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1 Introduction

The Drin-Buna river basin is located in the South Western Balkans. The river basin is shared between
Albania, Greece, Macedonia, Montenegro and Kosovo. Sub-basins are formed by the Black Drin, the
White Drin, the Buna (Bojana), as well as the lakes Prespa, Ohrid, and Shkodér. In addition to these
natural lakes, the Drin water basin includes several reservoir cascades. According to the ToR for this
study, the system is threatened by river bed depletion and already noticeable effects of climate
change, e.g. longer droughts and more frequent floods.

According to the ToR, the riparian countries are “aware of the threat and the necessity for
adaptation activities. Climate change investigations indicate that already emerging meteorological
and hydrological trends are going to intensify. By instance, Albania is likely to experience an increase
of temperatures of up to 6 degrees Celsius, an accumulation of intense rain periods, the reduction of
recharge into to the Drin basin, as well as a higher risk of floods. Macedonia fears the loss of the
alpine belt within the next fifty years as well as more droughts and floods in general. A sharp
decrease of available water resources is expected. Also Montenegro will probably see less
precipitation and more intense rain- and drought periods. Additionally, an increase of floods is
expected due to extensive snow melting. At this stage there is no such reliable data yet for Kosovo,
due to the lack of a National Communication.”

“In order to work contra the effects of climate change on a regional level, a number of important
multilateral agreements have been taken and conventions adopted. Particularly relevant in this
context are “the Belgrade Initiative on Climate Change”, the “South East European Climate Change
Framework Action Plan for Adaptation” (2008, Albania, Bosnia and Herzegovina, Macedonia,
Montenegro, and Serbia), the “Joint Statement by the Participants in the Ministerial Meeting -
Climate Change Research for Environmental Protection, Adaptation and Risk Reduction” (Serbia
2011) and the “Drin Declaration” (2011, Albania, Kosovo, Macedonia, Greece).

The project “Climate Change Adaptation in Western Balkans” aims at strengthening the adaptation
capacities of the five countries Albania, Macedonia, Montenegro, Kosovo and Serbia in
correspondence to the above described climate change forecasts.”

A major component of the project is the establishment of a flood early warning system in the Drin-
Buna Basin (DEWS) with special emphasis on the lower Drin and Buna.

Basically, a comprehensive flood early warning system is made up of the following components
which must be integrated if the system is to operate effectively:

¢ Availability of long-term series of historical hydrometeorological data for the initial calibration
and validation of the combined hydrological-hydraulic model to be used for the forecast.

¢ Continuous monitoring of actual hydrometeorological data of the whole river basin, online
transmission of data to a central data base.

e Data base management including plausibility and consistency checks; database can be
integrated into a water information system including further statistical processing tools , geo-
data of the basin and modeling tools.

e Quantitative meteorological forecast (rainfall, temperature, wind, sunshine duration, radiation
etc.).

¢ Forecast of flood hydrographs, water levels and inundated areas by combined hydrological and
hydraulic modeling of the whole river basin.



e Interpretation of the forecast; construction and dissemination of flood warning to crisis
management actors, involved agencies and concerned residents; communication with actors,
residents and media.

¢ Review of the flood early warning system after flood events.

The reasons for developing such a DEWS are as follows:

One of the consequences of climate change is the increasing flood risk and its corresponding
potential of flood damage in particular in the lower Drin-Buna basin. Presently there does not exist
any comprehensive flood early warning system for the lower basin or regional flood warning systems
in riparian countries of the middle and upper Drin river basin. Up to now, only fragments of national
early warning systems exist in Albania and Montenegro while in Macedonia and Kosovo no activities
in this regard have taken place. Considering the future climate change impact on the water balance
in the transboundary Drin-Buna basin and the increasing importance of water utilization — in
particular for hydropower generation - such an integrated operational system will become even
more essential already for the close future.

In the past, in particular the Lower Drin-Buna river basin was exposed to severe floods. The high risk
of flooding is partially caused by geological changes 150 years ago which diverted the flow of the Drin
River to join the Buna River flowing out from the Shkodér Lake at the village of Bahgallék. The
hydraulic capacity of the actual downstream river bed and its natural flood plains allows passage of
minor floods only. Medium to larger floods led to severe inundations and flood damage in the past.
In particular in December 2010, enormous inundations along the lower Drin basin and vicinity of the
Shkodér Lake caused considerable flood damage. In general, dam authorities being responsible for
hydropower generation — like for the reservoir cascade of the Lower Drin in Albania - favor reservoir
operation rules which aim at keeping high reservoir water levels all over the year. This constellation
does not increase the downstream flood risk of natural floods unless high amounts of stored water
are released in order to reduce the reservoir water level as a precautionary measure for
preparedness of increasing reservoir inflow. If the dam is operated as a multi-purpose dam including
flood protection for downstream areas, the operation rules include a flood retention space which has
to be made available to intermediately store inflowing floods during the rainy season. Such an
operation could reduce the annual energy production. If the operation according to such a rule is
based on a reliable forecast of the reservoir inflow, the losses of hydroenergy production can be
minimized and the utilization of flood retention space of the reservoir cascade can be optimized in
order to reduce the downstream flood damage. Consequently, development and operation of a
DEWS requires a close collaboration between DEWS developers and operators as well as dam
authorities.

As mentioned above, the exchange of hydrometeorological (HM) data and flood forecast information
between the riparian countries seems to be lacking. Even inside Albania and Macedonia, which have
reservoir cascades systems in the Drin basin, the exchange of relevant data between governmental
water authorities and dam operating agencies does not work well. Obviously, the dam operators are
using their own real-time data network but do not deliver flow data to the HM services in time. On
the other hand, only a few ground stations of the HM services are equipped with automatic data
recording (data logger). Online data transmission is missing with the exception of some hydrological
stations located in Montenegro and one hydrological station located in the Albanian subbasin.



Above statements clearly support that the DEWS should cover the whole basin including the Buna
river catchment with the lake Shkodér and its lake catchment. Consequently, the nomination of “Drin
flood early warning system” respectively the abbreviation “DEWS” covers the whole Drin-Buna river
basin in this Assessment Study report.

For the rivers, lakes and reservoirs, consistent names were chosen, mostly according to international
nominations. Otherwise the quality of reading the report would suffer, if double or triple
nominations for the same river are used just in order to account for each language spoken in the
riparian countries.

2 Methodology and Tasks of the Expert Team

In the framework of this project, a regional round table on a “Flood Early Warning System for the
lower Drin Basin” was organised in Tirana in September 2012. One of the outcomes of the round
table was the necessity to establish an expert team to study the gaps and needs for establishing a
flood early warning system. The recruited expert team consisted of two international consultants
(Prof. Dr.-Ing. Giinter Meon, Germany and Dr.-Ing. Matthias Patsch, Germany) and national
consultants being associated with the hydrometeorological services of the riparian countries Albania,
Kosovo, Macedonia and Montenegro. Team leader was Gilinter Meon. Information was also
exchanged between representatives of the World Meteorological Organization (WMO) and of the
European Commission Joint Research Center (JCR) in charge for the European Flood Awareness
System (EFAS).

With the support of the national experts and GIZ, the international experts performed the following
main tasks:

— Visit of relevant institutional providers of hydro-meteorological information in Albania,
Macedonia, Kosovo and Montenegro.

— First inventory of the existing hydrometeorological, flood forecast and warning conditions (gaps
and needs) with regard to a functioning DEWS.

— Pre-design of the (overall) DEWS for the lower Drin Basin as well as of the upgrade of the
national HMSS to contribute to the overall DEWS.

— ldentification of steps to be taken for the integration of the DEWS in the European Flood
Awareness System (EFAS).

— Workshop in Tirana from 12-13 February, 2013: Persons from all relevant institutions involved in
the project participated and discussed the Draft report “Assessment Study for Gaps and Needs
in Establishing a DEWS”, prepared by the international consultants.

— Final report including additional knowledge gained at the workshop.

3 The Drin-Buna River Basin

Figure 3.1 was developed by the international experts on the basis of a digital elevation model using
SRTM data. It shows the international Drin-Buna river basin which extends over Albania, Macedonia,
Kosovo and Montenegro. In Figure 3.2, the downstream river system is displayed in more detail. This
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figure is taken from the final report — The flood Risk Management Plan for the Lower Drin & Buna
River Basin (Mott MacDonald 2012). In dependence on the assigned subbasins, the catchment has
the following size (rough values, source: Wikipedia and others):

Whole Drin-Buna basin 19.700 km?
Whole Drin-Buna basin without | 17.200 km?
lake Prespa subbasin
Buna basin without Drin basin 5.200 km?

(5.500 km? acc. to Mott
McDonald, 2012)

Whole Drin basin without Buna | 14.500 km? (14.173 km® acc. to
basin Mott McDonald, 2012)

Table 3.1: Catchment size of Drin-Buna river basin

The following short description of the basin is directly taken from the Mott MacDonald report (2012):

“The catchment area is estimated to be 14,173 km” with a length of 285 km. The river originates
from Lake Ohrid and Lake Prespa in Macedonia where it is called the Black Drini. The upper
catchment of the Black Drini drains areas in Greece, Albania and Macedonia.

The Black Drini river leaves Lake Ohrid and crosses into Albania between Debar and Peshkopi.
Further downstream, the White Drini river, which originates from Kosovo, converges with the river
Drini west of Prizren.

The White Drini rises in Kosovo. It has a length of about 136 km which drains a karstic region of
nearly 4,964 km? within Albania and 4,360 km? in Kosovo with a mean elevation of 862 m. The
catchment is largely covered by forestry although recently this has decreased as a result of
deforestation. Rainfall is highly variable and an annual average of up to 1500 mm is reported. Peak
flows in the upper reaches generally occur in May as a result of snowmelt. In the lower reaches peak
flows occur between November and February as a result of the seasonal rainfall pattern.

The Gjadri and Kiri rivers join the Drini downstream of the Vau Dejés dam and have catchment areas
of 200 km2 and 264 km2 respectively. Further downstream the Drini converges with the outflow
from Shkodra lake and becomes the river Buna which flows south westwards to the Adriatic Sea.

In the past, the paths of the River Buna and River Drini were separate. However, since the natural
diversion of the River Drini some 150 years ago, the original channel of the Drini, leading south to the
city of Lezha, carries only a relatively small discharge. Most of the Drini flow now joins the Buna river
just downstream of the Shkodra lake and continues as a single river along the border with
Montenegro until it enters the Adriatic Sea at Ada. Lake Shkodra is the largest lake in the Balkan
Peninsula in terms of water surface area. The largest river flowing into the lake is the Moraca river
which passes through the capital of Podgorica. The lake has a catchment area of about 5,500 km? (of
which 80 % is in Montenegro and 20 % in Albania) and the surface area varies between 353 km? in
dry periods and 500 km2 in wet periods (at maximum level, 67% is in Montenegro and 33 % in
Albania). Its volume varies between 1.7 km® in dry periods to 4.0 km® during wet periods. The
maximum length is 44 km and its greatest width is 13 km.”
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Figure 3.1: Drin-Buna river basin; map was processed from a digital elevation model derived with
SRTM data (Source: Meon)
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Figure 3.2 : Lower Drin river and Buna river (Source: Mott MacDonald, 2012)
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In Figure 3.4, the Drin-Buna river basin system is displayed as a complex water system including the
natural lakes Prespa, Ohrid and Shkodér and all reservoirs. Of high importance for the downstream
flow regime is the reservoir cascade located in Albania. The reservoirs are used for hydroelectric
energy production. Details about additional utilization purposes like flood protection are not
available to the expert team for the time being. The Macedonian subbasin, too, contains several
reservoirs being used for water supply, flood protection and hydropower generation. The flow
regime through the southern Macedonian reservoir system is influenced by the dampening effect of
the Lake Ohrid. The outflow from the Debar reservoir passes the border to Albania. After the
confluence with two Albanian tributaries, the river is called Drin.

Flow contribution from the Montenegrian subbasin into the lower Drin-Buna river is, in general,
dampened by the large Shkodér lake. In case of extreme rainfall covering most of the Drin basin, the
outflow capacity from the lake to the lower Drin resp. Buna can be reduced, if — at the same time - a
high flood water level of the lower Drin river occurs. As a consequence, the lake water level rises up
and may cause inundations along the lake shore. Even backwater effects can occur along the Moraca
river flowing into the upper lake Shkodér, as observed in 2010. An example of the complex flow
situation under extreme conditions is given in Figure 3.3, which is taken from Mott MacDonald
(2012). It shows the outflow from the lake Shkodér into Buna and the Drin flood hydrograph
downstream of the Vau Dejés reservoir (upstream of the confluence with the Buna river) during the
2010 flood. The hydrographs had been recorded (Drin) or re-calculated (lake outflow) based on the
recorded lake water level. According to this figure, the outflow from the lake Shkodér was first
reduced probably because of the high discharge resp. water level in the Drin river. With decreasing
flow in the Drin river, the outflow from the lake increased.
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Figure 3.3: Flood event in December 2010: Drin flow downstream of Vau Dejés reservoir and outflow
from Shkodér lake (Source: Mott MacDonald, 2012, Fig. A.10)
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4 Relevant documents and activities related to the Drin-Buna River Basin

In the following, documents providing information for the project, or activities interfering with the
project are briefly compiled:

WMO (2012): The study report is entitled “Strengthening multi-hazard early warning systems and
risk assessment in the western Balkans and Turkey: Assessment of capacities, gaps and needs.”
Regional Programme on Disaster Risk Reduction in South East Europe Activity 2. DRR-SEE-1 (2012),
ROE-2 (2012).

The study refers to Albania, Bosnia and Herzegovina, Croatia, Macedonia, Montenegro, Serbia and
Turkey. Each country was analysed with regard to its

— vulnerability to hydrometeorological hazards,
— institutional framework of disaster risk reduction,
— technical capabilities of hydrometeorological services to support disaster risk reduction.

Based on this analysis, technical recommendations to strengthen the national hydrometeorological
services in support of disaster risk reduction were given.

The report provides valuable information which is aggregated for each country in total. Details about
the hydrometeorological data network and data acquisition of the Drin subbasins of the riparian
countries are not available in the report.

Mott MacDonald (July 2012): The study was performed for the Albanian General Directorate of Civil
Emergencies. The study report is entitled: “A post-disaster comprehensive flood risk assessment &
management study. Final Report — The flood risk management plan for the lower Drini & Buna river
basin”.

The study contains first a thorough inventory of the flood catastrophe which occurred in December,
2010, at the lower Drin-Buna basin, around the Shkodér lake and in the submerged flood plains of
the Moraca river, which flows into the Shkodér lake from the Montenegrin watershed. The study
comprises hydraulic modeling and detailed information about the flow regime in the lower Drin basin
which is exposed to a high risk of flooding. The report provides well- elaborated recommendations
about effective flood risk assessment and management in the study area.

The “Drin Dialogue”: The following information was processed from http://www.gwp.org/GWP-

Mediterranean/gwp-in-actionl/News-List-Page/Drin-River-Basin-agreed-at-high-level/ and other

related documents available in the Internet. The Drin Dialogue was set up in 2009. It is a structured
consultation process that aims to develop a shared vision among riparians and stakeholders for the
sustainable management of the Drin Basin. The Drin Dialogue is facilitated by UNECE and the Global
Water Partnership-Mediterranean (GWP-Med) using the platform of the UNECE Convention on the
protection and use of transboundary watercourses and international lakes (Water Convention), and
the Petersberg Phase |lI/Athens Declaration Process. It is part of the work programmes of the
Mediterranean Component of the EU Water Initiative (MED EUWI) and the GEF MedPartnership and
is financially supported by the Swedish Environmental Protection Agency. The Drin Core Group, with
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representatives from all riparians, has guided the process to establish the Shared Strategic Vision for
the sustainable management of the basin.

On 25 November 2011 in Tirana, the five Drin river riparians signed a “Memorandum of
Understanding on a Shared Strategic Vision for the Sustainable Management of the Drin River Basin”
for the benefit of about 1.5 million people relying on the water resources of the basin for drinking
water, agriculture, fisheries, industry and hydropower.

Recent floods, in particular, have highlighted the need for closer transboundary cooperation.
Ministers and Deputy Ministers responsible for water issues from Albania, Greece, the former
Yugoslav Republic of Macedonia, Kosovo (UNSC 1244) and Montenegro signed the Memorandum,
which represents a significant step forward in the development of transboundary cooperation in the
Drin Basin. The Drin Dialogue process which was set up in 2009 to look into the many competing
interests and challenges the Riparians are facing and which led to the signing of the Strategic Vision,
is facilitated by the United Nations Economic Commission for Europe (UNECE) and the Global Water
Partnership-Mediterranean (GWP-Med); the UNDP provides technical support. The process for the
enhancement of the transboundary cooperation in Drin had been initiated already in 2006 with the
assistance of the German Ministry of Environment and GEF IWLEARN. Competing uses for the water
resources of the basin are addressed. Hydropower is of particular importance, with major dams and
associated power stations in the former Yugoslav Republic of Macedonia and in Albania, where
hydropower accounts for more than 85 per cent of the total electricity supply. In addition, the basin
faces a number of threats to its water quality, such as pollution mainly from agriculture and
discharges of untreated wastewater from cities. The exceptional biodiversity and endemic species of
the Drin Basin are also under threat without improved and coordinated management of the
ecosystem. The Shared Strategic Vision identifies the challenges at the transboundary level such as:

— Improving access to comprehensive data and adequate information

— Developing cooperation and measures to minimize flooding

— Improving management and appropriate disposal of solid wastes

— Decreasing pollution of nutrients and hazardous substances such as heavy metals and pesticides
— Minimizing the effects of the building of dams and other changes of the water system.

The Shared Strategic Vision includes specific objectives in the short, medium and long term and
institutes the Drin Core Group with representation from all riparians to manage its implementation;
GWP-Med has been entrusted the Secretariat of the Drin Core Group.

The “Dam Safety Project” in Albania (e. g. http://www.kesh.com.al/content.aspx?id=4&idd=27): The
dam safety programme has been designed as multi-donor programme with independent, logical
investment packages to be financed by World Bank (WB), Kreditanstalt fiir Wiederaufbau (KfW) and
Switzerland.

A “National Centre for Forecast and Monitoring of Natural Risk” has recently been established at
the Institute of GeoSciences, Energy, Water and Environment (IGEWE in English; IGJIEUM in Albanian
language), Tirana, with the help of the Italian CIMA Research Foundation (CIMA, 2012). The centre
was inaugurated in July, 2011 and is now operational at the IGEWE headquarters. Present main tasks
are the implementation and operation of early warning systems for wildfire (RISICO) and floods
(Flood-PROOFS) as well as personnel training. The international experts paid a visit to the centre in
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December, 2012. Based on a first information exchange with the highly qualified experts at place, the
operational centre seems to be well equipped with IT components. The implemented software
Flood-PROOFS (Flood-Probabilistic Operational Forecasting System) stems from ltalia. The software
consists of a fully distributed hydrological model which covers the whole Drin basin without the lake
Prespa subbasin of about 17.200 km” A calibration of the model with long-term series of
hydrometeorological data of the whole basin was not presented. Obviously, precise hydraulic
modeling of inundation areas using the hydrological output is not yet included, a hydraulic model is
going to be built up in the close future.

For the time being, Flood-PROOFS suffers on missing real-time meteorological and hydrological data.
Presently, only very few online station data are transmitted to the centre. The numerical
meteorological forecast required as an input into the hydrological model seems to stem purely from
international forecast models. An adaption of the international meteo forecast data to the region
with the help of regional online ground stations and radar is not yet part of the data processing for
flood forecast.

Despite of above deficits, the center could be the ideal location for the operational centre of the
DEWS.

5 Inventory of Hydrometeorological Infrastructure and Data Utilization in
Macedonia

The inventory of the hydrometeorological infrastructure and data utilization in Macedonia with focus
on the Drin/Drim basin is based on an extensive information exchange between the international
experts and the local expert as well as field trips, visits of the institutions listed in Annex 1 and on a
literature review of available documents.

5.1 Organization of the Hydrometeorological Service (HMS) and other Institutions
involved in the Drin/Drim River Basin Management

Figure 5.1 shows the actual structure of the HMS. In Table 5.1, the number of employees and their
educational background are listed. The by far largest number of staff is assigned to the
meteorological sector, whereas only a few staff members belong to the hydrometric and hydrological
sector.
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Field and education
X Hydrologists X =
Branch / Meteorologists Others - High School and Faculty (@)
—|
responsibility Weather Weather ,E
Meteorology Hydrology Meteorology Hydrology Other sectors
Forecast Forecast
T E T E T E HS F HS F HS F HS F
Observation 9| 1 | 4] s 4 2 0 2 0 0 1 0 0 o | &
network
Data management 3 1 3 2 2 0 0 0 0 0 0 0 0 0 11
Weather modeling 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Weather
. 0 5 0 0 0 0 0 0 0 0 0 0 0 0 5
forecasting
Hydrological
modeling 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
&forecasting
Hydraulic
modeling & 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
forecasting
Research & 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Development
ITpersonnel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Others 1 2 1 3 3 2 13 3 0 4 7 9 24 17 89
TOTAL 23 9 52 10 9 4 13 5 0 4 8 9 24 17 187

T-Technician E- Engineer HS-High school F-Faculty

Table 5.1: Personnel of HMS Macedonia

5.2 Hydrometeorological Monitoring and Available Data Series
5.2.1 Hydrology

Figure 5.2 shows the hydrological, meteorological and rainfall stations located in the Drin/Drim basin
of Macedonia. Details on the type of station and data transmission are given in Annex A 2.1.
Furthermore, the available data series were checked for gaps. Results are given in Annex A 2.2.

A first analysis shows that about 9 hydrometric stations are presently operated in the Drin river
system, 7 are located at the lakes. Data are transmitted as manual lists via post. The water level data
recorded at rivers are transformed into flow data in the HMS headquarters with the help of existing
rating curves. According to the local expert, the rating curves need to be updated with the help of
flow velocity measurements. Available current meters for flow velocity measurements need to be
maintained or replaced by new ones, an ADCP equipment for direct flow measuring is not available.
Presently the stations are not equipped with automatic recording and online transmission systems.

Some of the available time series of daily discharge exhibit considerable gaps. A number of stations
stopped operation since about 2003. Information about the water level series of the lakes was
obtained for Lake Ohrid (1951-2010) and Stenje (1951-2010).
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Figure 5.2: Hydrometeorological stations located in the Drin/Drim basin and operated by the HMS
(additional stations near dams are operated by dam agencies) (Source: V. Stojov, HMS
Macedonia)
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5.2.2 Meteorology

About 31 precipitation stations and 7 meteorological stations are listed in the tables obtained from
the national expert. Around 20 of all seem to be operated for the time being. Two of the
meteorological stations are automatically operated since 2010 respectively 2011. The precipitation
data are transmitted via post. The data from the meteorological stations are transmitted via post,
internet and/or telephone. Earliest recording of data started in the 40s of the last century, many
series extend over 60 years.

5.3 Data Management and Data Quality

The following information is processed from the local expert’s contribution. In Table 5.2, information
on data bases is summarized.

Type of data base Period of data storing | Comments
(e.g. availability, utilization, etc.)

Meteorological domain

Excel data base Since 1996 for
practical use
WISKI data base -- Not in use
Paper documents From 1947
CLIDATA 01.01.1961-31.12.2011 CLIDATA installed in 2001
Others -

Hydrological / hydraulic domain

Excel data base From Since 1996 for practical use
01.01.1951 until 31.12.2010

WISKI data base -- Not in use

Paper documents From Digitalization of old limnigraph tracs required
1923 until now

HydroPro From Problems with passwords, license, training

01.01.2000 - 31.12.2005

Others -
Table 5.2: Overview on data bases used by the HMS of Macedonia (Source: national expert)

The quality of the meteorological data and the density of the meteorological station network is
judged to be, in general, reasonably well, but lack of stations in the mountainous regions is obvious.
Presently, quality checks of historic data are being performed.

In contrast, the hydrological data exhibit large gaps and are judged to be partially inconsistent. This is
due to the uncertainties involved in the basic data like changing cross-sections, partially non-
functioning measuring equipment and in the rating curves. Reasons are given in Chapter 5.5.
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5.4 Models, Flood Forecasting and Warning System

Table 5.3 provides an overview about existing model applications for the Macedonian Drin basin.

Type of existing forecast Name of the | Covered | Spatial Temporal | Data Times/day
model area resolution | resolution | assimilation

Meteorological

Weather NMM EU/MK 32/3 1h no 2

Numerical precipitation NMM EU/MK 32/3 1h no 2

Weather/precipitation NMM-WRF EU/MK 32/3 1h no 2

Hydrological

(for water quantities)

Continuous operation n/a - - - - -

Operation for floods n/a

Operation for flash floods n/a

Hydraulic (for water levels
inundation areas)

Continuous operation n/a
Operation for floods n/a
Operation for flash floods n/a

Table 5.3: Present model applications with regard to flood forecast (Source: national expert)

In the everyday process, the forecast section of HMS processes the national weather forecasts
obtained on forecasts delivered by the non-hydrostatic Mesoscale Model (NMM), the Global
Forecast System (GFS) and the European Center for Medium Range Weather Forecast (ECMWR).

In case the forecasted and observed data show a tendency for causing threatening situations, the
level of analysis is increased. Forecasted values are compared with the defined thresholds. In case of
exceeding certain thresholds, the forecaster on duty - after communication with the responsible
hydrologist and responsible officer in charge in the sector of weather forecast — disseminates an
emergency weather forecast via fax and/or e-mail to the following institutions:

—  Crisis Management Centre (CMR),

— Protection and Rescue Directorate,

—  Ministry of Agriculture, Forestry and Water Economy,
— Ministry of Environment and Physical Planning,

—  Media.

In addition, the HMS provides a kind of meteorological alarm via HMS website.

The equipment in forecaster center is judged to be satisfactory, the warning procedure is well
established. However the forecasting sector, too, lacks personnel.

A quantitative precipitation forecast (QPF) is usually derived from outputs of an international
weather forecast model like NMM which have to be correlated with regional ground station data and
radar. A QPF is required for flood forecast models, but is presently not available. Hydrological and
hydraulic models have not yet been used for the transformation of (real-time and forecasted)
precipitation to deliver a quantitative flood forecast.
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5.5 Overall Evaluation of Existing Data Acquisition, Data Management and Flood
Warning System

A continuous decrease of hydrological personnel coinciding with a decrease of the financial budget of
the hydrological section of the HMS is the main reason for the desolate situation regarding
hydrological data acquisition and data management. This situation is in contrast to the high
professional qualification and motivation of the hydrological staff of HMS.

The gaps in the data series result from various problems that the HMS meets. Hydrological stations in
the basin of river Crn Drim are often exposed to a change of the river bed profile directly at the cross
section of the station. Sometimes, the constructed concrete cross-sections had been demolished. In
addition, diversion channels had been constructed in the vicinity of some stations. These changes
directly influence the quality of the rating curves. An update of the rating curves of — at least key
gauging station - is urgently required. Because of the reduced staff and budget, partially non-
functioning and insufficient station equipment, old vehicles etc., an improvement which is based on
own resources seems to be unrealistic. External support is required.

The conditions for the meteorological data acquisition and management seem to be better than the
hydrological conditions; however, about 50 % of the stations which provided long data series since
mid of the last century, had been given up. A few precipitation and meteorological stations were
inspected by the international experts during the field trip in November/December, 2012. Some of
the instruments were out of function. Obviously, the decreasing financial budget seems to adversely
affect the maintenance of the meteorological station network. The present flood warning system is
of a more qualitative type. It is purely based on a (well done) qualitative weather forecast in
combination with observed extreme actual rainfall data and water level data. Modeling tools are
presently not applied. An overall evaluation is summarized in Table 5.4.

Macedonia: Present Conditions with Regard to EWS

- Metea:
y s forema modets
[=climar) presently in It sector of by weather
stations (part. operation - Hiydiro: Mecucais Mioded weathar forecasters
gaps; 5 pre- many located  HydroPro (in - MMM, Global forecastigives  basedon
sently in atthe lakes  use 2000- Forecn Sysem “adequate”  extreme
operation],  (Ohrid & 2005 PSFSE; Ewcp. alarm weathar
sbout 30 rain  Prespafl; presentiydats g L conditions;
EIUEES rating curves  stored in Wasthenr Fovaxmt data send to
[about 19 are missing or  ENCEL [ECMRW) Crisis
presently in need update EUMETSAT Management
aperation) S—_— Centre
1-2 1-2 M:2,H:1-2 2-3
nat available /
not adequate

Table 5.4: Overall evaluation of present conditions at HMS Macedonia with focus on the DEWS
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6 Inventory of Hydrometeorological Infrastructure and Data Utilization in
Kosovo

The inventory of the hydrometeorological infrastructure and data utilization in Kosovo with focus on
the Drin Basin is based on an extensive information exchange between the international experts and
the local experts as well as field trips and on literature review of available documents.

6.1 Organization of the Hydrometeorological Institute for Kosovo (KHMI) and
other Institutions involved in the Drin River Basin Management

Figure 6.1 shows the actual structure of the KHMI. In Table 6.1, the number of employees and their
educational background are listed.
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Figure 6.1: Structure of KHMI

The KHMI is one of two institutes assigned to the Ministry of Environment and Spatial Planning. With
a total number of 10 regularly employees it shows very limited number of staff compared to the type
and number of tasks and responsibilities they have to perform. It is obvious that the number of
meteorologists (2) and hydrologist (4) is very small. The table shows that there is no regular staff
foreseen for hydrological and hydraulic modeling & forecast, there is not any staff for IT and only one
person for weather modeling and forecast.
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Field and education .
Branch / responsibility Technicians | Meteorologists| Hydrologists Engineers| Others %
Observation network 4 1 2 7
Data management 1 1
Weather modeling &forecasting 1 1
Hydrological modeling & forecasting
Hydraulic modeling & forecasting
R&D (Research & Development) 1 1
IT personnel
Others
TOTAL 4 2 4 10

Table 6.1: Personnel of KHMI Kosovo

There is currently no specific flood warning system established in the Kosovo. The KHMI is collecting

the river water level, discharge and water quality data, performing quality control and data analysis

and send it to all relevant institutions like Water Departments, Environmental Protection Agency,

Water Council of Kosovo and Water Task Force.

According to the legal regulations on hydro-meteorological activities, relevant responsibilities of the

KHMI in the field of water are:

Construction and maintenance of the basic network of hydrological and meteorological stations,
Measurements of the meteorological, hydrological, bio-meteorological and limnological data,
Measurements and observations of the electricity in atmosphere and air, water pollution and
rainfall, according to the unique program and methodology that is valid for essential network
stations,

Study, elaboration, conservation, exchange and annunciation of hydrometeorological
information,

Analysis of results of the monitoring network,

data base management and accomplishing prognosis of the hydrometeorological works,
Accomplishing the systematic hydrometeorological measurement and observation on the rivers
in usual cases and in cases of environmental disturbances,

Publishing of the hydrological and meteorological analyses,

Premonition (early warning) about hydrometeorological elementary fatality,

Weather studies, climate studies, studies on ground and surface waters and their impact on the
atmosphere,

Involvement of hydrometeorological services for flood protection measures.
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6.2 Hydrometeorological Monitoring and Available Data Series
6.2.1 Hydrology

The Drin basin in Kosovo contains in total about 18 hydrological stations (Figure 6.1). Most of them
are presently out of operation. Details on the types of stations and their operational status are given
in Annex A 4.1. In addition to water level measurements, water temperature and water quality
parameters are measured. For only four of the stations, rating curves are available. According to the
local experts they need to be updated. For the other stations, rating curves have to be generated.

Altogether only four stations are actually in operation. Automatic stations with online data
transmission are not available. The four running stations are equipped with logger systems which are
read out monthly.

According to the local experts, all operating stations need to be refurbished, for some stations new
equipment is needed. Some of them should be kept at the same locations, others should be
transposed to different locations (see Annex A 4.1). Currently, cross sections and longitudinal profiles
for the river bed of the Drin and tributaries are not available.
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Figure 6.2: Hydrological Stations located in Kosovo (Source: KHMI, Kosovo; adjusted by Patsch)
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The available data series show large gaps. The results are given in Annex A 4.2. Based on information
obtained at place, hydrological data seem to be partially inconsistent.

6.2.2 Meteorology

The station in Pejé is currently the only meteorological station in operation in the Drin Basin (Figure
6.3). Until 2007 there were 19 other precipitation stations (see Figure 6.4) but most of them are
presently obviously out of operation.
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Figure 6.3: Rainfall stations (left) and meteorological stations (right) operated until 2004 in Kosovo;
presently, only a few rainfall stations (unclear) and one meteorological station (Pejé) are
operated in the Drin river basin (Source: KHMI, adapted by Patsch).

Details on the type of station Pejé and its operational status is given in Annex A 4.3. The station is a
climatologic station, measuring six parameters, but no evaporation.

Presently, automatic recording stations are available. The data transmission is on a manual basis. The
Pejé station needs to be rehabilitated, preferably at the current location.

A data check for gaps was performed for the Pejé station only (Annex A 4.4). From 2002 onwards, the
data series is complete.
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6.3 Data management in KHMI

In general, data base management at KHMI is performed on a relatively low level due to lack of
budget, staff, hardware, software and other operational tools. The hydrological data are stored in
Excel spreadsheets. In 2003 some of the data had been filed in a WISKI data base, on a software-as-
a-service base. WISKI is the Water Resources Information System from KISTERS company — a
software system built with a three-tier client-server architecture in which the user interface, business
logic, data storage and data access are developed and maintained as independent modules
(see: www.kisters.eu). Due to above mentioned problems, application of WISKI had been stopped.

All meteorological data are manually stored in card boxes and then transferred to an Excel data base.

6.4 Models, Flood Forecast and Warning System

A numerical precipitation forecast system, hydrological and hydraulic modeling is not implemented
in the KHMI. The state weather forecast is based on the EUMETSAT weather observation data and
numerical weather predictions obtained from the ETA model. The ETA Model is an atmospheric
model used for research and operational purposes. The model is a descendent of the earlier HIBU
(Hydrometeorological Institute and Belgrade University) model, developed in the seventies in the
former Republic of Yugoslavia and is further developed until present.

6.5 Overall Evaluation of Existing Data Acquisition, Data Management and Flood
Warning System

Considering the required components of an EWS as described in Chapter 1, KHMI is currently unable
to provide a comprehensive and reliable flood forecast and early flood warning for the Kosovarian
subbasin, and to deliver accurate real-time data to other riparians.

On the other hand, severe flood damage did not occur in the Kosovarian Drin subbasin in the last
decades according to the KHMI staff.

In order to improve the regional conditions towards a real-time water information system inside
Kosovo and towards submission of relevant data to the downstream riparian country of Albania, the
current conditions need to be substantially improved. Details are given in Chapter 9.

In Table 6.2, the international experts’ overall evaluation is summarized.
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Kosovo: Present Conditions with Regard to EWS
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Table 6.2: Overall evaluation of present conditions at HMS Kosovo with focus on the DEWS

7 Inventory of Hydrometeorological Infrastructure and Data Utilization in
Montenegro

The inventory of the hydrometeorological infrastructure and data utilization in Montenegro with
focus on the Drin Basin is based on an extensive information exchange between the international
experts and the local experts as well as field trips and visits at the institutions listed in Annex 5, and
on a literature review of available documents.

7.1 Organization of the Institute of Hydrometeorology and Seismology Montenegro
(IHMS) and other Institutions involved in the Buna River Basin Management

Figure 7.1 shows the actual structure of the IHMS.
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Figure 7.1: Structure of IHMS (Source: IHMS, Montenegro)

The IHMS is under the Ministry of Sustainable Development and Tourism. It consists of six different
sectors which are subdivided into departments. All in all the IHMS has clearly defined organisational
structures and responsibilities.

In Table 7.1 the number of employees who work in the branch relating to forecast and their

educational background are listed. These persons mentioned are from three different sectors —
sector of weather forecast, Hydrology Sector and IT sector.
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Field and education

_|
@]
Branch / responsibility Technicians Meteorologists| Hydrologists Engineers |Others ;'
=
5 1 1 3
Observation network and 10
forecasting 1 for meteo, meteo- hydro- meteo-
4 for hydrology observation observation observation
4 2
Data management for input of ) . 6
for input in
meteo data hyd.database
in database ve.
1
Weather modeling . . 1
in model running
and maintenance
Hydrological modeling and
forecasting
Hydraulic modeling and
forecasting
R&D (Research and
Development)
1
2 database
IT Personnel dministrat 3
within IT Sector administrator
belongs to IT
department
Others
TOTAL 9 1 1 5 4 20

Table 7.1: Personnel of IHMS Montenegro (Source: national expert Montenegro)

There is no regular staff foreseen for hydrological and hydraulic modeling and forecast. The research

and development branch is not staffed. The research and development branch is not staffed.

IHMS has in total 120 regular employees. They are divided in 6 Sectors, 2 Departments and 1 Service,

as follows:

Sector of Weather forecast and Meteorological Observations - 52 persons (from this number 5

persons are in the field of weather forecast. Two of them being meteorologists, 1 forecaster and

1 numerical modeller.

Sector of Applied Meteorology - 6 persons (2 are meteorologists working in climatology)

Sector of Hydrology - 13 persons (5 of them are hydro—engineers)

Sector for Analysis of water and air quality - 10 persons

Sector of Hydrography and Oceanography - 5 persons

Sector of Seismology - 9 persons

Department for hydrometeorological IT system - 9 persons
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— Department for International Relations — 2 persons
— Service for General works and Finance - 11 persons

The responsibilities in the field of water are according to the WMO report (2012):

— observation and measurement of meteorological, hydrological, hydrographical,
environmental and agrometeorological parameters;

— analysing, processing and archiving of measured and observed parameters,

— making studies, surveys, analysis and processing information on climate, soil condition,
air, surface and underground waters and coastal sea,

— forecasting and presentation of data in the field of meteorology, hydrology, hydrography,
environment and agrometeorology,

— establishment of information systems with the bank of climate, hydrological, hydrographic,
environmental and agrometeorological research,

— establishment and maintenance of meteorological, hydrological and agrometeorological
stations for monitoring weather, water, and air,

— cadastre of sources, springs and water facilities,

— monitoring of sediment in rivers,

— control and evaluation of the quality of surface and ground water, rainfall, air and soil on the
basis of analysis of physical, chemical, biochemical and radiological parameters,

— providing data, information and study for the maritime, air and road transport, electricity,
water, agriculture, construction, tourism, military, security of property and persons and other
interested parties,

— aero-radiosounding measurements and higher layers of the atmosphere, phenological
observations; indirect provision of air navigation,

— implementation and maintenance of standards of meteorological and hydrological instruments
and calibration of instruments in meteorological and hydrological stations,

— carrying out international obligations in the field of meteorology and hydrology and

— quality control of air, water.

7.2 Hydrometeorological Monitoring and Available Data Series
7.2.1 Hydrology

About 12 hydrological stations are located in the Drin Basin in Montenegro (Figure 7.2). Details on
the station type and operational status are given in Annex A 5.1. The main parameters measured are
water level and water discharge, in some of them water temperature as well. Analysis of water
quality is done according to the Water Law by IHMS / Sector for Analysis of water and air quality.
Analysis are done every year on all water bodies in Montenegro (rivers, lakes and sea), following the
Annual programme prepared by Water Directorate.

For six hydrometric stations, rating curves are available. According to the local experts two of them
need to be updated, especially for high discharge. For three stations rating curves have to be
developed.
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Altogether nine stations are actually in operation, all of them are online stations with automatic data
transmission. Stations Danilovgrad and Sitnica do not have suitable equipment, and station
Orahovstica is excluded from the station network as the water is abstracted at two places for water
supplying. According to the local experts, the actual state of the hydrometric monitoring system is
good, and only little improvement is considered necessary (see Annex A 5.1).

For the development of rating curves, flow velocity measurements are made using current meters.
The main problems are related to the lack of hydrometric cable ways. An Acoustic Doppler Profiler
(ADCP) for direct flow measurement is not available. Because of the steep river bed gradients, flow
velocities rise up to about 5 m/s during floods. Consequently, measurements at medium and high
flows are difficult to perform. Currently surveys of cross sections and longitudinal profiles for the
river bed of Drin and tributaries required for hydraulic modeling are not available.
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Figure 7.2: Hydrological stations located in Montenegro (Source: IHMS, Montenegro; adjusted by
Patsch)
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The available data series were checked for gaps, the results are given in Annex A 5.2. The histograms
were created for the following hydrological stations: Plavnica and Ckla (Skadar Lake), Podgorica,
Zlatica and Pernica (Moraca river), Fraskanjel (Bojana), Brodska njiva (Crnojevica River), Duklov most
(Zeta), Medurjecje (Mrtvica).

In general, the hydrological data are considered consistent. Nearly 50 % of the water level series
have large gaps between 2002 and today. For historical evaluation of flood events, data from seven
out of nine stations are available (1960s until 2002). For discharge data the situation is worse. Only
two stations have data until 2012. With existing stations IHMS has problems in maintenance and very
often with spare parts (stolen or demolished).

7.2.2 Meteorology

Currently there are seventeen meteorological stations in operation in the Drin Basin, 14 of them are
shown in Figure 7.3. The number of operated precipitation stations has decreased from about 100 to
17 active stations being operated in Montenegro in the past 5 to 8 years.
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Figure 7.3: Active meteorological stations (Source: IHMS, Montenegro; adjusted by Patsch)
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Details on the type of stations and operational status are given in Annex A 5.3. The network consists
of 13 precipitation stations, which are manually read out once per day. Two of them are climatologic
stations equipped with data loggers which store the data every 4 hours. Two are automatic
meteorological stations (wind, temperature, precipitation, snow depth, radiation, sunshine duration,
relative humidity and ground temperature; but no evaporation). Data of these two stations are
transmitted online since about 2005. Most stations in the Shkoder lake basin are in a good condition,
but at least four precipitation stations need to be renewed according to the national expert,
preferably at the current location.

The available data series were checked for gaps. The results are given in Annex A 5.4. A histogram is
created for all meteorological stations, except Cetinje, which has been operated as an automatic
station till 2009 with online data transmission. Until the late 80’s of the last century, nearly no data
were missing. After that, gaps started to occur and increased over time. Since about 2000 the stored
data series is scattered. In 2011 only 3 stations provided full data throughout the year, 6 stations
show up to 8 months of missing data and 4 stations have produced no data over the whole year.

In the annex for meteorological stations, the operation period is the period from when the stations
start to work. Digitalization for climatologic stations started in 1949 and for precipitation stations
from 1960. The data before digitalization are available in paper form.

7.3 Data Management and Data Quality

Data management is on a medium level. PCs and servers are used (see Table 7.2). The workspace
should be larger than currently available.

Server/Workstation/PC | Characteristics Diskspace Security

Server Clidata dual core Intel 300GB Kaspersky
Xeon WinWorkstation
5160(3GHz),
4GB of RAM

Server Kisters dual core Inte 300GB Kaspersky
Xeon 5160(3GHz) WinWorkstation
4GB of RAM

Server Meteoware Intel Xeon 900GB Kaspersky
E5504(2GHz), WinWorkstation
4GB of RAM

Table 7.2: Computer capacity in use for data storing and management (Source: IHMS, Montenegro)

According to table 7.3, long-term hydrological and meteorological data series are available, but most
of them are still in form of manual archives and need to be digitalized.

Existing databases in use at the IHMS of Montenegro are CLIDATA (meteorological database) and
WISKI (hydrological database). Additionally IHMS doesn’t have enough trained personal for WISKI
use, so for now the old data base is still in use. CLIDATA is fully functional, and for WISKI only some
components are missing to be fully functional. Historical meteorological data are mainly inserted in
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CLIDATA, but there is still some data in paper forms to be inserted. Hydrological data are mainly
stored in the DOS system (ORACLE) and need to be inserted into the WISKI database.

Types of data base Period Comments

(e.g. availability, utilization, etc.)

Atmospheric domain

DOS database Clicom Period in use 1992-2008

Oracle database- Clidata Period in use 2008-up Availability of clidata db is 98.8%

Paper documents is preserved
in archive of IHMS

from 1949 are digitized
Paper documents
from earlier period exist

documentations for some

stations and not digitized

Hydrological / hydraulicdomain

Oracle database Wiski 2009-up

Table 7.3: Past and existing data base (Source: IHMS, Montenegro).

From automatic meteorological stations (9 for Montenegro in this moment) data are sent through
GPRS to the headquarters in Podgorica. The data recorded at the automatic hydrological stations are
retrieved by hydrological technicians and stored in Excel tables (HYDRAS is operational software). All
data from the automatic stations are available online on the meteorologic website
(www.meteo.co.me).

According to WMO (2012), there is a decent quality control procedure regarding data organized on
three levels: (i) observers make an evaluation of measurements quality; (ii) meteorological
technicians check logical consistency of data from paper documentation; (iii) quality control
procedures and validation are performed within the database, i.e. CLIDATA for meteorological
data and WISKI for hydrology. However, resilient information about the quality of the processed
series could not be made available by the international experts.

According to international obligations for data exchange, IHMS is delivering data from 4 stations
into GLS. IHMS provides also data to meteorological services for aviation (by request - as airports
have their own met. stations) and maritime navigation. Furthermore, according to the national
expert, IHMS provides data to neighbouring countries (Serbia, FYROM, Croatia, and Republic of
Srpska). Extension of data sharing is under preparation for Slovenia, Bosnia and Hercegovina and
Turkey). Hydrological data are provided to the International Commission for the Protection of the
Danube River (ICPDR) and the Sava River Commission.
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7.4 Models, Flood Forecast and Warning System

The weather forecasting is usually based on the use of the global Numerical Weather Prediction
(NWP) model products whereas the initial and boundary conditions are received from the Global
Forecast System (GFS) - NCEP Washington (USA) and from the European Center for medium range
weather forecast ECMWEF (UK). In case of meteorological models, the models have a fine horizontal
and vertical resolution by nesting the models.

The numerical weather prediction modelling is done by IHMS using ETA (Mesinger et al., 2012),
NMM-Hires and WRF-NMM (V2.2 and V3.3.1).

Currently, numerical hydrological modeling and hydraulic modeling is not in operational use. IHMS
has already received and installed on adequate PC the predictive hydrological model. They are now
expecting the training for model use and interpretation for their personal. This model has been
developed by the Euro-Mediterranean Center for Climate Change from ltaly through the World Bank
project “Lake Skadar Integrated Ecosystem Management”. Installation and training for model use will
be done in the first part of this year. Regarding a continuous application of above or other hydrologic
and hydraulic modeling software, IHMS has not yet taken any decision.
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Figure 7.4: Workflow for drought and floods risk assessment in Montenegro (Source: WMO, 2012)

According to WMO (2012), the institutional framework of drought and floods risk assessment is
currently in the process to be defined (see Figure 7.4). Concerning floods, the legal framework
attributes to:

— DRMA/SEM: duty to perform flood risk assessment for planning emergency management;
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— Ministry of Agriculture and Rural Development: the duty to perform floods risk assessment
for planning protection against the harmful effects of water,

— WOD: duty to prepare Plans for water management of each river basin, including relative
flood risk assessments (and the preliminary flood risk assessment according to the EC Directive
for floods protection),

— Local authorities: duty to perform flood risk assessment for disaster prevention and for
local spatial planning.

Currently the role of IHMS is to provide basic statistics and analyses of extremes and climate
variability to be used for strategic planning of disaster risk reduction (DRR).

In case of extreme weather situations IHMS is the institution which “trigger” the action of relevant
entities within the country (see Figure 7.5).

Police

Depanmeni
Montenegro
Mlimisrraes Army
Blnrdcipal
Companiss teams for
and other legal = SNRCTRCIRY
e Cosgidin aron e q 2 5
entities and bec ESM st At ons
baiaineas TR &1l
SecLor or
Bosugarcy sifualaon
and clvil orodeion
&4 Erx
Agrenay For Operative
Envirommental Llnits
Protectiom

Cenber for Instinate of
Eeo- Hydiometecrod
toxicological oy and
Reseanches Seimmaology

Figure 7.5: Organization scheme for management in emergency situations (EMS) (Source: Sector for
emergency situations and civil protection)

In sending warnings to the authorities in case of severe weather conditions and flooding, the
following procedure is being applied. In case of severe weather conditions (heavy rain) which can
lead to the flood occurrence, the head of the Forecast Department informs the director and the head
of the hydrology sector. The head of the hydrology sector is then reviewing the hydrological
information of, e.g. water levels. In case that the water level is rapidly rising and in association with
other meteorological parameters, IHMS produces a statement on the expected conditions which is
immediately sent (via e-mail and fax) to the Sector for Civil Protection and Emergency Management
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(SCPEM), Water Directorate and the Ministry of Agriculture and Rural Development. The sector for
emergency situations is responsible for alerting the government and the public.

In case of an emergency situation a management group is formed in the SCPEM, consisting of
representatives of different institutions and ministries. The representative of IHMS of Montenegro is
an essential and permanent member of this group.

7.5 Overall Evaluation of Existing Data Acquisition, Data Management and Flood
Warning System

Considering the required components of an EWS as described in Chapter 1, the IHMS is basically able
to provide a qualitative flood forecast, and to deliver online data of the existing online stations to
Albania. Due to the lack of hydrological and hydraulic numerical simulation a quantitative prediction
of flood hydrographs and inundations cannot yet be performed.

Despite of the clearly better conditions if compared with other riparian countries, the IHMS needs
improvements to compensate for the decrease of the hydrometeorological service since two
decades. IHMS needs to invest in the monitoring network, to increase the staff number for the daily
maintenance of the network and to implement hydrological and hydraulic modelling as well as to
train the staff for model application.

In Table 7.4, the international experts’ evaluation of the present HMS system with regard to the
DEWS is summarized.

Montenegro: Present Conditions with Regard to EWS

Country | Meteo-Data/ | Hydrological E i Flood Forecast | Flood Warning
Transmission | Bata / Hydraulic i Procedure
Data [ [focus on Hydraulical
Transmission gusamt. precip.

UL About 5 meteo 9 stations (all Meteo: currently  'Weather Currently no Qualitative THMS:

= 2 online, 3 online] - but no  Cliliata - since forecast,no  models in forecastbased  Announcement
manually obs.; stationatZela  2009; WIsKI numerical operational use on water levels  to Ministry of

River {bought 2003]  forecast and rainfall Civil Protection
11 rain gauging but problemsin  (Non- In close future {MoCP)
stations - Bathymetry of  applic.; EXCEL, hydrostatic  IHMS will Dbservations
manualhy lake Shkoderis  ASCH, Hydras3 Mesoscale receive a transferred to
operated and  available [for  [Om): ORACLE;  Model: predictive Ministey of Chvil
transferredby  Montenegrin L hydrological Protection
past part] Hydrol: EXCEL,  ETA-model]  modelfrom  [MoCP)

ASCH and Italy

Partiallycross-  WEBSITE (online-
sections from stations);

Buna River since 2002 strong
awvaklable decrease in data
storing
-3 3 M: 3, H: 3
not available /
not adeguate

Table 7.4: Overall evaluation of present conditions at HMS Montenegro with focus on the DEWS
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8 Inventory of Hydrometeorological Infrastructure and Data Utilization in
Albania

The inventory of the hydrometeorological infrastructure and data utilization in Albania with focus on
the Drin Basin is based on an extensive information exchange between the international experts and
the local experts as well as field trips and visits at the institutions listed in Annex 1, and on literature
review of available documents.

8.1  Organization of the Department of Climate and Environment, Institute of
GeoSciences, Energy, Water and Environment, Albania (IGJEUM / IGEWE) and other
Institutions involved in the Drin-Buna River Basin Management

The hydrometeorological service of Albania is assigned to the Institute of GeoSciences, Energy, Water
and Environment (IGJEUM in Albanian and IGEWE in English language) (Figure. 8.1).
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Figure 8.1: Organigram of the Institute of GeoSciences, Energy, Water and Environment, Albania
(Source: http://www.geo.edu.al)

According to the Institute’s website [http://www.geo.edu.al], the Institute of GeoSciences, Energy,
Water and Environment is a national research unit that operates under the umbrella of the
Polytechnic University of Tirana. IGJEUM consists of the following main departments, each of them
contains up to three research units.

These departments are:
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— Department of Climate and Environment (includes meteorological service)

— Department of Geophysics and Georisks

— Department of Georesources and Geoenvironment

— Department of Seismology
— Department of Water Economy (includes hydrological service)

Main tasks of the institute are related to geotechnics , geophysics and seismics. Water-related tasks
are the hydrometric and meteorologic services, studies on the water resources and research on
natural hazards as well as those created by human activities (landslides, erosion, flood, earthquakes,

environmental pollution etc.).

The meteorological service is integrated in the Department of Climate and Environment, whereas the
hydrological service is integrated in the Department of Water Economy. During the expert mission in
December 2012, an intensive information exchange especially with the Department of Climate and
Environment responsible for meteorology took place. Most of the information regarding hydrology

was also obtained from this department.

In Table 8.1, the number of employees of the Department of Climate and Environment and their

educational background are listed.

Field and education

_{
g
=}
Branch / responsibility |Technicians Meteorologists| Hydrologists | Engineers Others
Observation network 1 4 7
Data management 1 2
Weather modeling &
1
forecasting
Hydrological modeling & 2 2
forecasting
Hydraulic modeling & 2 2
forecasting
R & D (Research & 1
Development)
IT personnel 1
“We expect to have
Others an increase in the
number of staff by
5 people”
TOTAL 1 9 16

Table 8.1: Personnel of IGJEUM Albania — Department of Climate and Environment (Source: national

expert)
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The total number of 16 regular employees seems to be insufficient, but includes only one technician.
Some of the 5 meteorologists and 9 hydrologists are also involved in academic work. In particular,
the personnel for the field work (maintenance of stations, data collection and transmission to
headquarters etc.) should be increased by several technicians.

The Department of Climate and Environment includes 3 groups:

— The climate unit conducts (research) studies for specific areas or in a national scale for climate
and agro-climatic peculiarities as well as for climate changes. It studies and evaluates the
energetic potential of solar radiation and wind in the whole country, with the aim of using these
components for regenerative energy production.

— The operational meteorology group has the mission of data collection, verification, updating,
digitalization and archiving of meteorological and agrometeorological observations (including the
phenological observations) in accordance with the WMO standards. It provides information to
the central institutions dealing with the management of disasters caused by meteorological
phenomena.

— The environmental evaluation unit is responsible for the monitoring and nation-wide studying of
the atmospheric and water pollution level, depending on hydrometeorological conditions. It
monitors and evaluates the quality of the air and natural waters of Albania. It conducts surveys
and complex studies related to water quality and its pollution.

In 2011, a “National Centre for Forecast and Monitoring of Natural Risk” has been established at
IGJEUM Albania, with the help of the Italian CIMA Research Foundation (CIMA, 2012). Present main
tasks are the implementation and operation of early warning systems for wildfire (RISICO) and floods
(Flood-PROOFS) as well as training of personnel. Details are given in Chapters 4 and 8.4 ff.

8.2 Hydrometeorological Monitoring and Available Data Series

During our visit, analogue observation data (currently in paper form) of meteorological and
hydrological services were digitalized. For meteorological service, data from the period 2001 to 2012
was digitalized, for hydrological service, data from the period 1991 to 2012 was digitalized.

The quality control of these data is still due, hence it was not included in the preparation of the
histograms (see Chapters 8.2.1 and 8.2.2).

8.2.1 Hydrology

The following information about the hydrological service was obtained by questionnaire from the
national expert from Department of Climate and Environment (meteorologist). The number of
existing hydrological stations located in the Drin Basin (River Drin and tributaries) in Albania is about
52 (shown in Figure 8.2). Nine of them are located in the Buna catchment. Details on the type of
station and their operational status is given in Annex A 6.1.
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Information was obtained for water level series only. Existence and status of rating curves is
unknown. Obviously, automatic recording and online-transmission of water level data is not available
with the exception of one station. All data are transmitted from the gauging observer to the
headquarters by post at the end of each month. It is currently unknown how much of these stations
are in operation and in which state they are.

The available data series of water level were checked for gaps, the results are given in Annex A 6.2.
The histograms have been created for all mentioned hydrological stations until the year 1990. From
1991 up to now histogram data were not provided. According to the results of the questionnaire, this
period is characterised with large gaps on data series of observations.

Presently, the available hydrologic and meteorological data series recorded from about 1991 up to
present being digitalized by a private company under supervision of IGJEUM and financial support of
the World Bank. The digitalization process should have been finished end of 2012.
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Figure 8.2: Hydrological stations located in Albania (Source: national expert)
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8.2.2 Meteorology

Currently there are 76 meteorological and precipitation stations existing in the Drin Basin (shown in
Figure 8.3). Mainly temperature, precipitation and radiation is measured. Evaporation is not
measured.

Figure 8.3: Existing meteorological stations (Source: national expert)

Details about the type and operational status of the stations is given in Annex A 6.3. The stations are
mainly thermometric stations (65), seven of them are climatic stations and nine are pure
pluviometric stations. Online transmission of data does not exist. The data are written into booklets
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and picked up by personnel or transmitted to the headquarters via post. The stations are generally in
an adequate to poor condition.

The available data series were checked for gaps. The results are given in Annex A 6.4. Histograms are
created for all meteorological stations until the year 2000. From 2001 up to now histogram data
were not provided. According to the results of the questionnaire, this period is characterised with
gaps on data series of observations that finally will be available and evaluated at the end of the
digitalisation process.

8.3 Data management in IGJEUM — Department of Climate and Environment

For both hydrological and meteorological data, the present data management is on a poor level.
Most of the long-term data series up to 1990 seem to be archived in paper format (Table 8.2).

Types of data base Period Comments from national expert

(e.g. availability, utilization, etc.)

Atmospheric domain

Access data base -

Excel data base “This is a small data base not really secure for few short
time period of some automatic meteorological station”

WISKI data base --

Paper documents “All the data are in papers. Only the last 10 years period is
in process of digitalization”

Other -

Hydrological / hydraulicdomain

Access data base No information

Excel data base “All the data are in papers. Only the last 20 years period is
in process of digitalization”

WISKI data base No information

Paper documents No information

Other No information

Table 8.2: Past and existing data base (Source: national expert)

Due to lack of quality control of data and lack of proper data management the hydrometeorological
data base is presently not sufficient for watershed planning and forecast purposes.
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8.4 Models, Flood Forecast and Warning System

Regarding models, flood forecasting and warning in Albania, two sources of information are available
and, to some extent, contradictory. One source is WMO (2012), the other source is a Geophysical
Research Abstract (Marku et al., 2012) obtained from an internet enquiry. From a visit of the
National Centre for Forecast and Monitoring of Natural Risks, which has been recently established
under the IGJEUM, and at the workshop hold in February, 2013, the international experts gained
more information (CIMA, 2012).

8.4.1 Information taken from WMO (2012):

Based on talks with WMO representatives at the GIZ-DEWS workshop hold on 12/13 February, 2013,
in Tirana, the WMO experts being in charge of the WMO report (2012) were not aware about the
new “National Centre for Forecast and Monitoring of Natural Risks” which was assigned to the
IGJEUM. So the following information taken from WMO (2012) does not include the new centre, but
realistically presents the situation at the hydrometeorological services within IGJEUM. According to
WMO (2012), the national weather forecast is produced by three different organizations:

“Most weather forecasts disseminated by the media are produced by the Military Meteorological
Service (MMS.) The Institute of GeoSciences, Energy, Water and Environment (IGJEUM) produces a
general forecast for 24 hours, and a 3-, 5- and 10 day outlook. IGIEUM's operational forecasting is
based on use of printed analysis and forecast products from international forecasting centers and
from the Montenegrin National Meteorological and Hydrological Service (NMHS).

The IGJEUM forecasters do not have access to any real-time data. Lack of national observation data is
a severe obstacle especially for short term forecasting. Currently IGIEUM has only 2 duty forecasters
and it does not have the capacity to operate 24/7 weather forecasting services. Currently there is
no capacity to download numerical weather prediction model products to be used for national
weather forecasts, or to run any numerical weather prediction models. MMS cooperates with
the Italian meteorological service and gets their Numerical Weather Prediction (NWP) products to
be used for MMS weather forecasting.

Numerical hydrological-hydraulic models, wave models or dispersion models for airborne or
waterborne pollutants are presently not in operational use. IGJEUM produces by contract special
forecasts for agricultural and aviation sectors. However, a hydrological and a hydraulic model
(HECRAS) had been implemented at the Department.”

According to WMO (2012), the Directorate General for Civil Emergencies (DGCE) is responsible of the
national “Disaster Risk Assessment” and coordinates sectoral line ministries/institutions that have
responsibility for the respective sectoral risk analysis, development strategies and integrated plans.
At local level, Prefectures and Municipalities are responsible for their own risk assessment and
planning. The DGCE coordinates the interministerial committee in case of disaster and collects from
line ministries, from its own local teams and from local authorities all relevant information about the
disasters (mainly impact data). Twice a year a synthesis of this information is prepared for the Prime
Minister. Twice a year DGCE organizes meetings with the Prefects for planning the Emergency

46



management on the next 6 months. Then the DGCE prepares the national plan for the areas
exposed to higher risk. All the geographical analyses and maps supporting the plans are prepared
by the Ministry of Defense.

IGIJEUM participates in the National Committee for Disaster Risk Reduction (DRR). Up to now the
role of IGIEUM has been to produce some basic statistics and analyses of extremes and climate
variability from the national hydrometeorological data to be used for strategic planning of DRR, but
it is not actively included into the planning procedure of the DRR system in the country.

The mandate to produce different warnings related to the hydrometeorological phenomena is not
clearly defined. Currently IGIEUM does not produce any public warnings. However, IGJEUM has a
governmental role to produce up-dated maps and forecasts to the authorities. Hydrological studies
for flood warnings have been done for different basins, but no mathematical model was used, only
correlations with rainfall. Flood forecasting is given on the different river basins using the simple
relationship between the meteorological forecasts and the water levels. MMS gives occasionally
warnings in connection to its daily TV weather forecasts. Warnings to the aviation sector only are
produced by the Meteorological Service under National Air Traffic Agency (MSNATA).

Regarding products and warning dissemination, IGJEUM disseminates hazard monitoring data,
forecasts and early warning to the Head of the National Committee for Disaster Reduction and
other partners of Disaster Risk Reduction (DRR). The limited weather warnings produced up to now
are disseminated to the public via media. Military Meteorological Service (MMS) gives warnings in
the TV presentations and by disseminating advisories to the media, who then edit their own weather
forecasts and warnings. Currently there is no mandate to interrupt TV or radio programs, or to have
a continuous warning stripe on the TV screen in the case of the emergency. Method to send
warnings directly as SMSs to mobile phones located at, or going to, site of danger is not in use in
Albania.

Sectors like Ministry of Health or NGOs like Red Cross are not on the direct contact list of warnings
of hydrological or meteorological hazards.”

Albania is not a member of the EUMETNET METEOALARM systems.

8.4.2. Information obtained from Marku et al. (2012) about the National Centre for Forecast and
Monitoring of Natural Risks

The following information is taken from Marku et al. (2012) and coincides with information obtained
during the workshop hold in Tirana from 12-13 February, 2013:

“In the framework of the International cooperation between the Civil Protection of Italy and Albania,
the National Centre for Forecast and Monitoring of Natural Risks has been established at the
Institute of Geosciences, Energy, Water and Environment (IGJEUM / IGEWE). The Centre is
supported by expertise of CIMA Research Foundation - International Centre on Environmental
Monitoring. The Centre issues (every morning) on a daily basis a Meteorological Warning Bulletin
(the first bulletin was issued on the 20th of December 2011). It is mostly dedicated to the
precipitation forecast, the most important hazard in Albania. It covers 36 hours, starting for the noon
of the current day till the end of the next day. It offers a detailed precipitation forecast for each
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prefecture of Albania (12 in total). The prefectures that have to do with the most problematic river
(Drini) are divided in a few warning areas each homogenous with respect to climatologic and
hydrologic conditions.

The meteo-warning is synthetically evaluated for each prefecture; it contains the assessment of the
experts about the severity of the forecasted storm in terms of average precipitations, and maximum
possible storms (if rainfall intensity exceed 90 mm in 3 hours). The reference meteorological model is
COSMO LAMI7 (managed by ARPA Bologna, Italy), its spatial resolution is 7 km and temporal
resolution for the outputs is 3 hours. Also ECMWF model is available. After the pure meteorological
evaluation, possible adverse ground effects are assessed with a second level of variable rainfall
thresholds, whose estimated recurrence interval is compared to soil moisture dependent values. The
soil moisture conditions are computed by the operational probabilistic forecasting model Flood
Proofs, implemented by CIMA for the Drin and lake of Shkodra basins. Flood Proof is also used to
forecast river discharge at the mains hydraulic cross-section of the basins; the third level of
assessment is based on discharge thresholds.

All the meteorological and hydrological forecast models are available in the open source web-based
platform DEWETRA (DEWETRA has been developed by CIMA on behalf of the Italian department of
Civil Protection who uses it routinely for its activities of forecast, monitor and surveillance of Natural
Risks) Meteo-Warning classification is chosen to be similar to MeteoAlarm; in the future the Center
wishes to participate in this European activity. Hydrological warnings are expressed in terms of risk
scenarios.”

8.4.3 Information gained by the International Experts

During the mission of the international experts, the National Centre for Forecast and Monitoring of
Natural Risks embedded in the IGJEUM was visited. As described in Chapter 4, the centre has been
established recently, some working units are still in the process of initiation. The rough information
which was available coincides with the information published by Marku et al. (2012) and CIMA
(2012). A quantitative flood forecast for the lower Drin basin is not yet feasible, because of missing
online hydrometeorological data from Albania and the other riparian countries. Furthermore the
implemented modelling systems needs to be calibrated for the whole Drin river basin with long-term
historical data series, extended by a functioning hydraulic model for the simulation of inundated
areas, then adapted and fine-tuned to deal with future data input from various sources.

8.5 Overall Evaluation of Existing Data Acquisition, Data Management and Flood
Warning System

The present level of the acquisition and management of hydrometeorological data is poor despite of
the relatively dense station network. Main reasons are the extremely limited or reduced budget and
organisational deficiencies. In particular, the hydrometric/hydrological service requires
organisational improvement. Despite of the present poor conditions, the Department of Climate and
Environment (Meteorology) is trying to keep its stations running best possibly. Enormous investment
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in measuring equipment and data management (technical components) as well as in staff training is
required.

From a first view, the staff working in the meteorological, hydrological and IT sections of the new
National Centre for Forecast and Monitoring at IGJEUM is well qualified and highly motivated. But
further training in the field of modeling will be essential. The operational centre looks well equipped
with IT components. The implemented software Flood-PROOFS (Flood-Probabilistic Operational
Forecasting System) stems from Italia. The software consists of a fully distributed hydrological model
which covers the whole Drin basin of about 17.000 km?. A calibration of the model with long-term
series of hydrometeorological data for the whole basin was not presented. Obviously, precise
hydraulic modeling of inundation areas using the hydrological output is not yet included. According
to the staff, a hydraulic model is going to be built up in the close future.

For the time being, Flood-PROOFS suffers on missing online meteorological and hydrological data.
Presently, only very few online station data are transmitted to the centre. The numerical
meteorological forecast required as an input into the hydrological model seems to stem purely from
international forecast models. An adaption of the international meteo forecast data to the region
with the help of regional online ground stations and radar is not yet part of the data processing for
flood forecast.

In total, the international experts recommend to use this centre as an operational basis for the DEWS
of this project. Hardware for an extended data base, transmission systems to the regional partners
as well as modeling software (in particular calibration procedures, hydraulic model) need to be
installed, extended or improved to interact with all riparian countries, and to deal with the complex
Drin-Buna water system. In Table 8.3 the international experts’ evaluation about the present HMS
system with regard to the DEWS is summarized.
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Albania: Present Conditions with Regard to EWS

Country Meteo-Data / Hydrodogical Database Mum. Maten — Muodeling Flood Forecast | Flood Warning
Transmission | Data / Hydraulic {Met&Hyd] Forecast (focus | Hydrobogical f Procedure
Data [ on guant. Hydraulical

Transmission procip.

Albania

: ministry [2-3
Lower Drin times a day - in
available case of
[HECRas], own emergency
medelis mare aften]
presently built
up based on W8
maodel
1-2 1 1-2 3
T I S
not available / poor fair good wvery good

not adequate

Table 8.3: Overall evaluation of present conditions at HMS Albania with focus on the DEWS
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9 Concept of an Integrated Drin-Buna EWS (DEWS) and Interaction with
National Hydrometeorological Services (HMS)

9.1 Overall Structure

The international experts recommend to structure the Drin-Buna EWS (DEWS) as an integrated
system. It will consist of a DEWS operational centre and its data links to the national HMS of
Macedonia, Kosovo, Montenegro and Albania (Fig. 9.1), to the EFAS and to the international
meteorological forecast centres, and from the national HMS to EFAS.

The DEWS operational centre should be located at the National Centre for Forecast and Monitoring
at IGJEUM, Tirana.

EFAS

Flood
Early Warning
System of
Drin-Buna

Fig. 9.1: DEWS and links to national hydrometeorological services (HMS), to EFAS and international
guantitative meteorological forecast (including numerical precipitation forecast)

The general duties are illustrated in Figure 9.2. It shows all interconnected components of a
comprehensive warning system with focus on the Drin river basin:

— Hydrometeorological data: monitoring and online transmission of hydrometeorological data to
the national HMS data bases.

— Data base management: data processing, plausibility check, filing up of data gaps.
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— Quantitative meteo forecast: combination of internationally available meteo forecast with
regional meteo data obtained from ground stations and radar.

— Quantitative flood forecast: combined hydrological (water quantities) and hydraulic (water
levels) modeling of whole basin based on hydrometeorological data input (online data and
forecast data); prior to the use for flood forecast, the models need first to be calibrated with long
term series of historic data.

— Flood early warning: decision making and dissemination of flood early warning to crisis
management groups etc.

— Communication with actors and concerned public, with external institutions like EFAS; review
and optimize DEWS after floods.

Hydrometeo- Data base Quantitative Quantitative Flood early Communication
rologicaldata management meteo forecast flood forecast warning and review

. National HMS ) %
DEWS: all Dri .w

ional HMS

S

p. with DE

Collect and Operate Combine Perform Decide on Communicate
transmit real-  overall Drin  available hydrological flood warning, with EFAS,
time (hazard) databaseat international and hydraulic disseminate actors and
datato DEWS; check meteo modelingof  warning to concerned
nationaldata  andcorrect  forecastwith floods and crisis mana-  communities;
bases and raw data, fill- regional inundations  gement review EWS
DEWS forecast up gaps; information groups, after flood
center interaction public etc.

between HMS

and DEWS

Fig. 9.2: Interconnected components and duties of the DEWS and national HMS

Some tasks are purely related to the HMS or to the DEWS operational centre, others should be
performed in close collaboration between DEWS (regional) and national institutions.

In particular, well-functioning and robust data base systems need to be established to guarantee a
smooth and reliable data transmission from the national HMS to the DEWS and reversely.
Standardization of data base software, data storing, data quality checks, data transmission filters is
considered essential. Details about the existing equipment are given in Chapters 5 to 8 and Annexes
3to6.

Elaboration of a regional quantitative meteorological forecast based on the international numerical
forecasts requires special qualification and should be performed in the DEWS centre only.

52



Hydrologic and hydraulic modeling for flood forecast including ensemble forecasting requires large
experience and continuous training in modeling. The experts knowledge may disappear if severe
floods and flood forecasting do not occur for several years. Consequently it is recommended that the
modeling tasks are concentrated in the DEWS operational centre, which may profit from the highly
qualified personnel of the existing Albanian National Forecast Centre. Once if the DEWS is well
established and has proved its functioning during floods, submodels taken from the complete river
basin model and covering the subbasins of the riparians may also be forwarded to the national HMS.
In doing so, some riparians — Macedonia, Kosovo, Montenegro - can develop their own local flood
forecast in addition to the DEWS forecast in order to account in more detail for local conditions and
to improve the accuracy of the local forecast. A submodel can also be used for variant analysis and
prediction of local floods if reservoir releases will be modified. But such a transfer of submodel
systems (software) requires continuous assignment of highly qualified modeling experts at place.

The construction and dissemination of flood warnings is the responsibility of the national institutions;
for this issue, the DEWS may communicate with the HMS but should not interfere into any national
decision making.

In Figure 9.3 the process for the creation of a flood early warning in the Drin-Buna basin by the DEWS
centre is proposed. Dotted-line arrows indicate options, full-line arrows indicate necessities of
interaction between the involved groups. The role of EFAS is explained in detail in Chapter 11.

4 National HMS DEWS External

Monitoring of HM data

—& Continuous processing of
Transmission of actual raw DEWS data base for whole + EFAS data base
data from stations to o Diriti basin

national HMS data base \ _1
Plausibilit ci;lecks Consistency analysis of all
i obtained actual HM data ;

| | /’ x k

EFAS provides first
information about
possible future
flood

-

Optional: national flood

forecast with submodel
L

Dissemination of national
flood early warning

QMF to Drin Basin

i
CQuantitative flood forecast
for whole basin

1
Communication with HMS
about flood early warning

Storing of checked datain |~ Activation of FF activities &
HMS data base i | 7 i
International
Adaption of international ioten ferecast
. -(\.__

centers: guantita-
tive meteo
forecast (QMF)
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Fig. 9.3: Optimum sequence of interactions between DEWS operational centre, national HMS and
external institutions for the operation of a flood early warning system

Figure 9.3 shows the sequence of actions within each HMS and the DEWS centre as well as the
interaction between the parties involved. This figure shows an optimum structure of operation with
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the DEWS centre as the main institution for data processing and modeling provided that the
collaboration between the riparians is well organized and all required online data and the
guantitative weather forecast will be available to the DEWS centre. If such a stage is reached, the
DEWS operational center will be continuously linked with EFAS regarding the transmission of the
processed and checked online data to EFAS as well as the receipt of a first information about
upcoming floods from EFAS. According to Figure 9.3, the national HMS perform an immediate first
plausibility check of the arriving hydrometeorological online data of their national station networks.
The checked data will then be transmitted to the DEWS centre. The time interval for the transmission
of online data will depend on the actual situation and can vary between about 1 day (dry season) and
1 hour (rainy season). The centre immediately performs a consistency analysis and - if necessary -
adjustments under consideration of all data obtained. The data which the DEWS centre judges to be
most representative will serve as an input into the forecast model chain. Forecast will be performed
by DEWS only if given thresholds of rainfall and water levels are exceeded. The representative data
will also be transmitted to EFAS as an input into their forecast tools which are continuously running
on a daily time step and on a relatively rough spatial resolution for large parts of Europe. EFAS can
provide a first information to the DEWS operational centre about an upcoming flood at an early
stage. Such an information will initiate flood forecast activities at the DEWS operational centre. The
flood forecast produced at the centre for given time intervals (often: 6 hours) will then be delivered
to the national HMS for the elaboration and dissemination of early flood warnings.

Apart from the interaction between the DEWS centre and EFAS as described above it is
recommended that the riparian countries directly share hydrometeorological online data via their
HMS with EFAS. In doing so, EFAS will provide the riparian countries with EFAS’ products free of
charge, in particular with first information (warnings) about upcoming floods at an early stage.

9.2 Existing Hydrometeorological Station Network in the Drin Basin as a Basis for the
DEWS

Chapters 5 to 8 contain inventories of existing and previous, functioning and non-functioning
hydrological and meteorological stations in the Drin basin of the riparian countries. Details are given
in the Annexes 3 to 6. All above stations for which the coordinates were handed over to the
international experts, are plotted into the river basin maps of Figures 9.4 and 9.5, which were
processed from the international experts’ digital terrain model (see also Figure 3.1).

The digital station maps of Figures 9.4 ff are the first ones which had ever been developed and
harmonized for the whole Drin-Buna basin. With the help of these digital maps, the station network
for the DEWS could be pre-designed within this Assessment Study.
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9.3 Required Hydrometeorological Station Network for the DEWS

Based on above information and on elaborations of working groups for each country consisting of
national experts from the respective country during the workshop in February, 2013, the
international experts selected key stations which are considered essential for the operation of a basic
DEWS. These stations are defined as “Level 1 (L1) stations”. In a first step, these stations should be
preferably put into function as soon as possible. Such a basic DEWS will, first of all, allow a technical
functioning of the DEWS system and deliver first flood predictions at any location of the Drin basin.
The L1 stations will enable a somewhat reasonable short-term calibration of the combined
hydrological and hydraulic models at the key gauging stations with the help of a relatively rough
meteorological online data network. Such a short-term calibration covering about one month of
input data from the past 30 days to present is part of the operation of the DEWS and will be repeated
prior to each simulation of the flood forecast. Because of the low density of the meteorological
online station network the flood forecast of the basic system will involve medium to high
uncertainties. L1 hydrometric stations are usually located at the main river, at reservoir inflows and
outflows, at the water bodies of the reservoirs or lakes (surface water level) and at major tributaries
upstream of the junction with the main river. About one third of the L1 online meteorological
stations should be automatic climatological stations (well equipped), two thirds can be pure
automatic rainfall stations including snow pack measuring instruments if located in snow regions. The
L1 meteorological stations should be distributed in such a way that the regions providing the largest
amounts of rainfall and snow should be monitored with a denser station network than the other
(lower) regions. Therefore, a higher density of stations in certain (higher) regions can be justified, if
these regions have considerable annual rainfall and snowfall.

On request by GIZ, the international experts selected 20 stations from the L1 stations. Reason is the
limited project budget being available for equipment. These 20 L1-A stations are recommended for
an immediate installation respectively upgrade as online stations by GIZ funding. Details are given in
Chapter 9.4 (Table 9.3, Figures 9.9 and 9.10).

In a second step, Level 2 (L2) stations should be brought into operation and included in the online
station network. L2 hydrometric stations are preferably located at tributaries of the Drin river. L2
meteorological stations are preferably automatic precipitation stations, some of them being located
in mountainous regions with high amounts of annual rainfall and snow. Integration of L2 stations will
significantly improve the performance of the DEWS to reach a standard level of accuracy.

In a third step, Level 3 (L3) stations may be added. These stations are located at minor tributaries
and in remote areas. Final locations should be selected only after a longer period of modeling
experience under Level 2 stage. L3 stations will raise the density of the hydrometeorological network
and further improve the accuracy towards a higher standard DEWS.

The option of adding automatic online precipitation stations to selected hydrometric stations could
not yet been investigated in detail. This option should be considered for appropriate locations
because of control, maintenance and economic reasons. Installation may become interesting, if
additional precipitation stations will become necessary in order to improve the modeling accuracy.

The international experts’ recommendations for L1 and L2 stations are summarized in Table 9.1. L3
stations were not nominated. In total, 37 hydrological stations and 38 meteorological stations
including climatological and precipitation stations are recommended for as Level 1 stations.
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For comparison, the recommendations of the national experts are also listed in Table 9.1. The total
numbers of L1 and L2 stations of the national recommendations coincide widely with the
recommendations given by the international experts. The locations of the stations, however, differ to
some extent. For example, the Albanian recommendations for L1 meteo stations did not include the
stations which are going to be implemented by a World Bank funding in the close future. The
Montenegrin recommendations of hydrological stations did not include several automatic online

stations, which are definitely required as L1 stations.

11 2 10 5

(14)  (4) (4) (10) @) ()

4 0 8 3
(4) (0) (0) (3) (7) (0
7 0 6 3
(6) () (0) (10) (1 ()
15 2 8+6 7

(14) (3

- (4) (8) 6 (4

Table 9.1: International experts’ recommendation for hydrological (hydrometric) and meteorological

stations (climatology and precipitation) of priority levels L1, L2 and L3 for the DEWS
project. In addition, the national experts’ recommendations are listed as red numbers.
Level 1: Key stations essentially required for a basic DEWS

Level 2: Important stations in addition to L1 stations for a standard DEWS

Level 3: Useful stations in addition to L1 and L2 stations for a higher-standard DEWS
Remarks:

(*) for Montenegro: 5 existing online stations are included; station Fraskanjel at the Buna
river is assigned to HMS Montenegro but should be operated together with HMS Albania
after upgrade to online

(**) for Albania: Experts’ L1 meteorological stations include 6 planned stations to be
funded by World Bank; these stations are not included in L1 number of national expert

For the stations selected by the experts, the station density in units of stations per 1000 km” was
calculated. The values are listed in Table 9.2 and compared with average, minimum and maximum
station densities from existing flood forecast systems in Germany. The German values are taken from
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a study which was performed under Prof. Meon’s participation (DWA, 2009). It becomes obvious that
the density of hydrological stations recommended by the international experts for the Drin-Buna
DEWS is clearly below the average density occurring in Germany. For the meteorological stations, the
density will be in a similar range, if both L1 and L2 stations will be included in the station network. It
is emphasized that the comparatively low densities assigned to the Drin basin are — to some extent —
also representing the financial conditions of the project.

Density of online station | Hydrological stations Meteorological
network in river basins (climatologic and
with flood forecast precipitation) stations
modeling

Recommended L1 2.2 per 1000 km? 2.2 per 1000 km?
stations for Drin basin

(average)

Recommended L1 + L2 2.4 per 1000 km? 3.3 per 1000 km*
stations for Drin basin

(average)

Germany (average) about 5 per 1000 km? about 3 per 1000 km?
Germany (maximum) about 10 per 1000 km? | about 11 per 1000 km?
Germany (minimum) not available about 2 per 1000 km?

Table 9.2: Density of station network recommended by international experts to be used for online
data acquisition for the DEWS; for this, a relevant Drin-Buna catchment size of about
17.200 km? (without subcatchment of lake Prespa) was assumed; comparison with station
densities occurring in German flood forecast basins covering catchments of up to about
15.000 km?* (DWA, 2009).

The international experts’ selection of L1 and L2 hydrological stations are displayed in the system
sketch of Figure 9.6 and in the basin map of Figure 9.7. The international experts’ selection of L1 and
L2 meteorological stations are displayed in the basin map of Figure 9.8.

It is emphasized that flow measurement at outflow or inflow locations Hs7 , Hyo and H, 3 of the
Albanian reservoirs is critical with regard to backwater effects during floods. Water level gauges,
however, are not sufficient for the hydrological modeling of the cascade reach. Consequently,
cooperation with the KESH dam authority is required in order to integrate KESH’s (calculated)
reservoir outflow data in the future DEWS.
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In Annex 7, the hydrological stations recommended by the international experts are plotted for each
country. In addition, the national wishes are plotted in separate maps. In Annex 8, the recommended
meteorological stations and the national wishes of meteorological stations are plotted.

The selected hydrological stations and details about the required upgrades are summarized for each
country in tabular form in Annex 9 and for the meteorological stations in Annex 10.

9.4 Recommendation for an Immediate Setup of L1-A Online Stations by GIZ Funding

As indicated in Chapter 9.3, the international experts selected 20 stations from the group of L1
stations for immediate action. These 20 “L1-A” stations (plus one hydrological station L1,11 as
additional option) are recommended to be installed respectively upgraded and put into online
operation by GIZ funding as soon as possible. Together with existing online stations from
Montenegro, with planned (or already partially installed) online meteorological stations in Albania
financed by the World Bank and (online) outflow data information from the Albanian reservoir
cascade obtainable from the KESH dam authority, a first transnational data network can be made
available for the DEWS.

Selection of the L1-A stations is based on the information which was available up to the workshop in
February, 2013. Criteria for the selection were in detail:

— Location at most relevant points of the catchment and river system with focus on a first rough
hydrological modeling of the whole Drin-Buna basin. Such a preliminary model can be used to
successively identify further essential stations out from the L1 and L2 group for the integration
into the DEWS.

— Integration of several planned meteorological online stations in Albania to be financed by the
World Bank into the online data network of the DEWS, and into the first rough modeling.

— Integration of several planned hydrological online stations in Albania, which are financed by the
World Bank, into the online data network of the DEWS and into the first rough modeling. Some
of the World Bank stations may even replace recommended L1-A stations if location and
equipment meets the demands of the DEWS.

— Integration of online outflow data from the Albanian reservoir cascade being operated by KESH
company into the online data network of the DEWS, and into the first rough modeling. The
international experts do not have any detailed information about Kesh’s data monitoring, but
according to international practice, the dam authorities continuously measure or calculate the
reservoir outflow. These data will essentially contribute to a reasonable performance of a DEWS.

— Integration of online data from existing online meteorological and online hydrometric stations
from Montenegro.

Table 9.3 shows the L1-A stations in combination with planned (or already operating) online
meteorological stations financed by the World Bank and locations downstream of the Albanian
reservoirs, where calculated or observed online outflows should be made available from the KESH
dam authority. In Figures 9.9 and 9.10 these stations and locations are placed in maps.
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H1,4 M 1,1
H1,13 M 1,4
(H1,11) M 1,9
H 2,4 M 2,1
M 2,8
M 2,6
H3,5 M 3,3
H 3,7 M 3,5
M 3,9
H 4,4 H 4,7 M 4,2 M 4,4
H 4,8 H 4,11 M 4,9 M 4,6
H4,10  H4,13 M 4,11
H 4,17 M 4,12
M 4,17
M 4,20

Table 9.3: International experts’ recommendation of L1-A stations to be put into online operation by
GIZ funding as soon as possible; in addition other planned or most recently operating
online meteorological stations (funded by the World Bank), which coincide with L1 or L2

stations and other online data sources (Albanian reservoir outflows calculated or
measured by KESH) are listed. Station H 1,11 can be added if online hydrological stations
financed by the World Bank will replace one or more of the recommended L1-A stations.

The table does not include:

Several meteorological and hydrological online stations being presently operated in
Montenegro.

Several planned or most recently operating online hydrological stations financed by
the World Bank; status of these stations is unclear to international experts; locations
are displayed in station map of Figure 9.9..
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10 Recommended Investigation about Required Equipment and Future IT
Structure at Four National HMS and DEWS Operational Centre,
Collaboration with Dam Authorities

The inventory of the existing hydrological and meteorological networks and data series in the Drin-
Buna basin for all four riparians including the development of catchment maps, several iterations for
identification and specification of the stations, the graphical displays, the development of the DEWS
concept with focus on the selection of stations under consideration of the findings obtained at the
workshop in February, 2013, required all time being available for the Assessment Study.

From the field trip, only basic information on the existing information technology (IT) equipment
could be collected. This information was, to some extent, supplemented with the help of
qguestionnaires developed by the international experts and filled out by the national experts. Results
of the IT inventory are given in the Chapters 5 to 8 and Annexes 3 to 6. These results, however, are
not yet sufficient to develop detailed recommendations for the IT equipment tailored for each
national HMS and for the DEWS operational centre. Furthermore it was not feasible to specify the
required equipment and construction work for each recommended L1-A station in detail within the
given working frame.

At least a more general recommendation about the structure and required equipment for
functioning HMS units as well as for the DEWS operational centre and the IT system was worked out.
The structure and lists of required equipment are composed in Annex 11.

The international experts recommend to perform a supplementary study which focusses on the
specification of the required information technology as well as on the required collaboration of
DEWS operational centre with the Macedonian and Albanian dam authorities. The following aspects
need to be investigated in detail:

— Required hardware and software at the four national HMS

— Required hardware and software at the DEWS operational center

— Synchronizing of IT equipment (software of data bases, etc.) between HMS and DEWS
operational centre with regard to robust and reliable data exchange

— Optimum share of hardware and software components between the DEWS operational
centre and the new forecast centre in Tirana

— Hydrometeorological data transmission between national ground stations and national HMS

— Hydrometeorological data exchange between national HMS and DEWS operational centre

— Transmission of flood forecast from DEWS operational centre to national HMS and national
crisis management groups

— Exchange of hydrometeorological data between DEWS centre and EFAS

— Cooperation with international numerical meteo forecast centres

— Sharing of hydrometeorological data within the riparian countries

— Detailed analysis of organizational and operational structures of dam authorities with regard
to the Dam Safety Project (KESH) and data sharing; initiation of agreements of collaboration
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11 Collaboration between DEWS and the European Flood Alert System
(EFAS)

According to http://www.efas.eu/, the “European Flood Awareness System (EFAS), developed to

produce European overviews on ongoing and forecasted floods up to 10 days in advance, contributes
to better protection of the European Citizen, the environment, property and cultural heritage. It has
been developed at the European Commission’s in house science service, the Joint Research Centre
since 2002 in close collaboration with the National hydrological and meteorological services,
European Civil Protection through the Monitoring and Information Centre (MIC) and other research
institutes. Since 2011, EFAS is part of the Copernicus emergency management service and has now
been transferred to operational service in 2012. EFAS also represents the 1st operational
hydrological network in Europe.”

“The Operational EFAS consists of several centres executed by different consortia:

— EFAS Computational centre - European Centre for Medium-Range Weather Forecasts (UK)
executes forecasts and hosts the EFAS-Information System platform

— EFAS Dissemination centre - Swedish Meteorological and Hydrological Institute, Rijkswaterstaat
(NL) and Slovak Hydro-Meteorological Institute analyse EFAS on a daily basis and disseminate
information to the partners and the MIC

— EFAS Hydrological data collection centre - REDIAM (ES) and ELIMCO (ES) collect historic and
realtime discharge and water level data across Europe

— EFAS Meteorological data collection centre — not yet fully operationally and still managed by JRC.
Collects historic and real-time meteorological data across Europe.”

Already in the preparation phase of the DEWS project, information exchange between GIZ and the
riparian countries with EFAS took place with the aim of collaboration regarding exchange of data,
flood forecast and training.

In Figure 9.3, a recommendation about the sequence of interactions between DEWS operational
centre, national HMS and external institutions for the creation of a flood early warning is given. This
figure shows an optimum structure of operation with the DEWS centre as the main institution for
data processing and modeling provided that the collaboration between the riparians is well
organized and all required online data and the quantitative weather forecast will be available to the
DEWS centre. If such a stage is reached, the DEWS operational center will be continuously linked
with EFAS regarding the transmission of the processed and checked online data to EFAS as well as the
receipt of a first information about upcoming floods from EFAS.

According to this Figure, EFAS may deliver a very early warning or information about a coming flood
to the DEWS center on a more qualitative basis. This is one of the products of EFAS whose
meteorological data base covers also neighbouring countries of the region.

At present the international experts highly recommend that the riparian countries directly share
hydrometeorological online data via their HMS with EFAS. In doing so, EFAS will provide the riparian
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countries with EFAS’ products” free of charge, in particular with first information (warnings) about
upcoming floods at an early stage.

The international experts recommend the following first steps of realization of the cooperation
between the riparian countries and EFAS:

— Agreement of cooperation between riparian countries (via HMS) and EFAS for sharing of
hydrometeorological data

— National HMS continuously deliver checked data from relevant online hydrometeorological
stations to EFAS

— EFAS delivers information on flood warning at an early stage to national HMS

In a similar way, an agreement of cooperation between the DEWS operational centre and EFAS
should be initiated after implementation of the DEWS operational centre. The international experts
recommend that the DEWS operational centre will — in addition to the data transmission to EFAS via
the national HMS - transmit relevant hydrometeorological data series to EFAS directly after
completion of the consistency checks. These data series can be finally used by EFAS as most
representative online data for the Drin-Buna basin with regard to flood forecast. Depending on the
models to be applied, training of DEWS personnel and further information exchange can be realized.

12  Conclusions and Next Steps

With the help of the national experts and logistic support by GIZ, the international expert team
elaborated an assessment study for gaps and needs in establishing a flood early warning system in
the Drin-Buna river basin. The national experts are associated with the hydrometeorological services
of the riparian countries Albania, Kosovo, Macedonia and Montenegro. Information was also
exchanged between representatives of the World Meteorological Organization (WMO) and the
European Commission Joint Research Center (JCR) being in charge for the European Flood Awareness
System (EFAS).

The international experts highly appreciate the close and cordial collaboration with the national
experts, the national HMS and other institutions during the project phase and the workshop.

The international expert team coordinated and elaborated the following tasks:

— Visit of relevant institutional providers of hydro-meteorological information in Albania,
Macedonia, Kosovo and Montenegro.

— First inventory of the existing hydrometeorological, flood forecast and warning conditions (gaps
and needs) with regard to a functioning DEWS.

— Pre-design of the (overall) DEWS for the lower Drin Basin as well as of the upgrade of the
national HMSS to contribute to the overall DEWS.

— ldentification of steps to be taken for the integration of the DEWS in the European Flood
Awareness System (EFAS).

— Workshop in Tirana from 12-13 February, 2013
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— Final report including additional knowledge gained at the workshop.

The report is based on the information gathered and processed until end of the workshop. For
details, results and recommendations it is referred to the Chapters 5 to 11. Essential findings and
conclusions are summarized as follows:

— Collection and analysis of any kind of data (hydrological and meteorological stations and
corresponding historical series) required — by far — more working effort than originally planned.
This is because of the heterogeneous organisational and financial situation, of the differing
personnel structures of the national HMS and of partially adverse political conditions in the close
past. In order to provide a common base for the data inventory, questionnaires had to be
created, filled out by the national experts and iteratively be completed. The data inventory as
well as the findings of gaps and needs had to be integrated from four information sources: field
trip, questionnaires, data processing by the national experts as recommended by the
international experts, reports. Still up to now, there exist some contradictions in data
information.

— Further homogenizing of data information required development of a highly resoluted digital
topographical map of the river catchment. Into this map all existing (functioning and non-
functioning stations) from the four riparian countries were drawn. This additional work was — in
combination with the processed station histograms - necessary for the recommendation and
graphical display of required online stations for the DEWS.

— The international experts selected 69 key stations — so-called Level 1 (L1) stations - (37
hydrological stations and 32 meteorological stations) which are considered essential for the
operation of a basic DEWS. These stations should be preferably installed or — if already existing -
upgraded and put into online function. Some of the selected stations coincide with planned
online stations which are going to be built with World Bank funds (about 6 hydrological and 6
meteorological stations all being located in Albania). In further steps, the online data network
should be extended by selected Level 2 and Level 3 stations to improve the performance of the
DEWS to reach a standard level of accuracy in flood forecast.

— With regard to the limited financial GIZ budget for equipment, the international experts chose 20
so called L1-A stations from the group of L1 stations. The L1-A stations should be immediately
installed or — if already existing - upgraded to online data transmission and put into operation.
The online data should be transmitted to the national HMS which need to be equipped with
suitable IT systems and data base software.

— Further development of the online station network towards a complete L1 network will require
considerable efforts by the riparian countries with regard to financing of equipment and
increased personnel at the national HMS. Institutional, economical and legal aspects of involved
HMS could not be studied in detail.

— The extended scope of work and the incomplete information gathered during the visits of the
national HMS did not yet allow to develop accurate recommendations about the future IT
structure fitted to each national HMS and to the DEWS Operational Centre as well as a detailed
recommendation for the collaboration with dam authorities. This task should be performed in
the next project steps as listed below. At least, a more general recommendation for the required
equipment of a well-functioning national data base and the regional forecasting centre was
worked out.
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Regarding the operation accuracy of the DEWS, a close cooperation between the DEWS
operational centre, the Albanian KESH and the Macedonian Dam authority is necessary.
Hydrometeorological data collected by the national HMS (and checked on consistency by DEWS
operational centre) and above authorities need to be shared in order to reach a “win-win”
situation with regard to flood forecast and protection and economic benefits from hydroenergy
production. A well-functioning flood forecast model system can be extended to provide accurate
flow forecasts of reservoir inflow all over the year including low flow seasons. Furthermore such
a model system can be extended for support of the real-time reservoir operation. Aim for the
dam authorities could be to optimize hydroenergy production in combination with flood
protection and downstream flood damage minimization.

Contractual collaboration between the national HMS and EFAS with regard to online data
provision to EFAS is recommended and should be realized as soon as possible. The riparian
countries will receive — free of charge — products from EFAS like information about upcoming
floods at a very early stage. At beginning of operation, the DEWS operational centre should also
directly exchange information with EFAS.

The next steps should be (see also further steps listed in Chapter 10):

Specification of the work to put a maximum number of the recommended L1-A level stations into
online operation:
e Detailed inventory of required equipment and structural work for each selected L1-A
location.
e If necessary, modification of station location and equipment.
e Detailed determination of required IT at four national HMS and DEWS operational centre
e Detailed cost estimates etc.
e Preparation of ToR for the installation, data transmission and data management
e Bidding, evaluation of proposals, award of contract(s) to manufacturers and
(construction) companies.
Installation and upgrade of L1-A stations and transmission facilities.
Upgrade of national HMS units for online data handling for the DEWS; training in data base
management with international partners.
Development of organizational structures and agreements between riparian countries for the
implementation of the DEWS — located at the National Centre for Forecast and Monitoring of
Natural Risk, IGJEUM, Tirana.
Development of a first hydrological model (planning stage) covering the whole Drin-Buna basin:
calibration and validation with historical data, training with international partners.
Start of online data sharing between the national HMS and the DEWS operational centre.
Extension of the hydrological modeling tools towards rough forecasting.
Extension of the online data network.
Extension of the rough hydrological forecast model towards detailed hydrological modeling and
combination with hydraulic modeling in flood prone areas.
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