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1. wind EFFECTED PHENOMENA  ON  the  Caspian  Sea

Storm  surges  are  unperiodical  fluctuations  of  sea  level.  It  is  long  gravitational waves  arising  under  the  influence  of  meteorological  forces.  Heights  of  this  waves  are  increased  in  considerable  degree  on  shallows  and  mount  to  catastrofic  sizes.  Sea  flooding  causes   great  material  damage:  destroying   of   the  hydrotechnical,  port  and  coastal  constructions  and  also  flooding   of  large  coast  lots.  Fallings  of  sea  level  decreases    depths  on  bars,  at  ports  and  in  navigation  canal  that  makes  difficult  work  of  fleet.  Disporsition  and  size  of  the  storm  surges  are  important   farctors  in  the  planning  and  carrying  out  of  works  on  the  shelf  zone  investigation  in  connection  with  impending  industrial  development  of  sea  shelf.

Questions   about  what  means  notions   the  sea  level  rising  and  the  sea  level  falling  by  wind  effected  are  disputable.  For  distingeuish  the  level  rising  and  the  level  falling  by  the  wind  effected  the  average  sea  level  for  month  was  set  in  the  capacity  as  the  background  level  for  the  Caspian  Sea.  Observations   for   the   sea  level  from  time  opening  of  a  station  to  1988  year  inclusive  (  for  abroad   station)  and  to  1998  (for  Kazakhstan  station)  was  used  for  evaluation  the  water  level  valuas  in  the  time  of  storm  fluctuations.

Northern  Caspiy

Spacions  shallows,  small  slopes  of  a  bottom  and  land, coast  outlines  and  wind  activities  create  favourable  conditions  for  development  considerable  storm  surges  on  the  North  Caspian  Sea.  Storm  raising  of  the  sea  level  by  the  wind  effect  with  level  values  > 60  cm  and  falling  of  the  sea  level  by   the  wind  effect  with  level  valuaes  >50 cm  are  observed  here  every  year.  Regions  with  maximum   level  fluctuations  effected  by  wind  was  distinguished  following:

·   Northwestern  coast  and  beach  of  the  Volga  river;

·    Northern  coast  situeted  between  the  mouthes  of  the  Volga  and  Ural    river;

·    Northeastern  coast  and  beach  of  the  Ural  river  to  the  Amber  river     mouse;

·    East  coast  from  the  Amber  river  mouse  to  the  Buzachy  peninsula.

Northwestern  Coast

 Considerable  storm  surges  are  created  by  eastly  and  southeastly  winds  in  cold  period  of  year  especially  frequently  and  they  are  typical  for  the  Northwestern  coast  on  the  North  Caspian  Sea.  At  last  110  years  nine  high storm  surges  ( > 1,5- 2,0 m)  was  observed  in  this  Region:  in  the  1877;  1970,  November  25-27;  1910,  November, 11;  1940,  March  19-23;  1952,  November  10-13;  1960,  November  19-20;  1981,  February  17-18  and  December  27-30;  1984,  January  25-28.  Level   value  during storm  raising  of the  sea  level  mounted  to  3,6 m  in  the  1877  and  1910  years,  in  the  1925  year - 2,4 m,  in  the  1925  year - 4,2 m.

Northern  Coast

 The  statistic  analysis  testifies:  high  and  catastrofic  storm rise  of  the  sea  level  are  observed  on  northern  part  of  the  Caspian  Sea  in  autumn  and  spring  in  most  cases.  At  last  50  years  high  storm  rise  of  the  sea  level   was  observed  in  the  1913, 1928, 1937, 1952,  and  1980  years  and  its  level  value  mounted  to  1,6 - 1,9 m.  

The  lowest  levels  on  the  falling  sea  level  effected  by  storm   are  observed  on  northen  part  of  the  Caspian  Sea  too.  At  last  ten-year  period  the  maximum  falling  of  the  sea  level  by  the  wind  effect  ( > 1 m )  was  observed  in  the  1957,  October 9;  1960,  January 21;  1963,  November  26;  1964,  January  29;  1965,  October 26;  1977,  September 13,  October 22,  December 25  and  in  the  1978, October 1.  The  falling  of  the  sea  level  effected  by  wind  had   the   lowest  level  (  to  1,3 m ).  The  sea  level  falled  to  30,14 m B S  near the  Tuleny  island   in  this  period.

Northeastern  Coast

Statistic  of  wind  and  level  observations  in  period  without  ice  testifies:  eastly  winds  ( 46% )  and  westly  winds  ( 39% )  creating  the  sea  level  rise  are  observed  on  the  Ural  river  beach (Fig 1.1).  This  winds  having  velocity  to  2 - 5 m/s  raise  the  sea  level  to  6 - 30  cm,  with  velocity  to  6 - 10 m/s  -  to  31 - 50 cm,  with  velocity  to  11-15 m/s  -  to  51 - 80 cm,  with  velocity   to 16 - 25 m/s  -  to 90 - 150 cm. This   winds having   velocity  to  2 



Fig. 1.1 Wind Distribution Observed

on Zjujdvestovaja Shalyga Station
,  with  velocity  to  6 - 10 m/s -  to  31 - 50 cm,  with  velocity  to  11 - 15 m/s - to  5- 5  m/s raise  the sea  level  to  6 - 30  cm 1 - 80 cm,  with  velocity   to 16 - 25 m/s  - to 90 - 150 cm.

The  sea  level  rise  effected  by  wind  is  observed  in  3 - 4  cases  and  the  falling  sea  level  by  the  wind  effect  is  observed  in  4 - 5  cases  for  month  on  this  coast.  Duration  of  storm   surges  changes  in  broad  bounds  -  from  few  hours  to  few  days.  Usually  the  sea  level  rise  effected  by  wind  continues  to  1,5 - 2,5  days.  Maximum  duration  mounts  to  6 - 8  days.  The  individual  falling  of  the  sea  level  by  the  effect  of  wind  has  duration  in   2 - 3 days  on  average.  Maximum  duration  mounts  to  8 - 10  days.

Eastern  Coast

High  storm  surges  are  observed  on  the  eastern  coast  when  powerful  cyclone  moves  from  West  to  East,  situating  over  region  between  the  Volger  river  and  the  Ural  river  and  the  same  time  anticyclone  situates  

over  South  part  of  the  Caspian  Sea.  The  sea  level  rise  effected  by  wind  in  the  1987,  April  18 - 21  can  cite  as  an  example  of  the   typical  storm  surges  when  difference  in  atmospheric  pressure  over  northern  part  of  the  sea   in  direction  from North  to  South  was  equal  to  5 - 8  gPa. At  last  50  years high storm surges  was  observed  in  the  1934, June (140 cm );  1946,

April ( 210 cm ); 1957,  October  ( about  200 cm ); 1953,  October ( 105 cm ); 1987,  April  ( about 150 cm )  and in  the  1989,  May  ( 190 cm )  and  space  of   the  flooding  zone  mounted  from  15  km  to  35  km.



Fig. 1.2 Wind Distribution Observed

on Kulaly Station

All  this  sea  level  rises  was  formed  by  northly,  westly  and  southwestly  winds  at  15 - 25  m/s  with  duration  to  3 - 6  days  ( Fig.  1.2 ).

Middle  Caspiy

Western  coast. 
Distribution  of  the  storm  surges  in  year  depends  on  season  frequency  of  dominate  winds  in  the  Mahachkala  region.  Strong  and  storm  southeastly  winds  are  observed  in  55%   the  cases, northwestly  storm  wind  are  observed  in  44%   the   cases  and  only  1%  of  cases  fall  on  other  rumbs.  Long  storms   are  observed  mostly  in  cold  period  of  year  therefore  prevalence  part  of  storm  surges  falls  on  autumn - winter  period.

The  sea  level  fallings  by  the  wind  effect  in  the  Mahachkala  region  are  more  considerable  than  the  sea  level  rises,  effected  by  wind.  They  are  observed  in  winter  in  the  main. Maximum  falling  of  the  sea  level  is  equal  to  100 cm ( November  20 - 21, 1957)  in  the  time  of  the effect  by  northwestly  storm  wind.  Strong  westly  wind  with  velocity  34 m/s  blowed  in  this  time   in  the  Mahachkala.

 The  sea  level  rises  effected  by  wind  have  maximum  frequency  in  range  30 - 49 cm.  It  is  97%  of  all  cases  and  about  4%  of  all  cases  falls  on  the  sea   level   rise   with   height  to   50 -  59 cm.   Maximum   the  sea  level   rise effected  by  southeastly  wind  at  20  m/s   was  observed  in  the  1969, February  12  and  mounted  72  cm.

Sumgait  region  is  shallow  zone  and  situates  near “ foot”  of  the  Apsheron  peninsula  that  is  favourable  condition  for  backwater  by  strong  northly  and  northwestly  winds.  Winds  creating   the  sea  level  falling  have  southern  and  southeastern  directions.  

Northly  ( 22% ) and  northwestly  ( 28% )   winds  are  observed  in  the  Sumgait  region  in  most  cases ( 50% )  at  average  for  year  moreover  their  frequency  in  summer  ( 55% )  is  more   than  in  winter  ( 48 % ).  Frequency  of  southly  wind  mounts  27%  in  winter  and  in  spring   and  it  is  equal  to  18%  in  summer.  Maximum  number  days  ( 67% )  with  strong  wind  ( V=7 - 15 m/s )  falls  on  autumn-winter  period  that  corresponds  with  storm  surges  frequency.

The  sea  level  rises  effected  by  wind  are  observed  in  most  cases  ( 88,2% )  on  this  territory. Storm  surges  are  observed  here  during  all  year  but  its  maximum  frequency  ( 72% )  falls  on  cold  period  ( December - February ).  Minimum  frequency  of  storm  surges  falls  on spring. For  example:  frequency  of  the  sea  level  rises  effected  by  wind  is  equal  to  11%    in  April - May ( for  all  period  of  observations )  and  the  sea  level  falling  by  the  wind  effect  with  height  to  30 cm    are  not  observed  at  all.

Maximum  for  period  from  1948  to 1980-th  year  the  sea  level  rise  was  observed  in  the  1948,  October  12  in    Sumgait  and  mounted  104 cm.  It  was  created  by  northly  wind  at  24 m/s.  The  maximum  falling  of  the  sea  level ( 45 cm )  was  observed  in  the  1948,  December 17  by  the  effect  of  southly  wind.

Southwestly  storms  cause  long  but  not  very  deep  the  sea  level  fallings  in  Baku.  Its  frequency  is  approximately  equally.  Most  number  of  storm  surges  fall  on  interval  30 - 49 cm  with  frequency  for  the  sea  level  rise  to  99%  and   for  the  sea  level  fallings  to  84% .  More  than  16%  from  all  storm  surges  fall  the  sea  level  fallings  in  height  interval  from  50 cm  to  90 cm.  The  maximum  of  the  sea  level  is  observed  before  maximum wind  velocity  in  14%  of  cases.  The  maximum  sea  level  are  observed  at  the  same  time  with  maximum  wind  velocity  in  most  cases  ( 64%).

 The  maximum  falling  of  the  sea  level  ( 86 cm )  was  observed  in  Baku,  November  16,  1963  by   the  effect   of    west - north - westly   wind    at     20  m/s. 

Eastern  coast. 
Storm  surges  on  the  Northeast,  Middle part  of  the  Caspian  Sea  ( Fort - Shevchenko  point)  are  caused  by  the  effect  of  wind  having  diapason  of  directions   from  northern  to  west - north - western.  The  sea  level  fallings  are  observed  by  northwestly  winds  more  often.  The  sea  level  rises   are  typical  for  the  southeastly  and  south-south-eastly  wind  effect  when  sea  water  mass  transfers  from  south  of  off-shore the  sea  to  the  northeastern  part  of  the  Middle  Caspiy. 

 Storm  surges  are  typical  for  all  seasons  but  its  maximum  frequency  falls  on  autumn-winter  period  because  of  storm  activity.  On   height  the  sea  level  fallings  by  the  wind  effect  are  considerable  lesser  than  the  sea  level  rises  ( 30-39 cm)  in  most  cases  ( 80%)  and  on  the  sea  level  fallings  having  height  to  50-60 cm  falls  on  2,5%   only. The  maximum  falling  of  the  sea  level  by  the  north-north-westly  wind  at  20 m/s   was  observed  on  the  Fort-Shevchenko  station  in  the  1948,  October  26  (for  period  of  observations  from  1930  to  1980-th  years)  and  mounted  to  62 cm.  Typical  peculiarity  of  storm  surges  is  their  small  duration: duration  of  storm  surges  changes  from  2  to  7  hours  on  the  average  in  several  months.  Maximum  duration  of  storm  surges  is  equal  to  12 - 13 hours  in  autumn-winter  period. 

Southern  Caspiy

 Western  coast. 
Strong  storm  northeastly  wind ( 88%  of  all  storms)  is  main  cause  for  development  storm  surges  in  the  southwestern  region. 

 Most  number  of  cases  with  the  sea  level  rise  by  the  wind  effect  are  observed  in  autumn - winter  period ( 69% - on  the  Svinoj  Island, 65% - on  the  Zjujdostovy  Kultuk ). Their  frequency  is  small  for  summer  period. The  sea  level  rises  by  storm  wind  are  observed  at  95%  of  cases  on  the  Svinoj  Island  and  at  91%  of  cases  on  the  Zjujdostovy  Kultuk.  The  sea  level  rises  with  height  to  50 - 70 cm  are  observed  seldom  ( 9%  and  5%  accordingly).

The  maximum  sea  level  rise  was  observed  in  the  1973,  October 20  near  the  Svinoj  Island  by  storm  northly  wind  at  24 - 28  m/s  with  duration  at  12  hour.  The  maximum  sea  level  rise  by  northeastly  wind  at  18  m/s   was  observed  in  the  1952,  December  11  near  the  Zjujdostovy  Kultuk  station. Maximum  duration  of  the  sea  level  rise  by  the  wind  effect  reaches  to  100 - 120 hours   in   dependence  on  duration  of  storm  northeastly  wind. 

 Regime  of  the  sea  level  by  storm  depends  on  region  sinoptic  processes  over  the sea  to  south  from  Kura  river  mouth  to  Astara.  Local  winds  have  not  influence  on  development  of  storm  surges  as  strong  winds  are  observed  very  seldom  and  they  are  short  duration.  The  sea  level  rises  by  the  wind  effect  are  created  in  this  part  of  the  Caspian  Sea  on  account  of  spreading  storm  wave  from  the  middle  part  of  the  sea  to   the  south  part  by  the  effect  of  northwestly  storm  wind.  On  the  average  for  an  year  frequency  of  the  sea  level  rises  exceeds  frequency  of  the  sea  level  fallings  that  correspondences  with  wind  regime  fully.  The  sea  level  rises  by  the  strong  long  storms have  most  frequency  ( to 70% )   for  heights  to  30 - 39 cm and  48,4%  from  theirs  fall  on  autumn - winter  period.  The  sea  level  rises  to  50 - 60 cm  are  observed  at  10%  of  all  cases.

Eastern  coast.
Northwestly  and  north-north-westly  winds  cause   considerable  fallings  of  the  sea  level  in   region of  the  Kark - Bogaz - Gol  bay. The  sea  level  falling  are  observed  in  June  ( 21% )  most  often  as  especially  stability  northwestly wind  are  formed  in  this  period  here. Maximum  frequency  falls  on  the  sea  level  fallings  with  heights  to  30 - 40 cm ( 82,5% )  and  the  sea  level  fallings  to  40 - 70 cm  are  observed  at  17%  of  all  cases. 

Winds  causing  the sea  level  rises  have  directions  from  East-Southeast  across   South  to  West  with  maximum  frequency  in  winter.   Heights  of  the  sea  level  rises  are  considerable  less  than  heights  of  the  sea  level  falling.

 Orientation  of  the Krasnovodsk  Bay  is  determinate  factor   in  the  forming    of  the  considerable  on  height  and  duration  the  sea  level  fallings.  The  sea  level  rises  by  the  wind  effect  are  rare  phenomenon  with  frequency  to  5%. 

The  considerable  sea  level  fallings  by  the  wind  effect  ( 30 cm ) are  observed  spring - summer  period  and  have  frequency  to  57%   that  correspond  to  frequency  of  wind   causing   the  sea  level  falling. The  maximum   sea  level  fallings   by  the  effect  of  north-northwestly  wind  at  24  m/s   with  heights  to  100 cm    was  observed  in  the  Krasnovodsk  Bay.

Northly  wind  causes  the  sea  level  fallings and  southeastly  storm  causes  the  sea  level  rises  in  the  region  of  the  Ogurchinsky  Island.  On  the  average  frequency  of  the  sea  level  fallings  ( 75% )  is  considerable  more  than  frequency  of  the  sea  level  rises   on  the  average.  The  sea  level  fallings  by  the  wind  effect  have  maximum  frequency  ( to 55% )  for  heights  from  30 cm  to  39  cm  and  the  sea  level  rises  with  the  same  heights  frequency  only  to  4%.  The  sea  level  rise  by  the  wind  effect  excessed  50 cm  in  only  rare  cases   while   the     sea      level   fallings   by   the  wind  effect  mounts  to  90 cm  ( 15% ) in  some  years.

2.  Subdivision  of  the  Caspian  Sea  by  Wind  Conditions

Large  meridional  space  and  various  geographical  conditions  on  the  Caspian  coast  and  also   prevalence  of  different types  of  atmospheric  circulation   cause  various  wind  conditions  over  the  Caspian  Sea. Synoptic  and  climatic  subdivision  determines  regions  where  wind  direction  and  wind  speed  are  changed  in  small  limits  for  each  from  considering  synoptical  situation ( table 2.1). Figure  2.1  demonstrates  subdivision  of  the  Caspian  Sea  by  regions  with  different  wind  conditions.

Principle  criterion  for  division  the  Caspian  Sea  by  wind  conditions  is  frequency  of  wind  at  15  m/s.  Storm  regime    forming  for  a  specific  region  depends  on atmospheric  circulation  disposition  and  relief of  earth’s  surface.  Regions  of  the  Apsheron  peninsula,  Makhachkala  and  Fort-Shevchenko  are  most  stormy  on the  Middle  and  South  Caspian  Sea.  Relief   effects   are   displayed   in   this  regions  especially  strongly.   Powerful ( V>25 m/s)  winds  are  typical  only  for  Northwestly, Southeastly  and  Northly  ( or  Northeastly) types  wind’s  fields.

Western  Region ( 1 ) reminds  the  outside  bay  that in the  its  northern  part (near  the  Volga  river  mouth) turn  into  shallow  zone.  In  the  West  part  of  this  region  wave  sizes  are  enlarged  from  North  to  South  in  the  direction  of   large  depths. 

Eastern  Region  ( 2 )  is  the  shallow  sea  heaving  maximum  depths  in  its  middle  part  ( Urals  furrow). In  the  Eastern  Region  the  development  of  waves  is  conformed    with  wind and  it  depend  on  the  sea  levels. 

Makhachkala-Derbent  Region  ( 3 ). Number  of  days  with  wind  at  15 m/s  and  more is  equal  to  40-50 in  this  Region  and  that   approximately  twice  as much  than  in  the West  part  of  the  Apsheron  peninsula. Winds  of  all  directions  are  observed  here  however  Southeastly  (30%)  and  Northwestly

Table 2.1  Frequency (%) of Wind Speeds on Directions in Various Regions 

                  Caspian Sea

Region
Wind Direction
Sum


N
NE
E
SE
S
SW
W
NW


V= 1...5 m/s

I
3,9
8,1
12,1
6,5
3,6
3,0
5,3
6,0
48,5

II
5,2
7,6
10,4
7,4
3,2
5,6
6,4
6,0
51,8

III
5,5
3,8
3,4
13,0
1,4
1,0
1,2
9,8
39,1

IV
6,3
6,5
4,2
8,8
1.9
1,4
1,6
6,1
36,8

V
6,0
4,5
3,6
6,2
3,3
2,9
1,8
4,8
33,1

VI
7,0
4,9
5,4
6,7
2,3
2,2
2,4
7,2
38,1

VII
4,2
8,0
5,5
7,6
5,2
4,0
3,5
3,7
41,7

VIII
7,9
4,7
4,6
7,2
2,9
2,4
2,7
8,7
41,1

V= 6...10 m/s

I
1,5
4,2
11,6
4,6
0,6
0,7
3,8
4,8
31,8

II
3,1
3,6
8,0
5,0
1,5
3,0
4,4
4,0
32,6

III
3,9
2,8
1,4
12,0
0,75
0,31
0,47
11,0
32,62

IV
5,6
5,2
2,4
9,9
1,20
0,79
0,83
7,0
32,92

V
11,0
6,3
2,6
4,9
3,60
3,20
0,99
7,7
40,29

VI
7,4
6,4
5,0
5,7
1,70
1,60
1,40
7,2
36,40

VII
5,2
12,0
2,6
2,5
2,20
2,30
2,60
2,5
31,90

VIII
7,8
4,3
4,2
5,5
1,40
1,30
1,00
8,4
33,90

V=11...15 m/s

I
0,2
0,4
1,4
0,80
0,55
0,07
0,08
0,90
4,4

II
0,2
0,2
0,6
0,4
0,10
0,2
0,6
0,4
2,7

III
1,6
0,60
0,16
4,00
0,14
0,014
0,088
3,70
10,29

IV
2,3
1,50
0,52
3,80
0,34
0,100
0,140
3,00
11,70

V
5,4
1,70
0,13
0,66
0,78
1,100
0,110
4,30
14,18

VI
2,7
1,20
1,00
1,20
0,35
0,390
0,360
2,00
9,20

VII
3,2
5,00
0,14
0,10
0,13
0,340
0,380
0,42
9,71

VIII
2,3
0,97
0,59
0,85
0,14
0,180
0,150
1,60
6,78

Continue Table 2.1

Region
Wind Direction
Sum


N
NE
E
SE
S
SW
W
NW


V= 16...20 m/s

I
0,02
0,16
0,35
0,17
-
0,01
0,15
0,30
1,16

II
0,01
0,01
0,1
0,06
0,20
0,05
0,06
0,06
0,55

III
0,46
0,120
0,024
0,075
0,060
-
0,007
0,88
1,63

IV
0,48
0,260
0,120
0,620
0,004
0,010
0,010
0,45
1,99

V
1,57
0,200
-
0,040
0,050
0,075
0,034
1,40
3,37

VI
0,50
0,140
0,040
0,120
0,060
0,007
0,030
0,25
1,15

VII
1,20
1,100
0,140
-
0,007
0,013
0,010
0,09
2,56

VIII
0,34
0,075
0,021
0,048
0,034
0,014
0,007
0,16
0,70

V= 21...25 m/s

I
0,01
-
0,01
0,01
-
-
0,01
0,01
0,05

II
0,01
-
0,01
0,01
-
-
0,02
0,01
0,06

III
0,010
0,014
-
0,18
0.020
-
-
0,114
0,34

IV
0,110
0,030
0,007
0,11
0,020
-
-
0,060
0,34

V
0,130
0,027
-
-
0,007
0,007
-
0,150
0,32

VI
0,060
0,020
0,010
0,02
0,007
-
-
0,020
0,14

VII
0,100
0,060
-
-
-
0,007
-
0,100
0,27

VIII
0,034
0,007
0,007
-
-
-
-
0,007
0,06

V > 25 m/s

I
-
-
0,01
0,01
-
-
0,01
0,01
0,04

II
0.01
-
0,01
0,01
-
-
-
0,01
0,04

III
0,006
-
-
-
-
-
-
0,030
0,04

IV
0,007
-
-
-
-
-
-
0,020
0,03

V
0,021
-
-
-
-
-
-
0,014
0,04

VI
0,020
-
-
-
-
-
-
0,007
0,03

VII
0,008
-
-
-
-
-
-
-
0,01

VIII
-
-
-
-
-
-
-
-
-

* the arrangement of sites is submitted in Fig. 2.1.
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Figure 2.1  Classification Caspian on Wind Conditions

 (25%)  winds  are  predominating.  Frequency  of    wind    with  velocities more  than  16,  21,  25  m/s  is  equal to 2,7% ;  0,4% ;  0,06%  accordingly  and  don’t  depends  on  wind  direction.

Fort-Shevchenko  -  Kenderly  Region ( 4 ). Number  of  days   with  winds  at  15 m/s and  more   is    equal  to  40-50.  Southeastly  ( 23%)     and  Northwestly  ( 17%)  winds  are  predominating. Maximum  wind  velocities  ( V>25 m/s)  are  typical  for  Northly  and  Northwestly  winds. Frequency  of  winds  with  velocity  more  than  16,  21,  25 m/s  is  equal to 2,4% ; 0.37% ; 0,03%  accordingly.
Apsheron  Peninsula  Region  ( 5 ). This  Region  is  characterised  by  maximum  number  days  in  year  with  winds  at  15 m/s  and  more  because  oroggrafic  and  cape  effects  are  combined  here. Number  of  days  fluctuates  from  55-60  in  the  East part to  115-145  in  the  West  part  of  this  Region. Average  annual  frequency  of  wind  at 15 m/s  and  more  is  equal  to  3,7 % . It  is  maximum  for  the  Apsheron   peninsula. Frequency   of    strong      winds   ( V>10 m/s)  is  equal  to 18 % . Powerful  storms  ( V>25 m/s)  are  observed  in  all  points  of  the  Apsheron  peninsula:  from  the  Nizovaja  Quay  to  the  Svinoy  Island.  Northly  winds  are  predominating  for  all  seasons.  Average  annual  frequency  of  this  winds  is  equal  to  55 %  ( Northly - 24% , Northwestly - 18 % , Northeastly -13% ). 
Turkmenbashy (Krasnovodsk) - Kara-Bogaz-Gol  Bay  Region  ( 6 ). This  Region  and  Region 4   almost no  differ on  wind  conditions. Number  of  days  with  winds  having  velocity  more  than  15 m/s  is  equal  to  40 - 50. Northly (18 %) and  Northwestly  (17 %)  winds  are   typically    for  warm  half  of  year and Eastly  winds  ( 30 %)  are  typically  for  cold  half  of  year . Powerful  storms  are  observed  by  Northly  and  Northeastly  winds.

The  South-western  Part  of  the  Caspian  Sea ( 7 ). This  Region  divides  into  two  parts on  the  natures  of  the  wide   regime:  first  part  is  situated  to  north  from  Kura  river  mouth  and  second  part  is  situated  to  south  from  this  mouth. The  influence  of South-eastern   spurs  of  the  main  causes   range  is  very strongly  in  the  first  subregion.  Northwestly  (26%) and  Northly (14%)  wind  are  prevailing  here.  Wind  velocities  exceed   25 m/s  in  the  time  of northly  storms but  it  is  happened  very  seldom (0,008%).  Number  of  days  with  wind  at  15 m/s  and  more  mounts  to  60-70. This  number  is  diminished  to  50-20  and  less in  the  second  subregion.
The  South-eastern  Part  of  the  Caspian  Sea  ( 8 ).  Minimum  number  of  days  with  wind  at  16 m/s  and  more  ( less 1%)  is  typical  for  this  Region.  Northly  and  Northwestly  winds  are  prevailing  ( 18-19%).  Maximum  wind  velocities  ( 21-25 m/s)  are  observed  in  the  time  of  Northly  ( 0,034%),  Northeastly,  Eastly and  Northwestly  ( 0,007%)  storms.

3. VALIDATION  Model MIKE 21 for caspian sea

3.1. Main Equations

The studying of the forming of wind effected phenomena on the Caspian Sea and definition of their greatest height was made using the Danish Hydrodynamic Model MIKE 21. The  Hydrodynamic module  MIKE 21  is a general numerical modelling system for the simulation of water levels and flows in estuaries, bays and coastal areas. MIKE 21 HD can calculate storm surges as a function of meteorological condition. The hydrodynamic module of MIKE 21 solves vertically integrated equations of continuity and conservation  of momentum in two horizontal dimensions. The following effects are included in the equations:  convective and cross momentum; wind shear stress at the surface; barometric pressure gradients;  Coriolis forces; momentum dispersion ('eddy'); sources and sinks (both mass and impulse); evaporation. To solve the mentioned system of equations it is used the finite difference scheme with the second order of an accuracy. It has allowed to  take into account the influence of perturbations in a stratum of water on dynamic of underlying stratum, where they are changed quickly under influence of atmospheric processes.

The following equations, the conservation of mass and momentum integrated over the vertical, describe the flow and water level variations:
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The following symbols are used in the equations:

( (x,y,t)
-
surface elevation (m);

h (x,y,t)
-
water depth (m)

p,q,(x,y,t)
-
flux densities in x- and y-directions (m3/s/m)=(uh,vh);

(u,v)
-
averaged velocities in x- and y-directions;

g
-
acceleration due to gravity (m2/s);

Ñ
-
Chezy resistance (m1/2/s);

f (V)
-
wind friction factor;

V, Vx , Vy (x,y,t)
-
wind speed and components in x- and y-direction (m/s);

pa (x,y,t)
-
atmospheric pressure (kg/m/s2);

pw
-
density of water (kg/m3);

(
-
Coriolis parameter, latitude dependent (s-1);

( xx ,( xy, ( yy
-
components of effective shear stress

x,y
-
space coordinates (m)

t
-
time (s).

3.2.  Use of Caspian Sea Hydrodynamical Model

The following steps were carried out to setup storm  model  for  calculations of five  outstanding storm surges on the Caspian Sea: 

·  digitization of  bathymetries;

·  establishing model bathymetries ;

·  digitization of synoptical air pressure maps;

·  establishing maps of wind forcing for the models;

·  running the hydrodynamical models;

·  calibration/validation of the models.

This  steps were divided by two phases. First phase - to draw horizontal and isobat lines omitted at topographic maps. Second phase - to digitize maps, to process these maps with the use of hydrodynamical model MIKE 21. All depths from all the maps were connected to the same measured/reference level (e.g. -28,00 m).

According to flood and drainage of coastal zones these areas were included into model. For this purpose all the areas were digitized up to set maximal height under extreme storm raise, i.e. all the areas up to mark - 23,00 m. Line - 23,00 became a boundary between “real land” and “water” on hydrodynamical simulation.

The maps were accurately corrected with the use of tools of MIKE 21. Therefore, two bathymetry models were setup. These models are presented at the following attached figures (Fig. 3.1, 3.2). 

Bathymetry positions are listed in Table 3.1.

Table 3.1    Scale Parameters of Bathymetry Maps Obtained with the Use of MIKE 21 Model

Scale Parameter
Net Square Dimension


1 grid=

10km
1 grid =

2 km
1grid=

0,5km

Total net long along axis X(j), (grid)
90
327
200

Total net long along axis Y(k), (grid)
150
215
200

Latitude of zero, (degree)
36,0
44,2
46,5

Longitude of zero, (degree)
45,0
46,5
51,0

Orientation toward the real North, (degree)
2,6
-2,02
2,6

Shift of zero toward less scale net along axis X, (grid)
-
8,4
175,9

Shift of zero toward less scale net along axis Y, (grid)
-
91,8
128,6

Model of 10 km is “closed”, i.e. there are no open boundaries and therefore boundary conditions do not need specification (Fig. 3.1). Model  of 2 km has open boundary (Fig.3.2). A comparison of depths along open boundary is carried out. It is possible to make  the following conclusions analyzing Caspian Sea  bathymetry map (Fig. 3.1) and conventional slit of  the sea   (Fig. 3.3). 

The Caspian Sea is local reservoir and is located in a vast continental depression on the Europe-Asia boundary. It  does  not  communicate to ocean. The Caspian Sea length along a meridian is about 1200 km and its average length along latitude is about 310 km. It is situated between 47o07’ and 37o33’  NL  and  between  45o34’  and  54o03’  EL.  Taking  into  account underwater relief one can conventionally divide the sea by three parts: North, Middle and South. The study general dynamic of the Caspian  Sea  is possible with creation of lengthy observations and in following with definition of regime characteristics. The northeast part, especially its coastal zone, is unexplored areas of the Caspian Sea. At the same time just here, most essential changes of hydro​morphological, hydrochemical and ecological processes were and are. The existing network of hydrometeorological stations along the coastline of the Caspian Sea has deteriorated during the past years. At present the Kazakh part of the coastline, and in particular the shallow north-eastern part of the Caspian Sea is poorly covered by hydrometeorological stations (only the station in Atyrau is operational). 

For research dynamic processes in the northeast Caspian Sea complicated mechanism in interaction of a wind and water surface was presented by complex of quantitative characteristics. It’s include: change of the wind velocity; return period of the winds having different velocities with directions; water transfer because of inflow water from Volga and Ural rivers. The role of mathematical modeling rather increases on the background of the shorted data because it allows numerical experiments in areas, there is not enough or at all not covered the measure data without significant expenditures. Using of this method has allowed  to  study storms of fluctuation in areas,

Model MIKE 21 is adopted for the Caspian Sea conditions in KazNIIMOSK using data observations   above   the   water   level   during  the   known  large  scale storm surges: 02.04 - 12.04.1965,  27.05 - 10.06.1967,   20.02 - 23.02.1978,  1.05 - 08.05.1990, 04.09-15.09.1996 (Table 3.2).

Table 3.2      Date of Storms are Selected for Adopted of MIKE 21 Model

Year
Date of the Storm Beginning
Time of the Storm Beginning
Date of the Storm End
Time of the Storm End

1965
02.04
03.00
12.04
21.00

1967
27.05
03.00
10.06
21.00

1978
20.02
03.00
23.02
21.00

1990
01.05
03.00
08.05
21.00

1996
04.09
03.00
15.09
21.00

Criterions for a selection these five storm surges were following:

· the storm surge along the Caspian Sea coast is significant ;

· the possible meteorological situations which can generate storm surges along the data  coast are all represented;

· the data coverage is good, i.e. measurements of water levels should be available not only within the Kazakstan area but in stations all around the Caspian Sea;

· synoptical maps of surface air pressure should be available (for the whole Caspian Sea) with time intervals 6 hours. Figures 3.4-3.7 show  Air Pressure and Calculated Wind of the Storm surges May 1990 and  February 1978. 

Storm of the year 1965 had the most intensive rise and this storm is the most typical spring storm with one peak. It took place at the end of winter low till flood beginning of the Ural river. It was caused by strong permanent west-south-west wind with speed of 12-18 m/s while water level rising.  Hydrograph of the storm has two peaks, water level raised by 114 cm during  first  12 hours, water level rise intensity was about 10 cm/hour. In 36 hours from the beginning (6.04) maximal level was observed, it was higher than primarily water level by 116 cm. A water level decreasing was continuing until April, 12. There were no large storms this spring.
Storm of the year 1967 took place in summer low after flood of the Ural river. It was caused by strong permanent south-west wind which was most effective for Ural river firth. Hydrograph of the storm has a pointed peak. A longevity of water level raising up to maximal value (119 cm over primary water level) was 30 hours, averaged water level rise intensity was about 4 cm/hour. This storm was followed by three storms in the first decade of   June.

Storm  on  21 - 22  February, 1978.  This  storm  developed  in  the  following  way.  Two  small  cyclones  situated  near  earthly  surface  over  the   Balcan  peninsula  and  the  north  part  of  the  Apsheron  peninsula.  This  cyclones  moved  to  East  with  velocity  70  km/h.   At  the  same  time  the  center  of  anticyclone   with  pressure to  1025  gPa  situated  over   West  Ukraina  and  Central  Europe.  Its  creast  had  development  over  the  Balkan  peninsula  where  influx  of  cold  air  caused  increase  of  pressure  by  2 - 3 gPa.  In  a  day  both  cyclones  united and  in  February  21,  at  3  o’clock    vast  cyclone  with  pressure  to  1005 gPa   settled  down  over  the  regions  of  Black  Sea,  Turkey  and  North  Caucasus.

Increasing  later  on,   this  cyclone  moved  with  velocity   80 km/h  in Eastern  and   Southeastern  directions  towards  the  Caspian  Sea  regions. In  February, 21  at  noon pressure  fell  by  12 - 15 gPa  over  the  Caspiy  region and  in  February, 22  at  three  o’clock   cyclone  settled  out  over  the  Eastern  Caspian  Coast.

The  movement  of  cyclone  across  the  Caspiy  caused  intensification  of  south  wind  to  25 - 30 m/s  and  also  air  temperature  rise. Then  the  spreading  of  cold  front  caused  air  temperature  reduction  by  7 - 10  degrees  in  Azerbaijan.  Temperature  for  a  day  fell  by  6 - 10  degrees   on  the  Apsheron  peninsula.

Influence  of  the  anticyclone  crest  to  cyclone  moving  away  caused  large  difference  in  pressures  and  intensification  of  northwestly  wind  at  first  in   the Mahachkala - Derbent  region  to  24 - 25 m/s  ( gust  at  30 -35 m/s )  then  in  the  Apsheron  region  -  to  25 - 29 m/s.  Maximum  wave  height  was  equally  8,3 m  in  point  with  depth  at  22 m  in  the  Neftyanye   Stones  region.

Intensification  of  northwestly  wind  over  the  Caspian  Sea  and   the  Apsheron  regions  was  foreseed  by  dayly  forecast  and  storm  warning  more  than  six  hours  before  beginning  storm.

Storm of the year 1990. The  extreme  height of storm surge was fixed since May 1 to May 8, 1990 on Kazakhstan coast. In hydrographic station Island Big Peshnoy region its height reached 1,45 m, and in Prorva region - 2,4 m. It was caused active cyclonic  activity in this region, that has resulted in strengthening storm wind over Northern Caspian. Diffluence of atmospheric flows over Caspian and thermal contrast of air masses have created conditions for cyclogenenesis on Mediterranean front. In particular, frontal wave in Caucasus region developed in sedentary cyclones between Ural and delta Volga. On height this storm   surge  concerns to large one of rare frequency. It is one-peak storm surge with large intensity  of   the level rise  and little its duration.

It was represented important to find out, as simulation results correspond with data, received through automatic water-level recorders established offshore in north-eastern part of the Caspian Sea. For this purpose simulation a case of storm surge, fixed Danish automatic water-level recorders, worked in July - December 1996 on Caspian Sea, was spent.

Table 3.3  presents  positions of  bathymetry for automatic data collection stations in the Caspian Sea. 

Table 3.3   Position  of  Bathymetry for Automatic Data Collection Stations in               the Caspian Sea

Station Name    
Geographical

Coordinate
 Grid Spacing of      10 km


 Grid Spacing of 

2 km


Latitude
Longitude
J
k
j
k

Offshore-Caspian sea
46,29
52,89
56
119
249
119

Peshnoy-Ural river
46,91
51,69
46
125
201
150

The “ initial surface elevation” in the HD simulation which corresponds to the actual MSL of the Caspian Sea under storm surge event was   specified.

Initial water surface was calculated as follows:

 
                     
[image: image9.wmf]S

h

P

P

o

MSL

=

-

+

100

,

                                                          (3.4)

when Ð - pressure at every point over the sea surface before storm. This  information was obtained from synoptic maps ;

 Ðî - neutral pressure over the Caspian Sea, it is equal to 1016 Hpa.

 MSL - averaged water sea level over this period. 

Information on this level is presented in Table 3.4. 

Table  3.4   Mean Water Level of the Caspian Sea for the Period of Selected  

                 Storms

                     Year  
Period of Storm
MSL, m

1965
02.04-12.04
-28,50

1967
27.05-10.06
-28,25

1978
20.02-23.02
-29,11

1990
01.05-08.05
-27,64

1996
04.09 - 15.09
-26,89

Accuracy  evaluation for storms of 1965, 1967, 1978, 1990 and 1996 years were carried out by comparing observed and simulated water levels. As a whole a difference was no more than 15-20% under variation of   1,3 – 1,8 m. Comparison between   measured   and   calculated   water   levels presented at Fig. 3.8 - 3.18  show  that  module   calculations   accuracy are well enough. Figures 3.19-3.20  show fluctuations of surface elevation of the storms 1978 and 1990 years.

Executed  calculations  for  five  wind  surges  confirms  the  viability   of   the   hydraulic  model  used  to  prediction   wind  surges  for  all  the  Caspian  Coast. Now  the  working  out  of  the  synoptical  pressure  maps  is  carried  out   by  hand.  In  next   stage  of  works  it  is  necessary:

1. Carry  out  of   the  synoptical  processes  causing  wind  surges  situations.

2. Digitize  most  typical  situations  causing  wind  surges  on  all  the  Caspian   Coast.

3. Carry  out  wind  surges  simulation  for  selected  typical  situations.

4. Prepare  recommendations   to  long-term  forecasting  for  all  the  Caspian  Coast.
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1 - Simulated;  2 - Measured
Figure 3.8   Simulated  and   measured  water  levels  during  the  validation 

                     period 1965 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.9   Simulated  and  measured  water  levels  during  the validation  period 1965 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.10   Simulated  and  measured  water  levels  during  the validation  period 1965 year (gridspacing 2 km)
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1 - Simulated;  2 - Measured
Figure 3.11  Simulated   and   measured  water  levels  during  the  validation                      period 1967 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.12  Simulated   and   measured  water  levels  during  the  validation  period 1967 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.13  Simulated   and   measured  water  levels  during  the                         validation  period 1967 year (gridspacing 2 km)
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1 - Simulated;  2 - Measured
Figure 3.14  Simulated   and   measured  water  levels  during  the  validation period 1990 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.15  Simulated   and   measured  water  levels  during  the validation  period 1990 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.16  Simulated   and   measured  water  levels  during  the  validation  period 1990 year (gridspacing 2 km)
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1 - Simulated;  2 - Measured
Figure 3.17  Simulated   and   measured  water  levels  during  the validation  period 1996 year (gridspacing 10 km)
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1 - Simulated;  2 - Measured
Figure 3.18  Simulated   and   measured  water  levels  during  the validation  period 1996 year (gridspacing 2 km)
4. Simulation of Storm Surges for Different Sea Regions

Wind is one from the main causes for fluctuations of a sea level by a wind setup. Observation of wind influence to  these  level  fluctuations requires to take into account direction, velocity and duration of wind.

A hydrodynamic model permits to define a dependence of a wind setup height on wind parameters. The simulation was carried out in the following way: 

· Twenty five specific points were chosen for each from eight sea regions in  dependence from seashore configuration (Figure 4.1). Point's number is wrote down by two figures. First figure indicates a number of a region where chosen point is placed. For example: four points having numbers 1.1, 1.2, 1.3, 1.4 were chosen in Region I. Coordinates were fixed for each point. Point’s latitude and longitude must not intersect a seashore line by the present sea level.

· Eight directions of wind having velocity at 10 m/s,15 m/s, 20 m/s, 30 m/s were set.

· Duration for each wind with concrete direction and velocity equally to 72 hours.

· The sea level fluctuations  were  calculated  by  means  of  hydrodynamic model MIKE 21 relatively  initial  mark by set  influence  of  wind.

· Initial mark of  the sea level equally to minus 27,0 m.

· Events of a sea level rising were selected. These events were cited in Tables 4.1- 4.5 with indication of a wind setup height for all calculation variants. For example: at point 1.1 (Table 4.1) the sea level rises at the expense of the wind affecting to directions: North-East (NE), East (E), South-East (SE) and South (S). Other wind directions cause a sea level lowing.
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Figure 4.1 Schema of  Main Points in All Countries around the Caspian Sea for Calculations of Wind Setups

Table 4.1 Height  of Wind Setup Caused by Storm Surge Wind in Different Points of the Caspian Sea.

                 Duration of the Phenomenon 72 hours. Wind Velocity 10 m/s


                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
   Lon
Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

1
1.1
47
23
44
54

0.37
0.71
0.62
0.15





1.2
48
4
45
19

0.19
0.59
0.64
0.30





1.3
48
45
45
44

0.07
0.52
0.69
0.45





1.4
49
27
46
9

0.13
0.48
0.75
0.58
0.01



2
2.1
50
9
46
34

0.15
0.43
0.66
0.68
0.30




2.2
50
52
46
58


0.36
0.78
0.96
0.58




2.3
51
29
46
38


0.03
0.31
0.70
0.68
0.31



2.4
52
8
46
41


0.01
0.26
0.80
0.89
0.51



2.5
52
47
46
37



0.06
0.87
1.17
0.84



2.6
53
2
45
52





0.07
1.13
0.07


2.7
52
58
45
26
0.45




0.71
1.14
0.98


2.8
51
55
45
20
0.38
0.01



0.39
0.59
0.62

3
3.1
47
53
43
26
0.09
0.17
0.18
0.08






3.2
48
7
42
10
0.25
0.25
0.13




0.15


3.3
48
41
41
46
0.12
0.12
0.05



0.01
0.06


3.4
48
54
41
29
0.14
0.14
0.05




0.07


3.5
49
16
41
28
0.11
0.10
0.02



0.01
0.07

4
4.1
50
29
44
16


0.05
0.08
0.08
0.04
0.01



4.2
51
2
43
47


0.03
0.06
0.07
0.05
0.02



4.3
51
20
43
18


0.01
0.05
0.08
0.07
0.04



4.4
51
33
43
6


0.03
0.07
0.09
0.07
0.01



4.5
52
7
42
47


0.02
0.09
0.13
0.12
0.02



4.6
52
43
42
44



0.07
0.22
0.27
0.12



4.7
52
38
42
17


0.00
0.04
0.11
0.14
0.07
0.02

Continue Table 4.1



                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
    Lon
    Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

5
5.1
49
25
40
49
0.22
0.19
0.04




0.14


5.2
49
59
40
36
0.19
0.12




0.06
0.15


5.3
49
34
40
5
0.16
0.19
0.11
0.07



0.05

6
6.1
52
34
41
48



0.02
0.07
0.10
0.06
0.02


6.2
52
53
40
53
0.02



0.05
0.12
0.12
0.08


6.3
52
49
40
27



0.04
0.13
0.17
0.09
0.02


7.1
49
25
39
44
0.15
0.15
0.08
0.05
0.01


0.06

7
7.2
49
5
38
56
0.20
0.16
0.04
0.01


0.01
0.13


7.3
49
2
38
30
0.19
0.13
0.02



0.04
0.14


7.4
50
9
37
14
0.24
0.16
0.04



0.05
0.18


7.5
51
13
36
47
0.18
0.11




0.06
0.16

8
8.1
52
58
39
59




0.10
0.20
0.19
0.14


8.2
53
34
39
17



0.11
0.32
0.39
0.20



8.3
53
40
38
32




0.14
0.24
0.16
0.08


8.4
53
50
37
32



0.05
0.10
0.14
0.17
0.01


8.5
51
45
36
34
0.21
0.10




0.09
0.19

Table 4.2 Height  of Wind Setup Caused by Storm Surge Wind in Different Points of the Caspian Sea.

                 Duration of the Phenomenon 72 hours. Wind Velocity 15 m/s



                 Coordinate            



                             Height of Wind Setup, m








Region
Point
    Lon
 Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

1
1.1
47
23
44
54

0.69
1.44
1.31
0.43





1.2
48
4
45
19

0.25
1.16
1.32
0.72





1.3
48
45
45
44

0.01
1.00
1.39
0.95
0.02




1.4
49
27
46
9

0.23
0.94
1.46
1.11




2
2.1
50
9
46
34

0.21
0.85
1.36
1.29
1.35




2.2
50
52
46
58


0.70
1.54
1.84
0.98




2.3
51
29
46
38


0.03
0.60
1.32
1.20
0.47



2.4
52
8
46
41


0.01
0.42
1.49
1.65
0.94



2.5
52
47
46
37



0.04
1.58
2.16
1.63



2.6
53
2
45
52





1.69
2.13
1.44


2.7
52
58
45
26
0.94




1.13
2.14
1.96


2.8
51
55
45
20
0.91
0.07



0.48
1.16
1.26

3
3.1
47
53
43
26
0.19
0.37
0.38
0.16






3.2
48
7
42
10
0.50
0.51
0.24




0.30


3.3
48
41
41
46
0.21
0.22
0.09
0.03



0.10


3.4
48
54
41
29
0.25
0.27
0.08
0.01



0.12


3.5
49
16
41
28
0.19
0.18
0.04
0.02
0.01

0.03
0.11

4
4.1
50
29
44
16


0.09
0.19
0.20
0.11
0.02



4.2
51
2
43
47


0.04
0.15
0.18
0.13
0.05



4.3
51
20
43
18



0.12
0.19
0.17
0.09
0.01


4.4
51
33
43
6


0.06
0.17
0.20
0.16
0.02



4.5
52
7
42
47


0.03
0.21
0.29
0.26
0.05



4.6
52
43
42
44



0.16
0.49
0.61
0.31



4.7
52
38
42
17



0.08
0.23
0.31
0.18
0.05

Continue Table 4.2



                 Coordinate            



                                  Height of Wind Setup, m








Region
Point
     Lon
   Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

5
5.1
49
25
40
49
0.43
0.39
0.10




0.24


5.2
49
59
40
36
0.36
0.23





0.27


5.3
49
34
40
5
0.27
0.35
0.25
0.17
0.02


0.03

6
6.1
52
34
41
48



0.04
0.13
0.20
0.15
0.07


6.2
52
53
40
53
0.08



0.07
0.26
0.28
0.22


6.3
52
49
40
27



0.02
0.23
0.35
0.24
0.06


7.1
49
25
39
44
0.24
0.27
0.17
0.14
0.04


0.08

7
7.2
49
5
38
56
0.37
0.30
0.09
0.04


0.01
0.24


7.3
49
2
38
30
0.37
0.26
0.04



0.08
0.28


7.4
50
9
37
14
0.46
0.33
0.09



0.08
0.36


7.5
51
13
36
47
0.36
0.20




0.13
0.31

8
8.1
52
58
39
59



0.06
0.29
0.38
0.24
0.04


8.2
53
34
39
17



0.15
0.68
0.84
0.51



8.3
53
40
38
32




0.26
0.52
0.42
0.22


8.4
53
50
37
32




0.19
0.43
0.47
0.30


8.5
51
45
36
34
0.41
0.19




0.17
0.39

Table 4.3 Height  of Wind Setup Caused by Storm Surge Wind in Different Points of the Caspian Sea.

                 Duration of the Phenomenon 72 hours. Wind Velocity 20 m/s



                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
     Lon
 Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

1
1.1
47
23
44
54

1.05
2.41
2.21
0.80





1.2
48
4
45
19

0.24
1.82
2.19
1.28





1.3
48
45
45
44

0.00
1.54
2.00
1.57
0.09




1.4
49
27
46
9

0.36
1.49
2.00
1.67
0.12



2
2.1
50
9
46
34

0.27
1.37
2.13
1.97
0.13




2.2
50
52
46
58


1.02
2.32
2.78
1.26




2.3
51
29
46
38


0.03
0.85
1.99
1.65
0.42



2.4
52
8
46
41



0.56
2.20
2.39
1.30



2.5
52
47
46
37



0.01
2.26
3.17
2.43



2.6
53
2
45
52





0.90
3.19
0.11


2.7
52
58
45
26
1.51




1.33
3.09
3.08


2.8
51
55
45
20
1.58
0.15



0.12
1.67
2.07


3.1
47
53
43
26
0.31
0.64
0.63
0.26






3.2
48
7
42
10
0.85
0.87
0.37




0.48


3.3
48
41
41
46
0.31
0.34
0.12
0.08
0.01


0.14


3.4
48
54
41
29
0.39
0.44
0.16
0.04



0.17


3.5
49
16
41
28
0.28
0.27
0.08
0.06
0.02

0.03
0.14

4
4.1
50
29
44
16


0.15
0.37
0.39
0.20
0.03



4.2
51
2
43
47


0.08
0.28
0.34
0.23
0.10



4.3
51
20
43
18



0.21
0.35
0.31
0.18
0.02


4.4
51
33
43
6


0.10
0.31
0.37
0.29
0.04



4.5
52
7
42
47


0.06
0.39
0.52
0.46
0.10



4.6
52
43
42
44



0.27
0.87
1.09
0.61



4.7
52
38
42
17



0.13
0.40
0.55
0.35
0.11

Continue Table 4.3



                 Coordinate            



                                     Height of Wind Setup, m








Region
Point
   Lon
 Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

5
5.1
49
25
40
49
0.69
0.65
0.22




0.36


5.2
49
59
40
36
0.58
0.37
0.01



0.12
0.40


5.3
49
34
40
5
0.39
0.58
0.43
0.33
0.05




6
6.1
52
34
41
48



0.06
0.22
0.35
0.27
0.14


6.2
52
53
40
53
0.18



0.06
0.44
0.53
0.44


6.3
52
49
40
27




0.34
0.61
0.46
0.16


7.1
49
25
39
44
0.34
0.42
0.31
0.27
0.11


0.07

7
7.2
49
5
38
56
0.56
0.47
0.18
0.07



0.36


7.3
49
2
38
30
0.60
0.41
0.08



0.13
0.45


7.4
50
9
37
14
0.75
0.55
0.15



0.11
0.57


7.5
51
13
36
47
0.58
0.32




0.21
0.52

8
8.1
52
58
39
59



0.06
0.49
0.68
0.46
0.10


8.2
53
34
39
17



0.16
1.15
1.48
0.94
0.03


8.3
53
40
38
32




0.41
0.92
0.81
0.43


8.4
53
50
37
32




0.31
0.76
0.86
0.54


8.5
51
45
36
34
0.68
0.30




0.26
0.64

Table 4.4 Height  of Wind Setup Caused by Storm Surge Wind in Different Points of the Caspian Sea.

                 Duration of the Phenomenon 72 hours. Wind Velocity 25 m/s



                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
  Lon
  Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

1
1.1
47
23
44
54

0.36
3.59
3.27
1.13





1.2
48
4
45
19

0.17
2.58
3.22
1.89





1.3
48
45
45
44


2.08
3.19
2.27
0.18




1.4
49
27
46
9

0.53
2.04
3.07
2.32
0.36



2
2.1
50
9
46
34

0.32
1.92
2.88
2.56





2.2
50
52
46
58


1.31
3.13
3.69
1.39




2.3
51
29
46
38


0.01
1.05
2.60
2.04
0.11



2.4
52
8
46
41



0.75
2.83
3.12
1.56



2.5
52
47
46
37




2.79
4.19
3.23



2.6
53
2
45
52





0.12
4.29
0.01


2.7
52
58
45
26
1.91




1.42
4.27
4.39


2.8
51
55
45
20
2.32
0.26




2.15
2.96

3
3.1
47
53
43
26
0.44
0.96
0.96
0.46






3.2
48
7
42
10
1.27
1.29
0.52




0.69


3.3
48
41
41
46
0.42
0.48
0.20
0.15
0.03


0.16


3.4
48
54
41
29
0.55
0.65
0.27
0.07



0.21


3.5
49
16
41
28
0.37
0.38
0.13
0.12
0.05

0.04
0.17

4
4.1
50
29
44
16


0.24
0.61
0.66
0.33
0.05



4.2
51
2
43
47


0.12
0.45
0.56
0.38
0.16



4.3
51
20
43
18



0.32
0.55
0.48
0.29
0.04


4.4
51
33
43
6


0.15
0.49
0.60
0.45
0.07



4.5
52
7
42
47


0.08
0.61
0.83
0.71
0.17



4.6
52
43
42
44



0.40
1.37
1.68
0.98
0.02


4.7
52
38
42
17



0.18
0.62
0.85
0.58
0.19

Continue Table 4.4



                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
    Lon
Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

5
5.1
49
25
40
49
0.99
0.97
0.39




0.48


5.2
49
59
40
36
0.83
0.56
0.02



0.09
0.55


5.3
49
34
40
5
0.49
0.84
0.69
0.54
0.09




6
6.1
52
34
41
48



0.07
0.33
0.53
0.44
0.24


6.2
52
53
40
53
0.31



0.03
0.66
0.86
0.74


6.3
52
49
40
27




0.45
0.91
0.76
0.29


7.1
49
25
39
44
0.43
0.58
0.50
0.45
0.20


0.01

7
7.2
49
5
38
56
0.78
0.66
0.29
0.13



0.48


7.3
49
2
38
30
0.86
0.59
0.13



0.19
0.64


7.4
50
9
37
14
1.08
0.82
0.23



0.12
0.80


7.5
51
13
36
47
0.84
0.45
0.01



0.32
0.74


8.1
52
58
39
59



0.06
0.73
1.06
0.75
0.17

8
8.2
53
34
39
17



0.21
1.71
2.22
1.50
0.07


8.3
53
40
38
32




0.57
1.43
1.33
0.72


8.4
53
50
37
32




0.42
1.17
1.35
0.86


8.5
51
45
36
34
1.00
0.44




0.26
0.92

Table 4.5 Height  of Wind Setup Caused by Storm Surge Wind in Different Points of the Caspian Sea.

                 Duration of the Phenomenon 72 hours. Wind Velocity 30 m/s



                 Coordinate            



                                      Height of Wind Setup, m








Region
Point
   Lon
   Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

1
1.1
47
23
44
54

1.59
4.74
4.36
1.38





1.2
48
4
45
19

0.13
3.35
4.29
2.43
0.07




1.3
48
45
45
44


2.52
4.18
2.91
0.26




1.4
49
27
46
9

0.67
2.48
3.85
2.92
0.55



2
2.1
50
9
46
34

0.36
2.38
3.56
3.06





2.2
50
52
46
58


1.48
3.83
4.49
1.36




2.3
51
29
46
38



1.30
3.13
2.30




2.4
52
8
46
41



0.88
3.33
3.69
1.61



2.5
52
47
46
37




3.10
5.00
3.83



2.6
53
2
45
52





0.08
5.18
0.01


2.7
52
58
45
26
2.37




1.03
5.05
5.51


2.8
51
55
45
20
3.00
0.36




2.65
3.78

3
3.1
47
53
43
26
0.56
1.29
1.28
0.68






3.2
48
7
42
10
1.67
1.72
0.68




0.89


3.3
48
41
41
46
0.52
0.62
0.28
0.22
0.06


0.20


3.4
48
54
41
29
0.71
0.87
0.40
0.11



0.23


3.5
49
16
41
28
0.44
0.48
0.19
0.17
0.08

0.03
0.19

4
4.1
50
29
44
16


0.35
0.86
0.94
0.48
0.06



4.2
51
2
43
47


0.16
0.62
0.79
0.52
0.23



4.3
51
20
43
18



0.42
0.75
0.66
0.42
1.06


4.4
51
33
43
6


0.19
0.68
0.85
0.62
0.11



4.5
52
7
42
47


0.09
0.83
1.15
0.97
0.24



4.6
52
43
42
44



0.52
1.89
2.26
1.37
0.04


4.7
52
38
42
17



0.21
0.83
1.15
0.82
0.28

Continue Table 4.5



                 Coordinate            



                               Height of Wind Setup, m








Region
Point
     Lon
 Lat











Dg
Min.
Dg
Min.
     N
NE
E
SE
S
SW
W
NW

5
5.1
49
25
40
49
1.27
1.28
0.59




0.58


5.2
49
59
40
36
1.08
0.75
0.03




0.68


5.3
49
34
40
5
0.55
1.11
0.97
0.79
0.14




6
6.1
52
34
41
48



0.05
0.43
0.71
0.61
0.33


6.2
52
53
40
53
0.45




0.87
1.20
1.05


6.3
52
49
40
27




0.52
1.20
1.07
0.22


7.1
49
25
39
44
0.48
0.75
0.72
0.65
0.30




7
7.2
49
5
38
56
0.98
0.84
0.41
0.18



0.56


7.3
49
2
38
30
1.10
0.77
0.19



0.24
0.80


7.4
50
9
37
14
1.40
1.08
0.33



0.12
1.00


7.5
51
13
36
47
1.09
0.59
0.01



0.41
0.95


8.1
52
58
39
59



0.07
0.96
1.43
1.07
0.27

8
8.2
53
34
39
17



0.26
2.24
2.98
2.04
0.11


8.3
53
40
38
32




0.72
1.94
1.86
1.01


8.4
53
50
37
32




0.53
1.55
1.86
1.20


8.5
51
45
36
34
1.32
0.59




0.26
1.19

4.1 Determination of Efficient Wind Direction

Wind induces horizontal exertions (tangential exertion) because of friction between water surface and air. Wind affect to water surface of the sea causes different drifts. Full torrent is directed perpendicular to direction of acting wind. For sea shallow parts an angle of torrent deviation from wind direction is equal to zero. For deep parts of the sea the wind setup will be the highest under winds directed parallelar to a seashore line while in the shallow parts the wind setup will be the highest under winds directed perpendicular to the  seashore line. Thus efficient direction of wind it is direction causing the highest wind setup by constant velocity and duration of wind. Determination of efficient wind direction for 2-3 points in each region was made by means of graphics about  wind setup height fluctuations under wind affect having velocity at 25 m/s and wind duration at 72 hours (Figures 4.2-4.19). 

These graphics permitted to determinate that for the shallow Northern Caspiy the wind direction which  perpendicular to seashore line is efficient wind setup direction. For example, for first region  in point 1.1 (Figure 4.2) wind has efficient Eastern direction and in point 1.3 (Figure 4.3) it has efficient South-Eastern direction. For second Region (the Kazakhstan coast)  in point 2.2, a mouth of the Ural river (Figure 4.4), wind has efficient South direction and in point 2.5, a mouth of the Emba river (Figure 4.5), it has efficient South-Western direction. Figure 4.6 shows a wind setup height in  the region of Tengiz oil- and gas field. In this Region the wind setup is formed only by Western direction of wind.

Third and fourth Regions  have considerable deeps (more than 100 m) and  the wind setups arise by winds blowing with parallel direction to seashore. So, in points 3.2 and 3.3 wind has efficient Northern and Northern-Eastern direction (Figures 4.7, 4.8)  and  it  has  efficient  South  and  South - Eastern directions in points  4.2 and 4.6 (Figures 4.9 - 4.10).

In deep fifth and sixth Regions winds blowing parallelar to  the  seashore  namely have Northern and North-Eastern efficient directions (Figures 4.11 - 4.13).

Wind having efficient Northern and South-Western direction  is observed in the South Caspiy along it eastern and western seashores (Figures 4.14, 4.16) but wind has mainly Northern direction along the South seashore (Figures 4.15, 4.19)  and  also  it  has  South-Western  (Figure  4.12)  and   Western  direction  

(Figure 4.18). 
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Figure 4.2  Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 1.1
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Figure 4.3 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 1.3


[image: image24.wmf]N

NE

E

SE

S

SW

W

NW

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0

0.5

1

1.5

2

2.5

3

3.5

4

Height of  Wind Setup, m

Rhumb


Figure 4.4 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 2.2
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Figure 4.5  Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point  2.5
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Figure 4.6 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 2.6
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Figure 4.7 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 3.2
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Figure 4.8 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 3.3
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Figure 4.9 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 4.2
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Figure 4.10 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 4.6
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Figure 4.11 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 5.1
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Figure 4.12 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point  5.2




Figure 4.13 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 6.3




Figure 4.14 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 7.3
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Figure 4.15 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point  7.4
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Figure 4.16 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 8.2
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Figure 4.17 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 8.3
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Figure 4.18 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point 8.4




Figure 4.19 Determination of Efficient Wind Direction by Velocity at 25 m/s and Duration at 72 hours in Point  8.5

4.2. Dependence of a Wind Setup Height from Wind Velocity

Wind exertion to water surface is main force forming the a wind setup. Increase of wind velocity creates considerable exertion that causes  a sea level rise. It were made graphs of dependence of a wind setup height from wind velocity by efficient direction and duration of wind activity at 72 hours (Figures  4.20 - 4.27) for each sea regions. It was had out that for first region in point 1.1 the wind setup height will be increase up to 4,74 m (Figure 4.20) under Eastern wind  having velocity at 30 m/s and duration at 72 hours. The increase of velocity for Western wind to 30 m/s during of 72 hours will result in the wind set up with height up to 5,18 m  on  the Kazakhstan coast in point 2,6 (Figure 4.21).The  increase of wind velocity  to 30 m/s will create the wind setup with height  up to 1,74 m on the Azerbaijan Republic coasts (Figure 4.22, 4.24). On the Kazakhstan coast of the Middle Caspiy (Region IV) the wind setups have  the height no more than 2,26 m  also (Figure 4.23) by the increase of wind velocity to 30 m/s. In the regions of the Kara-Bogaz-Gol Buy (Region VI) the wind setup height will grown only on 1 m by the increase of wind velocity from 10 m/s to 30 m/s (Figure 4.25). In the South Caspiy (Figures 4.26, 4.27) the wind setup height will rise up to 2,98 m (point 8.2 ) near by coasts of the Turkmen Republic and it will rise up to 1,86 m ( point 8.4 ) near by the Iran coast.

The wind affect with velocity at 25 m/s during of 72 hours is most practicable condition for simulation from above-mentioned. Figure 4.28 shows results of calculations for wind setup by these conditions. Owing to the hydrodynamic simulation  the concrete heights of the wind setups were calculated for all Caspian Sea coast. The height of the wind setup reaches to 1,5 m on coasts of all five  Republics around  the Caspian Sea  even though in one point. The wind setup having the height from 2,0 m to 3,0 m may will arise near by coasts of the three Pricaspian Republics: Turkmenistan, Russia, Kazakhstan and wind setup with the height more 3 m may will arise near by coasts of the two Republics: Russia and Kazakhstan.
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Figure 4.20 Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region I in the Four Points
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Figure 4.21  Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region II in the Eight Points
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Figure 4.22  Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region III in the Five Points
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Figure 4.23  Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region IV  in the Seven Points
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Figure 4.24 Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region V in the Three  Points
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Figure 4.25  Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region VI in the Three  Points
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Figure 4.26 Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region VII  in the Five  Points
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Figure 4.27 Dependence of a Wind Setup Height from Velocity of Wind Having Efficient Direction and Duration at 72  hours for Region VIII  in the Five  Points
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Figure 4.28 Maximum - probable Height of Wind Setups Caused by Wind Having  Efficient Direction with Velocity at 25 m/s and Duration at 72 hours
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E
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S
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W

NW

1.1
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0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m
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N

N

N

N
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N
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S

0.56

S
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S

0.56

S
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S

S
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0.38

SW
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W
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W
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W
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W
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W
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W

0.1241

NW

NW

0.0182

NW

NW

0.7438

NW

0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

0.12

4.29

0.01

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.2658

1.2949

0.5238

0.6893

N

NE

E

SE

S

SW

W

NW

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.3961

1.3745

1.6804

0.9835

0.0182

N

NE

E

SE

S

SW

W

NW

0.99

0.97

0.39

0.4753

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

NE

E

SE

S

SW

W

NW

0.3096

0.0301

0.655

0.8568

0.7438

N

NE

E

SE

S

SW

W

NW

0.445

0.9077

0.7601

0.2926

N

NE

E

SE

S

SW

W

NW

0.8571

0.5926

0.1333

0.1878

0.6375

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.0823

0.8183

0.2349

0.1241

0.7981

N

N

N

NE

NE

NE

E

E

E

SE

SE

SE

S

S

S

SW

SW

SW

W

W

W

NW

NW

NW

0.2123

1.7104

2.2231

1.4961

0.0707

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.5685

1.425

1.3259

0.7187

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.42

1.17

1.35

0.86

N

NE

E

SE

S

SW

W

NW

1.0013

0.4411

0.2594

0.9211


_631799410.xls
Sheet: isxod

Sheet: Data

Sheet: 1.1 Wind 25

Sheet: 1.3 Wind 25

Sheet: 2.2 Wind 25

Sheet: 2.5 Wind 25

Sheet: 2.6 Wind 25

Sheet: 3.2 Wind 25

Sheet: 3.3 Wind 25

Sheet: 4.2 Wind 25

Sheet: 4.6 Wind 25

Sheet: 5.1 Wind 25

Sheet: 5.2 Wind 25

Sheet: 6.2 Wind 25

Sheet: 6.3 Wind 25

Sheet: 7.3 Wind 25

Sheet: 7.4 Wind 25

Sheet: 8.2 Wind 25

Sheet: 8.3 Wind 25

Sheet: 8.4 Wind 25

Sheet: 8.5 Wind 25

Sheet: Sheet3

Sheet: Sheet4

Sheet: Sheet5

Sheet: Sheet6

Sheet: Sheet7

Sheet: Sheet8

Sheet: Sheet9

Sheet: Sheet10

Sheet: Sheet11

Sheet: Sheet12

Sheet: Sheet13

Sheet: Sheet14

Sheet: Sheet15

Sheet: Sheet16

Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m
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3.0-4.0 m

N

N
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Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3
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2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE
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SE
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SE

SE

S
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S
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W
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                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW
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SW
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0.12

W
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE

0.3639

NE

E

3.5909

E

2.0779

SE

3.2742

SE

3.1881

S

1.1318

S

2.2731

SW

SW

0.1799

W

W

NW

NW

Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE

0.3961

SE

0.4476

SE

SE

SE

S

0.56

S

1.3745

S

0.56

S

0.0301

S

S

SW

0.38

SW

1.6804

SW

0.38

SW

0.655

SW

SW

W

0.1642

W

0.9835

W

0.1642

W

0.8568

W

0.1878

W

0.1241

NW

NW

0.0182

NW

NW

0.7438

NW

0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

0.12

4.29

0.01

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.2658

1.2949

0.5238

0.6893

N

NE

E

SE

S

SW

W

NW

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.3961

1.3745

1.6804

0.9835

0.0182

N

NE

E

SE

S

SW

W

NW

0.99

0.97

0.39

0.4753

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

NE

E

SE

S

SW

W

NW

0.3096

0.0301

0.655

0.8568

0.7438

N

NE

E

SE

S

SW

W

NW

0.445

0.9077

0.7601

0.2926

N

NE

E

SE

S

SW

W

NW

0.8571

0.5926

0.1333

0.1878

0.6375

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.0823

0.8183

0.2349

0.1241

0.7981

N

N

N

NE

NE

NE

E

E

E

SE

SE

SE

S

S

S

SW

SW

SW

W

W

W

NW

NW

NW

0.2123

1.7104

2.2231

1.4961

0.0707

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.5685

1.425

1.3259

0.7187

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.42

1.17

1.35

0.86

N

NE

E

SE

S

SW

W

NW

1.0013

0.4411

0.2594

0.9211
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE

0.3639

NE

E

3.5909

E

2.0779

SE

3.2742

SE

3.1881

S

1.1318

S

2.2731

SW

SW

0.1799

W

W

NW

NW

Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE

0.3961

SE

0.4476

SE

SE

SE

S

0.56

S

1.3745

S

0.56

S

0.0301

S

S

SW

0.38

SW

1.6804

SW

0.38

SW

0.655

SW

SW

W

0.1642

W

0.9835

W

0.1642

W

0.8568

W

0.1878

W

0.1241

NW

NW

0.0182

NW

NW

0.7438

NW

0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

0.12

4.29

0.01

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.2658

1.2949

0.5238

0.6893

N

NE

E

SE

S

SW

W

NW

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.3961

1.3745

1.6804

0.9835

0.0182

N

NE

E
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211
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N

0.4233

E
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E
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4.1862

S
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W

W
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SW

NW

NW

W

NW
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      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE
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NE
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E
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E

E

0.1198

E

E
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E
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W
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                       Point 8.3
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Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N
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N
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E

E

E
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SE

SE

S
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S

S
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W
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE
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3.5909
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2.0779

SE
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4.0-5.0 m

N
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N

0.4233

E

1.307
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SE
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SW
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NW

W

NW
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      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m
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0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N
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N
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NE
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W
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0.7438
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                       Point 8.3
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Wind 25 m/s      Point 2.6
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1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW
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NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m
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2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N
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NE

0.97
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E
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E
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E

E

E
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SE
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S
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W

W

W
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W
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N

N

N

N
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E

E

E

E
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0
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0.9835
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571
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0.6375

1.0823
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0.2349
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1.0013
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0.2594
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SE
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SE
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SE

SE

SE

S

0.56

S
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S

0.56

S

0.0301

S

S

SW
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SW

1.6804

SW

0.38

SW

0.655

SW

SW

W
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W
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W
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W
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W
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W
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NW
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0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE
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NE

E

3.5909

E

2.0779

SE

3.2742

SE

3.1881

S

1.1318

S
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SW
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W
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NW

NW

Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3

0.0-1.0 m
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2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE

0.3961

SE
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SE
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S

0.56

S
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S
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S
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1.6804
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W
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W
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W
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W

0.8568

W

0.1878

W
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NW

NW

0.0182

NW
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NW
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NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW
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0.01
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region
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           Lon

           Lat
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE

0.3639

NE

E

3.5909

E

2.0779

SE

3.2742

SE

3.1881

S

1.1318

S

2.2731

SW

SW

0.1799

W

W

NW

NW

Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE

0.3961

SE

0.4476

SE

SE

SE

S

0.56

S

1.3745

S

0.56

S

0.0301

S

S

SW

0.38

SW

1.6804

SW

0.38

SW

0.655

SW

SW

W

0.1642

W

0.9835

W

0.1642

W

0.8568

W

0.1878

W

0.1241

NW

NW

0.0182

NW

NW

0.7438

NW

0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

0.12

4.29

0.01

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.2658

1.2949

0.5238

0.6893

N

NE

E

SE

S

SW

W

NW

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.3961

1.3745

1.6804

0.9835

0.0182

N

NE

E

SE

S

SW

W

NW

0.99

0.97

0.39

0.4753

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

NE

E

SE

S

SW

W

NW

0.3096

0.0301

0.655

0.8568

0.7438

N

NE

E

SE

S

SW

W

NW

0.445

0.9077

0.7601

0.2926

N

NE

E

SE

S

SW

W

NW

0.8571

0.5926

0.1333

0.1878

0.6375

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.0823

0.8183

0.2349

0.1241

0.7981

N

N

N

NE

NE

NE

E

E

E

SE

SE

SE

S

S

S

SW

SW

SW

W

W

W

NW

NW

NW

0.2123

1.7104

2.2231

1.4961

0.0707

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.5685

1.425

1.3259

0.7187

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.42

1.17

1.35

0.86

N

NE

E

SE

S

SW

W

NW

1.0013

0.4411

0.2594

0.9211
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571

0.5926

0.1333

0.1878

0.6375

7.4

1.0823

0.8183

0.2349

0.1241

0.7981

8.2

0.2123

1.7104

2.2231

1.4961

0.0707

8.3

0.5685

1.425

1.3259

0.7187

8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211

Wind 25 m/s      Point 1.1

Wind 25 m/s      Point 1.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

N

N

NE

0.3639

NE

E

3.5909

E

2.0779

SE

3.2742

SE

3.1881

S

1.1318

S

2.2731

SW

SW

0.1799

W

W

NW

NW

Wind 25 m/s      Point 2.2

Wind 25 m/s      Point 2.5

      Point 3.3

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

0.0-1.0 m

NE

NE

N

0.4233

E

1.307

E

NE

0.4793

SE

3.1271

SE

E

0.1954

S

3.6945

S

2.7905

SE

0.1452

SW

1.3877

SW

4.1862

S

0.0304

W

W

3.2256

SW

NW

NW

W

NW

0.1642

      Point 4.2

                       Point 4.6

          Point 5.2

          Point 6.2

          Point 7.3

                       Point 7.4

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

N

N

N

N

0.3096

N

0.8571

N

1.0823

NE

NE

NE

NE

NE

0.5926

NE

0.8183

E

0.1198

E

E

0.1198

E

E

0.1333

E

0.2349

SE

0.4476

SE

0.3961

SE

0.4476

SE

SE

SE

S

0.56

S

1.3745

S

0.56

S

0.0301

S

S

SW

0.38

SW

1.6804

SW

0.38

SW

0.655

SW

SW

W

0.1642

W

0.9835

W

0.1642

W

0.8568

W

0.1878

W

0.1241

NW

NW

0.0182

NW

NW

0.7438

NW

0.6375

NW

0.7981

                       Point 8.3

      Point 8.5

Wind 25 m/s      Point 2.6

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0-3.0 m

3.0-4.0 m

4.0-5.0 m

N

N

1.0013

N

NE

NE

0.4411

NE

E

E

E

SE

SE

SE

S

0.5685

S

S

SW

1.425

SW

SW

0.12

W

1.3259

W

0.2594

W

4.29

NW

0.7187

NW

0.9211

NW

0.01

8.4

                       Point 3.2

      Point 5.1

      Point 6.3

                       Point 8.2

                       Point 8.4

0.0-1.0 m

1.0-2.0 m

0.0-1.0 m

0.0-1.0 m

0.0-1.0 m

1.0-2.0 m

2.0 -3.0 m

0.0-1.0 m

1.0-2.0 m

N

1.2658

N

0.99

N

N

N

NE

1.2949

NE

0.97

NE

NE

NE

E

0.5238

E

0.39

E

E

E

SE

SE

SE

SE

0.2123

SE

S

S

S

0.445

S

1.7104

S

0.42

SW

SW

SW

0.9077

SW

2.2231

SW

1.17

W

W

W

0.7601

W

1.4961

W

1.35

NW

0.6893

NW

0.4753

NW

0.2926

NW

0.0707

NW

0.86

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

0.3639

3.5909

3.2742

1.1318

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

2.0779

3.1881

2.2731

0.1799

N

N

N

N

NE

NE

NE

NE

E

E

E

E

SE

SE

SE

SE

S

S

S

S

SW

SW

SW

SW

W

W

W

W

NW

NW

NW

NW

1.307

3.1271

3.6945

1.3877

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

2.7905

4.1862

3.2256

N

N

N

N

N

NE

NE

NE

NE

NE

E

E

E

E

E

SE

SE

SE

SE

SE

S

S

S

S

S

SW

SW

SW

SW

SW

W

W

W

W

W

NW

NW

NW

NW

NW

0.12

4.29

0.01

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

1.2658

1.2949

0.5238

0.6893

N

NE

E

SE

S

SW

W

NW

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

N

NE

NE

E

E

SE

SE

S

S

SW

SW

W

W

NW

NW

0.3961

1.3745

1.6804

0.9835

0.0182

N

NE

E

SE

S

SW

W

NW

0.99

0.97

0.39

0.4753

N

NE

E

SE

S

SW

W

NW

0.1198

0.4476

0.56

0.38

0.1642

N

NE

E

SE

S

SW

W

NW

0.3096
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013
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0.0
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0.3639

3.5909

3.2742

1.1318

1.3

2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233
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0.5459

6.3
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7.3
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.

                 Coordinate            

                                            Height of Wind Setup, m

Region

Reache

           Lon

           Lat

Dg

Min.

Dg

Min.

     N

NE

E

SE

S

SW

W

NW

1.0

0.3639

3.5909

3.2742

1.1318

0.0

2.0779

3.1881

2.2731

0.1799

2.0

1.307

3.1271

3.6945

1.3877

2.7905

4.1862

3.2256

3.0

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.0

0.1198

0.4476

0.5584

0.3752

0.1638

0.3961

1.3745

1.6804

0.9835

0.0182

5.0

0.8318

0.5579

0.0159

0.0948

0.5459

6.0

0.3096

0.0301

0.655

0.8568

0.7438

0.8571

0.5926

0.1333

0.1878

0.6375

1.0823

0.8183

0.2349

0.1241

0.7981

8.0

0.5685

1.425

1.3259

0.7187

1.0013

0.4411

0.0

0.2594

0.9211

     N

NE

E

SE

S

SW

W

NW

1.1

0.3639

3.5909

3.2742

1.1318
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2.0779

3.1881

2.2731

0.1799

2.2

1.307

3.1271

3.6945

1.3877

2.6

2.5

2.7905

4.1862

3.2256

3.2

1.2658

1.2949

0.5238

0.6893

3.3

0.4233

0.4793

0.1954

0.1452

0.0304

0.1642

4.2

0.1198

0.4476

0.5584

0.3752

0.1638

4.6

0.3961

1.3745

1.6804

0.9835

0.0182

5.1

0.9892

0.9655

0.39

0.4753

5.2

0.8318

0.5579

0.0159

0.0948

0.5459

6.3

0.445

0.9077

0.7601

0.2926

6.2

0.3096

0.0301

0.655

0.8568

0.7438

7.3

0.8571
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0.1878

0.6375
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8.3

0.5685

1.425
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8.4

8.5

1.0013

0.4411

0.0

0.2594

0.9211
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                       Point 7.4
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Table 3.8 Height  of Wind Setup Caused Storm Surge Wind over Different Reaches of the Caspian Sea. 

 

Duration of the Phenomenon 72 hours.

. Wind Velocity 25 m/s.
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