[image: image2.wmf]
PAGE  
11

Caspian Environment Programme

Caspian Centre for Water Level Fluctuations

Proposal for Setting up a Real-time Flood Surge Warning System 

June 1998

Caspian Environment Programme

Studies for Caspian Sea Water Level Fluctuations

Terms of Reference Nr: CEP/WLF/007
Proposal  for  Setting   up  a  Real-time  Flood  Surge Warning  System  for  the  Caspian  Sea

EXECUTOR:



Dr. Svetlana Shivaryova

Almaty  1998

TABLE OF CONTENTS

4Proposal  for  Setting   up  a  Real-time  Flood  Surge Warning  System  for  the  Caspian  Sea

General ApproacH
8
Establish a Flood Forecasting Centre
9
Establish a hydrodynamic model of the Caspian Sea and get access to on-line meteorological  data
9
Get access to on-line water level measurements
10
Validation of hydrodynamic model
10
Establish operational procedures for processing data
10
Determine how to issue warnings
10
Formulate strategies for contingency plans
11


Proposal  for  Setting   up  a  Real-time  Flood  Surge Warning  System  for  the  Caspian  Sea

In  the  Hydrometeorological   Services  of  Caspian  Sea   States - at  Moskow, Baku, Almaty, Ashgabad  there  are  forecast  subdivisions  attached  to  Weather - Bureau,  being  on  round  the  clock  duty  and  making  the  forecast  on  1-3  days.  The  forecast  is  put  in  the  daily  meteorological  bulletin  on  official  and  Russian  languages.  At  the  same time  the  forecast  is  passed  to  region  forecast  subdivisions.  The  weather  bulletin  for  republic  and  it  regions  contains  the  weather  forecast  on  one  day,  view  of  weather  for  the  last  day  and  the  forecast  about  dangerous  meteorological  phenomenon with  storm  warning  on  the  Caspian  sea.  The  weather  forecast  on  5 - 7  days   is  made  up  once  a  week. It  is  put  to  meteorological  bulletin  also.  

Network  regional  forecast  subdivisions  at  Atyrau  and  Astrakhan  prepare  the preliminary weather  forecasts  on  the  next  days  for  territory  their  regions. These  preliminary  weather  forecasts  are  passed  to  Weather-Bureau  for  co-ordination. After  co-ordination  the  weather  forecast  received  over  the  radio  or  by  the  telegraph  from  Weather-Bureau  is  sent  to  consumers  in  the  form  of   the  meteorological  bulletin  or  by  telephone.

At  Weather-Bureau  the  meteorological  forecaster uses  the  maps  of  pressure  topography  for  850, 700, 500  gPa   that  correspond  to  1,5;  2,5-3,0; 4,5 - 5,5 km  altitude. Moreover  Weather-Bureau  puts  the  forecast  maps   of  pressure  ground  from  24  to 120  hours,  that  come to  Weather-Bureau  from  National  Meteorological  Center, Washington (NMC)  and  maps  from  24  to  144  hours  received  from  European   Center  of  the  Medium-term  Weather  Forecasts  at  Reading  and  maps  are  receiving  through  LACCO. Maps  from  Moscow  come  to  all  Caspian  Sea  regions  by  facsimile  communication.

 The  forecast  of  natural  hydrometeorological  phenomenon   (NHP)  is  most  importance  task  of  the Caspian  hydrometeorological  services.  The  execution  of  this  task  makes  the   governments of  Caspian   Sea   States   to  carry  out  observations  for  weather  and  are  exchanged   by results also.  At  present  criterions  of  NHP    are  established.  Weather  station  is  guiding  by this  criterions  must  to  send  storm  notification  to  forecast  regional  subdivision  about  NHP.

The  service  of  Caspian  Sea   State  population   by  the  weather  forecast  is  carried  out  through  mass-media. The  Caspian   Sea   coastal   zone  is  characterized  by  considerable   set  of  NHP:

1) Particularly  high  rise  of  the  sea  level  and  intensive lowing of  the  sea  level  by  

     surge  wind -inducted;

2) Particularly  strong   wave  of   sea:  breakers,  surf;

3) The   force  of   sea  ices  to  hydraulic  structures  in  the  Caspian   coastal  zone

           during  storm  surges;

4) Appearance  of  sea  ices    in  regions  where  they  is  not observed  usually;

5) Especially  early  formation  of  sea  ices;

6) Powerful   winds   over  the  Caspian  sea;

7) Penetration  of  sea  salty  water  into  a  river  mouths;

8) Particularly  powerful  coastal  streams  and  drift  of  ices;

9) Powerful  submarine  streams  causing   periodical  motions   of   ships to  2 - 4  m;

10) Considerable  fluctuations   of  water  temperature near  the  Caspian   coast.

All  enumerated  NHP  are  observed   on  the  Kazakhstan  coast  of  the  Caspian    Sea   also. 

Storm  surge  phenomenon  -  it  is  phenomenon  of  the  short - period  fluctuations  of  the  sea  level  caused  by  wind  influence.  The  considerable  storm  surge  is  developed  on  the  North  Caspian  sea  part  because  of  spacious  shallows   (banks ), small  slopes  of  the  sea  bottom  and  land  and   of  the  active  wind  influence  on  this  territory  also.  Rising  of  the  water  level  more  than  60 cm  and   lowing   of  the  water  level   more   than 50 cm    are   marked  annually  on  the  northern   coast   of  the  Caspian  Sea.  Level  fluctuations  created  by  storm  surge  have  height  to  5 - 7 m  that  equally  depth   at  this  shallow  part  of  the  Caspian  Sea  because  of  great  wind  cover  between  western   and  eastern  coast. 

Effective   directions  of  wind  causing  rising  of  the  sea  water   are:  for  the  western  Russian coast  of  the  North  Caspian  Sea -  south-eastern  and  eastern;  for  the northern  coast  -  south-eastern  and  south;  for the  Kazakhstan  eastern  coast  -  south-western  for  deltas   of  the  Ural  river  and  the  Emba  river,  western  and  south  western  for  area  from  mouth  of  the  Ural  river  to  the  peninsular  Buzarchy.  The  most  significant  storm  surges  with   sea  water  height  more  than  3 m  it  is  possible  to  be  on  the  western  coast;  from        2 m  to 3 m  -  on  the  eastern  coast,  from  1m to  2 m  -  on the  northern  coast.

The  very  large  storm  surges   are  accompanied  by  preliminary  “swinging“  of  water  surface  on  account  of  precede  water  lowing  or  water  rising   effected   by  wind.  In  the  first  case   wind,  causing   the   lowing   of  the  sea  level,  has  an  effect   1-2  days  before  the  maximum  of  the  sea  level  rising   and  then  it  is  turn  into   powerful  wind,  causing   the  rising   of   sea   water.   Rising  of  the  sea  level  on  the  Caspian  Sea  include  two   components:  recovery of  the  sea  level  after  the  water  lowing  and   the  rising   of  water  inducted  by   wind.  In  second   case  the  two   consecutive   rising   of  water   work:  at  first  - lesser, “swinging“ of  the  water  level,  then  in  1 - 2  days  the  large  rising  of  water  is  formed  after  second  intensification  wind  effect.

The  most   powerful  storm  surges  with  catastrophic   consequences   were  marked   on the north-eastern coast and  the  Volga  river  delta    in  November,  1952  from the 10th  to the  13th    with  storm  winds   of  eastern  and  south  -  eastern  directions.  Double   storm  surge  was   formed   by  eastern  and   south-eastern   wind   from   eastern   part   of  the  North   Caspian   and   by  south-eastern   wind   from  middle  part   of  the  Caspian   Sea.  Wind  velocity  over  the  Caspian   North  part  was  more  15 - 18  m/s and  26 - 28 m/s   on the 12th   November. Maximum  wind  velocity -  to  34 - 40 m/s was  observed  at  Makhachkala.  Height  of  storm  rising  of  the  sea  level  mounted  to  4,2 m near Kaspijsky  settlement,   to  3 m  near  Brjanskaja Shoal,  to  3,7 m  at  Kizlarsky  Bay,  to  1,5 m  at  the  northern  part  of  the  Caspian  Sea.   Intensity  of  the  sea  level  rising  was  30 cm/ hour. This  storm  surges  caused  huge  damage.  Flooding  area  reached  17000 km2.  In  the hollows   water  flow  ran  with velocity to  5-7 m/c  and  had  height  from  1,5 m to  2,0 m.  Frequency  of  the  likeness storm  surge  is  equal  to  once  the  150-200  years.

Considerable  storm  surges  along  the Kazakhstan coast of the Northern Caspian Sea depend from direction and velocity of wind, depth, morphometrical characteristics of bed and coast, vegetation  and  discharge  Ural  river.  Storm surges are characterized by height and intensity of water level change, continuance   the water level rising and  its  recession. Hydrographs of water levels during of storm fluctuations on the Northern Caspian Sea have one peak (of short duration) and many peaks (most duration).

The most high storm surge was fixed from 1 to 8 May, 1990. It mounted to 2,4 m.  This storm surge was catastrophic for all Kazakhstan coastal zone and damaged for an economic of  Kazakhstan Republic. It was volunteered  by cyclone activity in this region, that caused intensification of storm wind over the Caspian Sea. A dispersion of the atmosphere flows over the Caspian Sea and thermal contrasts of air masses created conditions for cyclogenesis on the Mediterranean sea front In  particular  the  front  waves  in  the  Caucas  region  developed  to  unactive  cyclone between  south of  the Ural  region  and  delta  of  the Volga  river.  On  high  this  storm  surge  is  a  large  surge  of  rare  frequency.  It  is  one peak  storm  surge  with  big  intensity  of  rise  level (25 cm/h) and  little  duration. 

Increased water levels will cause flood damages to areas, which have not been subject to flooding in the near past. For prediction of future storm surge water levels and wave conditions it is thus not sufficient with analyses of historical data. Hence, it is required to establish a hydraulic model of the Caspian Sea with focus on the Northern Caspian  coast.

For the period of long standing observations number of storm surges more then 40 cm was from 3-5 to 15-20 in year. Inside of a year the storm surges have the largest frequency and maximum height by spring and autumn (Fig. 1).

Figure 1  Statistic of Storm Surges in 1940 -1997 Period on the Northern Part of the Caspian                  Sea
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If the sea  background  level continues rise the potential new flood prone areas will include areas of major importance for the national economy, such as large urban centres, infrastructure and oil fields. Hence, there is a need to make assessments of future flooding risks in terms of areal extent and depths of  inundation. Such assessments should be made for alternative design assumptions regarding flood protection works as well as for alternative estimates on the future developments of the Caspian Sea level.

The flood damage may be reduced by two fundamentally different means: flood protection works and  flood fore​casting and warning. At present no comprehensive and reliable storm surge warning system is in operational use. Hence, there is a need to es​tablish an operational system for real-time forecasting of storm surges due to wind setup and for using such forecasts for civil warning. Furthermore. it is required to develop strategies for contingency plans for flood events.

The existing network of hydrometeorological stations along a coastline of the Caspian Sea has deteriorated during the past years. At present the Kazakhstan part of the Caspian 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). Furthermore all stations are manually operated an data communication lines are ineffective and unreliable. Thus, there is an urgent need for improving the observational network. It  is  necessary for real - time storm surge warning  the  network stations should be automatic, with real-time reporting of data.

The only reliable method of transmitting data from the very remote stations is using of  satellite telemetry based upon one of the international and geostationary satellite systems. This system is the equatorial, geostationary METEOSAT weather satellite operated by EUMETSAT, Darmstadt, Germany. 

The use of  METEOSAT may be obtained free of charge provided it is WMO sup​ported. Being a meteorological weather satellite it may, however, emerge, that the use of METEOSAT can only be authorised if the data are useful for weather forecasting. To accommodate this a barometric pressure and air temperature sensor can be added to the water level reading. Data transmitted via METEOSAT may be received in Almaty either on dish or they may be retrieved by a telephone dial-in service from Germany. The base station and satellite receiver shall be installed in the Flood Forecasting Centre at KazHYDROMET in Almaty. 

The display of the incoming data  must  to include  a  text and graphical display and display of the field station's housekeeping parameters. Latter the base station operator shall  have to identify any malfunction and  to  initiate corrective action. The  data incoming via direct cable or modem to other users must be incorporated for routine work  also.

General ApproacH 

Creation  an operational storm surge model for the coast of North Caspian includes the following tasks:

· Establish a Flood Forecasting Centre;

· Establish a hydrodynamic model of the Caspian Sea and get access to on-line meteorological data; 

· Get access to on-line water level measurements;

· Validation of hydrodynamic model;

· Establish operational procedures for processing data; 

· Determine how to issue warnings;

· Formulate strategies for contingency plans.  

Establish a Flood Forecasting Centre

It is recommended to establish the Flood Forecasting Centre at KazHydromet in Almaty. The Centre should be established in a separate office, but still in close connection with the present meteorological forecast Centre. 

Establish a hydrodynamic model of the Caspian Sea and get access to on-line meteorological  data 

KazNIIMOSK adapted the hydrodynamic Danish module MIKE 21 for the Caspian sea. Now in KazNIIMOSK the meteorological input to the model was established by digitisation of synoptic meteorological maps - a very time consuming work. For an operational set up, therefore data is needed directly in digital form which can be transferred via a data link from the meteorological forecast model to the hydrodynamic forecast model.

The quality of the meteoro​logical input to the hydrodynamic model is crucial for establishing a forecast system. Therefore different meteorological institutions such as Moscow, Reading and Washington will be contacted to be able to determine which meteorological data is best suited for the model. A number of key elements will be examined like spatial and temporal resolution of data, forecast length, possible time of reception in Kazakhstan, institutional commitments etc. An agreement of data exchange should be established between the selected institution and KazHydromet.

Today  KazHydromet receives meteorological forecasts (produced in Washing​ton and Reading for example) from Moscow. These data have a poor spatial resolution and are received very late (9 hours after time of forecast).

The actual data necessary for the hydrodynamic model is atmospheric surface pressure and wind (speed, direction) 10 meters above sea level for the whole Caspian Sea. Better resolution (time and space) of the digital maps the better flood forecast can be made.

The flood forecast will be produced once a day by the duty forecaster. The actual forecast length can be from 36 hours to 5 days depending on the meteorological forecast available. Every day a 24 hours hindcast will be made  by  forecaster to update the state of the Caspian Sea from the previous day. This hindcast will be based on meteorological analyses which have been assimilated with measurements to reflect the true meteorological conditions.

Get access to on-line water level measurements

It is impossible to make a perfect daily update of the sea state by running a hindcast based on meteorological analyses. This is because there will always be errors/inaccuracies in the meteorological analyses as well as in the hydrodynamic model. For the duty forecaster, it will therefore be of great importance to have access to on-line water level measurements from selected positions in the Caspian Sea. From these measurements it is possible to improve the short term forecast (0 - 24 hours).

Necessary data links must therefore be established for transferring on-line water level measurements from the Caspian Sea stations to the Flood Forecasting Centre in Almaty.

Validation of hydrodynamic model

Although, the hydrodynamic model has been validated in KazNIIMOSK, it will need to be validated again together with the meteorological data to be received on-line. This is to avoid errors due to systematic difference between the digitised meteorological maps and the on-line meteorological data.

Establish operational procedures for processing data

Operational procedures for processing all the data should be established and im​plemented on the computer in the Flood Forecasting Centre. This includes pro​cedures for treating transfer of on-line data (meteorological analyses/forecasts, water level measurements), preparation of input data to the hydrodynamic model, quality check of input data, running the flood hindcast/forecast, ex​traction of necessary output for preparation of final flood forecast.

Not all quality control can be made automatically, and therefore a number of plots/figures should be made, which the duty forecaster will examine as part of the general forecasting procedure.

Determine how to issue warnings

After the flood forecast has been made, it is the responsibility of the duty forecaster to quality check the forecast and issue the appropriate warnings.

Will be to determine when to issue a warning i.e. which criteria should be exceeded before the forecaster should issue a warning. As an example, such a criteria could be that a warning should be issued if the forecasted  water level at Peshnoi within the next 36 hours exceeds 0,5 meter. Different criteria could be set up for different risk areas along the coast.

Different types of warnings can be issued to the risk areas (e.g. warning levels A, B and C) which reflect an increased risk depending on the forecasted extreme water level and when it will occur.

Warnings can be issued on-line, by fax or  telephone.

A plan of all locations (authorities) to be warned, related warning criteria,  type of warnings and warning method will be established as part of  the CEP.

Formulate strategies for contingency plans

In close co-operation with the involved authorities, strategies for contingency plans will be formulated. The plans should be made to avoid loss of human life, minimize loss of cattle and other livestock and to enable individuals and companies, e.g. oil producers, to remove equipment from threatened areas. 
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