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Introduction

The given report includes three chapters. 

1. Statistical estimation of the relationships between the Caspian Sea level and Volga runoff, the precipitation fall on its catchment.

2. Trend analysis and temporal variations for the warm and cold season precipitation over different region of the Volga catchment for 100-year monthly data series. 

3. L.A. Vitels anticyclonicity indexes and their correlation with seasonal precipitation amounts on the Volga catchment.

Chapter 1 presents studies which can be useful for developing methods of forecasting the Volga runoff and Caspian Sea level increments.  Chapters 2 and 3 correspond to the section (i) (Rainfall analysis)  and  sections (ii) and (iii) (Relationships between global features and rainfall over the Volga basin).

The survey of works (in Russian and English) was partly made and given to the customer earlier ( Kondratovich K.V.; Shnitnikov A.V.; Chernova N.P.; Melesko V.P., Golytsyn G.S. et al). The surveys of works by  Dzerdzeevsky B.L; Drozdov O.A.; Krenke A.N.and Popova V.V. are presented as appendix to the given report, as well as on diskette. The series of data on precipitation on the catchment of Volga and Ural, snow cover depth and other were given to the customer in January 2000.

Chapter 1. 

Statistical estimation of the relationships between the increments of Caspian Sea level and Volga runoff and precipitation fall on its catchment.

The basic aim of the given chapter is to specify the time relationships between precipitation fall on Volga catchment, Volga runoff and Caspian Sea level (CSL) increments aiming at long-term forecast of the latter [1].

As initial data, there were used homogeneous series of precipitation with excluded wetting corrections  and averaged over Volga catchment [8,13,18], Volga runoff [19], as well as CSL increments calculated from observations  at four stations ( Baku, F.Shevchenko, Makhachkala, Krasnovodsk ).

The traditional correlation analysis was used as the principal method.

The correlation relationships between precipitation, Volga runoff and Caspian Sea level increments are rather close, but change with time. This is explained not only by the changeability of hydrometeorological processes, but also by the differences in computing nature, as well as anthropogenic impacts which introduce corrections to natural cause-and-effect relationships.

Using the sliding correlation factors r for 20-year, 30-year  and 40-year series, let us consider the change of relationships between Volga runoff and Caspian Sea level increments over the period from 1901 up to 1992 (Fig.1). Two questions arise here in computing aspect. First,the series of which length should be preferred for calculating the sliding correlation factors and, second, which way is more advisable for calculating Sea level increment as the differences of annual means of the level for adjacent years ((CSL) or as the differences between December and January levels in a given year ((‘CSL).

Fig.1 illustrates the fact of evident decrease in the time variability of sliding correlation factors with the increase of the length of series from 20 to 40 years. However with 40-year initial series one feature almost disappears in the behavior  of sliding correlation factors. This feature clearly shows up when using 20-year series. It, probably related to construction of reservoirs, was revealed earlier [12,13] and consists in the drastic decrease of the values of sliding correlation factors between Volga runoff and CSL increments in the period from the 40es to early 70es with minimum values of r in the 50es. The growth of  r values at the end of curves (Fig.1) is indicative of the stabilization of water regime on Volga catchment under the conditions of formed reservoirs.

When comparing the 20-, 30- and 40-year sliding correlation factors one should prefer the 30-year ones with which natural features in the time series of moving r are conserved at the same time as random fluctuations are smoothed off.

Of two methods for calculating the CSL increments the second one ((‘CSL) has advantages,since it ensures both higher and more stable in time values of correlation factors with Volga runoff. This difference is particularly appreciable in the 40es-60es when calculating the 20-year sliding r.

Now we turn to the relationships between precepitation (Q) on Volga basin and Volga runoff (P). To calculate the annual and seasonal amounts of precipitation on Volga catchment basin, the data of 26 administrative districts were used ( dry Volgograd and Astrakhan districts were excluded from calculations since they contribute insignificantly to the formation of Volga runoff). When preparing precipitation series, particular attention was paid to their homogeneity which was achieved by excluding wetting corrections  from data series after 1965. According to present-day  ideas,  the wetting correction values are overestimated, besides, they are a function of the number of observation times which are not constant in time and space ( depend on the number of time zone ) [5]. The exclusion of wetting corrections   removes some of these problems, and precipitation series become practically homogeneous.At the same time the absolute values of precipitation amounts prove to be lover as compared to precipitation series which include these corrections [18].

One of the important aspects of the relationships between Q and P under study is finding out the length of preceding time period which precipitation influence the Volga runoff.

Fig.2a presents the sliding 30-year correlation factors between precipitation  annual amounts for the (n-1)st,(n-2)nd,(n-3)rd and (n-4)th year and Volga runoff in the n-th year. The closest relationships between Q and P correspond to precipitation fall not in the n-th calendar year, but in the (n-1)st year, which confirms once more the conclusions drawn earlier in the works [12,14].

The moving r between Q in the (n-1) st year and P reach maximum values  (r(0.8) in the first half of the XX century, then a drastic decrease in the values of r (down to 0.2) follows which almost  coincides in time with the decrease of r values in Fig.1b.

The effect of precipitation of the n-th year on Volga runoff shows up similarly, but  at lower values of r.

Precipitation of the (n-2)st and (n-3)rd year has a smaller effect on Volga runoff, but correlation factors remain positive during the XX century. Only precipitation of the (n-4)th year do not affect Volga runoff any  more.

The relationships between precipitation on the Volga catchment and the increments ((‘) of Caspian Sea level were obtained as close in nature, but somewhat more stable in time (Fig.2b).

An interesting result concerning the relationship between precipitation and 

Volga runoff was recently obtained by P.V.Sporyshev [3]. Using the monthly values of runoff and precipitation over the period from 1903 to 1994, the author showed that the highest correlation (r(0.85) between the values considered corresponds to their nonstandard averaging over a year, i.e: when correlating annual precipitation amounts averaged over May up to April, and Volga runoff over August up to July (time shift between the series is three months). This enables making forecasts of Volga runoff in May of the n-th year for the nonstandard year from August of the n-th to July of the (n+1)th year. It should be mentioned that the period from August to July over which the runoff was averagel approaches the concept of hydrological year (the period from October to September) better reflecting the features of hydrometeorological processes than the calendar year.

With the aim to solve first of all the problem of forecasting CSL, we shall detail precipitation by the seasons of year (winter-XII to II, spring- III to V, summer- VI to VIII, autumn - IX to XI) and shall consider their relationships for the n-th and (n-1)st year with the annual (I-XII) Volga runoff in the n-th year with the use of moving 30-year correlation factors (Fig.3a and 3b).

Of the precipitation fall in the (n-1)st year (Fig.3a), the autumn and summer precipitation  (the moving values of r vary from 0.3 to 0.6) is most substantial for Volga runoff in the (n-1)st year. The role of spring, and especially winter precipitation of the (n-1)st year shows up to some extent only in the first half of century, and its second half the values of r are close to zero and even become negative.

The influence of precipitation of the n-th year (Fig.3b) on Volga runoff in the n-th year differently: the relationships of winter precipitation (r(0.3...0.4) and Volga runoff are most stable in time, the spring precipitation is less important (r(0.1...0.4). The  relationship between Volga runoff and summer precipitation showed up clearly before the early 50es, then it disappeared.

Thus, Volga runoff in the n-th year is defermined by winter precipitation of the n-th year, summer and autumn precipitation of the (n-1)st year, as well as summer precipitation of the n-th year (before the early 50es). It should be mentioned that the relationship of Volga runoff and seasonal precipitation is weaker and less stable in time (Fig.3a and 3b) than with annual precipitation (Fig.2a). This is determined by a shorter period of averaging seasonal precipitation.

The established relationships remain on the whole (Fig.3c and 3d) when correlating seasonal precipitation amounts in the (n-1)st and n-th year with (‘CSL. On the whole in Fig.3 one can see a tendency to weakening the correlation relationships between seasonal precipitation amounts and runoff and (‘CSL from the beginning of the century to the end.

The role of precipitation in Caspian Sea level changes was estimated for the first time by A.A.Kaminsky [10] who arrived at a conclusion on the decisive effect of cold period precipitation on the increments of Caspian Sea level.

N.A.Belinsky and G.P.Kalinin [4,9] specified these relationships. According to the data for the first half of the centure, they found a close correlation relationship (r=0.75) between the spring rise of sea level (from February to July) in the n-th year and precipitation amount in Volga catchment from September of the (n-1)st year up to March of the n-th year. Summer precipitation of the (n-1)st and n-th year,  like the annual level increments, were not examined by them.

To specify and detail the relationships found in modern meteorological conditions, let us see Fig.4. There are presented here the factors of correlation between accumulated monthly amounts of precipitation and the annual increments of CSL ((CSL and (‘CSL) over the period from 1956 to 1995 . The first value of r corresponds to correlation between February precipitation in the n-th year and CSL increments in the n-th year; the second value to the correlation between precipitation amounts for February and January of the n-th year and CSL increments etc. The graph was built similarly to that given in the paper [16]. At present (since 1956) the correlation (Fig.4) between precipitation for February, January and December (l=1,2.3) and (CSL ((‘CSL) is very  weak (r<0.2). The increase of r begins with inclusion of precipitation for October and particularly for September of the n-th year into calculations. The precipitation amounts for February of the n-th to July of the (n-1)st year make possible the correlation with CSL increments at the level of r(0.65...0.70 (at l=16 months). At l>16 the results of calculations for (CSL and (‘CSL differ, the use of (CSL  having the advantage. The maximum values of r=0.75 between precipitation and (CSL are achieved at l=21...28 months.

Thus, in the period from 1956 up to 1995 the inclusion of precipitation for January and February of the n-th year and December of the (n-1)st year gives a comparatively minor contribution to the correlation between accumulated monthly precipitation amounts and CSL increments, which is, probably, explained the warming up of climate in the second half of the XX century, frequent thaws, a decrease in the snow cover depth at the end of winter . 

If to neglect winter precipitation, the  advance period of forecasting (CSL at present day stage can be extended to one year and longer, which was realized in [16].

One more result obtained by P.V.Sporyshev et al [3] can serve as an additional argument in fewour of a considerable effect of warm season precipitation on Volga runoff. Using Hulme’s precipitation archive [20]  (with wetting corrections ), the author calculated for Volga catchment the sliding  9-year mean anomalies of precipitation for the (May-October) and cold (November-April) half of year, as well as the annual anomalies of Volga runoff in the interval from 1903 up to 1994. The factor of  correlation between 9-year sliding anomalies of the runoff for a nonstandard year and the anomalies of warm half year  precipitation r=0.77, and with the anomalies of cold halt year precipitation r=0.42.

It seemed reasonable to repeat these calculations, using, instead of Hulme archive, the archive of homogeneous series of mean regional  precipitation with excluded wetting corrections  [8,18] , which is used as the basis for all earlier studies by the authors of the given paper. The results are presented in Fig.5 the analysis of which confirms a conclusion on the determining effect of  warm season precipitation on Volga runoff [12,13].

It should be also mentioned that the amplitudes of fluctuations of the cold season precipitation anomalies in the first half of century were considerably wider than in the second half.

Particular emphasis should be placed on the period since 1978 when the CSL rise started. It showed up clearly (Fig.5) in the growth of Volga runoff anomalies starting from 9-year period for 1977-1985 and with the maximum value in 1987-1995. The increase of the 9-year sliding anomalies of the warm season precipitation started  two years earlier with the 9- year period for 1976-1984 with the maximum values in 1986-1994. Meanwhile the sliding 9-year anomalies of winter season precipitation were mostly slightly negative.

The relationships between precipitation and Volga runoff are particularly clear in low-water and high-water periods. Table 1 shows the mean values of precipitation on Volga catchment and the mean values of Volga runoff for five  periods.

The first 100-year period (1891-1990) can be considered the norm of precipitation. The second (1933-1940) and the third (1971-1977) periods are related to dry (low-water), and the fourth one (1978-1990) to the period of good moistening, low-water by Volga runoff. Let us consider by separated periods in which seasons the deviations of mean precipitation amounts from many-year norm (precipitation anomalies (Q) were the greatest, presenting (Q in absolute units (mm) and in percent of the norm.

If to be oriented to precipitation anomalies in percent of the norm, we arrive at a conclusion that in the low-water periods the deficit of winter precipitation is higher than that of summer ones: in 1933-1940 (Q=-16.1% in December-February and (Q=13.8% in June-August. In 1971-1977 (Q=-10.8% and (Q=-6.4% respectively in winter and summer. However this comparison is not representative (which fact was emphasized for the first time by V.N.Malinin [  ], since the precipitation norm in winter ((Q=93mm) is half as high as in summer (Q=188mm).   

Therefore let us turn to the analysis of precipitation anomalies in absolute units.

In the low-water period from 1933 up to 1940 the precipitation deficit in July-August ((Q=-26 mm) is much higher than in December-February ((Q=-15 mm), and in the warm part of year ((Q=-30 mm) higher than in the cold part ((Q=-20 mm).

In   the   low-water   period  from  1971  up  to  1977  the    deficit  of  summer   

((Q=-12 mm) and winter ((Q=-10 mm) precipitation is approximately the same, and the deficit of warm season precipitation ((Q=-22 mm ) is almost twice as high as that of cold season precipitation ((Q=-10 mm).

The high-water period from 1978 up to 1990 was basically determined by the increased bachground of precipitation in summer ((Q=16 mm) and in autumn ((Q=13 mm). The excess precipitation in April-October was 27 mm, and November-March only 1 mm.

Thus, precipitation deficit in 1933-1940 and 1971-1977 considerably and precipitation excess in 1978-1990 practically completely depends on warm season precipitation. Therefore when examining the relationships between macrocirculation conditions and precipitation on Volga catchment one should not restrict ourselves to only cold season precipitation.

One more point is to be made concerning the amplitude of  fluctuations of mean precipitation amount and Volga runoff in the low- and high- water periods, as shown in Table 1. With respect to the hundred-year norm (1891-1990), the Volga runoff from period to period varies much more greatly than precipitation amounts. Thus,in the low-water period from 1933 up to 1940 (Q=-9.0%, and Volga runoff -25.1%, i.e. almost three times as high. Similar relation takes place in 1971-1977. In the high-water period from 1978 up to 1900 the Volga runoff increased by 9%, and the mean precipitation amount only by 5.2%, i.e. almost half as much.

1. Conclusions

4. The Volga runoff in the n-th year is  affected by precipitation for three preceding years, precipitation of the (n-1)st year having the greatest effect. The sliding 30-year factors of correlation between precipitation in the (n-1)st year and Volga runoff reached the highest values (r(0.8) in the first half of the XX century. 

5. The correlation between annual precipitation amounts and Volga runoff is stronger than that of seasonal precipitation. Of precipitation fallen in the (n-1)st year the autumn and summer precipitation is most substantial: in the one-hundred interval the moving values of correlation factors vary in the range from 0.3 to 0.6. Of the n-th year precipitation the relationships between winter precipitation and Volga runoff (r(0.3...0.4) are most stable in time. 

6. The precipitaion amounts from February of the n-th year to August of the (n-2)nd year (period since 1956) allow us to make forecasts of mean annual Caspian Sea level (CSL) at the beginning of the n-th year, ensuring the correlation with CSL with increments at the level of r=0.75.

Since at the modern time interval precipitation of winter months is of minor importance, the advance period of (CSL forecasts can be increased by 3-4 months more (which is realized in practice).

7. Analysis of precipitation anomalies (in millimeters) on Volga catchment in low-water and high-water periods has shown that precipitation deficit in 1933-1940 and in 1971-1977 significantly, and precipitation excess in 1978-1990 practically completely depended on warm season precipitation (April-October). Therefore when considering the relationships between macrocirculation conditions  and precipitations on Volga catchment, one should consider precipitation of not only cold, but also warm season of year. 
8. The amplitude of  fluctuations of annual precipitation amounts on Volga catchment from one period of decreased (increased) runoff to the other is 2 to 3 times smaller than the amplitude of fluctuations of Volga annual runoff.

Table 1 Annual and seasonal precipitation amounts (mm) on Volga catchment, as well as Volga runoff (km3) over different periods (from the  data of 26 regions).



Winter
Spring
Summer
Autumn
 Year
  Period
Volga








cold
warm
Runoff



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

1891-1990
a
    93
    99  
   188
   142
   522
   160
  361
   243

1933-1940
a
  78
 100
162
135
475
140
331
182


b
-15
1
-26
-7
-47
-20
-30
-61


c
-16.1
1.0
-13.8
-4.9
-9.0
-12.5
-8.3
-25.1

1971-1977
a
83
93
176
138
490
150
339
200


b
-10
-6
-12
-4
-32
-10
-22
-43


c
-10.8
-6.1
-6.4
-2.8
-6.1
-6.2
-6.1
-17.7

1978-1990
a
98
92
204
155
549
161
388
265


b
5
-7
16
13
27
1
27
22


c
5.4
-7.1
8.5
9.2
5.2
0.6
7.0
9.0

1978-1999
a
98
92
194
149
533
162
372
272*


b
5
-7
6
7
11
2
11
29*


c
5.4
-7.1
3.3
4.9
2.1
1.2
3.0
11.9*

Note:

      a- mean amount of precipitation and Volga runoff over different period; b- differences in precipitation amount (in millimeters), as well as Volga runoff (km3) over a particular  period as compared to “norm” over 100 years; c- the same differences in percent of the norm.       

      *  data for 1978-1996.
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Fig.1. The sliding factors of correlation between the annual Volga runoff and the increments of Caspian Sea level with 20-year (a), 30-year (b) and 40-year (c) calculation period;  1- (CSL, 2- (‘CSL.                      

Note: figures along abscissa axis designate years relating to the middle of calculation periods.
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Fig.2. The sliding  30-year factors of correlation between precipitation on Volga catchment for the n-th (1), (n-1)st (2), (n-2)nd (3), (n-3)rd (4) and (n-4)th (5) year and Volga runoff for the n-th year (fig.2a) as well as the sliding factors of correlation between precipitation and increments of Caspian Sea level ((‘CSL) (fig.2b). 
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Fig.3. The sliding 30-year factors of correlation between precipitation in winter (1), spring (2), summer (3), autumn (4) for the (n-1)st (a) and n-th (b) year and Volga runoff for the n-th year, as well as the sliding factors of correlation between precipitation of the (n-1)st (c) and n-th (d) year by seasons and (‘CSL.                                                                                                           
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Fig.4. The factors of correlation between accumulated precipitation amounts (back from February of the n-th year) for L months and the increments of Caspian Sea level; for the period from 1956 up to 1995; 1-(CSL, 2-(‘CSL; L-sum of months. 
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Fig.5. The nine-year sliding mean values of the anomaly of annual Volga runoff for the nonstandard year (1) of anomalies of warm (3) season precipitation from April up to October and cold (2) season precipitation from November up to March for the period from 1901 up to 1995.

Chapter 2.  

Trend  analysis  and temporal variations for the warm and cold season  precipitation   over  different  region  of  the  Volga  catchment for 100-year monthly data series.

Analysis of precipitation series trends has been made using the data of 36 administrative region 28 of which are located on the Volga catchment and 8 regions on the Ural River catchment . The precipitation in each region was obtained by arithmetic averaging of precipitation at stations (4 to 23 stations per region).

The calculation precipitation trend was made in two versions. The first version for precipitation for each of 36 regions. The second one estimated the precipitation trends averaged over Volga catchment.

The averaging of precipitation over the catchment was carried out by the following formula:
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qij  - precipitation amount (mm) in the i-th administrative region in the j-th month:

Pi - the area of the i-th region (km2 ) ;

P - the total area (km2) of regions situated on the catchment;

m - the number of administrative regions.

It was mentioned in chapter 1, that Astrakhan and Volgograd regions were excluded from 28 regions on the Volga catchment . The mean precipitation amount by regions and on Volga catchment was calculated by seasons of year (December - February,  March - May, June - August, September - November), for cold (November - March) and warm ( May - October) season of year and the whole year (December - November).

As an example, Figs 6 and 7 show the results precipitation trends calculations by the first version (for the period of intensive rise of CSL from 1978 up to 1990). The values (()
[image: image8.wmf]presented are the changes of precipitation amount from the beginning to the end of period (mm).

In the warm season of year in 1978 - 1990 precipitation increase was observed on a larger part of Volga and Ural catchment. The region of positive trends of precipitation covers Lower and Central Volga area, Bashkiria, Central Ural, Kama River catchment. In some regions the trend is very  strong: in Kuibyshew Region precipitation increased by 129 mm (41% of the norm), in Volgograd Region by 120 mm (52% of the norm), in Bashkiria (=91...,103 mm.
In the Upper Volga area and in Oka River catchment precipitation trends are mainly negative ( Mari Republic and Chuvash Republic, Ivanovo  Region), or are close to zero.

In the cold season of year in 1978-1990 the positive precipitation trends were conserved  in Bashkiria (( = 16...30 mm), in Oreburg Region (( =39 ...65 mm), in the area of Central Ural ((= 47...65 mm). However over the greater part of Volga  and Ural catchment in November- March the precipitation trends were negative, particularly considerable in Mordovian Republic (( =-73 mm or -51 %), in  Ryazan Region ((=-62 mm) and in Tula Region (( =-55 mm).

Now we shall examine precipitation trends averaged over the Volga basin . Fig. 8 presents the long-term series of precipitation amount on Volga catchment for the warm and cold seasons of year and for the year from 1891 up to 1999. It follows from the analysis of Fig.8 that precipitation series on Volga catchment have no pronounced trends. This is confirmed by the estimates of linear trends of precipitation (Table 2) according to which over 107 years (1892-1998) the trends are weak, statistically insignificant and confirm earlier conclusions from the materials of 1891-1990 [13].

In November - March the precipitation trends are slightly negative. The precipitation amount for 107 years decreased by 9 mm (or 5.8%). In April - October the precipitation increased by 16 mm ( 4.5%).

Fig. 9 gives the long-term series of Volga precipitation averaged by seasons of year. The precipitation series are also sufficiently stationary. The precipitation amount for 107 - year period slightly decreased in December - February ( by 3 mm or 3 %), practically did not change in June - August and slightly increased in September - November ( by 7 mm or 4.9%).

Short periods of unidirectional trend in precipitation amount change are distinguished against this background (Figs. 8-9). Among them, for example, the warm season of year and summer in 1967-1990. In April - October the precipitation increased by 73 mm (19%), and in June- July by 48 mm (25%). The latter figure agrees well with that published in the stady [7]. According to the data of five meteorological stations located to the south  of 60( N on the European Territory of Russia [7] the precipitation in June - August for 1967 - 1990 increased  on the average by 30.8% (by 45.8% at night and by 15.9% in the daytime). However the results of calculating precipitation trends for the winter months given in [7] and  in Table 2 (from the data of 26 administrattive regions or ~ 240 stations) differed even in sign.

In addition to precipitation trends, the estimation of their statistical significance was made by comparing regression factors ( with doubled value of their standard deviations [13].
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where (2 - initial series variance, k - 0.5n ( n - series lenght).  At 95 % signficance level the linear trend is statistically significant, if ( > 2 (( ( in Table 2 the significant trends are marked by asterisk *).

In the period from 1967 up to 1990 the statistically significant trends are those in June - August, April - October and on the average for a year.

Let us turn now to the period since 1978 when CSL rise started.  The estimates of precipitation trends for 13 (1978 - 1990), 18 (1978 - 1995) and 22 years ( 1978 - 1999) demonstrate clearly the instability of trends with short data series.

The period from 1978 up to 1990 was characterized by negative precipitation trends in December - February and November - March and positive trends in spring, summer and automn and on the average for a year. There is confirmed a conclusion drawn when analyzing Table 1 that precipitation increase in 1978 - 1990 was determined by precipitation increase in the warm season of year: in April - October precipitation increased by 36 mm (9.4%).

However extending the series only by 5 years (1978 - 1995) resulted in the change of trend sign to negative ( in VI - VIII, IX - XI, IV - X and  for a year). This tendency became stronger when the series increased by four years more ( 1996 - 1999) at the expense of dry 1995, 1996, 1997 and 1999 years when in June - August on the Volga catchment  the precipitation was 84%, 83%, 70% and 78% of the many -year precipitation norm. During 1978 - 1999 both summer precipitation (( = -38 mm or -19.6%)  and automn precipitation (( = -17 mm or -11.4%) decresed, which fact led to very strong negative trend of precipitation in April - October  (( = -51 mm or -13.6%). In spite of positive precipitation trends in winter and spring, the precipitation trend on the whole for a year proved to be not only negative, but also more abrupt than in 1978 - 1995.

The decrease of summer and autumn precipitation in 1995 - 1997 clearly seen in Fig.9 is the basic cause of CLS drop in 1996 and 1997. The second, no less important, cause  is the increase of runoff to Kara Bogaz Gol gulf which, according to GOIN data, amounted in 1994, 1995 and 1996 to 10.6, 11.7 and 7.4 respectively. Since the runoff from Caspian Sea to Kara Bogaz Gol gulf decreases (in 1997 it was 4.3 mm), approaching the mean at the given sea level, in the near future the runoff to the gulf will not affect greaty the CSL. The sea level will depend on the meteorological conditions on the catchment of Volga and other rivers flowing into Caspian Sea.

1. Conclusions  

The linear precipitation trends on the Volga catchment depend strongly on the time period selected. The trends of precipitation for the whole period of instrumental observations (1982 - 1998) are weak and statistically insignificant. In April - October the precipitation increased by 16 mm ( 4% of the norm for 107 years), and in November - March decreased by 9 mm ( -6%).

The period of CSL rise is nonhomogeneous in  the tendency of precipitation change on the Volga catchment in 1978 - 1990 the was observed the growth of the warm season precipitation (by 36 mm or 9%) and the decrease of the cold season precipitation ( by 14 mm or 8%). However  the increase of the series only by 5 years ( 1978 - 1995) was accompanied by the change of the positive trend of warm season precipitation to the negative one. This tendency increased in 1978 - 1999 due to very dry conditions in summer in 1995 - 1997 and in 1999.    

 Table 2  Linear trends (() of  seasonal and annual precipitation amounts on the Volga catchment (26 regions)

Period
Number of year
December-February
March-May
June-August
September-November
November-March
April-October
December-November (year)



mm
%
mm
%
mm
%
mm
%
mm
%
mm
%
mm
%

1892-1998
107
-3
 -3.0
  1
 0.7
   2
  1.0
  7
   4.9
 -9
-5.8
 16
  4.5
  7
 1.3

1967-1990
 24
18
19.1
-4
-4.0
 48*
25.2*
 20
 13.4
  7
 4.2
 73*
 19.8*
 82*
15.6*

1978-1990
 13
-2
 -2.3
18
19.5
 11
  5.4
 15
   9.9
-14
-8.5
 36
  9.4
 42
 7.6

1978-1995
 18
-4
 -4.6
10
10.9
 -6
 -3.2
-12
 -7.8
  -9
-5.8
-15
 -4.0
-13
 -2.3

1978-1999
 22
  3
  2.9
  8
 8.1
-38
-19.6
-17
-11.4
   3
 1.6
-51
-13.6
-44
 -8.3

The linear precipitation trends (() given in Table2 characterize the change of seasonal and annual precipitation amounts from the begginning to the end of each period in millimeters and in percent of the mean for the period. 

Fig.6. Linear trends (() of the mean regional precipitation for the period from 1978 up to 1990 for  the warm (IV-X) season of year on Volga and Ural rivers catchment.

Fig.7. Linear trends (() of the mean regional precipitation for the period from 1978 up to 1990 for the cold (XI-III) season of year on Volga and Ural rivers catchment.

[image: image10.wmf]1

8

8

0

1

9

0

0

1

9

2

0

1

9

4

0

1

9

6

0

1

9

8

0

2

0

0

0

0

1

0

0

2

0

0

3

0

0

4

0

0

5

0

0

6

0

0

7

0

0

Q

1

2

3

4

y

e

a

r

Fig.8. Long-term series of precipitation amounts on Volga catchment according to the data of 26 regions for the cold season (1), warm season (2) and for year (3) from 1892 up to 1999 and their five-year sliding means (4).
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Fig.9. Long-term series of seasonal precipitation amounts on Volga catchment according the data from 26 regions for the autumn (1), winter (2),spring (3) and summer (4) periods from 1892 up to 1999 and their five-year sliding means (5).

Сhapter 3.  

L.A.Vitels anticyclonicity indexes and their correlation with seasonal precipitation amounts on the Volga catchment. 

The anticyclonicity indexes suggested by L.A.Vitels [ 6 ] are calculated for 8 regions of the Atlantic-European zone the geographical location of which is presented in Fig. 10. The baric field in each region is estimated by the following scale:  0 - powerful anticyclone with pressure in the center 
[image: image12.wmf]³

 1035 мb, 1 - temperate anticyclone (1025-1030 мb), 2 - weak anticyclone with pressure in the center 
[image: image13.wmf]£

1020 мb, 3 - crest or anticyclone periphery, 4 - diffuse anticyclonic field. The number of days with anticyclonic circulation Na is estimated by summing up of all days with indexes characterizing the anticyclonicity. An addition to the complete number of days in a month is Nc - the number of days with cyclonic circulation. It practically does not matter which characteristic is selected: L.A.Vitels cyclonicity index Nc or  anticyclonicity index Na. This study is based on anticyclonicity indexes. 

In some regions the annular variation of the number of days with anticyclonic circulation is well-marked (Table 3). Thus in the area Icelandic depression (region 1) the maximum number of days falls on the spring-summer months, in the area of Azores maximum (region 5) on the period from June to August, in the south of European Territory of Russia (region7) on autumn (September-November), and in the south-west of Siberia (region 8) the maximum number of days with anticyclonic circulation correspond to the autumn-winter period from October to April, which depends on the effect of the ridges of winter siberian anticyclone.

Vitels regions are divided into the north and south zons by the annual number of days with anticyclonic circulation (Table 3). The cyclonic circulation prevails in the north zone (regions 1-4). Here Na varies from 110 days in a year (Icelandic depression) to 153 days in a year (North Europe). In the south zone (regions 5-8) the anticyclonic circulation predominates where Na varies from 209 (Azores maximum) to Na=230 (South-West Siberia).

Of interest is the correlation of Vitels indexes in 8 regions with the frequency of west (W), east(E) and meridional ( C) circulation forms by Vangengeim-Girs.

Table 4  shows the synchronous monthly factors of correlation between these circulation parameters calculated for two periods  from 1901 up to 1949 and from 1950 up to 1998. It should be emphasized that in Table 4   
[image: image14.wmf]r

>0,28 correspond to 95%  significance level.

Analysis of Table 4  involving the first half of XX century allows the following conclusions:

a) The correlation of Vitels indexes is better marked with W and E circulation forms than with form C.

b) Most closely correlated with west circulation form are Vitels indexes (Na) in the fourth region the anticyclonicity in which depends inversely on the frequency of W form              ( 
[image: image15.wmf]r

=-0,4 …-0,6). The correlation between Na and W is stable in sign in the annual variation, but is more pronounced in winter. During all year the correlation between  Na and W in Vitels region 6 is also significant.

c) The relationships of Vitels anticyclonicity indexes with E form in general terms repeat the relationships of Na with W form, but with opposite sign. In regions 4, 6 and 7 the factors of correlation of  Na with E form are somewhat higher than with W form, this particularly true for region 7  (here in winter  
[image: image16.wmf]r

=0,4…0,6).

d) In the second half of XX century the revealed regularities of Vitels anticyclonicity indexes of correlation with Vangengeim-Girs circulation forms, though the values of   
[image: image17.wmf]r

   in some regions increase (the correlation of Na with the frequency of E form in region 6) and other regions decrease (the correlation of Na with  E form in region 7). 
[image: image18.wmf]
Fig. 11-14 presents long-term series of the number of days with anticyclonic circulation in Vitels regions 4, 5, 7 and 8 which were calculated for the warm (April-October) and cold (November-March) season of year from 1901 up to 1999. Analysis of these Figures shows that during the XX century Na varied considerably. To estimate the general tendency in Na changes, their linear trends were calculated, as well as the statistical significance of trends (similar to precipitation trends). The calculations were made by seasons, for the warm and cold seasons of year and for the year as a whole (Table 4) for two periods: long-series from 1901 up to 1995 and short series from 1978 up to 1995 (CSL rise).

During the XX century (1901-1995) the trends of  Nа in all regions, except region 2, had one common and very remarkable feature: the number of days with anticyclonic circulation decreased, in most variants of calculations the growth of  Nа being statistically significant at 95% significance level, which is marked by asterisks in the Table 5.

It to be oriented to the annual number of days with anticyclones, the tendency to  Nа decrease is most pronounced in the area of Azores maximum and in the north of Europe where over a period of 95 years Nа decreased, judging from the coefficient of linear trend  
[image: image19.wmf]a

N

, by 50 and 47 days respectively.  Na  in the south of West Siberia also decreased greatly (
[image: image20.wmf]a

N

=-38 days). The detalization of  Nа trends by the seasons of year shows that in the regions 4 through 8 a considerable decrease of  Nа during the ХХ century occured in winter and autumn.

If to be oriented to the relative number of days with anticyclonic circulation (coefficient of linear trend 
[image: image21.wmf]a

%

 ), most strong trends correspond to the zone of cyclonic circulation prevalence (except region 2) where  
[image: image22.wmf]a
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  varies from  -24% in region 3  to -31% in region 4. In the zone of prevailing anticyclones (except  region 5) relative changes of Nа on the average for a year amounted to  -6%, -10% and -17% respectivelly in regions 7, 6 and 8.

 One circumstance should be emphasized which is related with estimation of the linear trends of  Nа in percent of the mean long-term  
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 norm. As was already mentioned,  Nа + Nc = N. Therefore  Nc decrease by some number of days means similar Nа increase  (or the coefficient of linear trend 
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 ). However when calculating 
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   the values of  
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 are used. In the zone of predominantly cyclonic circulation 
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 values are approximately half as large as those in the zone of predominantly anticyclonic circulation. Therefore at the same value of  
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  the values of 
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 would be much higher in the first zone than in the second one.

The reverse regularity is obtained for  Nc series, which can be easily followed from the data of the last line in Table 5  related to the period from 1901 up to 1995. Here the estimates of  Nc  trends are given for the same 8 regions. Comparison with the preceding line (estimates of  Nа  trends) shows that the values of  
[image: image30.wmf]a
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  for  Nc  series in the zone of prevailing cyclonic circulation are not very large (for example, in region 1 the index of cyclonicity for 100 years increased by 11%).     In the zone prevailing anticyclonic circulation the cyclonicity index increased by 9% in region 7  and by 28% in region 8, i.e. the relative increase of cyclonicity here is higher than the relative decrease of anticyclonicity (by  6% and 17% respectively).

In the period of CSL rise in 1978-1995   Nа trends are mostly statistically insignificant. The coefficients of linear trends vary greatly not only in value, but also in sign.

In terms of meteorological situation on the Volga catchment and CSL fluctuations, of particular interest is  Nа change in three Vitels regions:  4, 7 and 8. Region 7 covers a considerable part of Volga catchment, regions 4 and 8 adjoin it from the north and east.

During  1978-1995 in region 4  Nа continued decreasing in the cold season of year (
[image: image31.wmf]a

N

=-6 days) and increasing in the warm season (
[image: image32.wmf]a

N

=12 days). And in region 7  (Table 5, Fig. 13) in the same period Nа  increased in winter (
[image: image33.wmf]a

N

=7 days) and decreased in summer (
[image: image34.wmf]a

N

=-8 days). As to region 8,  Nа  increased here both in the warm and cold season of year, which can be easily fraced in Fig. 14.

Thus in Vitels regions adjoining the Volga catchment the tendency to  Nа  decrease weakened, and in some seasons it changed to the growth  (in all seasons in region 8). It might be the beginning of a new phase of developing anticyclonicity (cyclonicity) in the region under consideration. 

Let us examine one more esimation of anticyclonicity indexes in the above-mentioned three Vitels regions. Table 6 presents  Nа  for the warm and cold season of year in dry, low-water by Volga runoff periods (1933-1940, 1971-1977) and in the high-water period of increased moistening since 1978. The calculations were made as the deviations of long-term norm (1901-1990).

The dry period from 1933 through 1940 was characterized by increased values of  Nа in region 4 (by 20-25%) and region 8 (by 5-10%), however in region  7 this regularity is not fraced       ( Nа is even smaller than the long-term norm in April-October).

The period from 1971 up to 1977 was characterized by the increased number of days with anticyclones in regions 7 and 8, particularly in the warm season of year (by 12% and 15% respectively). In region 4 in that period the anticyclonicity decreased by 14% in April-October and by 32% in November-March.

 The high-water period since 1978 (1978-1990, 1978-1999) in all regions was clearly marked by anticyclonicity decrease: in 1978-1990   
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=-21% …-23%  in region 8, 
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%

=-12%…     -15% in region 4, and 
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%

=-8%…-9% in region 7. The extension of the series to 1999 preserved these tendencies, with some weakening in region 8.

Table  6 presents also the differences of  Nа for 1933-1940 and 1978-1999  (
[image: image38.wmf]D

Nа). The anticyclonicity in the first low-water period is everywhere greater than in the second high-water one: in region 4  
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Nа =22…25 days, in region 8  
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Nа =22…31 days. Strangely enough, in region 7, i.e. on Volga catchment,  
[image: image41.wmf]D

Nа  values are not so high as one could expect.

Now we shall consider the correlation between anticyclonicity indexes and precipitation amounts on the Volga catchment, using the sliding 30-year mean values of 
[image: image42.wmf]r

 (Fig.15-16 shows along the abscissa axis the years related to the middle of the 30-year periods).

Let us analyze the change with time of correlation relationships between the seasonal values of 
[image: image43.wmf]Nа   in the north of Europe and precipition  (Q) on the Volga catchment (Fig.15). The correlation between Nа  and Q is negative in sign in all seasons of year, which is quite natural (precipitation deficit is related with anticyclones). However the values of  
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  negative in magnitude are unstable in time,which relates first of all to winter and spring (Fig.15a).  Since the beginning of the century till the early 70es in spring and autumn the reverse correlation between  Nа  and Q was rather high  
[image: image45.wmf]r

=-0.5…-0.7.  However in the last thisd of the  ХХ century this relationship started weakening rapidly, and the correlation factor decreased down to 
[image: image46.wmf]r

=-0.3…-0.2.  In summer and autumn (Fig.15b) the relationship between the anticyclonicity index and precipitation is more stable in time, though it also has a tendency to weakening: from  
[image: image47.wmf]r

=-0.5…-0.6  in the first half of the century to  
[image: image48.wmf]r

=-0.3…-0.4  in the second half.

The correlation between anticyclonicity indexes in the south of European Territory of Russia (region 7) and precipitation on the catchment  is also negative in sign in all seasons of year (Fig. 16). A strong time instability of the correlation between  Nа  and Q showed up in the same seasons as in the north of Europe, i.e. in winter and spring. In spring the values of negative correlation factors decreased from  -0.6…-0.7 in the early century to -0.3…-0.4 at the end of the century. In winter the change in time of the relationship between Nа  and Q has the directly reverse tendency: the negative correlation factors increase to  -0.7…-0.8 by the end of the century. 

The summer and autumn relationships between  Nа  and Q are more stable. In summer the typical value  
[image: image49.wmf]r

=-0.2…-0.3, in autumn  
[image: image50.wmf]r

=-0.4…-0.6 .

1. Conclusions

9. For eight Vitels regions in the Atlantic-European zone the analysis of anticyclonicity indexes was made over the period of 1901 through 1999.

The general regularity was revealed in the change of anticyclonicity during the XX century: in all regions (except region 2) the number of days with anticyclonic circulation was reduced. The estimation of the linear trends of Nа for 1901-1995 has shown that the annual number of days with anticyclonic circulation decreased particularly greatly in the region of Azores maximum (by 50 days or 24%), in the north of Europe (by 47 days or 31%),in the south of  West Siberia (by 38 days or 17%). In the south of  European Territory of Russia (ETR)  Nа  decreased by 13 days (6%).

The decrease of anticyclonicity, i.e. the growth of cyclonicity in the  Atlantic-European zone is one of typical features of the general atmospheric circulation in the XX century.

10. The differences of the mean values of  Na anticyclonicity indexes have been considered for the low-water (1933-1940, 1971-1977) and high-water (1978-1990, 1978-1999) periods of the Volga runoff  as compared to the mean long-term norm  for 1901-1995 in the north of Europe (region 4), in the south of ETR (region 7) and in the south of West Siberia (region 8). In the low-water period from 1933 up to 1940  Na  was higher than the long-term norm by 20%…25% in region 4 and by 5%…10% in region 8. In region 7 the anomalies of  Na  were small.

The high-water period from 1978 up to 1990 was characterized by the decreased anticyclonicity in region 8 by 21%…23% and in region 7 by 8%…9%. The decrease of anticyclonicity in the north of Europe and in the south of ETR is one basic causes of increased moistening in this period.

11. The sliding 30-year correlation relationships between seasonal  anticyclonicity indexes in regions 4 and 7 and seasonal precipitation amounts on the Volga catchment have been estimated, as well as the changes of these relationships during the XX century. The correlation relationships between Na in these regions and precipitation on the catchment are negative in sign, which is quite natural. The relationships are nonstationary in time, particularly in winter and spring.

At the end of XX century the correlation relationships under study in region 4 are at the level 
[image: image51.wmf]r

=-0.2 in winter and spring and at the level  
[image: image52.wmf]r

=-0.4 in summer and autumn. Closer relationships between Nа   and precipitation on the Volga catchment are typical for region 7. Here in the last 30-year periods of the XX century  
[image: image53.wmf]r

=-0.7…-0.8  in winter and  
[image: image54.wmf]r

=-0.4 in autumn and summer.

The temporal instability of correlation relationships between anticyclonicity indexes and precipitation is likely to depend on the long-term trends of anticyclonicity indexes, since strong trends were not found in precipitation series.

  Fig. 10  The geographical position of the Vitels region

а)  Nа
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b)  Nа
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Fig. 11   Long-term series of the number of days with antycyclonic circulation  (Nа) for              1901-1999 ( 1) and their five-year sliding means (2) in the fourth Vitels region                                а) warm period(April-October);   b) cold period (November-March). 

а)   Na
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b)    Na
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Fig. 12   Long-term series of the number of days with antycyclonic circulation  (Nа) for              1901-1999 ( 1) and their five-year sliding means (2) in the fifth Vitels region                                   а) warm period(April-October);   b) cold period (November-March). 

а)    Na
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b)  Na
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Fig. 13   Long-term series of the number of days with antycyclonic circulation  (Nа) for              1901-1999 ( 1) and their five-year sliding means (2) in the seventh Vitels region                                   а) warm period(April-October);   b) cold period (November-March). 
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Fig. 14    Long-term series of the number of days with antycyclonic circulation  (Nа) for              1901-1999 ( 1) and their five-year sliding means (2) in the eighth Vitels region                                   а) warm period(April-October);   b) cold period (November-March). 
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Fig. 15    The sliding 30-year factors of correlation between season days with antycyclonic circulation and precipitation amounts on Volga catchment for  December-February, March-May, June-August and September-November (а, b)  from 1901 up to  1999 in the fifth Vitels region
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Fig. 16    The sliding 30-year factors of correlation between season days with antycyclonic circulation and precipitation amounts on Volga catchment for  December-February, March-May, June-August and September-November (а, b)  from 1901 up to 1999 in the seventh Vitels region    

Table 3. The annual variation of the number of days with anticyclonic circulation in eight             Vitels regions (1901-1995)


Мonths:

Regions
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
Year

1
7.2
7.5
8.8
10.2
13.9
12.2
10.4
9.2
7.9
8.5
7.4
6.7
109.9

2
8.1
6.8
8.9
11.4
14.8
15.2
16.8
16.3
11.0
9.4
8.3
8.5
135.7

3
10.5
10.3
10.7
11.9
11.1
11.4
13.5
12.4
8.6
7.6
8.3
10.5
126.8

4
12.3
12.3
13.9
13.2
15.6
12.5
12.8
12.7
11.9
12.9
11.7
11.4
153.1

5
14.6
13.1
15.4
17.7
17.3
20.5
23.6
21.5
17.6
16.3
15.9
15.6
209.0

6
17.5
15.4
17.0
15.1
17.5
20.0
23.3
22.1
20.8
18.7
16.2
16.6
220.2

7
17.9
17.1
19.8
18.2
19.2
16.9
17.1
19.8
20.8
21.7
19.8
18.9
227.3

8
22.2
20.9
23.0
21.4
18.1
15.0
12.7
15.8
18.7
19.7
20.4
22.4
230.4

Table  4. The coefficient of correlation between the Vitels indexes (Na) and frequency of west (W ), east (Е) and meridional (С) circulation forms by Vangengeim-Girs


1901-1949

Region
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII


W  circulation form

1
-0,26
-0,29
-0,18
-0,19
-0,17
0,02
-0,20
0,06
-0,15
-0,06
-0,13
0,02

2
-0,28
-0,10
-0,23
-0,38
-0,18
0,04
-0,23
-0,19
-0,51
0,00
-0,04
-0,41

3
-0,40
-0,26
-0,05
-0,26
0,05
0,18
0,18
-0,10
0,03
0,21
0,08
-0,30

4
-0,60
-0,51
-0,51
-0,46
-0,42
-0,42
-0,56
-0,45
-0,51
-0,61
-0,59
-0,62

5
0,09
0,04
0,06
0,00
-0,17
-0,12
0,08
0,08
0,16
-0,08
0,10
0,04

6
0,49
0,23
0,45
0,52
0,45
0,34
0,17
0,10
-0,01
0,35
0,17
0,40

7
-0,31
-0,01
-0,22
-0,17
0,05
0,24
0,15
0,15
0,03
-0,16
-0,40
-0,38

8
-0,10
-0,21
-0,06
-0,12
0,04
0,19
0,00
-0,08
-0,13
0,20
0,11
0,03


Е  circulation form

1
-0,12
-0,22
-0,18
-0,03
0,01
0,00
-0,10
-0,11
-0,16
-0,50
-0,09
-0,29

2
0,28
0,19
0,14
0,15
0,19
0,20
0,20
0,18
0,25
0,06
0,24
0,45

3
0,39
0,21
0,17
0,21
-0,02
-0,10
-0,08
0,20
0,16
-0,05
0,15
0,27

4
0,64
0,64
0,62
0,57
0,50
0,58
0,53
0,58
0,68
0,64
0,70
0,71

5
-0,02
-0,09
-0,11
-0,02
0,07
0,15
-0,04
0,04
-0,07
0,16
-0,02
-0,04

6
-0,50
-0,54
-0,58
-0,69
-0,38
-0,24
-0,10
0,00
-0,04
-0,54
-0,45
-0,50

7
0,47
0,41
0,54
0,39
0,20
0,07
-0,03
0,11
0,16
0,48
0,53
0,61

8
0,32
0,28
0,19
0,15
0,13
-0,43
-0,14
0,27
0,00
-0,24
0,15
0,29


С  circulation form

1
0.49
0.53
0.38
0.25
0.15
-0.01
0.30
0.08
0.38
0.66
0.33
0.45

2
-0.04
-0.09
0.07
0.23
-0.03
-0.26
0.00
0.00
0.38
-0.07
-0.30
-0.19

3
-0.04
0.05
-0.15
0.01
-0.02
-0.10
-0.08
-0.15
-0.23
-0.17
-0.35
-0.03

4
-0.13
-0.15
-0.23
-0.23
-0.10
-0.12
-0.05
-0.22
-0.13
-0.08
-0.19
-0.33

5
-0.08
0.06
0.07
0.03
0.09
-0.01
-0.03
-0.16
-0.12
-0.11
-0.12
0.00

6
0.07
0.35
0.24
0.32
-0.04
-0.14
-0.04
-0.13
0.06
0.26
0.44
0.29

7
-0.27
-0.42
-0.41
-0.32
-0.26
-0.35
-0.11
-0.34
-0.23
-0.39
-0.21
-0.48

8
-0.32
-0.08
-0.16
-0.06
-0.17
0.22
0.15
-0.27
0.17
0.06
-0.40
-0.51

1950-1998


W  circulation form

1
-0,23
-0,34
-0,44
0,04
0,05
-0,04
0,06
0,15
-0,16
-0,13
0,02
-0,23

2
-0,37
-0,18
-0,32
-0,13
-0,19
-0,06
0,29
0,26
-0,21
-0,16
0,16
-0,31

3
-0,13
-0,21
-0,38
0,09
0,02
-0,02
-0,19
0,07
-0,03
-0,22
-0,18
-0,28

4
-0,54
-0,61
-0,48
-0,32
-0,51
-0,35
-0,23
-0,48
-0,20
-0,52
-0,52
-0,33

5
0,10
-0,04
0,26
-0,22
-0,04
-0,15
0,14
-0,11
0,04
-0,11
-0,03
-0,04

6
0,41
0,37
0,46
0,17
0,16
0,29
0,05
0,13
0,16
0,17
0,37
0,40

7
-0,09
-0,17
-0,36
-0,21
-0,26
0,16
0,09
0,13
-0,14
-0,19
-0,23
-0,21

8
-0,15
-0,09
-0,43
0,12
-0,12
0,25
0,10
-0,10
-0,22
-0,13
-0,20
-0,13


Е  circulation form

1
-0,07
0,04
0,08
-0,27
-0,46
0,05
-0,32
-0,15
-0,12
0,03
-0,25
-0,08

2
0,25
0,18
0,09
0,23
0,34
-0,05
-0,06
0,01
0,13
0,18
-0,08
0,09

3
0,15
0,30
0,25
0,27
0,09
-0,15
0,50
-0,02
0,07
0,28
0,22
0,45

4
0,38  
0,61
0,38
0,31
0,20
0,38
0,06
0,29
0,01
0,38
0,41
0,32

5
-0,02
0,02
-0,05
0,31
-0,03
0,23
-0,01
0,14
0,25
0,10
0,13
0,29

6
-0,62
-0,58
-0,60
-0,14
-0,14
-0,33
-0,12
-0,18
-0,37
-0,41
-0,59
-0,38

7
0,31
0,30
0,48
0,29
0,31
0,06
0,18
-0,06
0,22
0,40
0,36
0,30

8
0,22
0,17
0,42
0,05
-0,02
-0,29
0,04
0,06
0,20
0,21
0,27
0,27


С  circulation form

1
0,36
0,41
0,47
0,27
0,50
-0,03
0,36
-0,03
0,26
0,14
0,36
0,37

2
0,11
0,00
0,28
-0,11
-0,27
0,13
-0,14
-0,33
0,15
-0,01
-0,05
0,21

3
-0,04
-0,19
0,15
-0,46
-0,10
0,21
-0,48
-0,05
-0,01
-0,07
-0,14
-0,35

4
0,14
-0,06
0,09
-0,11
0,15
-0,16
0,10
0,21
0,28
0,22
-0,07
-0,10

5
-0,10
0,03
-0,27
-0,12
0,05
-0,15
-0,09
-0,08
-0,40
0,02
-0,16
-0,38

6
0,31
0,37
0,25
0,01
0,07
0,15
0,12
0,02
0,19
0,33
0,49
0,12

7
-0,30
-0,18
-0,19
-0,20
-0,16
-0,24
-0,29
-0,09
-0,11
-0,28
-0,28
-0,21

8
-0,11
-0,05
-0,03
-0,26
0,11
0,14
-0,12
-0,06
-0,05
-0,11
-0,19
-0,25

Table 5. The linear trends (
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) of the number of days with anticyclonic circulation (Nа) by seasons and for a year in eight Vitels regions

Seasons
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Period  1901-1995

XII-II
21  
1
5
24
3
12
31
-17*
-55
36
-15*
-42
43
-14*
-32
49
-8
-16
54
-98
-17
66
-13*
-2

III-V
33
-10*
-30
35
-0,4
-1
34
-8*
2
43
-6*
-14
50
-8*
-16
50
-7
-14
57
-3
-5
62
-10*
-16

VI-VIII
32
-9*
-28
48
4
8
37
0,5
1
38
-6
-16
66
-12*
-18
65
-4
-6
54
5
9
43
0,1
0

IX-XI
24
-9
-38
29
1
3
24
-7*
-29
36
-18*
-50
50
-15*
-30
56
-5
-9
62
-78
-11
59
-158
-25

IV-X
72
-21*
-29
95
6
6
76
-5
-7
91
-21*
-23
134
-27*
-20
138
-11*
-8
134
3
2
121
-178
-14

XI-III
38
-6
-16
41
2
5
50
-25*
-50
62
-25*
-40
75
-23*
-31
82
-13*
-16
93
-16*
-17
109
-218
-19

I-XII  


[image: image91.wmf]N

z


110    255
-29*   29*     
-26  11
136  229
8    -8 
6     -3
126  239
-30*  30*
-24  13
153  212
-47*   47
-31  22
209  156
-50* 50
-24  32
220  145
-23*  23
-10  16
227  138
-13  13
-6  9
230  135
-38*  38
-17  28


Period  1978-1995

XII-II
18
-12
-67
20
-15*
-75
21
-0,4
-2
32
-3
-9
35
-5
-14
47
5
11
49
9
18
52
-1
-2

III-V
22
0,1
1
34
-13
-38
31
4
13
41
4
10
45
0
0
41
15*
36
54
-5
-9
50
18*
36

VI-VIII
26
-16*
-61
50
3
6
39
11
28
32
5
16
56
-5
-9
60
-5
-8
49
-5
-10
38
-7
-18

IX-XI
18
14*
78
26
1
4
21
-7
-33
29
12
41
37
-1
-3
53
-15
-28
56
-5
-9
45
2
4

IV-X
56
-1
-2
94
-1
-1
76
12
16
80
17*
21
113
-4
-3
123
-13
-10
124
-10
-8
98
11
11

XI-III
28
-9
-32
36
-20*
-56
36
-6
-17
54
1
2
60
-11
-18
78
11
14
84
7
8
87
5
6

I-XII
84
-16
-19
130
-31*
-24
112
9
8
134
12
9
173
-12
-7
201
12
6
208
-11
-5
185
7
4


[image: image92.wmf]N

a

 - the mean number of days with anticyclonic circulation; 
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- the change of the number of days with anticyclonic circulation from the beginning to the end of the period; 
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- the same but in percent of  
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a

 for the period.      

Table  6. The number of days with anticyclonic circulation (Nа) for different periods (а) and their anomalies in days (b) and in percent (c) of long-term norm for 1901-1990.

Vitels regions

1901-1990
1933-1940
1971-1977
1978-1990
1978-1999
 Nа  differences for two periods: 1933-1940 and 1978-1999 



IV-X
XI-III
IV-X
XI-III
IV-X
XI-III
IV-X
XI-III
IV-X
XI-III
IV-X
XI-III


а
92
62
115
75
79
42
78
55
80
53
25(27%)
22(35%)

Fourth
b


23
13
-13
-20
-14
-7
-12
-10




c


25
20
-14
-32
-15
-12
-13
-15




а
134
94
129
96
150
97
124
86
123
85
6(4%)
11(12%)

Seventh
b


-6
2
16
2
-10
-8
-12
-9




c


-4
2
12
2
-8
-9
-9
-10




а
122
110
128
121
141
119
94
87
101
90
27(22%)
31(28%)

Eigth
b


6
10
18
9
-28
-23
-21
-20




c


5
10
15
8
-23
-21
-18
-18



Conclusion

The questions examined in this report cover  only a part of characteristics  of the global climate which exert an influence on the meteorological regime of Volga catchment. 

Among possible influencing factors the sea surface temperature  should be noted. The recently published paper by Arpe K., Bengtsson et al. [2] shows, for example, that there is a sufficiently strong positive correlation (r=0.5) between water temperature in the tropical area of pacific Ocean and the increments of Caspian Sea level (according to the data for 1903-1994). These empirical estimates are confirmed by the results of calculations using the atmospheric general circulation model ECHAM developed at Max Plank Institute (Germany). The weak negative correlation has been revealed  between the water temperature in the North Atlantic and the increments of Caspian Sea level.

It seems reasonable to give also attention to the relationshipse between the  iciness of the Arctic seas and the Caspian Sea level which were first emphasized by academician  L.S. Berg. 

It should be mentioned that setting up the problems of diagnosis and forecast of the Caspian Sea level (CSL) differ considerably. The given report, like the report on the project ''Monthly  Synoptic Types over the Volga River Drainage Basin" considered the synchronous relationships between the characteristics of atmospheric general circulation and precipitation on Volga catchment. They enable finding out the causes of precipitation deficit (excess) and the periods of decreased (increased) Volga runoff, but do not solve the problem of forecasting them. To develop methods for forecasting precipitation (Volga runoff), one should find out the asynchronous  relationships  between precipitation and the characteritics of global climate and  atmospheric general circulation.

The final goal of such developments should be forecasting the Caspian Sea level. The techniques for solving this problem differ  depending on forecast advance period. With 1-2 years in advance the forecast of CSL (more exactly, level increments) can be besed on asynchronous relationships between precipitation on the Volga catchment  and the level increments. With several  years in advance the it is advisable to exclude the stage of accounting  precipitation and to calculate the CSL forecast directly from asynchronous relationships between CSL and the characteristics of atmospheric general circulation and climate.
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