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Figure 7:  Floods on the Drina River, western Serbia, November-December 2010 

A great number of citizens and their households, as well as many vacation houses, were affected 
by the floods. During the flood in the lower part of the Drina basin, firemen and rescuers evacuated 
1058 persons in several towns in Serbia (250 in Ljubovija, 60 in Mali Zvornik, 554 in Loznica and 
194 in Sabac). In the field work, 5 regional specialized teams were engaged in the rescue, as well 
the water works from Belgrade, Novi Sad, Kraljevo, Nis and Kragujevac, local fire and rescue units 
and units from several cities in the Republic of Serbia (Uzice, Novi Pazar and Cacak).  
Meetings of the emergency management staff were constantly been held in the municipalities of 
the Sava Basin. Members of the Sector for Emergency Management also participated in the 
meetings. The staff monitored the development in the field and made decisions on further actions 
of all those involved in flood defence activities. Damage assessment commissions were also 
established.  
 
High-ranking government officials visited the municipalities affected by floods.  
 
 
5. Meteorological and hydrological support during and after the  disastrous floods  
 
The Flood Warning System of the RHMSS collected all available meteorological and hydrological 
data, processed them, run them through meteorological and hydrological models and made 
preliminary risk assessment. Data from the Sector for Emergency Management of the Ministry of 
Interior of Serbia and from the public water management enterprise “Sava-Dunav” were also 
employed.  
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Figure 8:  Flood zones determined based on the initial data collected from the field 
 
During the December floods on the Drina, the RHMSS applied for and became an official user of 
the products of the EU/FP7 SAFER project (Services and Applications for Emergency Response), 
which was realized within the initiative GMES (Global Monitoring for Environment and Security) of 
the EU.  
 
The basic advantage of the use of SAFER products is that they enable rapid availability of detailed 
maps of the flooded areas before, during and after flood cessation, which facilitates the monitoring 
of the extreme phenomenon and decision making in the process of flood defence. They also 
accelerate damage assessment after flood cessation. 
 
A satellite image of flooded areas in the vicinity of the Drina and the Sava confluence, obtained 
within the mentioned SAFER project in cooperation with the company “Infoterra” from France, Is 
shown in Figure 9.  
 

 
Figure 9:  Satellite image of flooded areas on the River Drina and the River Sava (10 Dec 2010) 
 
Owing to the created conditions for the utilisation of the products of the SAFER project, it was 
demonstrated that by using available contemporary means in the early warning system, it is 
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possible to rapidly obtain significant site information and plan efficient actions in the process of 
flood prevention and protection.  
 
This kind of improvement of the hydrometeorological early warning system would contribute to a 
faster identification of hazard areas and more efficient risk management of flood and other 
disasters. 
 
CONCLUSIONS 
 
The high water level on the Drina River at the end of November and beginning of December were 
caused by large-scale unfavourable meteorological and hydrological conditions on the territories of 
three countries.  
 
Based on the available data, the RHMSS promptly provided forecasts and warnings for all 
participants in the flood defence system. Owing to this and measures taken by the Sector for 
Emergency Management, competent water management enterprises and the power generation 
sector, the loss of human life was avoided and damage to property was mitigated, especially in the 
lower part of the Sava River.  
 
The observed problems in the functioning of the hydrometeorological early warning system were 
primarily related to the lack of a common regional hydrometeorological information system for the 
Drina Basin.  
 
From the aspect of the functioning of the flood risk management system on the Drina River as a 
water course cut by state borders or is the state border and whose regime is crucially influenced by 
the management of constructed accumulations, a need exists for inter-governmentally coordinated 
management of the waters within this Basin. In the case of the Drina River, this is possible to 
realize through regional projects that would also be supported by relevant international institutions. 
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1. INTRODUCTION 
 
The Government of the Republic of Croatia has adopted the Natural and Manmade 
Catastrophes and Major Disasters Vulnerability Assessment  on 2009. The Assessment has 
been developed by the National Protection and Rescue Directorate (NPRD) in collaboration with 
the Meteorological and Hydrological Service (DHMZ), Seismological Service, Croatian Waters, 
State Geodetic Administration and different Ministries and has identified hazards and risks that 
endanger the Republic of Croatia. It has estimated the needs and opportunities for prevention, 
reduction and elimination of consequences of disasters and major accidents, and has established 
a foundation for developing protection and rescue plans, and the operational protection and rescue 
forces and resources of an integrated and comprehensive national management system in 
protection from disasters and major accidents. Key natural hazards affecting Croatia, as stated in 
the Assessment, are: flooding ‐ river flooding and flash floods, earthquakes and forest fires . 
 
About 80% of the total forest fires in the Europe concentrate in the Mediterranean regions. South 
Eastern Europe (SEE) region is particularly vulnerable and consequences should be mitigated with 
better prevention and preparedness. In Croatia the average number of forest fires per year for the 
period from 1995 to 2000 was 300, but there has recently been a dramatic increase in the number 
of fires. In 2007 as much as 750 fires were reported and the burnt area was about 159.000 ha. 
 
Here is presented one of the worst forest fires on record which was started on 4th August 2007 in 
the Dubrovnik area with a highlight on the operation of fire protection management in Croatia. This 
case shows the needs for regional cooperation in data sharing and technical assistance is crucial 
for risk reduction. 
 
 

2. INSTITUTIONAL AND LEGAL FRAMEWORK IN SUPPORT OF FIRE  PROTECTION 
 
At national level, there is a disaster management system in place. As stated in the Protection and 
Rescue Law , the protection and rescue are being realized through activities of the operational 
rescue and protection forces at the local self‐government and county levels, and at the level of the 
Republic of Croatia. The National Protection and Rescue Directorate (NPRD) is the leading 
organization for the protection and rescue of people, assets and environment in the Republic of 
Croatia. Its mission is to constitute and maintain a modern system of protection and rescue in the 
Republic of Croatia, which will be able to respond with all available resources to all needs for the 
protection of people, assets and environment in events of disasters, accidents and other needs of 
a modern society, and if necessary, extend or obtain help from other countries in the emergency 
situations. Several plans and programmes related to disaster management have been already 
developed and adopted: 
 

• Intervention Plan during Wild and Forest Fires on the territ ory of the Republic of 
Croatia (2001) as a strategic document that defines: who is accountable for the realization 
of the plan, their set‐up, responsibilities and authorities, coordination and management 
system, capacity building of the Plan’s implementers, public information procedures and 
financial means needed for its implementation; 

 
• Activity Program for the Implementation of the Special Fi re Protection Measures in 

Republic of Croatia (adopted every year) is the basic coordination and implementation 
document defining roles and responsibilities of national administration entities, public 
companies, regional and self‐government units, citizens’ associations and others involved 
in the implementation of the fire protection measures. 

 
The Activity Program for the Implementation of the Special Fire Protection Measures in Republic of 
Croatia defining: the legal and general basis for the Programme implementation; activities related 
to the preparation for the summer fire protection season; preventive actions for fire risk reduction; 
development and introduction of new fire protection systems, techniques and technologies; 
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activities established by the State Plan of Engagement of Firefighting Forces and other Forces 
participating in Fire‐fighting; operational activities; and financing and reporting on the Programme 
implementation. 
 
The System 112 is the established early warning system, i.e. the mechanism for continuous and 
real‐time collection and sharing of risk information. The System 112 is located within the NPRD, 
and collects, analyses and further shares information, news and data. The System 112 reports on 
all risks and hazards, and if needed, alerts citizens, legal entities, administration bodies, rescue 
services, respective civil protection forces and relevant NPRD management. The System also 
keep records on hazards, accidents and disasters, and maintain the public warning system in the 
Republic of Croatia and coordinates decisions and orders sharing. DHMZ and other respective 
institutions also collect data and information relevant for effective and efficient disaster 
management. 
 
Operational data utilization and information exchange between DHMZ and System 112 has been 
regulated by the Standard Operating Procedures for the utilization of the DHMZ weather 
forecasts. Institutional and legal framework that reflects the role of DHMZ is the Law on the 
Performance of the Hydro‐meteorological Service (1978) defining that DHMZ should: 

• provide warnings on approaching and developing hydro‐meteorological hazards, 
• provide reports, forecasts and warnings to the relevant republic administrative entities on 

hydro‐meteorological hazards valuable for flood protection and from other risks, as well as 
for the navigation security, and providing reports and forecasts on air pollution and 
warnings on sudden pollutions of rivers, lakes, see and air, 

• monitoring of meteorological, hydrological and biometeorological parameters and 
phenomena, 

• data management, archiving and dissemination of data, products and information, 
• analysis, research and development of meteorological products and services for the public, 

governmental bodies and specific users, and 
• national and international exchange of data and information. 

 
The Republic of Croatia has established the Croatian Platform for disaster risk reduction (2009) 
as a permanent forum for the exchange and provision of opinions, proposals and achievements 
contributing to disaster risk reduction in all areas of human activities with a view to making the 
disaster risk reduction. NRPD is the key coordination, organization and management entity 
regarding disaster management, including emergency preparedness and response. DHMZ has 
established DRR Focal Point that coordinates activities at national, regional and international level. 
 
The Republic of Croatia has an active multilateral cooperation with regional initiatives and 
organizations Disaster Preparedness and Prevention Initiative for South East Europe 
(DPPI/SEE) and Civil‐Military Planning Council for Southeast Europe, and within this cooperation 
assistance has been obtained primarily through capacity building. Croatia also participates in the 
EU Civil Protection Mechanism and the EU Civil Protection Financial Instrument. Bilateral 
agreements with Montenegro and with Bosnia and Herzegovina should enhance the early 
warnings, prevention from and mitigation of forest/wild fires in the south coastal area. Operation 
and information exchange between NRPD and Ministry of Security of Bosnia and Hercegovina has 
been regulated in 2006 by the Standard Operating Procedures for the transboundary actions 
in wild fire protection. 
 
 
 
3. THE DUBROVNIK FIRE, 4 – 9 AUGUST 2007 
 
Hot and dry weather across southern Europe had led to the fire season of 2007 as a difficult one 
for the SEE. One of the worst forest fires on record was started on 4th August 2007 in the 
Dubrovnik area. The fire has been burning for several days, spreading from neighbouring Bosnia 
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and Hercegovina. More than 3,400 hectares of vegetation burned (Figure 1). Dubrovnik is an 
Unesco world heritage site and major tourist attraction. The fires had become a source of serious 
concern and anxiety for the public because of the high tourist season and proximity of fires to the 
Dubrovnik and other settlements. Although no full‐scale evacuation took place, people fled from 
the hillside villages, where the fire was reported to have destroyed several houses. Hundreds of 
tourists found themselves stranded for hours at Dubrovnik airport as flights were delayed and 
roads into the city were closed. 
 
The fire started in the mountainous region. The fire crossed the border on 4 August 2007 at 7 p.m. 
near Župa Dubrovačka. After that the fire crossed the border on several other places along the fire 
line. The fire was burning quite quickly as it picked up speed with the help of the strong Bora wind 
and has been continuing since 9 August 2007. 
 

 
 
Figure 1: Map of the general area of the fire 4 – 5 August 2007. Red line is the border between the 
Croatia and Bosnia and Hercegovina. Orange line is the fire line. 
 

 
a)       b) 
Figure 2: a) Picture of the part of the fire front in Dubrovnik and b) burned area 
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3.1 Operation of fire risk management 
 
One of the worst forest fires on record was started on 4th August 2007 in the Dubrovnik area. The 
fire has been burning for several days, spreading from neighboring Bosnia and Herzegovina. 
 
The first information about the fire on the territory of Bosnia and Herzegovina was received in 
Dubrovnik County 112 Center on 4 August at 10 a.m. One hour later Ministry of Security of the 
Bosnia and Hercegovina, in accordance with the Standard Operating Procedures for the 
trans‐boundary actions in wild fire protection between Croatia and Bosnia and Herzegovina, issue 
the permission that Croatian fire fighting brigades can help and act at the cross‐boundary area. 
 
The fire crossed the Croatian border on 4 August 2007 at 7 p.m. near Župa Dubrovačka. After that 
the fire crossed the border on several other places along the fire line. The fire was burning quite 
quickly as it picked up speed with the help of the strong Bora wind and has been continuing since 
9 August 2007. 
 
The Croatian fighting service as a part of NPRD is quite well organized, having both professional 
and voluntary fire fighting organizations. Fire crews of 669 people and 102 cars were deployed 
during this fire episode. Nevertheless, the fire managed to spread, partly controlled by firefighters. 
Mountainous arduous area and strong Bora wind additionally complicated the fire protection and 
precluded helicopter and airplane intervention. Unexploded landmines left over from the war in the 
1990s have been hampering the efforts of firefighters too. Upon the Bora wind decreasing three 
Croatian Canadair water‐bombing planes were helping hundreds of firefighters to contain the blaze 
threatening. These fires have been continuing since 9 August 2007. 
 
 
3.2 Performance of Meteorological and Hydrological Service (D HMZ) 
 
DHMZ is very important part of the Warning System 112. The Activity Program for the 
Implementation of the Special Fire Protection Measures in Republic of Croatia defines the 
DHMZ activities related to the preparation of meteorological information relevant to fire protection. 
 
Therefore, the Canadian Forest Fire Weather Index System is implemented in operational work. 
The actual and forecast forest fire weather index is calculated for the whole Adriatic area based on 
the observations at the meteorological network (Figure 3) and the operational numerical 
forecasting mesoscale model ALADIN/HR. DHMZ is also obliged to provide regional short and 
medium‐term forecast. In the case of fire brigades intervention detailed monitoring of the 
meteorological conditions and special forecast is prepared. All operational activities are governed 
by Standard Operational Procedure (SOP) which came into the force in 2006 (Figure 4). 
 
For the purpose of the fire protection it is constructed the special Internet page with all relevant 
meteorological data, forecast and information. 
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Figure 3: Meteorological stations for wich actual and forecasted forest fire weather index are 
calculated. 
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Figure 4: Standard Operating Procedure between Meteorological and Hydrological Service 
(DHMZ) and National Protection and Rescue Directorate (NPRD, in Croatian DUZS) 

 
Figure 5: Air temperature anomalies (left) and precipitation amounts (right) in summer 2007 
in Croatia. 
 
The summer 2007 was extremely warm and dry in the whole Croatia (Figure 5). Such weather 
conditions were favourable for dramatic increase in the number of fires. In 2007 as much as 750 
fires were reported. 
 
The Canadian Forest Fire Weather Index for the Dubrovnik station has shown that FWI (Fire 
Weather Index) and ISI (Initial Spread Index) reached their maximum precisely on 4/5 August 2007 
(Figure 6). 
 

 
Figure 6: Forest Fire Weather Index System for the Dubrovnik station in the period 1 June – 15 
September 2007. 
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Fire danger for this period was predicted by DHMZ and warnings were sent to the System 112 and 
Firefighting Operation Centre. There were also phone links between the shift leaders of Weather 
Forecast Analysis and Forecast Department and Firefighting Operation Centre. All information 
were available on the daily basis to the NPRD as a part of Standard Operating Procedure on 
weather forecast information. 
 
Strong Bora wind additionally complicated the fire protection and precluded helicopter and airplane 
intervention. Therefore, it was very important to have reliable information regarding wind forecast. 
The weather forecast was based on the operational numerical model ALADIN/HR with 8 km 
horizontal resolution and dynamical adaptation of surface wind field on 2 km. 
 
ALADIN/HR model and its application by HRID (High Resolution Isentropic Diagnosis) are able to 
predict the essential features of local phenomena with high reliability as well as their usefulness 
and applicability in making local forecasts and nowcasting. The Bora was forecasted to last until 
the 6 August. Wind velocities were forecasted to exceed 10 m/s and occupied the lowest 2 km 
level of the atmosphere (Figure 7). Huge space variability of the Bora (Figure 8) and its turbulent 
nature precluded the Canadair airplanes intervention until the 6 August. 
 
 

 
Figure 7: HRID (High Resolution Isentropic Diagnosis) vertical time�cross section for different 
meteorological parameters (relative humidity, temperature, equipotential temperature, specific 
humidity, convective unstable areas, horizontal wind vectors, isotachs, jet stream, potential 
temperature and temperature inversions) for Dubrovnik, 4 August 2007, 12 UTC + 72 h. Forecast 
based on ALADIN/HR. 
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Figure 8: ALADIN/HR 10‐m wind vectors forecast for 4 August, 18 UTC (left) and 5 August, 12 
UTC (right). 
Based on the issued meteorological data, forecasts and warnings of the DHMZ, Firefighting 
Operation Centre took the necessary mesures for the fire protection. 
 
After the event, additional analysis of the meteorological conditions prepared in DHMZ, show the 
possibility of detecting such largest fires from satellite (Figure 9). 
 

 
Figure 9: MSG 3.9 µm temperature on 05 August 2007, 11:00 UTC. Hot spots in Dubrovnik 
area are seen. 
 
 
4. CONCLUSIONS 
 
Forest fire protection activities in Croatia have a long tradition. The National Protection and Rescue 
Directorate (NPRD) is the leading organization for the protection and rescue of people, assets and 
environment in the Republic of Croatia. Several plans and programmes related to disaster 
management have been already developed and adopted. For example, the Activity Program for 
the Implementation of the Special Fire Protection Measures in Republic of Croatia defines all 
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activities related to the preparation and acting for the summer fire protection season. 
Meteorological and Hydrological Service (DHMZ) supports the whole system with the relevant 
meteorological data and warnings. Operational data utilization and information exchange between 
DHMZ and System 112 has been regulated by the Standard  Operating Procedures for the 
utilization of the DHMZ weather forecasts. The huge fire in Dubrovnik from 4 to 9 August 2007 is 
one of good example of cooperation at the institution level in Croatia. 
 
International cooperation and data sharing, in such cases when the fire crossed the border, is 
essential. The Standard Operating Procedures for the trans‐boundary actions in wild fire protection 
between the National Protection and Rescue Directorate of Croatia and Ministry of Security of 
Bosnia and Hercegovina come into the force in 2006. This SOP aims to pull together activities to 
identify and act in order to improve the efficiency of fire protection. Croatia thus could provide 
much easier and quickly assistance with fire‐fighting equipment and fire‐fighting aircrafts at the 
Bosnia and Hercegovina territory, which was the case in 2007. Although the Croatian fire fighting 
service is quite well organized and equipped, this case of the forest fire along the border shows the 
needs to enhance the technical and human capabilities in the other SEE countries. 
 
International cooperation and data‐sharing is essential to maximise the utility brought by access to 
use the modern technology (which is very expensive) and to minimize the national expenditure. 
Therefore, further enhancement of technical and human resources, both in Meteorological and 
Hydrological Services and Fire Protection Systems in the SEE is crucial. To enhance the national 
and regional fire fighting capacities there are needs to establish SEE Regional Coordination Center 
for Forest Fire Fighting (SEE RCCFFF). 
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