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Report

on the Project "Monthly Synoptic Types (1930-1995) over the Volga River Drainage Basin"

1. To provide a comprehensive review of the frequency of system weather types over the Volga drainage basin and to summarize the data on monthly, seasonal and annual basis.

The Caspian Sea level (CSL) is known to be subject to wide variations. This, for the period of 1556 to 1946 the amplitude of CSL variations amount to 4.5 m, in the historical time it was 15 m. In this respect the XX-th centure has presented two surprises (Fig.4). In the early century the sea level was rater high and came to 26.0 m below the World Ocean level. In the next decades CSL decreased first gradually, and in the 30-es - 40-es drastically, reaching the minimum in 1977 (-29.0 m). The first surpise was unexpected rise of CSL which started in 1978 and continued till 1995. The sea level increased by 2.4 m for this period. The second surprise is related with unexpected decrease of CSL by 0.4 m for 1996-1997.

It should be mentioned that the long period of sea level rise in 1978-1995 resulted in a number of mainly negative consequences of social-economic and ecological character.  Settlements, oil fields, agricultural land, transport highways are being flooded.

In Daghestan 150 thousand hectares of land has been flooded, in Kalmykia 70 thousand ha. In Makhachkala, Caspiysk, Derbent more than 40 production objects were partly flooded. Hydrometeorological stations have been damaged. Only 3 level-measuring stations of 12 remained on Russian Coast.

The situation is made worse by increasing storm surge. Thus in mid-March 1995 the height of surge in Daghestan and Kalmykia exceeded 3 m, water penetrated over the distance of 20 km inland.The population is moved from flooding areas on the north-west and south coast of Caspian Sea.

The problem of Caspian Sea consists in both the fluctuations of its level causing such catastrophic consequences and the necessity and complexity of forecasting these fluctuations far in advance.

In general terms, there are two components of CSL rise in the XX-th century: natural and antropogenic. There is a comparative consensus among the specialists concerning the first of them. CSL fluctuations are explained by climatic variations. The main cause-and-effect chain is as follows: atmospheric circulation changes ( meteorological conditions changes on Caspian Sea drainage basin (basically on Volga drainage basin) ( the change of river flow to Caspian Sea and other components of the water balance of Caspian Sea ( the fluctuations of Caspian Sea level. In this chain the least known are the relationships between circulation factors and meteorological regime on Caspian Sea basin (first of all precipitation over the Volga drainage basin).  
The drainage basin of Volga covers a major part of the territory of Russia. Its area is 1360 km2. The important role of Volga runoff in the formation of total river  inflow to Caspian Sea is well known: in summer the Volga portion accounts for up 80% of the total river runoff to Caspian Sea, and the neighbor river Ural only for 6%.

The river runoff depends mainly on the difference between precipitation and evaporation. The latter is caused largely by temperature.

The two components of water balance (precipitation and evaporation) depend on the types of atmospheric processes over the territories under study and the related weather conditions.

Several synoptic typifications have been developed in Russia for the territory of the First natural synoptic region (n.s.region) extended from Greenland to the basin of Yenisei River. The best known of them is the typification of G.Ya.Vangengeim - A.A.Girs /7/ which will be basis of the this development.

The catalogs of the number of days with anticyclonic (cyclonic) circulation suggested by L.A.Vitels /5/ are also of much interest. The catalogs were developed for 8 homogeneous regions selected in the Atlantic Ocean, on Europe territory with adjoining northern seas and in part on the territory of Western Siberia.Analysis of Vitels( catalogs in relation to precipitation regime on the Volga basin was not considered in this project due to time limits.

It should be mentioned that Vangengeim - Girs synoptic typification and Vitels( catalogs were developed in the middle of the XX century. However their practical value is so high that the results of these studies have been used up to now, and the series of characteristics developed are supplemented by disciples and followers of the above authors.

According to Vangengeim - Girs typification, there basic circulation forms: zonal type (W) and two meridional (E and C), have been isolated on the territory of the First n.s.region. Macroprocesses relate to zonal type, if in the tropospheric thickness there are observed small-amplitude waves rapidly moving from west to east. This causes increased precipitation amount, warm winters, moderately hot summer conditions.

Meridional types are characterized by stationarity, i.e. stable position of high-level crest and troughs and, consequently, long-term keeping of advection sign. With the E - type processes the high-level pressure crest is situated over the Europian Territory of Russia (ETR). Anticyclone fields predominante here near the earth. In winter they are accompanied by cold, and in summer hot with few clouds weather. With C - type processes a trough forms over ETR instead of crest. Cyclonic fields predominante over the Volga drainage basin which bring precipitation and low air temperature.

According to the project conditions, it is suggested to study the synoptic weather types over Volga basin for the period from 1930 to 1995. However it seems practicable to extend the period to the beginning of the XX-th century to receive a more complety picture of the change of circulation nature.

Fig.1 presents the annual cycle in frequency of the number of days with circulation types W,E and C calculated for the period from 1901 to 1995 and from 1935 to 1995. It follows from Fig.1 that the character of annual cycle in the frequency of circulation types for the two periods is similar. All calculations will be further made for longer period (1901-1995).

The frequency of W,E and C forms is not the same in absolute expression: type E has the higest frequency (12-15 days a year), type C the lowest (6-10 days). Therefore, along with the absolute values of circulation type frequency, it is advisable to consider them in per cent of many-year norms.

Let us consider the temporal variation of frequency of three basic circulation types for 1901-1995 in percent of norms (long-term mean values) calculated for the same period. Calculations have been made by months, seasons, and on the average for a year. Standard separation by seasons is accepted: winter (XII-II), spring (III-IV), summer (VI-VIII), autumn (IX-XI).

Table 1 shows the frequency of circulation types W,E and C by months not for each year, but aweraged over 5-year periods. Analysis of this table is possible, but it is difficult to reveal some regularities. Fig.3 is more illustrative which reflect the temporal variation of frequency of circulation types on a seasonal basis, as well as on the awerage for a year (Fig.2). In Figs.2 and 3, the numbers along abscissa axis mean the last year of a particular five-year period. It is well seen, particularly for spring and for a year, that some circulation types predominante in some sections of the series, other types in other sections. Thus, in spring from 1901 to 1930 the west type of circulation (W) was prevalent, and from 1965 to 1995 the east type (E).

Based on the analysis of frequency of basic circulation types and their 9 varieties, A.A.Girs /7/ isolated 4 circulation epochs in the XX-th century (the first epoch was isolated by his followers):


W       (       E       (        C       (    (E+C)   (       [E]

     1900-1928     1929-1939     1940-1948     1949-1971     1972-1995


On the basis of consideration for probable changes in solar activity, A.A.Girs /7/ gave the forecast on changing to west circulation type in 1972-1973, assuming that the epoch W would continue up to 1994. This forecast is of fundamental importance. The thing is that A.A.Girs established a qualitative relationship between the frequency of type W (E) and Caspian Sea Level . According to present estimates(Fig.4), this relationship is rather close: between the frequency of west circulation type and Caspian Sea level for 90-year period r=0.7 /15/. Therefore, according to A.A.Girs, sea level rise was expected since early 70-es. However in 1972 instead of the epoch of west circulation type, the epoch of east circulation type came which, according to the estimates of A.A.Girs( followers, lasted up to 1995. So, on the whole the forecast of A.A.Girs was not justified, but with some reservation. Judging from Figs.2 and 3, against the background of circulation type E, the frequency of west circulation type increases, which fact almost coincides in time with the beginning of a sharp increase in rising Caspian Sea level in 1978 (Fig.4). 


It should be emphasized that under the name "east type" G.Ya.Vangengeim combined two different groups of elementary synoptic periods, which was recalled by K.V.Kondratovich /10/. In this connection a more comprehensive analysis of the last period type E is likely to be useful.

2.   To provide the relationship between system type and precipitation.

The drainage basin of Volga River and regime of precipitation fall here depend on the nature of general atmospheric circulation. This trivial conclusion is proved by a small number of studies. It is incomparable with the number of stidies on the estimates of direct influence of hydrometeorological, heliogeophisical, tectonic factors on the fluctuations of Caspian Sea Level,

We shall give a brief survey of studies related to very important but poorly known line "atmospheric circulation-precipitation" as one of initial factors determining sea fluctuations. It should be mentioned that some famous scientists developed the general schems of atmospheric processes evolution over the first n.s.region and explained qualitatively to which conditions of moistening the Volga basin some or other nature of atmospheric processes corresponds. Among such studies are those of A.V.Shnitnikov /23/, L.S.Berg /3/, O.A.Drozdov /9/, partly S.N.Rodionov /25/ et al. However the greatest practical interest is drawn to studies of the authors, who made quantitative estimates of the relationships under consideration. In this connection one should mention the study carried out by N.A.Belinsky and G.P.Kalinin /2/, who suggested to use circulation indexes based on L.A.Vitels( synoptic catalog for characteristic of atmospheric processes. The authors found out a close relationship between the circulation index in the area of Azores anticyclone (the fifth region of Vitels) and precipitation over Volga basin (correlation factor r=0.79). Such a close relationship is explained by the fact that not the series of circulation indexes and precipitation were correlated, but the values of integrodifferential curves obtained from these series, which leads, as is known, to the overestimation of r values. The results published more than 50 years ago need further proof on the basis of modern data series. It should underlined only that the authors of this study developed a statistical method for forecasting the Caspian Sea level which was used during several years in operative mode.

V.I.Babkin et al. /1/ examined the frequency of Cyclones in Volga basin in the low-water period (1966-1975) preceding the level rise (Fig.4), and in the high-water period (1976-1985). It is shown that the frequency of cyclones of Atlantic and West-European origin was higher in the second period by 38% and 27% respectively than the 20-years mean.

A.N.Krenke and V.V.Popova /11/ attempted to estimate quantitatively the differences between the values of annual precipitation sums in the years of meridional and zonal circulation type according to B.L.Dzerdzievsky /8/. This difference was 40-50 mm at Volga drainage basin, i.e. approximately 10% of the annual sum. It is worth nothing that the notion of meridionality and zonality in the typification of B.L.Dzerdzievsky /7/ has the opposite sense as compared to that of Vangengeim-Girs.

E.V.Vorobieva /6/ has drawn maps on the distribution of seasonal precipitation amounts over the FSU territory for spring, summer and autumn with basic circulation types W,E andC for the period from 1891 to 1962. Over the Volga basin in spring with west (W) circulation type precipitation amount is 110-120% of the norm, with east (E) type - 70-80% of the norm, with meridional (C) type - 110-130% of the norm. Precipitation amount in summer and autumn is approximately in the same ratio with different circulation types.

N.P.Chernova /22/ studied also the influence of atmospheric circulation on the spatial-temporal variability of seasonal precipitation sums over the Caspian Sea basin. She concluded that it is not efficient to seek direct relationships between the atmospheric circulation indexes by Vangengeim-Girs and precipitation, which hard to agree with.

The developments of the expert are based on the precipitation data prepared and published earlier /12,20/ and supplemented before 1995. These data contain long-term series of precipitation averaged over the area of 104 administrative regions in the main grain-producing areas of Russia and adjacent countries. Twenty six administrative regions are situated in the Volga drainage basin which sometimes relate to the territory of drainage basin only in part (which is taken into account).

The calculations were made using precipitation both for individual administrative regions and for the drainage basin as a whole. In the latter case the monthly (seasonal, annual) precipitation sums are calculated as weighted averages with consideration for the region areas. The calculation method is described, for example, in /24/.

The role of precipitation (Q) in forming the CSL regime is very substantial. Precipitation fallen over the Volga basin determine its runoff: the coefficients of correlation between these values vary, according to the estimates of different authors, from 0.70 to 0.85. However, the coefficients of correlation between Q on Volga basin and the increases of Caspian Sea level ((CSL) are much the same. The method of forecasting (CSL 12-14 months in advance is based on this relationship and was developed by Meshcherskaya A.V. et.al. /17/. The method was approved by the Central Methodological Commission in 1997 and is used in routine regime.

When developing the forecasting method, in particular, the relatively slight effect of cold period precipitation on (CSL was shown as compared to the precipitation of warm period. At first sight, this contradicts the formed opinion on the decisive influence of cold period precipitation on (CSL. However this contradiction is easily explained. The first decades of the XX-th century were characterized by snowy winters on the European territory of Russia (ETR). In subsequent periods the snow cover depth on ETR became decreasing: in all for 1891-1992 the snow cover depth is decrease by 14.9% /18/. This is determined both by climate warming in the 30-es - 40-es and by climate warming in the second half of the XX-th century which resulted in not only the decrease of snow cover depth, but also the increase of thaw frequency. The effect of winter period precipitation on (CSL decreased considerably. Precipitation influence over Volga basin on (CSL shows up during 2-3 years /19/. According to the data for 1956-1995 the maximum value of coefficient of correlation r=0.7 between Q and (CSL is achieved when using the accumulated amount of precipitation for 21 months preceding the moment of making forecast of (CSL. Particulary important for the change of CSL is precipitation fallen in the upper part of river Kama and Oka, r(0.7, which a known fact, but it was quantitatively proved by for the first time constructed maps of coefficients of correlation between 2-year sums of precipitation in individual administrative regions and (CSL /17/.

The effect of temperature anomalies ((t) on (CSL is much lower than that of precipitation. The correlation coefficients between (t and (CSL amount to -0.3(-0.4, reaching the maximum in absolute value in the Upper Ob and in the Central Russia /17/. The effect of (t on (CSL showes up only in the warm season of year, in November-March this relationship is close to zero. 

Fig.5 presents the annual variation of precipitation norms averaged over Volga drainage basin for 1901-1995 for different time-averaging periods. The monthly sum of precipitation in the annual cycle (Fig.5) has minimum in February and maximum in July, which is typical for Russian territory /14,20/. Precipitation for 7 months of the warm period amount to approximately 2/3 of the annual precipitation sum (Fig.5). Precipitation for 5 months of the cold period accounts for only 1/3 of the annual sum.  It should be noted that the monthly, seasonal and annual precipitation sums given in Fig.5 and Table 2 were calculated without corrections for moistening. With consideration for the latter the precipitation sums would be higher by 10% /4/.

Let us examine to what extent the precipitation sum over Volga drainage basin (Q) depends on the above five circulation periods (Table 2). With annual averaging the highest annual of precipitation (on the average for a year) fell out in the period of west circulation type (Q=514 mm), and the lowest in 1929-1939, i.e. in the first epoch of type E (Q=464 mm). In the next two periods: C (1940-1948) and E+C (1949-1971) the annual precipitation sums were approximately the same (Q=498(494 mm). As to the last epoch of type E (Q=505 mm) started in 1972, it was not so dry as in 1929-1939. This is possibly related with the above circumstance that the last epoch E is not very homogeneous in nature.

Table 2 shows also precipitation sums differentiated by circulation epoch for the cold (November-March) and warm (April-October) periods of the year. The differences in moistening conditions for different circulation types are more clearly expressed in the cold period. Thus the difference of precipitation sums for the cold season in W period and the first E epoch was 32 mm, or 20% of 95-year norm. The same difference for the warm period was 17 mm, or only 5% of many-year norm. The regularities revealed are confirmed on the whole when considering the seasonal precipitation sums depending on circulation epoch. It should be underlined once more that the differences in moistening conditions in the second half of 95-year period under study are rather blurry.

Fig.6 shows one more method for estimating the dependence of moistening on the character of atmospheric circulation. It presents the running 30-year coefficients of correlation between precipitation sums in Volga basin and the frequency of the circulation types. Both characteristics are calculated for the warm and cold periods. It should be mentioned that figures along the abscissa axis correspond to the last year of thirty-year period. Most close and stable in time is the negative dependence between precipitation in Volga basin and type E, particularly in winter. In the cold period the coefficients of correlation between types E and Q vary from -0.7 (thirty year from 1910 to 1940) to -0.38. In the warm period, except the first 45 years, the coefficient of correlation between E and Q varies about -0.5.  

The correlation between west type W and precipitation in the cold season of year is unstable in time. The highest value r=0.7 corresponds to 30-year periods from 1910(1915) to 1940(1945). The lowest value r=0.1 falls within the period from 1925 to 1975. In the warm season between W and Q the typical value of correlation coefficient is 0.3(0.4.

The dependence of precipitation over Volga drainage basin on the meridional type C is  weaker than on W (warm season) and on E both in the warm and cold season.

3. Comment on whether the only type of the system relates to the whole Volga River drainage basin and if there is the only predominanting system over Caspian Sea.

The unambigous answer on the existence of the single system of synoptic processes over Volga basin and Caspian Sea cannot be given. Returning to 3 basic circulation types, one can state that some types of circulation cover the whole Volga basin and a considerable part of the water area of Caspian Sea, other types only part of this territory.

Juding from the work by I.E.Vorobieva /6/, with west circulation type the meteorological regime over Volga drainage basin and over Caspian Sea is not the same. The area of the highest precipitation amount with west transport of air masses is situated in the middle belt of ETR, and air masses with low moisture content to the south, south-east of ETR, including the water area of Caspian Sea.

With east circulation type atmospheric processes over the whole territory under study are more homogeneous. With all varieties of this circulation type, an extensive area of precipitation dificit forms over the Volga basin which extends to the water area of Caspian Sea as well (spring, winter). This area is related with the presence of high-level pressure crest here displancement of Siberian anticyclone center to the region of Caspian Sea, formation of positive pressure anomalies, and the growth of anticyclogenesis processes.

The epoch of meridional type of circulation is characterized by an increased precipitation amount in the south areas of ETR, including the north and west coast of Caspian Sea. Cyclones from Mediterranian Sea brining wet air masses with south-west flows move to the south-east areas of ETR. This causes considerable precipitation amounts. The exclusion is the east coast of Caspian Sea which is under the effect of Siberian anticyclone /18/. A frequency to the decrease of precipitation amount takes place here.

Complex physiographical conditions of regions surrounding the Caspian Sea in combination with an extensive surface the sea itself determine the variety of synoptic processes. In addition to the effect of macroprocesses considered above, the processes of local importance develop here the effect of which on weather conditions proves to be often decisive.

4. Comment on whether the quantitative estimates of wind velocity, cloud amount, sunlight, humidity can be related with weather systems over Caspian Sea.

The speed and direction of wind, the characteristics of cloud amount, solar radiation, air humidity are related with the types of atmospheric processes developing over the Caspian Sea water area. Several typifications of atmospheric processes over Caspian Sea have been developed. All were suggested in the middle of the XX-th centure, and later the interest in them was lost, like in synoptic as a whole. The best-known is typification of processes made by A.A.Madat-Zade /13/. In this typification, like in other, particular attention was paid to wind speed - most important meteorological characteristics in practice. Sometimes strong and storm winds over Caspian Sea lead to large disasters, calamities and even human losses. From this position, cloud amount, solar radiation, air humidity is incomparably less important, and their analysis, as a rule, is limited to long-term mean characteristics.

A.A.Madat-Zade distinguished 7 types of atmospheric processes over Caspian Sea. Let us consider some of them. With type I "Intrusion of cold masses of the Arctic continental air of Kara and Barentz Seas to Caspian Sea" (is mainly observed in winter), with type II "Intrusion of maritime arctic air from Greenland and adjacent part of the Arctic Ocean" and with type III of atmospheric processes over the Caspian Sea "Intrusion of cold continental air from temperate latitudes in the south-east of ETR", strong winds with northern component develop in the north part of the sea. Wind velocity can reach 20 m/sec in the north part of sea, 25-30 m/sec in Makhachkala area, 30-35 m/sec in the area of Apsheron. The northerly winds are accompanied by low air temperatures, in winter to -150C, contributing to ice formation. The combinations of low temperartures and high wind velocities are particulary dangerous. Thus, the cases were observed in Makhachkala when air temperature below -200C was accompanied by wind with velocity 10-12 m/sec.

With types IV "Spread of warm air from the regions of Mediterrenan Sea, North Africa, Arabia, Iran" and type V of atmospheric processes "Formation of anticyclone over Central Asia and the area of low pressure over Caucasus" southerly winds predominante (their frequency is about 36%).  The strongest winds with south component are observed in the middle part of sea with wind velocity 18-20 m/sec, and in the area of Apsheron up to 25 m/sec. Particulary extreme weather conditions accompany type V of atmospheric processes with which air masses from desert areas of Central Asia are transported through Caspian Sea to Caucasus. Temperatures exceeding 25-300C set in over extensive areas of Caspian coast. The zone of highest temperatures with absolute maximum above 400C is located on the east coast of Caspian Sea and on Apsheron. Hot dry winds also develop here which are characterized by the combination of low relative humidity ((30%), hight air temperature ((250C) and wind velocity (5 m/sec. Dust or sand strongs are also very dangerous.

Type VI is characterized by the spread of sea air from Atlantic Ocean and is observed during the whole year, but more often in summer.

At last, type VII is related with south cyclone movement through Transcaucasia or North Iran to South Caspian Sea. In this case northerly winds previal in the south part of the sea and Middle Caspian Sea. The predominanting wind velocities 12-18 m/sec, thick cloudness, intensive precipitation and even showers on the Middle and South Caspian Sea are related with this type of atmospheric processes.

In addition to the above types, there is the so-called local type of circulation which is characterized by weak-gradient baric field over the Caspian sea. The weather is stable with few clouds, without strong winds.

The weather over Caspian Sea and its coast depends on the frequency of all types of atmospheric processes and the local circulation type which in total determine the climatic regime of this region.

The characteristics of climatic regime (annual variation of temperature, cloudness, solar radiation; frequency, fluctuations range and the duration of periods with extreme air temperature, wind velocity, dangerous weather phenomena) are very important for different aspects of human activity.

A few comment in conclusion. The central part of the given project consisted in determination of the relationships between the types of general atmospheric circulation and precipitation on the Volga drainage basin. It is assumed that more valuable result can be obtained from studying the relation between circulation types, on the one hand, and the difference "precipitation minus evaporation", as well as Volga runoff, on the other hand. This can facilitate solution of the basic problem - the long-rang forecast of fluctuations of Caspian Sea level.
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     Expert                                                        /Meshcherskaya A.V./

Table 2.Many-years precipitation norms over Volga drainage basin for different  averaging periods depending on circulation epoch by A.A.Girs



XII-II
III-V
VI-VIII
IX-XI
XI-III
IV-X
I-XII

W
1901-1928
100
96
183
136
170
343
514

E
1929-1939
74
96
161
132
139
326
464

C
1940-1948
80
108
183
130
143
354
498

E+C
1949-1971
93
98
174
128
150
344
494

E
1972-1995
92
90
183
139
155
350
505
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