of the results instead of amelioration
the eventually existing correlation between Sun activity and the discharge of Danube river,
for example (Jovanovic, 1995). These are the reasons why we use the data from only one
station in analyses.

As a criterion for rating years according to its flow it is adopted that all years with
average flow should be between 25 and 75% of total discharge, low flow from 75.1 to 95%,

! Period up to 2000 year is charged on the base of data from exchange with Romanian Hydro-meteorological
institute.
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very low flow 95.1-99% and catastrophic low flow 99.1-99.9%. Grading of wet years would
be with similar rates; actually wet year would be in the range from 25 to 5.1%, very wet 5.0-
1.1% and catastrophic wet from 1.0 up to 0.01% (Ocokoljic, 1994).

Table 1 Danube river discharge elements and solar activity parameters

Discharge | Low | High Flow Extreme Wolf's AA Sunspot's Lat Polar
of faculaes
Decades m’/s flow flow Index Index number | Index areas sunspots no.

1841-1850 5723 1 4 0,8 0,5 57,4 19,3 0,23
1851-1860 5474 4 4 0,5 0,8 45,6 17,4 -0,09
1861-1870 4758 5 1 0,2 0,6 53,2 19,9 0,01 -0,02 0,09
1871-1880 5645 2 4 0,7 0,6 40,6 13,6 -0,01 0,04 0,01
1881-1890 5246 3 1 0,3 0,4 35,2 15,9 -0,31 -0,06 0,04
1891-1900 5287 3 3 0,5 0,6 45,2 16,4 -0,17 -0,06 0,03
1901-1910 5244 3 1 0,3 0,4 36,4 13,2 0,05 -0,08 0,02
1911-1920 6019 2 5 0,7 0,7 41,1 16,0 -0,04 0,04 -0,05
1921-1930 5305 3 2 0,4 0,5 41,8 17,1 0,16 0,00 -0,16
1931-1940 5696 1 2 0,7 0,3 54,3 18,7 0,11 -0,01 -0,15
1941-1950 5151 4 3 0,4 0,7 73,6 22,6 0,07 0,00 -0,03
1951-1960 5458 0 1 1,0 0,1 94,5 25,9 0,12 0,06 -0,05
1961-1970 5855 1 4 0,8 0,5 60,1 19,6 0,46 0,10 0,04
1971-1980 5680 2 5 0,7 0,7 66,6 23,0 0,04 -0,02 0,00
1981-1990 5318 3 1 0,3 0,4 83,0 25,8 -0,13 0,11
1991-2000 5314 3 1 0,3 0,4 64,9 24,1

Starting with the data provided by Ocokoljic, we created new data base in which
we put together catastrophic low flow, very low flow and low flow years, on the one hand as
well as very high flow, catastrophic high flow and high flow years on the other hand. This
was done because the number of extreme years was very low (17). In this way, using the
described methodology, all years are included according to the statistical criteria into the
lower and higher quartiles.

This data base includes 38 low flow and 42 high flow years. The average flow (80)
years are also included in these analyses.

Flow Index is presented, as a parameter of high flow domination in relation to low
flow. While low flow and high flow clearly presented domination of anticyclone and
cyclone types of weather thus average years are mixture of synoptic situation impacts. In our
opinion flow index clearly shows a relative domination of high flow years, excluding
average flow years from the calculation and thereby clearly underlines the synoptic causes
of flow variability.

Moreover we take into the analyses the extreme index, as well. It presents total
number of low flow and high flow years per decade. This parameter is opposite to the
number of average flow years divided by 10. Using the extreme index we try to find out if
there are some changes of frequencies of extreme discharge in the Danube flow variability.

In this paper we use extended time series of solar activity indices, which in fact is a
database including some traditional indices of solar activity: sunspot areas’, Wolf number’,

2 http://www.gao.spb.ru/database/esai/yr_aro.txt
? fip:/ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPOT_NUMBERS/YEARLY
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polar faculae numbers* (polar component), latitudes of sunspot’ (as a parameter of north-
south solar asymmetry) and AA Index’ (as a proxy of the solar wind energy imparted to the
magnetosphere).

Described data base with new discharge parameters is given in Table 1.

Results and discussion

Calculation of Pearson’s correlation coefficient (R) between parameters of
discharge and parameters of solar activity give the best results with Latitudes of sunspots in
4 of 5 discharge parameters (discharge, low flow, high flow, and flow index). The values of
R are between 0.4 and 0.73. Only extreme index shows weak relation to solar activity (Table
2).

Table 2 Pearson’s coefficient correlation

Pearson’s Wolf's AA Sunspot's Latitudes of Polar

correlation number Index areas sunspots faculaes no.
Discharge -0,04 -0,13 0,38 0,55 -0,36
Low flow -0,30 -0,14 -0,49 -0,56 0,41
High flow -0,19 -0,24 0,25 0,40 -0,15
Flow Index 0,30 0,11 0,53 0,73 -0,41
Extreme Index -0,39 -0,31 -0,16 -0,08 0,18

Data for sunspot areas show constantly higher values of R for discharge parameters
(excluding extreme index) then usually taking parameters such as Wolf’s number and AA
index. Connections between polar faculae numbers and discharge parameters are also
showing better correlation for discharge, low flow and flow index then Wolf’s number and
AA index.

Table 3 Spearman coefficient correlation

Spearman Wolf's AA Sunspot's Latitudes of Polar

correlation number Index areas sunspots faculaes no.
Discharge 0,13 0,03 0,31 0,57 -0,34
Low flow -0,20 -0,10 -0,51 -0,57 0,37
High flow -0,06 -0,20 0,11 0,34 -0,32
Flow Index 0,28 0,12 0,50 0,68 -0,44
Extreme Index -0,14 -0,18 -0,26 -0,01 -0,04

Excluding the extreme index, relations between Wolf’s number and AA index with
discharge parameters are mostly weaker than with other parameters. The conclusion
therefore is that searching relation between Wolf’s number and AA index and planet process
is not always the best way for studying impact of solar activity. Weak relations might be the
reason why some authors denied causal relation between solar activity changes and climate
changes. Tommiicku (2007) analyzes impact of solar activity on climate in Bulgaria by
calculating correlation coefficients between Wolf’s indices and main climate elements. It is
established that the correlation between solar activity and climate in Bulgaria is not clearly

4 http://www.gao.spb.ru/database/esai/yr_pfs.txt
> http://www.gao.spb.ru/database/esai/yr_fio.txt
® http://www.gao.spb.ru/database/esai/aa_mod.txt
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determined. It is obvious that in order to find out the relation between solar activity and
climate changes we need more studies as well as great number of solar activity parameters.

The results of non-parametric tests such as Spearman (Table 3), Kendall Tau
(Table 4), Gamma (Table 5), are similar to Pearson’s coefficient correlation.

Table 4 Kendall Tau coefficient correlation

Kendall Tau Wolf's AA Sunspot's Latitudes of Polar

correlation number Index areas sunspots faculaes no.
Discharge 0,10 0,08 0,28 0,42 -0,23
Low flow -0,13 -0,07 -0,37 -0.46 0,28
High flow -0,04 -0,15 0,10 0,30 -0,23
Flow Index 0,23 0,12 0,37 0,51 -0,30
Extreme Index -0,10 -0,12 -0,19 0,00 -0,08

Table 5 Gamma coefficient correlation

Gamma Wolf's AA Sunspot's Latitudes of Polar
correlation number Index areas sunspots faculaes no.
Discharge 0,10 0,08 0,28 0,42 -0,23
Low flow -0,14 -0,08 -0,41 -0.50 0,31
High flow -0,04 -0,17 0,12 0,32 -0,25
Flow Index 0,24 0,13 0,39 0,52 -0,32
Extreme Index -0,10 -0,12 -0,20 0,00 -0,09

According to all calculation we have done in the paper it is obvious that the best
correlation are between flow index and latitude of sunspots. It could be seen on the Figure 1.

Figure 1 Decadal changes of flow index and latitude of sunspots
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Georgieva (2002)" has observed relation between long-term changes in
atmospheric circulation, Earth rotation rate and north-south solar asymmetry. She claims
that earlier studies show a relation between long-term changes in the Earth's rotation rate
and the prevalence of zonal or meridional types of circulation. The results, however, have
been confined to the 20th century and to the Northern hemisphere. In her paper she
compares the long-term changes in the length of the day (LOD) and the temperature contrast
between the equator and the pole in the Northern and the Southern hemispheres as an
indirect measure for the zonality of the atmospheric circulation. She has found during the
20th century in the Northern hemisphere a high negative correlation between the rotation
rate and the equator/pole temperature contrast, while during the 19th century the correlation
has been positive. For the Southern hemisphere, the situation is opposite. The correlation
changes itself when the North—South asymmetry of solar activity also changes its sign. The
decadal changes in LOD are shown as having relation to the changes in the North—South
asymmetry of solar equatorial rotation rate probably caused induced by planetary-driven
changes in the angular momentum of the solar system.

On the other hand, Georgieva et al. (2000)* have explored solar activity, presented
by North-South solar activity asymmetry and surface air temperature changes. They have
found strong correlations between solar activity and surface air temperature for certain
locations. The authors concluded that the sign of the correlation seems to be determined by
the North-South solar asymmetry. Also they have found out that the phase of the
stratospheric winds quasibiennial oscillations does not determine the sign of the correlation,
but rather enhances or suppresses this influence.

The relation between parameters of solar activity and Danube River discharge
elements is indirect and probably is in function through atmospheric circulation. Prohaska
(1979) has investigated correlation dependences of middle and maximal annual discharge
with characteristics of atmospheric circulation processes and solar radiation as well as
methods of forecasting. His conclusion is that Danube River discharge variability has a
more significant connection with Index of atmospheric circulation than the Index of solar
radiation.

Conclusion

Investigating relation between solar activity and the discharge we decided to take
hydrological gauge Orsova due to its homogenous conditions and its longest data base (from
1840). We have explored several discharge elements (low flow, high flow, extreme flow and
flow index) in relation with several solar parameters (sunspot areas, Wolf numbers, polar
faculae numbers, AA index and latitudes of sunspots). The most significant results we have
come to are for flow index and latitudes of sunspots (R=0.73).

Complex mechanism of these relations is indirect and is in function through
prevalence of zonal or meridional types of atmospheric circulation.
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BIIAJJAH IYLWh
HUHA HUKOJIOBA
JEJIEHA JIVKOBUHR
Pesuwme

MOI'YRA BE3A UBMEDBY KOJIEBAILA ITIPOTHLAJA 1YHABA U
CYHYEBE AKTUBHOCTHU

Ipo6niem Be3a CyHYEBE aKTUBHOCTH U IIpoLieca y reorpa)ckoM oMOTady OYBEK je MPHUBIAYHO MaXby
ucrpaxuBada. PenatuBHO Maie npomeHe ConapHe KOHCTaHTE Cy KaMEH CIIOTHIAma y THM HCTPaXKHBABHMA.
Iojeauuu ayTopH, Unax, To objalimbaBajy aMIIM(HKALNjOM CYHYEBOI CHTHANA y CaMoj 3eMJbUHO] aTMochepu. Y
MPUJIOT PEATHOCTH THUX Be3a WAy W IMOJAalM 3a Ayre Mepuoje y KojuMa je yTBpeHa HecyMmuBa Be3a usMmely
CYHYEBE aKTHBHOCTH M XHAPOMETEOPOJIOIIKHX HPOLEca.

VY HallleM HCTpaXHBamby KOPUCTHIIM CMO TOJATKE ca Xujpoomike cranuie OpiaBa Kako 300r Ty:KHHE
Hu3a nojaraka (ox 1840), Tako u 300r XOMOTreHHX yCiIoBa Mepema. McnuTuBanu cMo Bullle eleMeHaTa MpoTUliaja
(mpotuuaj, mMage BOJE, BHCOKE BOJE, MHJICKC BOJHOCTH M MHIEKC EKCTPEMHOCTH) ca IlapaMeTpuMa CyH4YeBe
akTuBHOCTH (Bongor 6poj, AA MHICKC, MOBPLIMHA [OJ CYHUEBHM IeraMa, cojapHa XeMuchepHa acuMeTpuja
CyHUYEBHX Iera u Opoj nonapHux daxysna).

Haj6osse Bese cy yrBpheHe uzmely mHIeKca BOTHOCTH U CONapHe XeMUC(EpHE acUMEeTpHje CyHUYEBHX
nera (R=0.73) wTo je cratucTuuky 3HayajHO Ha HUBOY ox 0,05. MexaHu3aMm THX Be3a je BeoMa CIIOKEH U OJBHja
ce, BEpOBATHO, PEKO CMEHA MEPHUANOHATHMX U 30HATHUX THIIOBA LIUPKYJIALnje 3eMbUHE aTMocdepe.



