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HYDRO LOGY / Surface Water

In Georgia exists 26 060 Rivers and stream with a total length of 60 000 km.

25 075 rivers with total length 54 768 Km are small (less than 25 km). nourished through:
Precipitation and Swamp; Ground Waters; Glaciers, Continuous Snow.

856 lakes with total area 170 km2, Lakes are River, Shore, Karst, Dike and Landslide origin.
44 reservoirs 12 of them are major reservoirs with total area 107 km?, water volume 2.4 kmg3.

Swamp occuples 225 OOO Ha of the terrltory of Western Georgia. 786 Glaciers with total area — 556
km? | ik .
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Presentation Notes
In Georgia exists 25 075 rivers with total length 54 768 km. They belong to Caspian and Black Sea Basins. More than 17 000 rivers (total length 32 574 km) belong to the Black Sea basin’s they are nourished through:
Precipitation and Swamp – Small Rivers of Kolkheti Lowland, they flow into Black Sea;
Glaciers, Continuous Snow and Rain – Large  Rivers Rioni and Chorokhi are
 abounding in water and have many tributaries;
In Georgia  exists about 856 lakes with total area 170 km2, most of them are very little (total area less than 0.1 km2) and nameless and are located near the border of Turkey. Lakes are River, Shore, Karst, Dike and Landslide origin.

In the Georgia are located 44 reservoirs. 12 of them are major reservoirs with total area 107 km2, water volume 2.4 km3.  

Swamp occupies 225 000 Ha of the territory of Western Georgia. Major factors for the swamp formation are: very low height of Kolkheti lowland, precipitation amount and the waterproof layer nearness to the surface.   

In Georgia exists 786 Glaciers with total area – 556 km2, most strong and huge of them are located in the Great Caucasus Region, which are nourished big rivers of Black Sea Basin.



The regular hydrometeorological observations
in  Georgia started since 1844. Thilisi
hydrological station was established in 1837
year and correspondingly Batumi - 1881 year,
Poti Port - 1894 year. By the year of 1916 about
90 meteorological stations and posts were
functioning and before the World War Il their
number reached 200. Some Meteorological
stations are located in high mountain areas,
difficult to be reached. Among them in Western
Georgia Mamisoni Pass (1932) and in Eastern
Georgia Kazbegi (1933) are the oldest and the
highest meteorological station in Europe.

Until the 1990 the number of Meteorological
stations comprised over 100 and posts — 60,
Hydrological posts-105.

For 2012 the amount of  Meteorological
stations are 33 (22 automatic) and posts — 24, TS D O
Hydrological posts - 20. In frame of SUCOICEC R
Adaptation Fund Project it is planed to install 5
Meteorological  stations, 20 meteorological
posts, and 10 Hydrological stations
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»Most of Hydrometerological data From the establishment of stations until 2006 are
processed, quality controlled and are stored in the Department of Spatial Information —

archive in electronic version and paper based,;

»In 2012 in NEA is implemented WinZPV by the Czech Hydrological Institute to record
river water measurements and various additional information used to analyze various

aspects of the river network system;

»In 2012 in NEA is implemented The CLIDATA system is primary intended for archiving
of climatology data, for the data quality control and for administration of climatology
stations and station observations. The System was designed to replace the old CLICOM

system.
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WinZPV

Version: 2.r310
Release date: 02/24f 202 Stations

Copyright ©2001-2012 Ing. Tomas Rylek, Hydrosoft Veleslavin, spol. sr.o.

Language / jazvk: @ English ) Cesky
Username: % Database: ZPV
Password: Server: HYDHE 1, CHMI. CZ

Module: @ surface waters () ground waters Discowverer

9

Products

Administration

Store password [ | Change password [ Ok ] [ Cancel ]
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Flood forecastmg and Early Warning
systems in Rioni river basin

Legend
D Rioni Basin

- Model Domain Points

Rivers inRioni Basin
* Cross Section Data )
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Presentation Notes
Brief overview of the project to provide the context within which the FFEWS system has been developed

The project is divided into three interdependent components as shown here.  

The first component has as its outcome, the development of robust risk-based floodplain development policy to support climate resilient FRM practices.  Key to this component is the development of hazard and risk knowledge 


Component 1: Floodplain development policy introduced to improve long term resilience to flood / flash flood risks
Hazard Mapping
Floodplain zoning
Revised building codes
Flood insurance scheme
Component 2: Climate resilient practices of flood management developed and implemented to reduce vulnerability of highly exposed communities
Structural interventions including bioengineering solutions
Agroforestry schemes
Community-based adaptation measures
Component 3:  Early warning system in place to improve preparedness and adaptive capacity of population
Rehabilitation and extension of hydrometric monitoring network
Establishment of Flood forecasting and early warning system
Capacity building
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Flood Forecasting & Early Warning System

Elements

Risk knowledge -
based on prior
analysis of likely
impact area

Flood
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communication & I Monitoring,
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public-at-risk Wa rn i ng impending hazard
System

Response
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a priori strategies
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reduce damage
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Effective FFEWS is multi-stage and multi-agency/institution undertaking
Effective FFEWS comprises:
Monitoring, forecasting and warning of impending hazard
Risk information based on prior knowledge of the likely impact area (& size of impact) for the forecasted/impending hazard
Preparedness – a priori strategies and actions that will be required to reduce the damage from the impending flood (e.g. community-based emergency plans to be activated in response to warning)
Communication – times communication of information to authorities and public-at-risk

A successful system requires integration of all 4 components and collaboration and coordination between multiple institutions.
Failure in one component or lack of coordination across them could lead to failure of the whole system.

For this reason the development of effective EWS requires a “shift in thinking” from simple forecasting tools (as EWS were conceived up to late nineties) to a more complex system which, according to the structure identified above, should be designed to provide communities with all the capacities required to reduce expected damages from a hazardous event. 
In other words, the system should be designed for supporting all the decisions during the warning process.
In addition, flood forecasting and early warning should be embedded within a wider warning policy based on a multi-hazard approach as required by the HFA. For this reason, with the exception of the monitoring and warning service, most of the considerations discussed below should be applicable to hazards other than floods.
Well-developed governance and institutional arrangements support the successful development and sustainability of sound early warning systems. They are the foundations upon which early warning systems are built, strengthened and maintained.


HYDROLOGICAL SITUATION IN THE RIONI RIVER BASIN

Total length - 327 km;
Average inclination 7,2%o;
Catchment area 13 400 km?;
S e Average height 1084m:;
. More than 380 tributaries;
R 30 tributaries length 10-140km:

B skuri an

Conditionally the Rioni river basin can be divided into four zones:

The first-upper zone is located above the 3000 m height;

The second zone of the river Rioni basin belongs to the mountain range located between 3000-
1000m height;

The third — foothills zone is located at the 1000-250m:

The fourth zone is located on territory of Kolkheti lowland at the 250-Om height above sea
level.
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Presentation Notes
	Rioni river – the largest river of the western Georgia is originated on the southern slope of Caucasus ridge at the 2620m height of Pasi Mountain foot, the river is inflowing into the Black Sea. Total length of Rioni river is 327 km, average inclination 7,2‰, catchment area  13 400 km², average height 1084m. Rioni is nourished  by the 112 glaciers with 75,10 km² total  area. The swamp occupies about 350-400 km² area. 
 	Rioni river has more than 380 tributaries. The length of seven tributaries varies between 50-140 km, eight tributaries length is 25-50km, 14 tributaries - 10-25 km, and other tributaries length are less than 10km with 720 km total length. The network density of rivers are 0.99km/ km². 
	Conditionally the Rioni river basin can be divided into four zones.
	The first-upper zone is located above  the 3000 m height,  on the south Caucasus mountain system and includes the Great Caucasus ridge from the Naumki (4278.0m) to the Zekari (2180m) summits, as well as the Svaneti and Lechkhumi ranges. There are sharply defined modern as well as ancient mountain-glacial  type relief. The glacier track  is a U-shaped glacial valley with moraine glacial debris, cycle  and other glacial formations.
	The second zone of the river Rioni basin belongs to the mountain range located between 1000-3000m height,  which includes the Eastern part of Samegrelo ridge with Tekhurish-Dudi summit, as well as the southern slopes of Svaneti and Lechkhumi ridges, Racha ridge and northern slope of Surami ridge.
	The third – foothills zone is located at the 1000-250m height and borders to the Kolkheti lowland. Most of the rivers valleys are located at the 200-300 m height and close to the lowland the height varies between 50-150m. The main features of this zone is rivers wide terraces, which along the big rivers develop the flat shore.
	The fourth zone is located on territory of Kolkheti lowland at the 250-0m height above sea level. The  eastern part of lowland is extended 80 km  west from Zestaphoni town  to Tekhuri river mouth, elevation varies from 146m to 8 m. This part of lowland is ruggedness by the rivers, which are meandering and developing the wide bedrock. The rivers are flowing bifurcated, creating the islands, canals and shoals. Along the rivers are sharply figured river terraces. The elevation of  lowland's western part is relatively low and swamped it is extended from the Tekhuri river down stream  to the Black Sea coast. The landscape features are presented by the river bedrock raise over the swamped grove. The rivers are meandering in the lowland and Black Sea mouth and bifurcated (Tskhenistskali, Nogela).






DATAAVAILABLE FOR
HYDROLOGICAL MODELLING

» Catchment Topography;
»Land use;

» Geology and Soil Type
»Hydrometric datasets;

» Rainfall Data

*Design Rainfall
=Catchment Rainfall
*Flow and Level Data
*Temperature data

Rioni Basin Elevation - SRTM Digital Elevation Model




Installed/Rehabilitated 25 new
Meteorological Stations (5) and
Post (20)

6 Old Meteorological Stations and
Post

Temperature and Precipitation
Data imported in XML

10 Hydrological Stations

Water level Data imported in
XML

Scripts developed for the
Importing process.
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The weather and hydrological monitoring network in the Rioni Basin has been strengthened. From 5 weather monitoring stations and three hydrological ones, 20 meteorological posts, 5 meteorological stations and 10 hydrological ones have been deployed. 
Temperature and precipitation information is imported into the forecasting platform every hour. Water level information from the hydrological stations is imported every hour too. All the data is being handled in XML format and in order to facilitate the inclusion of these data into the platform, several scripts have been implemented


Rioni Risk Knowledg

* Flood and landslide hazard mapping

* Develop GIS-based socio-economic
risk and weather index insurance

models

* Develop Weather Index Insurance
Scheme

* Develop Building Codes review and
propose new codes

» Develop Draft floodplain zoning
policy

 undertake Extensive capacity building
In hydraulic modelling and GIS
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One of the first activities that were carried out under this project regarding the FFEWS was a risk knowledge exercise. A risk assessment is one of the first steps that has to be carried out for the implementation of an early warning system. This risk exercise was carried out for different hazards, namely floods and landslides. The information from this hazard exercise was combined with the vulnerability and the elements at risk in order to determine the resulting Risk Knowledge.
Some other activities regarding the risk knowledge were carried out within the framework of this project, such as the development of a ¡weather index insurance scheme, the proposition of new building codes, the development of a draft floodplain zoning policy. 
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Satellite precipitation data is also used within the forecasting platform. This is a good approach in areas with no radar coverage in order to improve the variation of the aerial precipitation. Two main different sources are considered, TRMM/GPM satellite data and MPE data. 
TRMM is Tropical Rainfall Measuring Mission, a joint mission by NASA and JAXA. This mission has been quite successful and most satellite precipitation estimates are based on this. TRMM is finishing though, at the end of 2016 I think. The GPM mission (Global precipitation measurement) is the TRMM continuation mission, also by NASA and JAXA, and it started sending data recently. Built on the TRMM.
MPE (Multi-sensor Precipitation Estimates) is by EumetSAT. This is received by NEA through the antenna, and it is better temporal resolution (15min) and data latency is quite sort (10min). However, processing and importing this data is being quite difficult at this stage and this is being explored right now. 


Forecasting - Overview of FFEWS

approach
“WirEoRolo | | PREVIOUS
. GICAL | FLASH-
i MODELLING i FLOOD/FLOOD
==  aaaa FORECAST
GLOBAL x FLOOD WARNII
METEOROLO BLUEROLOS 4
GICAL ICAL '
Initial MODELLIN REAL TIME
FORECAST Conditions G FLASH-
2 FLOOD/FLOOD
AUTOMATIC i HYDRAULIC FORECAST
STATION CHLIINE MODELLING
DATA
CLIMATOLO
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DATABASE
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This is the whole flood forecasting approach.  Information from different external sources are being used within the modelling framework. Meteorological, hydrological and hydraulic models are implemented within the flood forecasting platform. Warning will be issued depending on the information from a climatological database (thresholds).


There are two different
regional NWP models
implemented by NEA.

QWRF
*COSMO

The COSMO model has
not been operative for
the last year.
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There are two different Numerical Weather Prediction Models in NEA, cosmo and wrf. However, the cosmo model hasn’t been working for quite some time. It seems that the COSMO model is working again now, but there are some problems with the results, and therefore this is not being included in the platform until the model is working OK.
Thus, at this moment, the WRF model forecasting information is being included in the model. The inclusion of the forecasting precipitation is especially significant for the catchments located in the upper Rioni, where flash-flood processes dominates.


Meteorological Forecast - WRF

Precipitation rate @ Ground or water surface

Precipitation rate @ Ground or water surface

/

\

Precipitation rate @ Ground or water surface

Precipitation rate @& Ground or water surface (kgm-2.5-1)
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These are the domains for the three different models. As previously noted, the highest resolution model is being used within the platform at this stage. This is a 3km model that covers the whole of Georgia. The horizontal resolution is considered to be appropriate to consider the local topographic features and local meteorological processes. 


The models are run in a nested way, and therefore, procedures are being set up to use the level 2 domain if the level 3 fails.


Run hydrological model

HEC-HMS is the hydrological
model used

Precipitation data from the
previous exercise used
Precipitation input in pre-
defined catchment locations
Initial conditions from
antecedent runs

Gridded precipitation option
being explored

Model adaptor in DELFT-FEWS

FEWS-Georgiz 100 - Apnl 2015 - (Stand slone)

. Gid Disglay Manual Foracact Foracast Managament Syshem Monior 9
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The hydrological model selected for this platform is HEC-HMS. The precipitation information from the previous exercise is used in order to run this model. This precipitation input is prepared for all the different subcatchments within the model (92 subcatchments). This hydrological model was previously calibrated and validated during the risk knowledge exercise. 

From an operational point of view, initial conditions (hotstart) from antecedent runs are used within the model. The model is run daily, in a continuous way. 
Within the framework, all the necessary data and procedures to run the model operationally are implemented. 

It should be noted that the use of gridded rainfall is being explored at this stage. 


Run hydrodynamic model

MIKE 11 is the
hydrodynamic model
within the platform

Model adaptor in
delft-fews

Water level
information from
telemetry being used
for initial conditions

Water levels

calculated at specified
locations

FEWS-Georgia 1,00 - Apnl 2015 - (Stand alone) |=|o =
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MIKE 11 is the hydrodynamic model within the platform. During the risk knowledge exercise the hydrodynamic model was MIKE FLOOD (MIKE 11 coupled to MIKE 21). In this case a pure 1D approach is used. This is because the use of a 2D model will be unrealistic considering the long run times associated. 

It should be noted that the hydrodynamic model was validated and calibrated for the pure 1D and for the coupled 1D+2D approaches. 

Within delft-fews all the necessary information to run the model operationally is created, using the model adaptor within the platform. 

Water level information from the hydrological stations are being used as initial conditions for the hydrodynamic model. 

The results from this hydrodynamic model is water level and discharge at pre-defined locations. This information is being imported back into the forecasting platform and used for warning procedures. 


System Summary

Flood Mapping

)

MIKE 11 Hydraulic Modt

A

ANTECEDENT
HEC_HMS
MODEL 1 RUNS

ANTECEDENT
HEC-HMS MODEL
2 RUNS

Rainfall
COSMO 7km Forecast :
LOCAL HIDROLOGICA
METEOROLOGICAL ; » L HEC-HMS
MODELLING Rainfall MODEL 1
; Observati .
Initial
‘ o ons Conditi
SATELLITE AUTOMATIC ons
PRECIPITATION STATION ———— Initial
ESTIMATE DATA DATA nitiat
: ) Conditi
| Rainfall ons
’ Observati
WRF 3km LOCAL ons HIDROLOGICA
METEOROLOGICAL » L HEC-HMS
MODELLING MODEL 2
Rainfall
Forecast
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MIKE 11 Hydraulic Mod:
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Flood Mapping
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This is a summary of the whole system, when the cosmo model is working, providing two different sets of outputs
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Presentation Notes
Delft-fews is the flood forecasting platform used. Delft-fews has been selected as the forecasting platform because it can handle data from several sources and it has model adaptors for most commonly used hydrological and hydraulic models. It allows the inclusion of further models in the future with relatively easiness. However, the correct implementation of delft-fews requires the programming of so many different XML files and processes.
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