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DISCLAIMER
The views expressed in this report are those of the author, except for explicit references made
to other authors. The views do not necessarily represent the views of other concerned
institutions or organizations, but reflect the policy and process-level realities for drought
monitoring and management in Serbia.
The main purpose of this document is to propose a coordinated and consistent program and
a framework for integral actions to reduce the impacts of drought on society and nature,
leading to minimized losses and damages, promoting at the same time the paradigm shift in
the way drought is managed, from a reactive and crisis-based towards a proactive and riskbased one, following best available practices and examples. Therefore, this document should
not be considered as a “final word” about drought management in Serbia, but its main role
should be seen as an initial step of a long-term wide action.
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EXECUTIVE SUMMARY
Over the last several decades Serbia faces increased frequency of drought and drought
severity. This trend is especially noticeable after 2000. Even that drought is a part of natural
climate cycle, this unfavorable trend can be related to the climate change signal of positive
temperature trend and changes in redistribution of precipitation within annual cycle. Most of
the droughts were triggered by lack of the precipitation during warmer part of the year,
accompanied with increased evapotranspiration due to increased temperature. Preliminary
estimate of cumulative losses that can be related to the droughts after 2000, exceeds 5 billion
euros. Even that losses associated to these droughts was significant, government responses
were mainly reactive and ad hoc, after the end of drought event.
The National Drought Plan should help government bodies to create and implement a
framework for drought management in Serbia that should be proactive in terms of
development and implementation of different mitigation and response action, and that will
finally lead to reduced risks related to drought and increased resilience. The National Drought
Plan is an informative guide for better understanding of drought in Serbia, but also and more
importantly the guide for the establishment of an organizational structure, in which should
participate different ministries, government institutions and agencies, public institutions,
private sector, research institutions and all other interested stakeholders, and that will be
able to respond to the challenges of such a complex problem as drought. Proactive approach
is especially important since that future climate change can significantly contribute to the
increased vulnerability and higher risks due to drought.
Over last several years, this kind of shift from reactive to proactive approach in management
of natural hazards takes place in Serbia, and it was mainly driven by devastating floods in
2014. Since that whole process was triggered by flood event, current activities are mainly
focused on floods, leading to the situation that in case of other hazards, such as drought, the
whole process is still, to some extent, undeveloped.
The main objectives of the National Drought Plan should follow the three key pillars:
development of drought monitoring and early warning systems; assessment of drought
vulnerability and risk; and implementation of measures to limit impacts of drought and better
respond to drought. Currently, in Serbia, some elements that are needed to establish these
three pillars are already in place but they are often not fully developed, or they are
fragmented and not able to function together. This plan should help that already exiting
elements find their place in drought management process and to propose development of
the elements that not exist yet but that are necessary for implementation of National Drought
Plan.
This document should not be considered as a “final word” about drought management in
Serbia, but its main role should be seen as an initial step of a long-term wide action. It should
be regularly updated with more optimal and better solutions, that reflects new, more
relevant, and more detailed information.
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1. BACKGROUND
At the Conference of the Parties (decision 29/COP.13), the UNCCD institutions and bodies are
requested to implement a Drought initiative during 2018-2019 period. A key element of the
initiative will be to help countries build drought resilience by implementing concrete actions
for drought preparedness. By being prepared and acting early, we can boost resilience of
people, communities and ecosystems against drought.

Purpose, Scope, Goals and Objectives
Drought is a complex phenomenon that can have many negative impacts on nature and
society, especially when dry conditions are unusually long. In case of extreme droughts, the
signal can be so strong to trigger social and nature instabilities on a large scale. According to
World Meteorological Organization “drought is a prolonged dry period in the natural climate
cycle that can occur anywhere in the world. It is a slow on-set phenomenon caused by a lack
of rainfall.”1. Even that drought is a part of natural variability within the climate system, due
to the climate change some parts of the word already faced increased frequency and intensity
of droughts, and according to climate change projections this signal will become stronger in
the future, and potentially will emerge on more places2. This situation can be seen as a call
for better strategic planning in terms of drought risk reduction and adaptation on such
conditions.
In Serbia drought was observed many times in past, but since beginning 21st century Serbia
faced several strong drought episodes that induced/caused great economic losses. According
to the Serbia’s Intended Nationally Determined Contribution (INDC), submitted before
adoption of Paris agreement, since 2000 total loss and damage caused by extreme weather
and climate events exceeds 5 billion euros, and more than 70% of these losses are associated
with drought and high temperatures3. On the other hand, after major floods in Serbia in 2014,
there have been some positive developments in management of natural hazards, starting
from improved legal framework to development of recovery programmes, and
implementation of mitigation and preparedness measures. Many of these developments
were primarily focused on floods. As a consequence, Serbia still does not have national
strategic document dedicated to the drought, even though economic losses related to
droughts during some years are of the same order of magnitude as losses from the flood in
2014.
On the other hand, Serbia already have some elements in place on how to respond to a
drought, but often these elements are not fully developed, they are fragmented and not able
to function together. In general, current response to drought in country is mainly reactive,
focusing on action after onset or end of drought.
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https://public.wmo.int/en/our-mandate/water/drought
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The National Drought Plan would indicate what needs to be done to improve situation
regarding current state. The proposal of future steps should be effective in many ways from
reducing economic losses to general improvement in the safety of society and nature.
The main purpose of this document is to propose a coordinated and consistent program and
a framework for integral actions to reduce the impacts of drought on society and nature,
leading to minimized losses and damages. The plan should help government agencies and all
interested parties to integrate available knowledge and resources in order to deliver effective
response and mitigation programs within their capacities. Also, one of the major roles is to
promote paradigm shift in the way drought is managed, from a reactive and crisis-based
towards a proactive and risk-based one, following best available practices and examples. The
proactive approach should be based on both short-term and long-term actions and measures
that will mitigate impacts and increase general preparedness, leading to overall reductions of
risks in advance. Implementation of the National Drought Plan is directly correlated to the
commitment of all potential participants in the plan implementation. Because of complex and
multidimensional nature of drought, effective and timely communication between actors
during development and implementation of drought plan is essential.
The scope of the document includes, overview of past droughts in Serbia together with
estimated impacts, vulnerabilities and risks to drought. Also, current monitoring program is
presented. This document also includes review of the current national laws, polices, strategies
and plans, together with institutional roles and capacities that can be utilized for
implementation of the National Drought Plan. Finally, recommendation for communication
and response actions are presented.
The main goal of this plan is to initiate fundamental changes in drought management in
Serbia, and to create a space for future development that will ensure drought polices, capable
to mitigate impacts of future drought events in Serbia.
To achieve this goal, according to UNCCD Drought Resilience, Adaptation and Management
Policy (DRAMP) Framework4, objectives of a national drought plan should follow the three
key pillars:
1) Implement drought monitoring and early warning systems,
2) Assess drought vulnerability and risk,
3) Implement measures to limit impacts of drought and better respond to drought.
This document will present current legal and institutional framework is Serbia, that can be
seen as a foundation for plan implementation, and fulfilment of three objectives. Document
will propose initial establishment, structure and roles of the governmental body that will be
in charge for detail plan development and implementation of the National Drought Plan as a
wide action. This document will also emphasize the identification of pre- and post-drought
preparedness and mitigation measures for implementation by institutions that are proposed
to participate in the development and implementation of the plan.
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Plan Development: Introduction of the step by step process
One of the main intention of the Drought Initiative5 is to promote a paradigm shift from a
reactive and crisis-based towards a proactive and risk-based drought management. Generally,
governments may find it difficult to move in this direction. One of the reason can be to some
extent different nature of drought as a hazard in comparison to other hazards such as floods,
storms, heat waves or wild fires, which mobilize significant financial, technical and human
resources in many countries. Beside the fact that flash droughts6 also come into a focus during
last years, drought is mainly considered as a slowly evolving climate phenomenon that takes
many months and in some cases even years to peak full intensity and extent. On the other
hand, a lack of a universal definition that can cover all kinds of droughts can probably cause
problems for scientists, natural resource managers, and policy makers to be consistent in
treatment of different drought conditions. Also, drought, especially during development
stage, does not have strong visual manifestation, as other hazards, and because of this it may
be difficult for the public to understand nature and all different aspects of drought impacts
and the need for comprehensive drought management plans.
To help this paradigm shift in drought management, step by step methodology for policy and
preparedness planning is developed and already applied in many countries7. The process,
originally developed in the early 1990s8, has been revised numerous times, placing greater
emphasis on mitigation planning with each revision. Main intention is to provide generic
template or road map but taking into account current institutional capacity, political
infrastructure and technical capacity within the country concerned. Drought management
planning must be viewed as an on-going process, continuously evaluating our changing
vulnerabilities and how governments and stakeholders can work in partnership to lessen risk.
Here we will present 8 step version (Figure 1) of the methodology proposed by UNCCD’s
guideline9 as an modified version presented in World Meteorological Organization and Global
Water Partnership publication ‘National Drought Management Policy Guidelines’10.
Step 1: Appoint a national Drought Task Force
The Drought Task Force should be a permanent standing body appointed or established by
the highest-level authority in the country. Composition of the task force should reflect the
multidisciplinary nature of drought. It should include all relevant ministries, government
institutions and agencies, but also representatives from civil society, non-governmental
bodies, research and educational centers, and private sector as well. A representative of the
highest-level authority in country should also be included to facilitate communication and
awareness of drought impacts, current status and possible developments according to
forecasts. Also, gender-balanced representation should be insured.
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https://www.unccd.int/actions/drought-initiative
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http://library.wmo.int/pmb_ged/wmo_1164_en.pdf
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Wilhite et al., 2000; http://digitalcommons.unl.edu/droughtfacpub/33/
9
www.unccd.int/sites/default/files/relevant-links/2018-04/Model%20National%20Drought%20plan.pdf
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Two main tasks of this body are:
1. The task force should coordinate and supervise the national drought plan development
process by putting together the necessary resources of the national government and
integrating resources from the various ministries and different levels of government in
order to develop the plan;
2. The task force coordinates the implementation of the drought plan at all levels of
government. It is also responsible for the activation of various elements of the plan during
drought events. The task force will enforce actions and implement mitigation and
response programmes or will delegate this action to government bodies at national and
sub-national level. Task force will also initiate policy recommendation to the political
leaders.

Figure 1 Schematic representation of 8 steps process.

Step 2: Define the goals and objectives of the drought plan
The task force should establish specific and achievable goals for the national drought plan and
a timeline for implementing various aspects of the plan, as well as a time line for achieving
the goals. During this stage many questions should be consider as they define the goals and
implementation strategy of the plan. Some of them are: historical impacts of drought;
historical response to drought in the country; most drought-prone areas of the country; the
8

most vulnerable economic and social sectors; environmental concerns caused by drought;
legal and social implications of the plan; role of the plan in resolving conflict between water
users; role of the plan in identifying different needs and priorities of women and men of
different ages; current trends (e.g., land and water use, population growth, climate change)
that may increase or decrease vulnerability; resources (human and economic) the
government is willing to commit to the planning process. The task force should then identify
the specific objectives that support the goals of the plan.
Step 3: Seek stakeholder participation
It is essential to identify all stakeholder groups that have a stake in drought planning and
understand their interests. For example, thru community focus group discussion or
establishing “stakeholders’ advisory councils” as a permanent feature of the task force
organizational structure in order to facilitate communication and implementation of the plan.
Inclusion of stakeholder groups from early stage of plan development is especially important
from the point of view of proactive planning, since their needs can be seen as one of the
criteria for measures that can be effective in advance. It should be insured that all venerable
minority groups are present in stakeholders’ councils and that women and man are equally
represented.
Step 4: Inventory/situational Analysis
Inventory of natural, biological, human and financial resources should be defined. Also it is
important to identify constraints, that can be physical, financial, legal, or political, and that
may impede the planning process and the activation of the various elements of the plan as
drought conditions develop.
Step 5: Prepare/write the National Drought Plan
This step includes establishment of the organizational structure and drafting of the national
drought plan. The organizational structure should consist of the Drought Task Force and two
sub-committees. First one is the Monitoring and Risk Assessment sub-committee and the
second one is Preparation, Mitigation and Response sub-committee. More about
organizational structure, communication between these three groups, and their tasks will be
given in the next chapters.
Step 6: Identify unmet needs and fill institutional gaps
Based on the feedback from the sub-committees, the task force should compile a list of needs
and deficiencies and make recommendations to the appropriate government body or
government institutions on remedial measures that should be taken. This step is crucial for
identifying data, methodology, technology or knowledge gaps, but also institutional or legal
gaps for quantifying the impacts of drought and implementation of mitigation actions. To
effectively fill these gaps, this step should be seen as critical in plan developing and
9

implementation.
Step 7: Communicate/educate
Communicate with the public, emphasizing issues like: how drought plan is expected to
relieve drought impacts in both short and long term on different economic and social sectors,
different parts of the country, different ecosystems, different minorities and marginalized
groups, women and man etc.; how much will cost to implement each option and what will be
the benefits to/for nature, society or particular industries and economies; how it will be
funded; and what changes people might need to make in response to different severity of
drought such as restricted lawn watering, car washing, etc. An education program to raise
awareness of short and long term water supply issues will also facilitate that people
understand how to respond to drought when it occurs and that drought planning does note
lose ground during non-drought years.
Step 8: Evaluate the plan
The final step in the planning process is to create a detailed set of procedures to ensure
adequate evaluation for both, ongoing evaluation and “post every drought” evaluation. The
evaluation should be transparent and effective mechanisms for providing meaningful
feedbacks that will ensure adequate changes of the drought plan. Periodic testing, evaluation,
and updating of the drought plan are essential to keep the plan responsive on all different
levels. Evaluation process should trigger return to some of the previous steps.
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2. RELATIONSHIP TO OTHER PLANS AND POLICIES
In this chapter review of current legal framework and other national polices and plans in
Serbia, that can help initiation of drought plan development and implementation, will be
presented. This review will also be helpful for identification of the gaps and needs that should
be addressed.

National water laws, existing drought mitigation strategies and planning issues
After major floods in 2014, legislation related to natural hazards has been improved to some
extent in comparison to previous situation in Serbia. The extraordinary proportions of losses
and damages caused by the floods, probably lead to situations that floods were much more
in focus in comparison to other hydro-meteorological and natural hazards during last several
years.
Currently there is no single law, strategic or planning document exclusively dedicated to
drought or drought management in Serbia. Some of the laws recognize drought as a natural
hazard, and to some extent, in combination with the laws related to natural hazards and
emergency situations or similar issues, can be used to support initial development of National
Drought Plan. Also, most of them are more on the side of reactive and not proactive riskbased approach. Positive shift can be seen in the new law on disasters risk reduction and
management in emergency situations11 which is prepared following the Sendai Framework
priorities12,13. In addition to upgrading of the existing laws, drafting of a new separate
document, law or strategy, that will be dedicated to the drought and adopted by government
as an official policy, will be more than helpful in creating better legal framework for drought
management.
It is also important that in March 2012, Serbia was granted European Union candidate status.
Due to its candidate country status, Serbia’s cooperation with the European Commission and
the institutions of the member states has significantly improved, and in the future, to some
extent, legislation harmonization can be expected.
For better understanding of the situation, some of the laws and strategic documents that are
valid and the ones currently in the process of adoption by government will be reviewed in this
chapter. Also some of these documents can be considered as a background legal framework
that can help developing of National Drought Plan under current legal conditions.
The reviewed documents are:
 Law on Waters (Official Gazette RS 30/10, 93/12, 101/16, 95/18 and 95/18 – other
law)
 The Law on Meteorological and Hydrological Activity (Official Gazette RS 88/10)
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http://www.obnova.gov.rs/uploads/useruploads/Documents/LAW%20ON%20NATURAL%20AND%20OTHER
%20HAZARD%20RISK%20REDUCTION%20AND%20EMERGENCY%20MANAGEMENT%2002.10.doc
12
https://www.unisdr.org/archive/45979
13
https://www.unisdr.org/we/coordinate/sendai-framework
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Law on Reconstruction Following Natural and Other Hazards (Official Gazette RS
112/15)
Rulebook on the methodology for making, issuing and delivering extraordinary
meteorological and hydrological information and warnings (Official Gazette RS
96/13)
Law on disasters risk reduction and management in emergency situations (Official
Gazette RS 87/2018)
Water Management Strategy for the Territory of Republic of Serbia until 2034
Initial national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change
Second national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change
Serbia’s Intended nationally determined contribution
National assessment of hazards impact
National adaptation plan
Climate change adaptation action plan and vulnerability assessment for the city of
Belgrade
Gender and Climate Change in the Republic of Serbia
ICPDR Strategy on Adaptation to Climate Change
Study on climate change in the western Balkans region

Law on Waters (Official Gazette RS 30/10, 93/12, 101/16, 95/18 and 95/18 – other law) This
law regulates the legal status of waters, and issues important for water management.
Contrary to flood risk assessment and flood protection, there is no single article dedicated to
any aspect of the drought. The only article that explicitly mention drought is article 43 that
defines Water activity (srb. Vodnu delatnost). Article states that activity should be carried out
in a manner that ensures sustainable water use, protects and improves aquatic ecosystems,
reduces adverse impacts of floods and droughts and reduces the adverse effects of global
climate change.

The Law on Meteorological and Hydrological Activity (Official Gazette RS 88/10) This law
regulates meteorological and hydrological activity, organization and manner of performing
meteorological and hydrological tasks of interest for the Republic of Serbia. The law states
that Republic Hydrometeorological Service of Serbia is responsible for issuing special
meteorological and hydrological information and warnings, in the period before, during and
immediately after the end of meteorological and hydrological hazard. After the cessation of
the natural disaster Republic Hydrometeorological Service of Serbia is responsible for issuing
post disaster analysis. There is no specification about monitoring procedures or detailed
content of warning and alert products, for drought or other hazard, since it was left to be
defined by Rulebook on Creating, Issuing and Delivering Extraordinary Meteorological and
Hydrological Information and Alerts (“Official Gazette of RS”, No. 96/2013).
Law on Reconstruction Following Natural and Other Hazards (Official Gazette RS 112/15)
This law regulates the process of reconstruction and provision of assistance to citizens and
businesses that have suffered material damage due to elemental and other disasters. The
article 7 contain principle of gender equality, demanding that no decision, measure or action
12

will encourage or lead to more unfavorable position of women. This law can be potentially
utilized to support National Drought Plan activities after drought period is finished.
Rulebook on the methodology for making, issuing and delivering extraordinary
meteorological and hydrological information and warnings (Official Gazette RS 96/13) This
Rulebook describe precisely the manner of drafting, issuing and delivery of extraordinary
meteorological and hydrological information and warnings in the period before, during and
immediately after the end of meteorological and hydrological natural disasters, disasters and
nuclear accidents. Article 3 recognize drought as a potentially dangerous phenomenon. Also
Standardized Precipitation Index (SPI) is defined as a metric for drought monitoring.
Law on disasters risk reduction and management in emergency situations (Official Gazette
RS 87/2018) This law regulates the reduction of risk of disasters, prevention, strengthening
of the resilience and readiness of individuals and communities to respond to the
consequences of natural and other disasters. Drought is a recognized as one of the potential
natural hazards (article 2). Also, it recognizes the need for prevention and strengthening of
the resilience and readiness. According to this, it will give opportunity to the government to
have more proactive role in terms of disaster risk reduction, and one of the goals of the
National Drought Plan is to promote such an approach and this law will create better legal
framework that can support National Drought Plan.
Water Management Strategy for the Territory of Republic of Serbia until 2034 The Strategy
is a planning document that determines long-term water management directions in the
territory of the Republic of Serbia. Within the chapter “Regulation of watercourses and
protection against harmful effects of water” the main strategic goal is flood protection and
flood management, but one of the sub chapters defines some actions related to the drought
and lack of water. One operational objective is “Water management in conditions of drought
and water scarcity”. Water Management Strategy recognizes the need for development of
drought management plans on the river basin district level, probably inspired by European
Union policies and EU Water Framework Directive14. The Strategy can be seen to some extent
as a solid background document that can support development of the National Drought Plan.
Finally, here will be shortly reviewed some additional relevant national policy documents that
can be seen as a support for the development of the National Drought Plan. All of them
recognize drought as one of the major threats for society and nature in Serbia, especially in
the light of already observed changed climate conditions and potential continuation of this
unfavorable changes in the future.
Initial national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change Presented results shows further increase in
temperature in Serbia, together with decrease of precipitation amount, especially in the
summer. Impact and vulnerability assessments show that agriculture, water resources and
forestry are and will be under negative impact because of less precipitation and
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http://ec.europa.eu/environment/water/quantity/pdf/dmp_report.pdf

13

intensification of drought. Several proposed adaptation measures for different sectors are
related to drought risk reduction15.
Second national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change Updated information on the state of the climate
and with more or less same recommendation related to the drought risk reduction. It was
identified that almost none of the adaptation recommendations are implemented since
publication of the first communication16.
Serbia’s Intended nationally determined contribution The Chapter of the document on
losses and damages states that "Total damage caused by extreme weather and climate
conditions, since 2000, exceeded 5 billion euros, and more than 70% of the losses are
associated with drought and high temperatures”17.
National Disasters risk assessment Currently, final draft version (still not adopted by the
Government) of the document for the meteorological hazards is available. Analyzed hazards
are heavy precipitation, hail, storm winds, snow blizzards, snowdrifts and black ice, heat and
cold waves, and droughts. Drought is a hazard with highest estimate of economic losses which
are several times higher than sum of other analyzed hazards.
National adaptation plan Draft version of the document is available. It is recognized that
drought caused the highest economic losses since 2000, and for priority adaptation measure
in agriculture, irrigation is proposed. Also one of the proposed measure in agriculture is
capacity building in long term weather forecasts, which can be seen as a part of drought
monitoring mechanism18.
Climate change adaptation action plan and vulnerability assessment for the city of Belgrade
Document is adopted by the city of Belgrade. It is identified that social infrastructure facilities
and systems (health care facilities, retirement homes, educational institutions, public sports
facilities, etc.) are highly vulnerable to the effects of drought. Many risks related to drought
are listed in document19.
Gender and Climate Change in the Republic of Serbia Women and men have different
vulnerabilities to climate change impacts on food security, agricultural productivity,
livelihood, water availability, sanitation, health and energy, among others. Existing gender
inequalities, such as limited access to natural resources and productive assets including land
and finance and to household and community decision-making, constrain their ability to
adapt to and cope with climate change20.
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https://unfccc.int/resource/docs/natc/srbnc1.pdf
https://unfccc.int/sites/default/files/resource/SNC%20Eng_Serbia.pdf
17
http://www4.unfccc.int/submissions/INDC/Published%20Documents/Serbia/1/Republic_of_Serbia.pdf
18
http://www.klimatskepromene.rs/wp-content/uploads/2017/09/NAP-UNDP-2015-srpski.pdf
19
http://klimatskepromenebeograd.rs/wp-content/uploads/2015/11/Climate-Change-Adaptation-ActionPlan.pdf
20
http://www.klimatskepromene.rs/wp-content/uploads/2017/04/First-Study-on-Gender-and-ClimateChange-in-the-Republic-of-Serbia.pdf
16

14

Report on Situation of Rural Women in Serbia Women living in rural areas do not participate
equally in the positions of authority and decision-making at all levels, do not have adequate
access to health, education, social and other services, finances and other resources. Drought
impacts in Serbia are significantly related to agricultural production and this document can
give better insight on potentially different vulnerabilities of women to drought impact in rural
areas21.
Gender Analysis for Serbia The main conclusion of the analysis is that gender inequalities still
persist in all spheres in public life. Gender-specific concerns, especially for rural women,
includes limited land ownership by women; lack of automatic spousal joint registration of
property and no mandatory requirement for spousal written consent for land and property
transactions; women renouncing their right to inherit land placing them in precarious
conditions; land ownership as a prerequisite to access credit and loans; increasingly common
civil unions lacking legal protections as would formal marriages around joint land and
property. All this concerns can lead to different vulnerability levels of men and women 22.
ICPDR Strategy on Adaptation to Climate Change It states that “Within the DRB (Danube
River basin), drought and low flow events, as well as water scarcity situations, are likely to
become more intense, longer and more frequent. The frequency could increase especially for
moderate and severe events. Guiding principles on adaptation to climate change is presented
in document and one of the five main fields of actions is Drought management, water scarcity
and adaptation23.
Study on climate change in the western Balkans region Document is prepared and published
by Regional Cooperation Council (RCC). It founds that one of environmental signals is
increased frequency and duration of heat waves and drought – frequently overlapping.
Drought is recognized as one of the triggers of severe vulnerabilities in the future.24
In Appendix B more detailed information about reviewed laws and planning documents can
be found. Also, some additional information on past and ongoing projects and actions in
Serbia are given, together with main goals, objectives and outputs from them. Many of
findings can be more then useful during drought plan development.

Importance of National Drought Plan
As already stated complex nature of drought make it to some extent different to other natural
hazards. Drought has slow onset, evolves over months or even years, affects spatially large
region, and causes little structural damage. Its onset and end are often difficult to precisely
determine, as its severity. All these aspects of drought nature, often makes it out of society
focus. On the other hand, the impacts of drought span economic, environmental, and social
21

https://www.undp.org/content/dam/unct/serbia/docs/Publications/Situation%20of%20rural%20women%20
in%20Serbia_ENG_final.pdf
22
http://europa.rs/files/Gender_Equality/Gender-Analysis-Serbia-dec-2016.pdf
23
https://www.icpdr.org/main/sites/default/files/nodes/documents/icpdr_climate-adaptation-strategy.pdf
24
https://www.rcc.int/download/docs/2018-05-Study-on-Climate-Change-in-WB-2alowres.pdf/06af8f7432484a6ce384ebcb8c05e8d7.pdf
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sectors, but through effective mitigation measures and preparedness impacts can be
minimized. Since drought is a part of natural variability within the climate system, it is
important to develop drought preparedness plans to deal with these extended periods of
water shortage in a timely and systematic manner as they evolve. These plans become
especially important in the regions where climate change can contribute to more frequent
and more severe drought episodes in the future. Following the broad scales and diversity of
drought impacts on nature and society, development of these plans should be strongly
supported from policy level.
Impacts associated with droughts are the result of many climate factors but also are related
to the societal factors that define the level of overall resilience of society. Factors, such as
poverty, weak and/or ineffective governance, outdated or ineffective government policies,
unmanaged land use change, degradation of environment and eco-systems, outdated
technology used by some industries, such as outdated agro-technical practices in agriculture
production, are just some examples that also contribute to changing vulnerability to drought.
It also important to underline that vulnerabilities to drought can be gender dependent. For
example woman can be more vulnerable and the reasons can be their social roles,
responsibilities, limitations and capacities are different from those of men, because they are
often poorer, receive less education and are excluded from political, community and
household decision-making processes25.
Currently in Serbia there is no clear policy framework, which can support establishing of
appropriate national drought plan. Many of laws and strategies adopted by government that
are related to the natural hazards risk reduction, and actions in the emergency situations
related to these hazards, clearly recognize floods as a major potential threat. This situation is
probably driven by the fact that country faced extraordinary flood event in 2014, which
caused significant damage and economic loss, together with loss of human lives. On the other
hand, in recent years, country faced several significant drought events that also, to some
extent, put the drought problems in public and government focus. For some of them it was
speculated about their contribution to the decrease in projected national GDP26. However,
these events did not improve the situation in regard to the development of favorable policies.
Also many policies that are currently in place are more oriented to actions during and after
hazard and just few of them are dedicated to the early prevention and risk reduction
measures. Introducing national drought policy, oriented to the more proactive approach and
based on risk reduction, certainly will lead to reduction in negative impacts of droughts in
Serbia.
Complex and multi-level impacts of drought on many socio-economic sectors and ecosystems, emerged during last several years in Serbia, leading to some extent to greater
concern about droughts, especially because, projected increase in frequency and severity of
drought related to the climate change can make situation even more unfavorable. In this
situation it is more than urgent to move in the direction that will help to proceed with
paradigm shift from crisis to risk management, not only for drought management but for
other hazards too. Although national drought plan development can be a significant

25
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challenge, final results can clearly lead to the increased resilience of the society and nature
especially during exceptional drought episodes.
In general, clear set of principles and operating rules the will help drought management, even
during periods when drought is not present, should be defined by national drought plan. The
overriding principle of drought policy should be an emphasis on risk management through
the application of preparedness and mitigation measures27. This policy should be directed
toward reducing risk by developing better awareness and understanding of the drought
hazard and the underlying causes of societal vulnerability, along with developing a greater
understanding of how being proactive and adopting a wide range of preparedness measures
can increase societal resilience.

27
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3. OVERVIEW OF DROUGHT IN THE COUNTRY

Historical Occurrences and Impacts from the past
According to World Meteorological Organization “drought is a prolonged dry period in the
natural climate cycle that can occur anywhere in the world. It is a slow on-set phenomenon
caused by a lack of rainfall.”28. Considering that climate change signal is already clear in Serbia,
analysis of the historical occurrences will include presentation of the relevant trends. During
the period 1960-2012, significant increase of daily mean temperature was observed in Serbia
with an average trend of 0.3°C/decade on annual level, with more pronounced increase
during summer season29. On the other hand, according to recently published analysis30 annual
precipitation trend since 1961, over Serbia is positive, but statistically insignificant. On Figure
2 annual precipitation anomaly, since 1950, with respect to 1961-1990 mean, together with
trend line is presented. It is also evident, from the same figure, that during last few decades
inter annual variability is higher.

Figure 2 Annual precipitation anomaly over Serbia (with respect to 1961-1990) and trend line (black) for the
period whole period. Source E-OBS data31.

Similar findings on precipitation trend were presented in the Second National Communication
under the United Nations Framework Convention on Climate Change25. The average trend in
annual precipitation on meteorological stations with positive trend sign is 12.47mm/decade
and the average trend for stations with negative trend values is -6.8mm/decade123, putting in
favor overall positive trend over country. Beside the fact that trend in mean annual
precipitation is positive, changes in precipitation annual cycle reveals that there is decrease
in summer precipitation. On the left panel of the Figure 3 it can be seen that change of mean
28
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annual precipitation over majority of Serbia during period 2008-2017 (last 10 years) with
respect to the period 1961-1990 is positive. On the other hand, on the right panel (Figure 3)
it can be seen that change in summer precipitation for the same periods is negative. In half of
the country’s territory, deficit in summer precipitation is greater than 10%. Similar result was
found in Vukovic et al. (2018)30.

Figure 3 Precipitation anomalies for the period 2008-2017 with respect to 1961-1990: annual (left panel) and
summer (right panel) Source: E-OBS dataError! Bookmark not defined..

According to climate change projections for Serbia presented in the Second national
communication of the Republic of Serbia under the United Nations Framework Convention
on Climate Change this signal of decrease in summer precipitation will become more
pronounced by the 2050’s. And in the case of non-mitigation scenarios (A1B and A2) decrease
of precipitation will be present even in the case of annual accumulated precipitation32. These
results are supported by the multi-model ensemble from ENSEMBLES project. Similar results
was found in Vukovic et al. (2018)30 for newer generation of emission scenarios,
Representative Concentration Pathways (RCPs) and corresponding regional climate
projections from EURO-CORDEX ensemble. Both results indicate that future climate change
will increase the risk of drought in coming decades.
This decrease in summer precipitation, since the beginning of 21st century, coincides with the
more frequent occurrence of drought conditions in Serbia, especially during summer months.
To demonstrate this, Standardized Precipitation-Evapotranspiration Index33, averaged over
Serbia for six months period (SPEI6) from March to August, is presented on Figure 4. Together
with SPEI6 values, for period from 1950 to 2017 the LOWESS fit (Locally Weighted Scatterplot
Smoothing) is plotted as well. It is clear that since 1980, SPEI index has negative trend and
32
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that drought conditions in Serbia become more frequent since 1990. Since 2000 drought
index values were below -1 for several years, and beside this period, the similar negative
values of index were only present in years 1950 and 1952.

Figure 4 Standardized Precipitation-Evapotranspiration Index for the six months period (SPEI6), over warmer
part of the year, from March to August, together with LOWESS (Locally Weighted Scatterplot Smoothing) fit
(black line). Index value is average for whole country. Data source: SPEI Global Drought Monitor 34.

Since decrease in summer precipitation can trigger changes in hydrological cycles, but also
affect agricultural production especially for crops that depends on summer precipitation such
as maze, it is expected that this signal should be also seen in changes of river discharges and
maize production in Serbia.
The analysis of the observed discharges in Serbia presented in the Second national
communication123 founds that, particularly for the period starting from 1950’s, negative trend
was observed for smaller catchments in central and southern Serbia. The results indicate that
the long-term discharge trend, averaged for smaller catchments in central and southern
Serbia is approximately -30%/100 years, although some catchments exhibit positive trend.
The trend for the two largest rivers in the country Danube and Sava is negative as well,
amounting approximately -10%/100 years. Analysis concluded that some portion of this trend

34
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can be result of higher water use, but some part of the signal can be due changes in water
cycle. Similar result was found in resent publication, Dimkic (2018)35.
To analyze drought impact on agriculture, SPEI6 index for August together with maize yield in
Serbia over the period 1981 to 2017 is presented on Figure 5. From the figure it is clear that
maize yield in Serbia is highly correlated with the intensity of the drought during summer
months. Minimums in maize yield for years 2000, 2003, 2007, 2012, 2015 and 2017 coincide
to the lowest values of the index. The correlation coefficient for this period, between maize
yield and SPEI6 is about 0.7. This result is not unexpected since that maize yield is highly
sensitive to drought stress, especially in Serbia since less than 2.5% of utilized arable land is
irrigated, so production is highly dependent precipitation regime.

Figure 5 Annual maize yield in Serbia (black) and Standardized Precipitation-Evapotranspiration Index for the
six months period (SPEI6), over warmer part of the year, from March to August (red). Data source: For SPEI Global Drought Monitor30, for maize yield – Statistical Office of the Republic of Serbia.

After the drought in 2012, beside the loss in maize yield of approximately 50%36, the quality
of maize was also questioned. The presence of aflatoxin in maize was triggered probably by
dry and hot conditions during summer, leading finally to aflatoxin presence in milk37, since
the cattle are fed with contaminated maize. The concentrations in samples taken from the
milk available on market was above thresholds defined by law, increasing risk to the general
public health. This is one of the clear examples how signal, starting from slowly development
of the prolonged drought conditions, peaking during the summer, can be transferred to the
food market and finally jeopardizing public health safety.

35
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During the drought episode in 2012, 282 forest fires were recorded38. During the summer that
year 6800 ha of forests was burned, and total burned area was estimate to 10700 ha37.
Estimated losses from forest fires was approximately 50 million euros.
Table 1. Significant drought events and economic losses since 2000.
Event/
Sectors under Impacts
Year
impact
Drought
Agriculture
Drought in July and August 2017
2017
has affected mainly corn, soya,
sunflower and sugar beets. Crop
yields were forecasted to decline
by 30-60%
Drought
Agriculture,
Decrease in yield of: Maize 55%,
2012
Food market, soybean 50-70%, sunflower 30%,
Health,
aflatoxin in maize; Burned 6799.9
Forest fires
ha of forests (10652.98 ha total
burned area)
Drought
Agriculture,
Agriculture production reduction
2007
Energy sector
(e.g. 30% Soya43 reduction); hydro
power plant produced 1.77 billion
kWh less than in 2006
Drought
Agriculture
Reduction in agriculture production
2003
Drought
Agriculture
Reduction in agriculture production
2000
Forest fires
(mainly
during dry
years)
2000-2009

Forestry

“Srbijasume” reported 880 forest
fires with 16,459.78 ha, burned
areas: 9.710 ha in 2007 and 3.569
ha in 2000.

Losses

Reference

Losses
potentially
reaching USD
1500 mil. USD

Maslac, 201839

2000 mil. USD
in Agriculture,
and ~50 mil.
EUR due to
forest fires
600 mil. EUR44

Maslac, 201240
WB, 201441, JRC,
201342

1000 mil. USD

Dragovic et al.
200846
Dragovic et al.
200247,
Badji et al., 201148
Aleksić P., I G.
Jančić. 2011.49
JRC, 200850

750 mil. USD

~300 mil. EUR

Web
Potkonjak. et al.
201345

Even that there is no comprehensive analysis for the drought impact on water supply in
Serbia, related to the water quantity and quality, there is some indications that prolonged dry
period, that lead to extreme low flow in rivers, can contribute to the problems with
maintaining water quality in the water supply system. During the one of the driest summers
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in 2015, water quality was significantly deteriorated in the municipality of Pozarevac, so
municipality was forced to prohibit water use, due to high level of nitrates in supply system51.
From presented results it is evident that Serbia faced several extreme drought episodes since
2000, mainly during summer months (dry summer in 2000, 2003, 2007, 2012 and 2017).
During some of them significant economic losses were also recorded, putting in the first place
agricultural production into unfavorable condition. Economic losses due to drought impacts,
especially in agriculture production, since 2000, are summarized in Table 1.
The minimal loss of 600 mil. EUR was reported for 2007, and for three episodes in 2003, 2012,
and 2017, losses were probably above 1 bil. EUR. This leads to the conclusion that average
annual loss since 2000 can be estimated to the several hundred millions of euros. Other
sources of information52, with independent lines of evidence lead to very similar bulk number
of losses in economy due to droughts in Serbia. Such a high estimate, probably will put
drought to be costliest hazard in Serbia in this century.
According to climate change projections, unfavorable changes in relation to drought
frequency and intensity can be expected in the future25,43,53,54 in Serbia, which can be seen as
additional call for a development of an effective drought management plan.
Additional information on past droughts in Serbia, current trends, impacts and potential
changes in the future are available in Appendix A.

Understanding Drought: Meteorological, Agricultural, Hydrological and Socio-economic
Drought
In the early 1980s more than 150 published definitions of drought was found55. Different
definitions were driven by differences related to the regions, needs, and disciplinary
approaches. Analyzing different definitions of drought Wilhite and Glantz (1985)56 categorize
them in four basic approaches: meteorological, agricultural, hydrological, and socioeconomic.
The meteorological, agricultural and hydrological, try to detect drought as a geophysical
phenomenon, and the socioeconomic tries to define drought in terms of supply and demand,
tracking the effects of water shortfall as it ripples through socioeconomic systems.
Meteorological drought is virtually always defined as a lack of precipitation. According to
AMS Glossary of Meteorology drought is defined as period of abnormally dry weather
sufficiently long enough to cause a serious hydrological imbalance. From this definition is it
clear that some reference precipitation values from past observation is needed as a measure
51
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that current condition can be categorized as abnormal. Also, definition lead us to the fact that
for drought this unusual dry period should be long enough to alter other components of the
climate system, in this case to induce hydrological imbalance.
Since that meteorological drought depend on some reference, expected values, it is regional
and time dependent, because in the different part of the world and in the different part of
the year, different amount of precipitation is expected. This situation probably leads to the
situation that the Standardized Precipitation Index (SPI)57, which measures departure from
expected precipitation in some region and part of the year is a widely used index to
characterize meteorological drought on a different range of timescales. SPI allows to compare
drought condition across regions with markedly different climates. It quantifies observed
precipitation as a standardized departure from a selected probability distribution function
that models the observed precipitation data. SPI can be interpreted as the number of
standard deviations by which the observed anomaly deviates from the long-term mean. SPI
is often calculated for differing periods from 1 up to 36 months. For the operational
community, the SPI has been recognized as the standard index that should be available
worldwide for quantifying and reporting meteorological drought. Concerns have been raised
about the utility of the SPI as a measure of changes in drought associated with climate change,
as it does not deal with changes in evapotranspiration. Because of this alternative indices that
deal with evapotranspiration have been proposed58.
Agricultural drought is triggered when various characteristics of meteorological drought, that
come from lack of precipitation, in combination with other potential negative impacts such
as differences between actual and potential evapotranspiration, soil water deficits, reduced
groundwater or reservoir levels, etc. crate impact in agricultural. In that sense, agricultural
drought is more complex phenomenon in comparison to meteorological drought, because in
cases when precipitation deficits are characterized as dry but not extreme dry, other factors
such as excessive evapotranspiration, due to high temperature, can lead to additional stress
on plants. In addition, biological characteristics of the specific plant, and coincidence of dry
meteorological condition with phenological stages of plant development can lead to different
impacts. Top soil moisture deficit at planting can jeopardize germination. On the other hand,
potential negative anomalies in subsoil moisture at this early stages will not affect final yield
if subsoil moisture is replenished at a right time during later development stages. A precise
determination of agricultural drought should be able to account these different aspects.
Hydrological drought is situation when precipitation shortages, including reduction in snow
accumulation and snow pack, results in decrease in surface and subsurface water resources.
Hydrological droughts is often studied and monitored on a river basin scale. Since it takes
some time that precipitation deficiencies make some impact on components of the
hydrological system such as soil moisture, river discharges, or groundwater and reservoir
levels, there is some time lag in onset of meteorological and agricultural droughts and
hydrological droughts. A negative anomaly in precipitation may lead relatively fast to soil
moisture decrease that can easily impact plants, and onset agricultural drought, but it will
take some time to see the impact of this deficiency in groundwater levels, or discharges on
57
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large rives. In case of hydrological droughts, additional complications can come from the fact
that water resources are often used for multiple and competing purposes (e.g., irrigation,
hydropower, domestic and industrial water use etc.) and sometimes is hard to distinguish and
quantify impacts from natural and anthropogenic sources. During the periods of drought
competition for water may occur.

Figure 6 Different types of drought and associated process. For example, deficit in precipitation can lead to
meteorological drought, but increased evapotranspiration due to high temperature can lead to agricultural
drought, which can be also affected by soil type, or type of vegetation over area of interest. Different soil
types and different vegetation (crops) can have different response to meteorological drought. Adapted and
modified from Cook et al. (2018)59 and Van Loon (2015)60.

Socioeconomic drought occurs when combined negative impacts of previously described
three types of droughts act in the same time, leading to problems of supply and demand of
some economic good. It differs from the aforementioned types of drought because its
occurrence depends on the time and space processes of supply and demand. The supply of
many economic goods, such as water, forage, food grains, fish, and hydroelectric power,
depends on weather. Because of the natural variability of climate, water supply is ample in
some years but unable to meet human and environmental needs in other years.
Socioeconomic drought occurs when the demand for an economic good exceeds supply as a
result of a weather-related shortfall in water supply61.
It is clear that time line of the developing of different types of drought leads from
precipitation deficit and development of meteorological drought over agricultural and
59
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hydrological drought to the conditions that can be characterized as a socioeconomic drought
(Figure 6). This kind of scenario is evident for the drought in Serbia in 2012, when all four
types of drought were present (for details check previous sub-chapter: Historical Occurrences
and Impacts from the past).
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4. Organization and Assignment of Responsibilities
In this chapter organizational overview of the structure that is needed for development and
implementation of the National drought plan is presented, together with proposal of the
assignment of responsibilities, according to the current institutional structure in Serbia.

Organizational Overview
The establishment of a Drought Task Force and the accompanying structure that consists of
additional two sub-committees is an integral part of the development of the National Drought
Plan (Figure 7). The Task force should be a permanent standing body appointed by the highest
authority of the country. The composition of the task force group should be multidisciplinary,
covering all different aspects of drought as an complex phenomenon. The members of task
force should be from different ministries, government institutions, but task force can
potentially include experts from organizations that are not part of national governmental
structure. Also, balanced representation of women and men among leadership, decisionmaking positions, and participation in task force should be beneficial for implementation of
gender-responsive approach in drought plan development and implementation, from very
beginning of the whole process. It will be beneficial that in the work of the task force
participate representative of the head of the state or representative of the prime minister
that can facilitate communication/awareness on very broad scale.

Figure 7 Schematic representation of drought management structure, containing Drought Task Force,
Monitoring and Risk Assessment sub-committee and Preparation, Mitigation and Response sub-committee,
and communication channels between them. Roles of sub-committees are also presented.
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Main support for the operational functioning of the task force should be two sub-committees.
First one is the Monitoring and Risk Assessment sub-committee and the second one is
Preparation, Mitigation and Response sub-committee. The Monitoring and Risk Assessment
sub-committee should include technical experts, from ministries, governmental institutions,
agencies, institutes, and other organizations, that should propose and develop drought
monitoring system. Similar to the Drought Task Force, gender balanced structured is
recommended. This sub-committee task should be also to collect all relevant data
(precipitation, temperature, soil moisture, ground water level observations, etc.), define
additional data needs, and develop data and information delivery system. Following data
analysis sub-committee should assess and rank drought impacts and prepare vulnerability
assessment. Finally, task of the sub-committee should be identifying possible actions for risk
reduction. The Preparation, Mitigation and Response sub-committee on the other side should
be consisted of senior policy makers from governmental agencies and key stakeholders
groups. The main task of this sub-committee should be preparation of mitigation and
response plan, according to inputs from Monitoring and Risk Assessment sub-committee.
When plan is defined this sub-committee will be responsible for operational implementation
of the mitigation and response measures. Since vulnerability and related risk to drought can
be gender dependent it is important to have balanced representation of women and men
among participants in this sub-committees.
After formation of the task force and two sub-committees, the task force team will be in
charge to supervise and coordinate plan development, by pulling together necessary
resources and integrating it in order to develop the plan. The task force will also coordinate
operational implementation of the plan at all levels, and coordinate activation of different
elements of the plan, before, during and after drought. The task force will enforce actions and
implement mitigation and response programmes or will delegate this actions at the
sub/national level. They will also initiate policy recommendations to the political leaders.
Similar structure for national drought management program, together with potential
members in the management structure is proposed by DriDanube project (see Appendix B).
Findings from this project will valuable for defining optimal solution and the initial formation
of the final management structure and appropriate composition of it.
Here is important to emphasize that beside three body structure itself and appropriate roles
of different participating institutions within task force and sub-committees, communication
between them is critically important. The communication should be established in the way
that communication protocols exist between each of them. Importance of two way
communication between three bodies is important, because it's a common situation that
feedback information, from institutions that are responsible for response to institutions that
are responsible for monitoring and risk assessment, is missing, and that information can be
crucial for optimization and improvement of the part of the system that triggers actions and
responses.
Even that in Serbia some elements that are needed to develop presented structure are in
place they are often not fully developed, or they are fragmented and not able to function
together. Potential institutions, that already fulfill some roles that are needed for drought
management, and that can be considered as potential participants, with their
28

representatives, in the initial establishment of the Drought Task Force, the Monitoring and
Risk Assessment sub-committee and the Preparation, Mitigation and Response subcommittee, are listed below, together with current core duties and responsibilities of these
institutions.
The Ministry of Agriculture, Forestry and Water Management (MAFW) is in charge for the
development of strategies, policies and measures for agriculture, water management and
forestry. Under the Ministry operates Directorate for water and Directorate for forests.
Ministry also supervise Republic Hydrometeorological Service of Serbia, which is special
government organization.
The Ministry of Environmental Protection (MEP) is in charge of the environmental
protection. The main responsibilities are: nature protection, air protection, water quality
protection, climate change, trans-boundary water and air pollution. Currently national focal
point for the UNCCD is appointed by MEP. The Agency for Environmental Protection is under
responsibility of Ministry of Environmental Protection.
The Ministry of Interior (MI) leads the National Emergency Management Headquarters and
under the responsibility of the Ministry is also Sector for Emergency Management. Ministry
is in charge of protection and rescue management activities. Also it is in charge of
mainstreaming of Disaster Risk Reduction policy in the country.
The Republic Hydrometeorological Service of Serbia (RHMSS) performs activities related to
systematic meteorological, climatological and hydrological measurements and observations,
provides monitoring, research, analysis and forecasting of weather, climate and water. It
provides early warning and alerting on the occurrence of extreme meteorological, climate
and hydrological events and it is responsible institution for drought monitoring. Republic
Hydrometeorological Service of Serbia is responsible for fulfilment of international
commitments in the field of meteorology, climatology and hydrology. Republic
Hydrometeorological Service of Serbia leads the National Risk Assessment of meteorological
hazards.
The Sector for Emergency Management, directly under the Minister of Interior, its five
directorates are responsible for civil protection, prevention, risk management, fire and
rescue, as well as the National Training Center (NTC). The institution is in charge of
coordination of the activities of all relevant government institutions with regard to emergency
and disaster management.
The Agency for Environmental Protection, as a body within the Ministry of Environmental
Protection, that performs professional tasks related to: development, coordination and
management of the national information system for environment. Agency is responsible for
the implementation of the national monitoring of water quality (surface waters, underground
waters and drinking waters), and leads the National risk assessment due to hazards in case of
low water regimes62.
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Public investment management office performs expert, administrative and operational
activities to serve the needs of the Government, related to coordination of the
implementation of projects of reconstruction and improvement, including post hazard
reconstruction activities, of public facilities within the competence of the Republic of Serbia.
Directorate for water - is an administrative body within the Ministry of Agriculture which
performs state administration and professional tasks related to water policy.
Directorate for Forests - is an administrative body within the Ministry of Agriculture which
performs state administration and professional tasks related to forestry policy.
The Provincial Secretariat for Agriculture, Water Economy and Forestry is responsible for
agriculture, water management and forestry in the Province of Vojvodina.
Public water management companies “SRBIJAVODE” and “VODE VOJVODINE” are
responsible for sustainable water resources management in terms of water resources
management, water use and utilization, flood protection, water protection.
Agricultural Advisory Service is the key instrument for transfer of knowledge in agriculture
through informal education. The system covers 35 Agriculture Advisory Service Stations.
Service has close relations with Institute for science application in agriculture. Service works
under the Ministry of Agriculture, Forestry and Water Economy.
Forecasting and Reporting Service for Plant Protection provides relevant support for farmers
to combat diseases and insects. The Service monitors appearance and movement of harmful
organisms, but also general agro-climatic conditions.

Assignment of Responsibilities
According to their responsibilities and experience, here will be presented tentative proposal
for the members of the Drought task force and two sub-committees. This proposal can be
seen as an initial step of the establishment of the three bodies. During the process of the
development of National Drought Plan participation of other institutions should be
considered, together with potential revision of the roles of different institutions.

Drought Task Force members:
 The Ministry of Agriculture, Forestry and Water Management
 The Ministry of Environmental Protection
 The Ministry of Interior - The Sector for Emergency Management
 Representative of the head of the state/prime minister office
Monitoring and Risk Assessment sub-committee members:
 The Republic Hydrometeorological Service of Serbia
 The Agency for Environmental Protection
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The Ministry of Agriculture, Forestry and Water Economy
The Ministry of Environmental Protection
Directorate for water
Directorate for forests
Agricultural Advisory Service
Forecasting and Reporting Service for Plant Protection

Preparation, Mitigation and Response sub-committee members:
 The Ministry of Interior, The Sector for Emergency Management
 The Ministry of Agriculture, Forestry and Water Management The Ministry of
Environmental Protection
 Public investment management office
 Directorate for water
 Directorate for forests
 Agricultural Advisory Service
 Forecasting and Reporting Service for Plant Protection
Schematic representation of the membership in the Drought Task force, Monitoring and Risk
Assessment sub-committee and Preparation, Mitigation and Response sub-committee are
given on Figure 8.
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Figure 8 Schematic representation of drought management structure, containing Drought Task Force,
Monitoring and Risk Assessment sub-committee and Preparation, Mitigation and Response sub-committee,
and proposal for institutions that will participate in them.

Since implementation of the National Drought Plan is recurrent process, every future revision
of the plan, should include reassessment of the participants and their roles in Drought Task
Force and two sub-committees, in the way that will allow continuous improvement of the
functioning of three bodies.
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5. DROUGHT MONITORING, FORECASTING, AND IMPACT ASSESSMENT

Drought Indices and indicators
There is no single metric or single variable that can be used to measure/monitor the drought,
but it is measured by derived metrics, so-called indices. Because of very complex nature of
drought, similar to the definition of it, there is almost endless number of indices that are used
for drought monitoring. Also, many indices are developed to monitor different type of
droughts. Extensive list of different indices that can be used for drought monitoring can be
found on the web site of the World Meteorological Organization and Global Water
Partnership - Integrated Drought Management Programme63. Listed indices can be sorted
following type of drought that can be monitored using selected index, easiness of use, and
required input variables/parameters that are needed for calculation. Also for every index
there is short explanation of origin, basic characteristics, description of applications,
strengthens and weaknesses, list of the countries where index is in the use, appropriate
scientific reference, and very important information link to the data base or resource from
which index can be use.
Here will be reviewed several of them that are already used in Serbia for operational or
research purposes. Indices that are in use for drought monitoring in Serbia are Standardized
Precipitation Index (SPI), Standardized Precipitation Evapotranspiration Index (SPEI), Palmer
Drought Severity Index (PDSI), Palmer Z Index. To demonstrate different approaches for
characterization of different drought types additional indices and indicators that are
commonly in use will be also presented.
Standardized Precipitation Index (SPI) WMO recommended SPI as the main meteorological
drought index that countries should use to monitor and follow drought conditions. By
identifying SPI as an index for broad use, WMO provided direction for countries trying to
establish a level of drought early warning. Index includes historical precipitation records for
any location to develop a probability of precipitation and can be computed at any number of
timescales, from 1 month to 48 months or longer. Drought events are indicated when the
results of SPI, for whichever timescale is being investigated, become continuously negative
and reach a value less then or equal to -1. The drought event is considered to be ongoing until
SPI reaches a value of 0. SPI is used by Republic Hydrometeorological Service in Serbia for
drought monitoring in country.
Standardized Precipitation Evapotranspiration Index (SPEI) As a relatively new drought
index, SPEI uses the basis of SPI but includes a temperature component, allowing the index
to account for the effect of temperature on drought development through a basic water
balance calculation. SPEI has an intensity scale in which both positive and negative values are
calculated, identifying wet and dry events. It can be calculated for time steps of as little as
1 month up to 48 months or more. Monthly updates allow it to be used operationally, and
the longer the time series of data available, the more robust the results will be. With the same
versatility as that of SPI, SPEI can be used to identify and monitor conditions associated with
63

http://www.droughtmanagement.info/indices/
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a variety of drought impacts. The inclusion of temperature along with precipitation data
allows SPEI to account for the impact of temperature on a drought situation, which can be
especially important, since that during last several decades long term positive temperature
trend is observed due to climate change. As a consequence, divergence is observed between
SPI and SPEI over Europe64. This divergence is present also in Serbia (Figure 9).

Figure 9 Standardized Precipitation-Evapotranspiration Index for the six months period - SPEI6 (black) and
Standardized Precipitation Index for the six months period – SPI6 (red), over warmer part of the year, from
March to August, for Vojvodina65 region. Source: CARPATCLIM66 data.

Palmer Drought Severity Index (PDSI) Calculated using monthly temperature and
precipitation data along with information on the water-holding capacity of soils. It takes into
account moisture received (precipitation) as well as moisture stored in the soil, accounting
for the potential loss of moisture due to temperature influences. Developed mainly as a way
to identify droughts affecting agriculture, but it has also been used for identifying and
monitoring droughts associated with other types of impacts. With the longevity of PDSI, there
are numerous examples of its use over the years.
Palmer Z Index The Palmer Z Index responds to short-term conditions better than PDSI and is
typically calculated for shorter timescales, enabling it to identify rapidly developing drought
conditions. As part of the original work done by Palmer in the early 1960s, the Palmer Z Index
is usually calculated on a monthly basis along with PDSI output as the moisture anomaly. The
Palmer Z Index is a derivative of PSDI and the Z values are part of the output.
64

Stagge, 2018, Observed drought indices show increasing divergence across Europe, Nature,
doi:10.1038/s41598-017-14283-2
65
Vojvodina is a flatland north part of Serbia with intensive agriculture production.
66
http://www.carpatclim-eu.org/pages/home/
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Crop Moisture Index (CMI) As part of original work done by Palmer in the early 1960s, CMI is
usually calculated weekly along with the Palmer Drought Severity Index (PDSI) output as the
short-term drought component in which the impact on agriculture is considered. Used to
monitor droughts in which agricultural impacts are a primary concern.
Soil Moisture Anomaly (SMA) Developed by Bergman et al. at the National Weather Service
in the United States during the mid-1980s as a way to assess global drought conditions. Can
use weekly or monthly precipitation and potential evapotranspiration values in a simple
water balance equation. It is intended to reflect the degree of dryness or saturation of the
soil compared with normal conditions and to show how soil moisture stress influences crop
production around the world. Developed and used extensively for monitoring drought
impacts on agriculture and crop production around the world.

Figure 10 Vegetation health index (left) and NDVI anomaly (right), over Serbia, for ‘dekad 2’ in August 2017,
indicating strong agricultural drought. Source: FAO 67.

Streamflow Drought Index (SDI) Developed by Nalbantis and Tsakiris using the methodology
and calculations of SPI as the basis for their work. Uses monthly streamflow values and the
methods of normalization associated with SPI for developing a drought index based upon
streamflow data. With an output similar to that of SPI, both wet and dry periods can be
investigated, as well as the severity of these occurrences. Used to monitor and identify
drought events with reference to a particular gauge, which may or may not represent larger
basins. Can be used to monitor hydrological drought.
Normalized Difference Vegetation Index (NDVI) For NDVI calculation the global vegetation
index data is used, which are produced by mapping 4 km daily radiance. Radiance values
measured in both the visible and near-infrared channels are used to calculate NDVI. It
measures greenness and vigour of vegetation over a seven-day period as a way of reducing
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http://www.fao.org/giews/earthobservation/country/index.jsp?lang=en&code=SRB
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cloud contamination and can identify drought-related stress to vegetation. Used for
identifying and monitoring droughts affecting agriculture.
Vegetation Health Index (VHI) One of the first attempts to monitor and identify droughtrelated agricultural impacts using remotely sensed data. Advanced Very High Resolution
Radiometer (AVHRR) data in the visible, infrared and near-infrared channels are all used to
identify and classify stress to vegetation due to drought. Used to identify and monitor
droughts affecting agriculture around the world. An example of VHI and NDVI Anomaly for
Serbia, during summer drought in 2017 is presented on Figure 10.
Existing main drought monitoring system in Serbia, within Republic Hydrometeorlogical
Service of Serbia, is based on Standardized Precipitation Index (SPI), additional drought
indices that are calculated for other bulletins published by this institution, are Palmer Drought
Severity Index (PDSI), Palmer Z index and soil moisture content. More about drought indices
that are used for drought monitoring will be presented in the next chapter.

Current Monitoring, Forecasting and Data Collection
Institution responsible for meteorological observation in Serbia is Republic
Hydrometeorlogical Service of Serbia (RHMSS). Within the national observational network,
the synoptic, climatological and agrometeorological situations are continuously observed at
32 surface synoptic stations. The national network of meteorological stations is comprised of
two upper air observation station, 75 climatological stations and 481 precipitation stations.
The observation system was automated in the past two years. Additional information on
meteorological
observations
can
be
found
on
www.hidmet.gov.rs/eng/meteorologija/moss_delatnost.php.
Department for Agrometeorology of the Republic Hydrometeorlogical Service of Serbia is
responsible for drought monitoring in Serbia. Drought is monitored primarily with
Standardized Precipitation Index (SPI) index. SPI is calculated for 29 locations and for time
period from 1 to 12 months. The normal category, 5 wet and 5 dry categories are defined
depending on the index value (Table 2).
Table 2. Standardized Precipitation Index (SPI) values and drought categories, as it is defined by operational
drought monitoring program of the Republic Hydrometeorological Service of Serbia.

Category
Exceptional drought
Extreme drought
Severe drought
Moderate drought
Minor drought
Near normal

SPI Value
SPI ≤ -2.326
-2.326 < SPI ≤ -1.645
-1.645 < SPI ≤ -1.282
-1.282 < SPI ≤ -0.935
-0.935 < SPI ≤ -0.524
-0.524 < SPI < +0.524
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Monitoring
information
is
also
available
via
web
page
www.hidmet.gov.rs/eng/meteorologija/agro_delatnost.php. Example of monitoring page is
given in Figure 11.

Figure 11 Example of drought monitoring page on the web site of the Republic Hydrometeorological Service
of Serbia. URL: http://www.hidmet.gov.rs/eng/meteorologija/uslovi_vlaznosti.php

Department for Agrometeorology also prepares weekly68, ten-day69 and monthly bulletins70,
annual analysis71, and CROP-SYST model72 forecasts for 14 locations in Serbia73. Also forecast
of the potential evapotranspiration up to 10 days can be found74 on the same web page.
68

http://www.hidmet.gov.rs/podaci/agro/sedamdana.pdf
http://www.hidmet.gov.rs/podaci/agro/desetdana.pdf
70
http://www.hidmet.gov.rs/podaci/agro/mesec.pdf
71
http://www.hidmet.gov.rs/podaci/agro/godina.pdf
72
http://modeling.bsyse.wsu.edu/CS_Suite/cropsyst/index.html
73
http://www.hidmet.gov.rs/podaci/agro/bilten_cropsyst/biltencropsyst.pdf
74
http://www.hidmet.gov.rs/ciril/meteorologija/agro_evapotranspiracija.php
69
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Weekly bulletin, beside standard climatological analyses of observed temperature and
precipitation and anomalies, contain information about soil moisture content up to 1 m, for
the five regions in Serbia.
Ten-day bulletin contains the list of important agrometeorological parameters for the
previous 10 days for 29 locations. Beside temperature and precipitation values and indices,
SPI for 1 and 2 months are presented, but also values for Palmer Drought Severity Index (PDSI)
and Palmer Z Index. There are 3 stages of drought defined according to these indices (Table
3)
Table 3 Palmer Z index and Palmer Drought Severity Index (PDSI) values and drought categories, as it is defined
by operational drought monitoring program of the Republic Hydrometeorological Service of Serbia in ten-day
bulletin.

Category
Extreme drought
Severe drought
Moderate drought
Normal

Z index value
less then - 2.75
from - 2.0 to - 2.74
from -1.25 to -2.0
from - 1.24 to 0.99

PDSI Value
less then - 4.0
from -3.0 to -3.9
from -2.0 to -2.9
from - 1.9 to 1.9

Monthly bulletins summarize all relevant information, presented in weekly and ten-day
bulletins but for the previous month.
Beside operational activities, department conduct many research activities, and as stated on
the web page “special attention is paid to research and monitoring of drought using
considerable number of soil moisture and drought indices: Standardized precipitation index
for periods of 1 to 24 months which is calculated daily for operative needs; storage of
productive soil moisture defined by the calculation of water balance; Palmer`s Z index and
Palmer`s drought index whose values are updated as per decades, etc. Also, in accordance
with the UN Convention on Combating Desertification and Mitigation of Drought Effects,
Climate Moisture Index (CMI) and Soil Moisture Index (SMI) are used. In connection with
supporting activities for the implementation of this Convention, increased role of RHMS is
planned within protection system against forest and other open-air fires on the territory of
Serbia”.
As a part of early warning system Republic Hydrometeorological Service of Serbia publish
Early Warning Bulletin of the Climate Extremes and Anomalies75 on weekly basis, that
contains hydro-meteorological and agrological information for two weeks, one month, and
season ahead. One of the elements of the bulletin, beside many climate variables is forecast
of SPI2 index. Full archive of issued bulletins is also publicly available76.
The Republic Hydrometeorlogical Service of Serbia is responsible for hydrological
observations and hydrological forecasts. The hydrological observation system now consists of
a network of 179 surface water hydrological stations and a network of 415 groundwater
hydrological stations. All 179 stations have observations of water levels and 130 measure
75
76

http://www.hidmet.gov.rs/podaci/meteorologija/ciril/biltenranenajave.pdf
http://www.hidmet.gov.rs/ciril/meteorologija/bilten_arhiva.php
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water flow in addition. The hydrological data from 61 reporting hydrological stations are
collected in real time. The groundwater hydrological station network is comprised of 50
stations with continuous recording and 352 non-continuous recording, but just 35 have longer
time series then 30 years77. There is no specific product that is dedicated to the monitoring
or ranking of hydrological drought.
The Agency for Environmental Protection is responsible for monitoring of water quality. There
are daily reports about water quality78 and weekly bulletins79. Currently there are reports
from six stations in weekly bulletins. Significantly higher number of station is used for water
quality reporting using Serbian Water Quality Index (SWQI)80.
Beside presented available information other relevant sources that can be used for drought
monitoring and forecasting, as a part of national drought management programme, and in
which Serbia participate to some extent are listed below.
Drought Management Centre for Southeastern Europe (DMCSEE) The Republic
Hydrometeorlogical Service of Serbia participate in the activities of Drought Management
Centre for Southeastern Europe. DMCSEE periodically publish Drought Bulletin for SE Europe.
For monitoring, main parameters are accumulated water balance, SPI and fraction of
vegetation cover. Bulletin also reports impacts based on information available in electronic
media on the internet. Bulletin does not contain any information related to the forecast. Web
page: http://www.dmcsee.org/
South East European Virtual Climate Change Center (SEEVCCC) is a regional climate center,
hosted by Republic Hydrometeorlogical Service of Serbia. Some of the center’s operational
products are climate monitoring reports, dynamical downscaling of ECMWF seasonal forecast
(seven months ahead) and climate watch reports. There is no product that is directly related
to the drought monitoring, but many of provided products can be se used as a background
information for drought monitoring. Web page: http://www.seevccc.rs/
European Centre for Medium-Range Weather Forecasts (ECMWF) Serbia is a full member of
the ECMWF with a full access to operational products. Many ECMWF operational products
from short term to seasonal forecast, and real-time reanalysis data can be seen as critical
back-ground information, on the first place for drought forecasting but also for monitoring
activities. Web page: https://www.ecmwf.int/
WMO RA VI RCC Node-CM Serbia participate in activities of Regional Climate Center Node for
Climate monitoring within the Global Framework for Climate Services (GFCS). It covers the
domain of climate monitoring in terms of: Annual and monthly climate diagnostic bulletins;
Monthly monitoring maps; Reference climatologies and trend maps; RA VI climate monitoring
WebPortal; Climate watches. In terms of drought monitoring variables that are provided by
RCC Node-CM are drought classes and snow and soil moisture, but some of them are not
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http://www.whycos.org/infohydro/detail.php?p=gw&x=51
http://77.46.150.213:8080/apex/f?p=406:1:::NO:::
79
http://www.sepa.gov.rs/download/nedeljni_bilten_kvalitet_voda.pdf
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http://www.sepa.gov.rs/index.php?menu=305&id=1000&akcija=showAll
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regularly updated81.
RCCCM/EN/home/home_node.html

Web page: https://rcccm.dwd.de/DWD-

Other international sources that perform drought monitoring, forecasting and different types
of analysis and which can be relevant for Serbia are:


European Commission - Joint Research Centre, European and Global drought
observatory (part of the Copernicus programme). Web pages:
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
http://edo.jrc.ec.europa.eu/gdo/php/index.php?id=2000



European Commission - Joint Research Centre, Monitoring Agricultural Resources (MARS).
Web page: http://ec.europa.eu/jrc/en/mars



Copernicus Climate Change Services.
Web page: http://climate.copernicus.eu

A Drought Impact Assessment Methodology
Since there is no available comprehensive drought impact assessment for Serbia, in the first
part of this chapter general methodology for impact assessment in case of drought will be
presented.
Commonly impact is defined as a product of exposure and vulnerability,
Impact = Exposure x Vulnerability
where according to UNSDR82 definition exposure is used to indicate those elements-at-risk as
people, property, systems, or other elements present in hazard zones that are thereby subject
to potential losses. On the other hand, vulnerability is defined as characteristics and
circumstances of a community, system or asset that make it susceptible to the damaging
effects of a hazard. In probabilistic/quantitative risk assessments the term vulnerability
expresses the part or percentage of exposure that is likely to be lost due to a certain hazard83.
A drought impact assessment should look into effect of past drought events on society,
economy and environment, identifying direct consequences of the drought, such as reduced
crop yields, water resources depletion and occurrences of wildfires. From direct outcomes
some conclusions about secondary consequences can be assessed (often social effects). The
impact assessment should also include an analysis of existing vulnerabilities and capacities
specific to both women and men, an evaluation of the risk faced by both groups considering
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https://rcccm.dwd.de/DWD-RCCCM/EN/home/home_node.html
United Nations International Strategy for Disaster Reduction,
https://www.unisdr.org/we/inform/terminology#letter-r
83
EU, Risk Assessment and Mapping Guidelines for Disaster Management
https://ec.europa.eu/echo/files/about/COMM_PDF_SEC_2010_1626_F_staff_working_document_en.pdf
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differing social and economic roles and responsibilities84. Taking that into account all different
impacts should help to understand overall impact of drought over area or time period of
interest. Understanding effects of the past events should lead to risk assessment of drought
events in the future.
The reduction of precipitation that triggers all types of drought usually can affect broad range
of different socio-economic sectors and many nature systems, so it is of great importance
that impact assessment covers as many as possible of them. Some of the potential drought
impacts, relevant for Serbia, can be grouped in three groups, economic, environmental and
social and some example for all of them are given below85. Also it should be considered that
many impacts may span more than one sector. Impacts from recent episodes, especially if
they are associated with extreme drought, should be taken with higher weight than the
impacts of historical drought, because recent events more accurately reflect current
vulnerabilities.
Drought impacts:
Economic
 Decreased production in agriculture, forestry, hydroelectric energy production, industry,
financial activities that depend on these sectors etc.;
 Pressure on financial institutions
 Loss to industries directly dependent on agricultural production.
Environmental
 Decreases in quality of surface water and groundwater;
 Damage to ecosystems and biodiversity (e.g. reduced vegetation coverage), land
degradation;
 More and larger wildfires;
 Impaired productivity of forest land.
Social
 Damage to public health and safety, by affecting air, water and food quality or increased
fire risk;




Disruption of water supplies;
Tensions between public administrations and affected groups;
Increase in social inequality, through larger impacts on specific socio-economic groups.

In addition to presented impacts the extensive list of potential drought impacts can be found
in National Drought Mitigation Center, Drought Preparedness Planning publication86.
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Problem for such an assessment could be deficient in sex- disaggregated data.
Guidelines Preparation Drought Management Plans, 2015,
http://www.droughtmanagement.info/literature/GWPCEE_Guidelines_Preparation_Drought_Management_Pl
ans_2015.pdf
86
http://drought.unl.edu/archive/Documents/NDMC/Planning/10StepProcess.pdf (pages 112-115)
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The set of appropriate indicators should be selected depending on which of the sector is
analyzed. In case of some of them, such as agriculture, economic criteria are usually used,
that can be quantified in terms of annual production losses. Similar approach based on
economic criteria can be used for industry or power production. For assessment of drought
impact on environment number of forest fires and area affected by them, can be used as an
indicator. Since that identification and quantification of impact indicators is difficult, and that
relationship between them and drought metric is not always clear, it will be beneficial that
evolution of them is constantly improved, especially as new data is available.
For impact assessment, beside the need for historical data of drought occurrences in the past
that can be provided by institution that is responsible for drought monitoring (in case of
Serbia it is Republic Hydrometeorological Service of Serbia), data on recorded drought
impacts in different sectors are necessary. Common place is that this kind of data even in the
case that they exist is always scattered in different institutions or databases, with different
data access rules and permissions. Even the methodologies how these data are collected and
stored can be significantly different, making sectorial impact assessment analysis difficult.
In Serbia, the only existing available database on natural hazard impacts, including drought is
UNISDR’s DESINVENTAR disaster loss database87. The part of the database for Serbia88 is
maintained by the Sector for Emergency Management. Currently for Serbia there is 45 data
cards related to drought (approximately 5% of all available cards for Serbia) covering period
from 2000 to 2012. The number of recorded events and associated losses are probably
underestimated, since that number of events and recorded losses are significantly smaller in
comparison to some independent estimates89,90. One of the task during the development of
the National Drought Plan, and Drought Tasks Force should be to initiate and support further
upgrade of this database in sense of data cards related to the drought.
In case of agriculture, additional valuable source of information that can be used for impact
assessment, in terms of available data on appropriate indicators can be Statistical office of
the Republic of Serbia, which maintain national statistical database, including statistic on
agriculture production91.

87

https://www.desinventar.org/
https://www.desinventar.net/DesInventar/profiletab.jsp
89
Serbia’S first national adaptation plan:
http://www.klimatskepromene.rs/wp-content/uploads/2017/04/NAP-UNDP-2015.pdf
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Pavlovic A, Posledice suše u srbiji - istorijski podaci i mere za njihovo umanjenje
http://www.hidmet.gov.rs/podaci/download/ppt/Posledice_suse_u_Srbiji_Ana_Pavlovic.pdf
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6. DROUGHT RISK AND VULNERABILITY

The Drought Risk and Vulnerability Assessment
Understanding and assessing the risk associated with drought is especially important to
achieve one of the main goals of the drought management and planning, transition from
reactive and crisis-based towards a proactive and risk-based. Risk assessment should serve to
identify areas of high risk and actions that can be taken to reduce identified risks before a
drought occurs.
Common approach is to express risk (disaster risk) as the product of the hazard, in term of
probability of occurrence, in this case drought, and impact, the potential adverse
consequences for people and environment associated with a drought event, that is on the
other side is defined as product of exposure and vulnerability.
Risk = Hazard x Impact (Risk = Hazard x Exposure x Vulnerability)
According to this definition disaster risk is expressed as the likelihood of loss and damage
from a disaster in a given period of time, and is widely recognized as the consequence of the
interaction between a hazard and the characteristics that make people and places vulnerable
and exposed92.
The results from the assessment of historical drought events, part of the drought impact
assessment, should be used for the risk assessment process. According to the Risk Assessment
and Mapping Guidelines for Disaster Management93, general recommendations is that risk
assessment process should be composed of the following processes:



risk identification – finding, recognizing, and describing risks
risk analysis – determining the level of risk (i.e. the quantitative estimation of the
probability of occurrence and severity of potential drought impacts)



risk evaluation – evaluating the significance of the drought risk

Vulnerability assessment should focus on identifying the social, economic, and environmental
causes of drought impacts that will connect impact assessment and potential mitigation
measures directing attention to underlying causes of vulnerability. For example, the drought
can reduce crop yields, but the underlying cause high economic losses and high vulnerability,
may be that the farmers were mainly used seeds that are not drought resistant, and because
of underdeveloped irrigation network. The vulnerability factors can be physical, economic,
environmental, social/political, etc. Vulnerability in general can be induced by factors such as
changes in land use, government policies, water use trends, diversity of economic base,
gender inequality etc. and all of them should be considered equally. The drought task force
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https://www.preventionweb.net/risk/disaster-risk
https://ec.europa.eu/echo/files/about/COMM_PDF_SEC_2010_1626_F_staff_working_document_en.pdf
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should address these issues early in the planning process so they can provide more direction
to the committees and working groups.
The example of the implementation of risk assessment methodology, and guideline for
methodology implementation, in Serbia can be found the outputs of the SEERISK project94.
For Serbia the risk assessment was done for Kanjiža municipality for the drought and drought
related wildfires. For both hazards, hazard maps, impact maps, and risk maps was created.
For the majority of municipality drought risk estimated was high95 (Figure 12).

Figure 12 Drought risk map for Kanjiza municipality. Source SEERISK (Joint Disaster Management risk
assessment and preparedness in the Danube macro-region.) project89.
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http://www.seeriskproject.eu/seerisk/index.zul#main
http://www.rsoe.hu/projectfiles/seeriskOther/pilot/kanjiza/maps/pics/final_drought_risk_layout_3_1.jpg
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Currently, National Disasters risk assessment96 is prepared according to Instruction on
Methodology of Risk Assessment and Protection and Rescue Plans in Emergency Situation
(Official Gazette 18/17)97. The used methodology follows main methodological principles
presented previously. National risk assessment of meteorological hazards, including drought,
makes part of the National risk assessment. The National risk assessment of meteorological
hazards is prepared by the Republic Hydrometeorological Service of Serbia. In the document
four multi-hazards are analyzed: heavy precipitation; hail and storm winds; cold waves, snow
blizzards, snowdrifts and black ice; heat waves and droughts. Risk related to drought is
analyzed together with heat waves, since main drought impacts in Serbia are related to the
drought during summer months which often overlaps with period of intensive and prolonged
heat waves.
Main findings from this assessment, related to drought will be presented here. For the most
probable event, it is assumed that half of the country is under drought and heat wave, and
probability of such an event is estimated to medium, 1 event in 2 to 20 years. Impact of such
event on human health is estimated as medium, impact on economy and ecology is estimated
as catastrophic, and impact on social stability is estimated as minimal. Following this findings
risk for human health is estimated as high, on economy and ecology as very high and risk for
social stability as low. The overall risk is estimated as high.
The second analyzed event was characterized as one with most negative consequences, and
it was assumed that during such an event drought and heat wave condition is present over
the whole territory of the country. Probability of such an event was estimated as low, 1 event
in 20 to 100 years. The impact on human health is estimated as serious, impact on economy
and ecology is estimated as catastrophic, and impact on social stability is estimated as
minimal. Following this findings risk for human health is estimated as high, on economy and
ecology as very high and risk for social stability as low. The overall risk is estimated as high.
Drought Risk in various administrative areas
Within the National risk assessment of meteorological hazards (draft version is available)
which is part of National Disasters risk assessment, mapping of the risk over territory is
presented. The mapping is done in the way that risk is assessed for each district. District risk
assessment was based on collected data on the consequences caused by drought and heat
waves, as well as on the basis of an expert assessment based on the analysis of the area under
agricultural crops and areas under forests, as well as on population density analysis. The
mapping was done for most probable event (1 event in 2 to 20 years) and for the event with
most negative consequences (1 event in 20 to 100 years). Both maps are given on Figure 13.
For most probable event highest risk is estimated for north-west part of the country (orange
color), and the lowest risk is for west and south-east part (green color). In case of event with
most negative consequences, for almost all municipalities risk is estimated as high (orange
color).
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http://prezentacije.mup.gov.rs/svs/HTML/licence/Procena%20rizika%20od%20katastrofa%20u%20RS.pdf
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In the meantime, a new Instruction has been adopted and minor changes may be expected in relation to this.
97

45

Figure 13 Risk maps for Serbia (polygons are districts), for drought and heatwaves, for most probable event
(left) and for the event with most negative consequences (right), green: low risk; yellow: medium risk; orange:
high risk; red: very high risk and gray: no data. Source: National risk assessment of meteorological hazards
(draft version), prepared by Republic Hydrometeorological Service of Serbia.
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7. DROUGHT COMMUNICATION AND RESPONSE ACTIONS

Drought Communication Protocol
As much as clearly defined goals and objectives of the National Drought Plan, and clear roles
and responsibilities of the Drought task force, Monitoring and Risk Assessment subcommittee and Preparation, Mitigation and Response sub-committee, success of the plan
implementation and successful drought management in the country, also depends on timely
and clearly defined communication protocols between three bodies. Clear, precise and timely
share of information between participating members within the sub-comities and Drought
Task Force are necessary as well. Although it seems that natural way of communications goes
from Monitoring and Risk Assessment sub-committee via Drought task force to Mitigation
and Response sub-committee, the communication between three bodies should be two-way
communication. Beside many reasons that this way of communication is critical, current
situation with some warning and alert systems in Serbia is that there is clear lack of feedback
response from institutions that are in charge for response after alert or warning is issued. This
feedback information can be of great value for the upgrade and improvement of part of the
system which is in charge for monitoring and reporting of current conditions.
The proposal is that Drought Communication Protocol should include thee elements:
• Declaration of Drought Conditions;
• Communication and Coordination Guidelines; and
• Drought Response Actions.
These three elements will be described in more details in the next subchapters.
Declaration of Drought Conditions
Clear definition of the declaration of drought conditions and declaration of different stages
of drought should be important part of the National Drought Plan, since this information will
trigger next steps related to the activation of response actions. The stages of the drought
condition should be defined in the way that every stage reflects potential impacts. Because
drought is a complex phenomenon triggered primary by climate conditions, but also
depending on other factors, optimal solution for the definition of different drought stages
and thresholds that divide these stages should be set of different parameters that are
selected to reflect drought complexity and different drought types. Ideally, complete set of
parameters should include various sets of indicators for evaluation of different types of
drought, but also indicators should be appropriate for drought forecasting or for definition of
early warning system. Commonly stages are defined using some of the drought indices, or
other calculated value, but observed changes in physical variables together with observed
impacts can be used as well.
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Common Strategy for Implementation of Water Framework Directive, within European
Union, can be used as an example. In the Strategy a set of indicators98 that can be used for
drought classification and definition for different stages is adopted (Table 4).
Table 4: Set of common European Union drought indices/indicators established through the Common
Implementation Strategy for the Water Framework Directive (CIS) 99.

Drought index/indicator
SPI (Standardized precipitation index)
SSPI (Standardized snowpack index)
FAPAR (Fraction of absorbed photosynthetically active radiation)
SSPI (Standardized snowpack index)
H (Groundwater level)
SRI (Standardized runoff index)
Soil moisture
WEI+ (Water exploitation index plus)

Drought type
Meteorological drought
Meteorological drought
Meteorological drought
Meteorological drought
Hydrological drought
Hydrological drought
Agricultural drought
Water scarcity

EU recommends the inclusion of these indicators into each specific national drought
monitoring system in order to have a harmonized approach, especially on the river basin
district level since that indicators are defined as part of the Water Framework Directive
implementation. While these indicators should form the basis of a national indicator system,
these should be supplemented by country-specific indicators taking into account the
variability of climate and geographic conditions. According to EU Drought Management Plan
Report100 different levels of drought intensity and impact severity should be used for drought
classification, with four stages, that are characterized as:
Normal status – No significant deviation in relation to average values is observed.
Pre-alert status – Declared when monitoring shows the initial stage of drought development.
Alert status – Declared when monitoring shows that drought is occurring and will probably
have impacts in the future if measures are not taken immediately.
Emergency status – Declared when drought indicators show that impacts have occurred and
water supply is not guaranteed.
Currently, the existing drought monitoring system in Serbia is based on Standardized
Precipitation Index (SPI) index. Some additional data can be found in weekly and monthly
bulletins101, such as Palmer Drought Severity Index (PDSI), Palmer Z index and soil moisture
content. Since that additional information is separated in different information products,
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https://circabc.europa.eu/sd/d/4d22ad88-707e-4856-af63253353c7eed8/1_Update%252520on%252520Water%252520Scarcity%252520and%252520Droughts%252520
indicator%252520development%252520May%2525202012.doc
99
http://ec.europa.eu/environment/water/water-framework/objectives/implementation_en.htm
100
http://ec.europa.eu/environment/water/quantity/pdf/dmp_report.pdf
101
See Chapter 5 DROUGHT MONITORING, FORECASTING, AND IMPACT ASSESSMENT (subchapter: Current
Monitoring, Forecasting and Data Collection)
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some synthesis of the available data would be needed for better definition of different
drought stages and different drought types in Serbia.
To follow four stage proposal by European Union, with already defined four categories and
associated index values, the ten-day bulletin of the Republic Hydrometeorological Service of
Serbia102 can be used. The phases, drought categories and thresholds for three indices are
given in Table 5. These threshold values that determine drought categories/stages and
associated phase of the warning system, should be re-evaluated, especially after significant
events. Also other impact and physical indicators should be included for better representation
of different drought types and potential impacts. The regular revision should identify
weaknesses in the classification system in order to remove potentially present
inconsistencies. In addition to the 4 phases/status levels, proclamation of drought ending
should be added, after selected indicators are back to normal condition.
Table 5 Standardized Precipitation Index (SPI), Palmer Z index and Palmer Drought Severity Index (PDSI) values
for drought phase/status categories, as it is defined by operational drought monitoring program of the Republic
Hydrometeorological Service of Serbia in ten-day bulletin.

Phase/status
Normal
Pre-Alert
Alert
Emergency

Category
Normal
Moderate
drought
Severe
drought
Extreme
drought

SPI

Z index

PDSI

from -0.93 to 0.93

from- 1.24 to 0.99

from - 1.9 to 1.9

from -1.2 to -0.93

from -1.25 to -1.0

from -2.0 to -2.9

from -1.6 to -1.3

from 2.0 to - 2.74

from -3.0 to -3.9

less than - 2.75

less than - 4.0

below -1.7

For issuing the information about the actual drought situation it is necessary to analyze first
the existing monitoring network for drought indicators that have been selected. The analysis
of the number of monitoring stations, frequency of measurements, and availability and
quality of other available data (e.g. satellite observations) should be considered. An effective
warning system should provide real-time information that is updated at least weekly.
In addition to this, four stage alert and warning system already exist In Serbia as a part of
meteorological and hydrological information system, defined with a Rulebook on the
methodology for making, issuing and delivering extraordinary meteorological and
hydrological information and warnings103. According to follow-up document, criteria,
thresholds, impacts and symbols for issuing and delivering extraordinary meteorological and
hydrological information and warnings, for drought warning, four stages are defined
according to Standardized Precipitation Index (SPI) thresholds104. The thresholds values are
the same as one defined in ten-day bulletin (Table 5). The phases/stages names and
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http://www.hidmet.gov.rs/podaci/agro/desetdana.pdf
http://www.pravno-informacioni-sistem.rs/SlGlasnikPortal/reg/viewAct/de9f5976-c830-460b-a7cf3ef8b2d7dd0a
104
http://www.pravno-informacionisistem.rs/SlGlasnikPortal/prilozi/01.html&regactid=347090&abc=cba&doctype=reg
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associated colors for each of them are defined as: stage level one (green), stage level two
(yellow), stage level three (orange) and stage level four (red). System probably avoid to use
more intuitive names for phases/stages, pre-alert, alert, warning and emergency, because
same stages and color coding is applied for many meteorological and hydrological hazards.
Beside definition of the drought stages for drought monitoring within National Drought Plan
reliable early warning system, should be also one of the key component. The early warning
system should be capable to provide timely warnings about actual drought status in real time
that is prepared by Monitoring and Risk Assessment sub-committee to the Drought Task Force
and to the Mitigation and Response sub-committee (e.g. arrange/triggering a meeting) but
also information about future developments. All information should be also available to other
stakeholder (e.g. farmers, public water companies, hydro-energy power plants, public water
companies) that could be potentially affected by drought, currently or in the near future
enabling them to take appropriate measures (e.g. activation of irrigation systems). Early
warnings should be provided according to time period:
• short-term warnings (for next 1-7 days)
• medium-term warnings (for next 10-15 days)
• seasonal forecasting (for next 3-6 months)
that can be adjusted according to stakeholder requirements and available forecasts. This
proposal is much in line with the current operational activities in drought monitoring in
Serbia. For the general public the delivering of the information from early warnings, the
existing technical means that are being applied to other types of warnings (e.g. floods) can be
used.
For the National Drought Plan implementation, synchronizations of all currently available
information will be of great importance together with system upgrade by including other
drought indices/indicators for better representation of different types of drought.

Communication and Coordination Guidelines
As it already underlined the communication is critical for functioning of the drought
management in country and implementation of the National Drought Plan. Clearly defined
communication and coordination guidelines are also critical for activation of different
response actions and their effective implantation. General proposal for guidelines for the
communication and coordination between Drought task force and two sub-committees will
be described in this section.
The information on current drought conditions and information on potential developments
in the near to midterm time horizon should be shared on regular basis between Drought Task
Force and two sub-committees, but also it should be available to all other agencies,
organizations, impacted stakeholders, and general public. The Drought Task Force should
promote available information, and provide assistance to agencies, organizations, and
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impacted stakeholders to easily access all relevant information. The release of drought status
or response information should be coordinated by Drought Task Force.
The intensification of communication on current drought condition and future developments
should be follow different drought stages, especially communication to the general public
thru mass media, and should be coordinated by Drought Task Force. A dedicated drought
monitoring and early warning system web site will improve communication and also can be
used to promote National Drought Plan, so development of separate web site in the future
can be seen as one of the priorities.
Currently in Serbia there is no clearly defined rules for communication about drought
between governmental institutions. There is no law, by-law or rulebook which defines the
flow of information, and especially how communication and roles are organized in the case
that drought is observed according to current monitoring system. The Republic
Hydrometeorological Service of Serbia is reference institution for drought monitoring and
early warning system for meteorological and climatological hazards, and as part of these
activates information is shared with several governmental institutions, and via web pages and
bulletins that are regularly updated (for more information please check subchapter Current
Monitoring, Forecasting and Data Collection). On the other hand, after the information is
released there is no clear chain of the next steps. One of the main challenges for the Drought
Task Force, Monitoring and Risk Assessment sub-committee and Mitigation and Response
sub-committee is to define clear and effective rules and responsibilities in terms of
communication between them, but also on communication with other stakeholders and
general public.
Here some, proposal for specific communication responsibilities of Drought Task Force and
Monitoring and Risk Assessment sub-committee and Preparation, Mitigation and Response
sub-committee depending of current drought stage will be given.
During the normal conditions, without drought, monitoring should follow already available
and established procedures for drought monitoring in the Republic Hydrometeorological
Service of Serbia. During non-drought conditions the Monitoring and Risk Assessment subcommittee could assemble quarterly to prepare synthesis report for the previous three
months, that beside standard monitoring products from Republic Hydrometeorological
Service of Serbia, can include additional information from other agencies which participate in
sub-committee. This reports should be regularly sent to Drought Task Force and Preparation,
Mitigation and Response sub-committee, but also it should be released to the public via web
page. Dedicated drought information web page, established by Drought Task Force, will be
appropriate channel for release of quarterly reports, beside other relevant information
related to drought management in the country.
Also, during normal conditions, if products derived from weather, sub-seasonal or seasonal
forecasts indicate drought development in the future, special note about this development
should be prepared by Monitoring and Risk Assessment sub-committee and sent to Drought
Task Force and Preparation, Mitigation and Response sub-committee. This note could help
that both bodies are aware that potential enhancement in activities can be expected in the
future.
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Immediate after pre-alert thresholds are passed, defined by monitoring system, special note
should be prepared and sent to Drought Task Force and Preparation, Mitigation and Response
sub-committee, also frequency in communication between three bodies should increase.
Drought Task Force will be responsible for pre-alert stage declaration (and also to official
declaration of all other stages). Quarterly reporting of the Monitoring and Risk Assessment
sub-committee should be replaced by monthly reports that will be sent to Drought Task Force
and Preparation, Mitigation and Response sub-committee. These monthly reports should
contain additional information, obtained by increase monitoring activities by agencies that
participate in Monitoring and Risk Assessment sub-committee. Parallel, on monthly level
Preparation, Mitigation and Response sub-committee should prepare reports about
measures that are activated, which are define for pre-alert stage. This report should be sent
to both, Drought Task Force and Monitoring and Risk Assessment sub-committee. Drought
Task Force should be responsible for appropriate communications to all relevant stakeholders
that not directly participate in any of three bodies and general public.
After alert thresholds are passed, defined by monitoring system, same flow of information
and reporting, as in the case of pre-alert stage, should be operating on biweekly (or ten-day)
frequency. Especially important is increased additional monitoring activities that are not part
of regular draught monitoring system, and that should be supported by all agencies that are
members of Monitoring and Risk Assessment sub-committee.
During emergency stage, cycles of reporting established during previous stages could increase
to weekly frequency, and it could be beneficial that all three bodies appoint communication
officers that will be in daily communication, and depending of the drought development they
should be able to increase reporting and communication that are more frequent then weekly.
Since that this stage potentially can include some measures that are supported by laws,
reporting of implementation of these measure should be underlined. Also, all three bodies
should increase communication with stakeholders and general public.
After the end of drought or if conditions are set back to normal condition during pre-alert or
alert stage both sub-comities should prepare reports that will be presented to Drought Task
Force, about actions and activities that have been taken since first stage declaration. Reports
could be also exchanged between two sub-committees. In case of strong drought event, if
emergency stage was proclaimed, additional joint report of two sub-committees could be
prepared, and it will be beneficial that report contain coherent information on physical, social
and economical aspects of drought event together with assessment of applied measures
during the drought episode. Such a synthesis report can play great role in updating and
improving whole drought management structure and strategy.
Format and content of all reports, notes and other communication material together with
communication channels between three bodies, and communication channels to the
stakeholders that not directly participate in management structure and general public, could
be defined by rulebooks that can be adopted in close collaboration between Drought Task
force and two sub-committees. These rule books could be regularly updated following gained
experience in the past.
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When communication to general public is considered, special attention should be given to
the fact that drought impact can be gender sensitive, so channels of communication should
be design in the way that that information is equally available to both, man and women. Also
it should be ensured that different marginalized groups, have proper access to relevant
information.
Drought Response Actions
Drought response actions are those actions that are undertaken as a response when some of
the defined stages are declared. In that sense these actions should be seen as an emergency
actions that are implemented directly in response to drought conditions, and on the other
hand, drought mitigation measures should be defined as short- and long-term actions and/or
programs that may be implemented prior to, during, and after drought events to reduce the
degree of risk to human life, property, economy and nature. Actions can be continuously
improved after every episode of drought making them more effective and optimized and
following the lessons learned during and after the episode.
Proposal of actions that would follow proclamation of three drought stages, pre-alert, alert
and emergency will be given here and schematically presented in figure 14.

Figure 14 Time line of drought stages and corresponding actions.

Action when pre-alert stage is declared should be from the stakeholders’ point of view
generally of an indirect nature (e.g. recommendations), and implemented by them on a
voluntary basis (e.g. through irrigation measures or more active campaign on rational water
use in households etc.). During this stage Monitoring and Risk Assessment sub-committee
should increase activities, in term of increased monitoring activities and more frequent
preparation of current conditions reports for the Drought Task Force. Drought Task Force
should also increase frequency of meetings and consultations and communication between
members. Following available forecast set of possible future scenarios should be also
considered by members of all three bodies. In addition, Drought Task Force should be
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responsible for increased to some extent public communication and communications with
stakeholders promoting voluntary based measures.
When alert stage is declared main objective should be to minimize drought risks and to
potentially avoid the emergency situation. Actions should preferably be focused on saving
water, considering potential non-voluntary restrictions. Also, actions should be focused on
affected specific water use groups and prevention of deterioration of a water body status.
Restrictions of water may be applied, depending on their socio-economic impacts and the
consensus of affected stakeholders. Beside increased monitoring and forecasting activities
activated during pre-alert stage, after alert stage is proclaimed areas, social groups, or
economy activities especially prone to drought should be monitored more intensively to
prevent their deterioration. Proclamation of this stage should also be followed by further
increase in communication between Drought Task Force, Monitoring and Risk Assessment
sub-committee and Mitigation and Response sub-committee and their members.
Reconsideration of the future scenarios should be taken, following available information.
When emergency state is declared main objective should be to mitigate impacts and minimize
damages. Drought emergency should be publicly declared by proclamation of some high-level
government official. The priority action should be to satisfy the minimum requirements for
drinking water, and other water users should be considered as a second priority. Some of
actions could be supported by national laws and other legal mechanisms. In general actions
can be non-structural, such as water restrictions, or subsidies for agriculture, or structural,
such as permission for new groundwater abstraction points, and water transfers. Further
increase in monitoring and forecasting activities should be undertaken, with special focus to
sensitive areas and groups. As in the previous stages proclamation of this stage should be
followed by further increase in communication between Drought Task Force, Monitoring and
Risk Assessment sub-committee and Mitigation and Response sub-committee and their
members. Reconsideration of the future scenarios should be taken, following available
information. Drought Task Force should be in permanent communication.
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Figure 15 Example of drought status and corresponding actions in Drought Management Plan for Cambridge
region.105

Finally, when the end of drought is declared restoration or exit drought actions should be
activated, including the deactivation of measures adopted during the drought event and the
activation of restoration measures aiming to achieve normal status for water resources and
other impacted sectors. If the drought ended after emergency state special report should be
prepared which includes not only analysis of the drought and drought impacts but also
analysis of functioning of current National Drought Plan.
As an example of simplified diagram of drought status and corresponding actions,
implemented by Cambridge Water Company as a part of Drought Management Plan for
Cambridge region106 is given in figure 15.

105
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https://www.cambridge-water.co.uk/media/2306/cam-drought-plan-non-technical-summary.pdf
https://www.cambridge-water.co.uk/media/2306/cam-drought-plan-non-technical-summary.pdf
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8. DROUGHT MITIGATION AND PREPAREDNESS
Drought mitigation and preparedness measures should serve to reduce negative impacts of
drought on the economy, society and nature and to increase resistance during drought
episode. Measures should be developed and used under normal condition before drought
occurrence. Every measure, when it is possible, should be developed in the way that benefits
for measure implementation can be seen not only as drought risk reduction, but also as a risk
reduction of other hazards (floods, wildfires, extreme precipitation etc.), adaptation to
climate change, and as a part of cross-sectoral and multi-hazard risk management planning.
Measures can be also evaluated by cost-effective or multi-criteria analysis reflecting, at least,
time-effectiveness, costs, benefits, and general acceptability. Unlike emergency or short-term
actions mitigation and preparedness activities in some cases should be permanently ongoing
and continually funded such as legislative actions, drought plan updates, and the
development of water conservation and other public awareness programs. Also in many cases
well developed measures require an integrated approach within and between different levels
of government, and appropriate involvement of other public organizations and the private
sector. Measures design and implementation should also reflect varying needs of men and
women, in the way to reduce any potential gender gap, induced by drought. For example
several Serbia-specific studies document women’s lesser access to land and natural
resources107, with farms and land being typically registered and managed by men, excluding
women from major decisions. Land rights, and in particular land rights for women, have been
linked with greater incentives to invest in climate-smart agriculture and drought mitigating
measures and innovations. Gender equality measures and enhanced status can be leveraged
for improved environmental mitigation and adaptation outcomes108.
Measures can be grouped following different criteria, and some of criteria can be: is measure
structural (changes in current infrastructure, physical interventions etc.) or non-structural
(policy changes, public awareness program, etc.); which sector should lead measure
implementation and which sector will have major benefits after measure implementation; or
does measure increase water availability from supply side, or decrease water needs from
demand side.
Examples of the potential measures that should be considered during detailed development
of the National Drought Plan will be presented here. For each example it will be underlined is
it measure structural or non-structural, but also the list of sectors that can benefit the
measure implementation will be given together with the sector that should have leading role
in measure development and implementation.
This list is not definitive, and should be seen as an initial one, but all examples are and relevant
for Serbia.
Measure 1 Green infrastructure, such as natural water retention systems or small
retention systems, can greatly contribute to limiting the negative effects of droughts. This
includes restoring floodplains and wetlands which can hold water in periods of excessive
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http://europa.rs/files/Gender_Equality/Gender-Analysis-Serbia-dec-2016.pdf
https://www.unccd.int/actions/gender-action-plan
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precipitation. This measure can provide multiple benefits for various sectors and policies (e.g.
river basin management, flood risk reduction, rural development, climate change adaptation,
local development plans). Example of an implementation of such a measure in Serbia is
project implemented by World Wildlife Fund – Serbia dedicated to the restoration of a
wetland habitats109.
Structural measure
Sectors: Nature protection
Measure 2 Recover water holding capacity of soils through tree planting. Combination
of maintenance of organic matter and effects of tree roots can contribute to increased soils
water capacity.110
Structural measure
Sectors: Forestry, Nature protection
Measure 3 Another example of a measure that can decrease risk related to drought is
the reduction of soil sealing by increasing water holding capacity in the soil. This is in general
measure that can help reducing of drought impacts in agriculture. Extended list of potential
agro-technical measures that can be used to increase resilience to drought in agriculture can
be found in Serbia’s First National Adaptation Plan (page 29, Table P9111). Some of them are,
introduction and use of species and varieties/hybrids more tolerant to stressful conditions,
adjusting crop rotation, adequate rational fertilization, etc., and proposes educational
program for farmers in term how to apply some of these measures.
Structural measure
Sectors: Agriculture
Measure 4 Better crop insurance can be one of the potential mitigation measures.
Currently insurance for agriculture in Serbia is under developed. During the period from 2006
to 2014, less than 10% of agricultural land was under insurance112.
Non-Structural measure
Sectors: Agriculture
Measure 5 Rehabilitation and optimization of existing and construction of new
irrigation systems. Only few percent of agriculture land in Serbia is irrigated. Implementation
of this measure is financial and technologically demanding, also can potentially lead to
conflicts between water users, therefore implementation of this measure should be taken
with great care. More details about recommendation for irrigation expansion can be found in
Serbia’s First National Adaptation Plan111.
Structural measure
Sectors: Agriculture, Water management
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http://www.wwf.rs/wwf_u_srbiji/obnova_vlaznih_stanista/
http://www.worldagroforestry.org/Units/Library/Books/Book%2006/html/5.2_how_tree_imp_soi.htm?n=6
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http://www.klimatskepromene.rs/wp-content/uploads/2017/04/NAP-UNDP-2015.pdf
https://singipedia.singidunum.ac.rs/preuzmi/42492-izlozenost-rizicima-i-trendovi-osiguranja-upoljoprivredi-srbije/2699
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Measure 6 Water harvesting, and developing water sources such as micro ponds can
be also seen as a potential beneficial measure for agriculture. Collected water reserves can
be used during dry summer for irrigation purposes.
Structural measure
Sectors: Agriculture, Water management
Measure 7 Well maintaining of drainage system, and development of new drainage
criteria, in the way that instead of increasing the drainage capacity, focus should be to
accepting the principle intake – to retain, and then dewater the excess water. This approach
not only reduces the peak flow, but also increases the amount of water retained in the soil
profile to be used during the period of water deficit111.
Structural measure
Sectors: Water management, Agriculture
Measure 8 Improvement in efficiency of the water supply system. Some findings
related to the current situation about losses in water supply system in some cities in Serbia is
presented in Serbia’s First National Adaptation Plan111, together with some recommendation
how to improve the situation.
Structural measure
Sectors: Water management
Measure 9 Better water resources management that will help to potentially prevent
upstream-downstream user conflicts, and to improve better coordination between water
users, communities and sectors. This measure can be considered both as structural and nonstructural, since that better management can be achieved by better rules and laws, but also
thru better infrastructure.
Non-Structural and structural measure
Sectors: Water management
Measure 10 Development of some alternative water supply options such as water reuse for irrigation or industrial purposes.
Structural measure
Sectors: Water management
Measure 11 Better monitoring and forecasting system. Any improvement in drought
monitoring and forecasting can be considered as a mitigation measure. In general, constant
upgrading of weather and climate monitoring and forecasting can be beneficial for risk
reduction of all different meteorological and hydrological hazards.
Non-Structural and structural measure
Sectors: Multi-sector
Measure 12 Public education can be effective mitigation measure. Well organized
semi-permanent campaign about unnecessary water use in households and about actions
that can be taken to reduce it, can help that public also take active role in reducing the
drought risks.
Non-Structural measure
Sectors: Multi-sector
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Finally, there are other sources of information that can be used for the first draft measure
selection. National Disasters risk assessment also lists some of the measures that can be
implemented to reduce drought risks. Proposed measures are restriction of water use for
needs such as street washing, cars washing, including public transport, lawns and parks
irrigation, filling pools, running of public fountains without recirculation. Also, one of the
prosed measure is establishment of the state fund for subsidies. Some examples of good
practices of mitigation measure implementation in Central and Eastern Europe can be found
as an activity of the Global Water Partnership – Central and Eastern Europe113.
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https://www.gwp.org/en/GWP-CEE/WE-ACT/Projects/IDMPCEE/Demonstration-projects/
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9. RECOMMENDATIONS AND IMPLEMENTATION ACTIONS

The priority of this plan is to initiate substantial improvement in drought management in
Serbia. Economic losses related to the several extreme episodes in recent years should be
clear call for this improvement. Adequate policy framework, establishment of permanent
inter-ministerial body that will develop and implement plan, shift in overall paradigm from
reactive to proactive are steps that are urgent to make this improvement possible. Main
intention of this document is to serve as a guideline for those governmental institution that
have the capabilities and resources to lead this process. The success of this plan is heavily
dependent upon coordination and commitment from all levels of government, and other
stakeholders. In this chapter, priority implementation actions, risk analysis and
recommendation for future upgrades and revisions are presented.

Priority Implementation Actions


Establishment of the permanent government structure that will lead National Drought
Plan development and implementation. This structure can consist of three bodies, as it is
proposed by this document, Drought Task Force, Monitoring and Risk Assessment subcommittee and the Preparation, Mitigation and Response sub-committee, but similar
solutions that are in line with other proposals (DriDanube) can be also considered. Further
absence of this dedicated organizational structure will minimize any chance for
improvement of the drought management in Serbia.



Ensure that currently existing parts needed for the drought management, such as current
monitoring and reporting practices, or laws that legally support hazard risk reduction stay
in place. Consider to improve all of them in the future to the level that is needed for the
effective drought management.



Encourage general improvement, as wider as possible communication on drought, since
that currently drought is probably underestimated, in public but also in governmental
institutions, as a hazard in comparison to others such as floods, hail or storms.



Seek for a wider institutional support and stakeholder group for development and
implementation of the National Drought Plan. List of the institutions presented in this
document, should be considered just as an initial proposal, for initiation of the process.



Continue to encourage networking through drought committees to build strong
collaboration across agencies and communities.



Support changes in existing laws, and implementation of new ones that can be seen as a
support for the drought management.
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Support enhanced monitoring, data collection, and research for various drought related
indices. Explore the use of new technologies, such as satellite observations, for better
understanding of the drought.



Encourage participation of governmental institutions in the national and international
projects related to the drought114. Examples and good practices from these projects can
have great role in faster and more effective implementation of National Drought Plan.



Support further research on the indicators for drought impacts. Especially for impacts that
are not well known such as the environmental impacts, wildfire hazards, health and
energy production. Develop a standardized system to collect and analyze data regarding
the social and economic impacts of drought.

Future Updates and Revisions
Without any doubt, any plan for drought management should undergo timely updates and
revisions. Five years seems as a reasonable period for revisions, but recommendation can be
that after every extreme drought episode, as in 2012, unplanned revision should be
considered. After new plan is developed and adopted as an official document, preparation
for new revision should be seen as a permanent activity of the Drought Task Force and two
sub-committees. Revision should be initiated by Drought Task Force, but the inclusion of the
participants in plan revision and new plan development, together with potential expansion in
terms of number of members of Drought Task Force and two sub-committees should be
considered in every revision.
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In Appendix B some additional information on past and ongoing projects and actions in Serbia are given,
together with main goals, objectives and outputs from them. Many of that finding can be more then useful
during drought plan development.
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APPENDIX A – Climate, Drought and Climate change in Serbia
Climate
Serbian territory is under warm temperate – fully humid climate type with warm summers.
According to Köppen−Geiger Climate Classification vast majority of territory has Cfb type115,
with precipitation maximum during the late spring and early summer (e.g. June is the rainiest
month on majority of stations with the average of 12 to 13 % of total annual precipitation
amount). Exception from this is south-western part where highest precipitation amount is
measured in autumn. The precipitation minimum is in October and February. Average annual
air temperature for the standard climatological period, 1961-1990, for the area with the
altitude of up to 300 m is 10.9оC. The areas with the altitudes of 300 to 500 m have average
annual temperature of around 10.0оC, and over 1000 m of altitude around 6.0оC. Absolute
temperature maximum ever measured is 44.9оC on 24th July 2007. Annual precipitation
amount rise in average with altitude. In lower regions annual precipitation height range in the
interval from 540 to 820 mm. Areas with the altitude over 1000 m have in average 700 to
1000 mm of precipitation, and some mountainous summits in southwestern part of Serbia
have heavier precipitation up to 1500 mm. Months with the least rainy days are typically July
and August. Snow cover occurrence is characteristic for colder part of the year, from
November to March, and majority of days with snow cover is in January.
Hydrology
Rivers in Serbia belong to the basins of the Black, Adriatic and Aegean Sea, but practically 92%
of Serbia belongs to the Black Sea (Danube river) drainage basin. Majority of waterways that
run through the country represent international transit waterways such as the river Danube,
Sava, Tisa and other, so the majority of waters, 1,832 mm/year are transit waters, flowing
through Serbia mostly via major rivers, and only 184 mm/year originates in the state
territory116. Rainy-snow regime of water levels and flow rates are dominant, with the
maximum water levels in the spring, and the minimum in August and September. Southern,
south–western and western parts of the country are richer in water than the northern, central
and eastern regions. As mountainous areas receive more precipitation, there are specific
runoffs above 15 ls/km2 from these areas. In the lowlands and highlands, in the north and
central parts, the specific runoff is below 6 ls/km2. Vojvodina has the lowest water
abundance. The total available groundwater potential is estimated at approx. 67.5 m 3/s, of
which alluvial aquifers have the greatest capacity of approx. 44 m3/s, followed by karst
aquifers with approx. 14 m3/s and aquifers that are classified as so–called „slowly renewable”
aquifers (tertiary layers) with approximately 9.5 m3/s. There are around 1,200 mineral,
thermal and thermal mineral water springs registered in Serbia5.
Climate change
During the period 1960-2012, significant increase of daily mean temperature was observed in
Serbia with an average trend of 0.3°C/decade on annual level and the increase is more
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Vuković A., Vujadinović M., Rendulić S., Djurdjevic V., Ruml M., Babić V., Popović D., 2018, Global warming
impact on climate change in Serbia for the period 1961-2100, Thermal Science, doi: 10.2298/TSCI180411168V
116
https://unfccc.int/resource/docs/natc/srbnc1.pdf

62

pronounced during summer3. Analysis of the spatial changes shows that central parts of
Serbia are most affected by temperature increase. For period 1996-2015 positive anomaly in
annual mean temperature is between 1.2°C and 1.6°C with respect to period 1961-1980, and
during summer even over 2.0°C4. On an annual basis, the major part of the Serbian territory
had a positive precipitation trend. The average trend for stations with positive values is 12.47
mm/decade and the average trend for stations with negative trend values is -6.8
mm/decade3. Statistical analysis shows that trends are in general statistical insignificant.
Beside general picture of insignificant but positive trends in annual precipitation
accumulations, more detailed analysis indicates changes in the precipitation distribution over
year, as well as possible changes of intensity distribution in terms of more days with heavy
precipitation and also of days with no precipitation. Annual precipitation increase is most
pronounced over northern parts of Serbia, exceeding 10% during period 1996-2015 with
respect to 1961-1980, but in the same time period central and southern parts show summer
decrease in precipitation exceeding 10%4.
According to A1B emission scenarios, and the results of the ensemble of regional climate
models, 0.5-1.5 °C increase in temperature is expected for the first 30 years of this century,
and 1.9-5.3 °C by the end of the century. Warming will be most pronounced during the
summer and fall season, going over 4.0 °C by the end of the century. According to same
scenario, and same set of models annual precipitation anomalies are ±7 % for the beginning
of the 21st century. Number of models that show negative anomalies are equal to the models
that show positive anomalies, however, the number of models that have negative anomalies
increase moving to the more distant time horizons. During the second half of this century, all
models shows a decrease in accumulated annual precipitation over the territory of Serbia,
reaching -10 % reduction on average by the end of the century. Decrease is especially
pronounced for the summer, and for the period 2017-2100 spared of the model ensemble is
between -15% to -55%3.
Similar results are obtained for the RCP’s scenarios defined in the IPCC fifth assessment
report. During the period 1961-2100 global warming in Serbia will cause increase of mean
temperature over 5°C according to scenario RCP8.5, with reduction of summer precipitation
and precipitation increase in intensity, while total annual values do not show significant
changes. Central and southern parts of Serbia will suffer reduction of water availability and
more pronounced temperature increase4.
Drought - Historical data and projections for the future
On Figure A1, from the National Disasters risk assessment117, drought frequency Serbia is
presented.
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Figure A1 Summer drought frequency by municipalities in Serbia (number of years), for the period 1981-2015.
Source: National Disasters risk assessment 118.
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On Figure A2 trend, for the period 1950-2012, in drought frequency and total drought severity
is presented. Majority of territory has positive trend and on some location this trend in
drought characteristics is even statistically significant.

Figure A2 Trends in frequency (left) and severity (right) of meteorological droughts between 1950 and 2012.
Trends are based on a combination of three different drought indices - SPI, SPEI and RDI accumulated over
12-month periods. Dots: trends significant at ≥ 95%.
Source: https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought-2/assessment
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According to hydrological modeling results, the trend in the summer low flow, in Serbia, is
negative (Figure A3) over almost whole area. This finding is in line with the analysis of the
observed discharges in Serbia presented in the Second national communication.

Figure A3 Ensemble mean trend in summer low flow from 1963 to 2000. ‘x’ denotes grid cells where less than
three-quarters of the hydrological models agree on the direction of the trend.
Source: https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought-2/assessment
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According to the climate change projections amplification of observed changes in annual
precipitation cycle in terms of reduction of summer precipitation is expected in the future.
This reduction in summer precipitation will lead to increase in drought frequency. In Figure
A4 future changes in drought frequency for the end of this century is presented, for two
climate emissions scenarios. Changes is calculated for SPI-6 index119.

Figure A4 Changes in the frequency of meteorological droughts for period 2071-2100, and for two emissions
scenarios (RCP4.5, left and RCP8.5, right). Drought frequency is defined as the number of months in a 30 year
period with the SPI accumulated over a 6 month period (SPI-6) having a value below -2.
Source: https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought-2/assessment

Also according to projections it can be expected that changes in the river discharges will be
negative too. Minimum discharge change and deficit volume change in the future are
presented in Figure A5. For both variables there is a clear signal of negative change. For some
rivers deficit change is 80%.
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SPI is sensitive only in precipitation change, and does not take in to account changes in soil moisture,
because of this this result has some limitation in future drought assessment.
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Figure A5 Differences between the end of the 21st century (SRES A1B scenario) and the control period (19611990) for minimum discharges (left) and change in occurrence of deficits (right) for climate change only (top
row) and a combination of climate change and water use (bottom row).
https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought-2/assessment
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APPENDIX B – National water laws, relevant national strategies and projects
Law on Waters (Official Gazette RS 30/10, 93/12, 101/16, 95/18 and 95/18 – other law) This
law regulates the legal status of waters, integral water management, financing water
activities, supervision over the implementation the law itself, as well as other issues
important for water management. Contrary to flood risk assessment and flood protection
planning, there is no single article dedicated to any aspect of the drought. The only article
that explicitly mention drought is article 43. Article 43 defines Water activity (srb. Vodnu
delatnost). According to this article Water activity is an activity of common interest and it
includes: watercourse regulation and protection against harmful effects of water; water
management and water use; and protection of water from pollution. Finally, article states
that activity should be carried out in a manner that ensures sustainable water use, protects
and improves aquatic ecosystems, reduces adverse impacts of floods and droughts and
reduces the adverse effects of global climate change.
Different aspects of water use are defined from article 67 to article 91. Article 69 states that
Ministry responsible for water resources (currently the Ministry of Agriculture, Forestry and
Water Economy) can temporarily restrict the right for special water use in several cases (there
is also defined general water use, when water is used without any treatment or use without
special equipment or facility). Situations when restrictions can be implemented are: situations
induced by natural phenomena when the supply of water quantities or their quality is
threatened; when the natural balance of aquatic ecosystems is threatened; if water is not
used rationally and economically in accordance with the concession contract or water permit;
and if water use resulting in a water shortage or reduced safety against harmful effects of
water.
These articles probably create some space to be used as legal mechanism for potential
mitigation measures during the drought periods, but on the other hand, much detailed
regulation on temporary restrictions is needed, to clarify situations when and how to
implement potential measures.
The Law on Meteorological and Hydrological Activity (Official Gazette RS 88/10) This law
regulates meteorological and hydrological activity, organization and manner of performing
meteorological and hydrological tasks of interest for the Republic of Serbia and other
meteorological and hydrological operations, early warning system for meteorological and
hydrological natural hazards, database of meteorological and hydrological data and
information system, protection of hydrometeorological information system, international
cooperation, as well as other issues of importance for meteorological and hydrological
activity.
The law states that Republic Hydrometeorological Service of Serbia is responsible for issuing
special meteorological and hydrological information and warnings, in the period before,
during and immediately after the end of meteorological and hydrological hazard. Also same
article states that those information and alerts will be submitted to the competent authority
for emergency situations, the body responsible for environmental protection and the body
competent for agriculture, forestry and water management in accordance with the law, as
well as to the media and other interested bodies and legal entities. After the cessation of the
69

natural disaster Republic Hydrometeorological Service of Serbia is responsible for issuing post
disaster analysis.
Within the law there is no specification about monitoring procedures or detailed content of
warning and alert products, for drought or any other hazard, since it was left to be defined by
Rulebook on Creating, Issuing and Delivering Extraordinary Meteorological and Hydrological
Information and Alerts (“Official Gazette of RS”, No. 96/2013).
From this perspective, it is clear that Republic Hydrometeorological Service of Serbia must be
a part of National Drought Plan and take a role in monitoring and early warning programme.
According to the Law on Ministries (Official Gazette RS 44/14, 14/15, 54/15, 96/15 – other
law, 62/17) Republic Hydrometeorological Service of Serbia is a special government
organizations, but under the supervision of the Ministry of Agriculture, Forestry and Water
Management.
Law on Reconstruction Following Natural and Other Hazards (Official Gazette RS 112/15)
This law regulates the process of reconstruction and provision of assistance to citizens and
businesses that have suffered material damage due to elemental and other disasters.
Article 5 defines elementary and other disasters, as an event caused by the effect of natural
forces or human activity, which interrupts normal society functioning to an extent that
exceeds the regular ability of the individual and the local community to recover without the
help of the state and causes material damage greater than 10% of the budget of the local selfgovernment unit and declared as such by the Government. Exceptionally, the Government
may declare an event for elementary and other disasters and decide on state aid, also in
situations when, the caused damage is less than 10% of the budget of the local selfgovernment unit when there are specially justified reasons for this, and on the proposal of
the Public Investment Management Office (Office is a Government body tasked with
managing the projects of reconstruction and aid allocation following natural and other
hazards). According to this law, upon the cessation of the immediate effects of natural and
other disasters, the Government declares that the elementary and other disasters have
ceased. The article 7 contain principle of gender equality, demanding that no decision,
measure or action will encourage or lead to more unfavorable position of women. This law
can be potentially utilized to support National Drought Plan activities after drought period is
finished.
Rulebook on the methodology for making, issuing and delivering extraordinary
meteorological and hydrological information and warnings (Official Gazette RS 96/13) This
Rulebook describe precisely the manner of drafting, issuing and delivery of extraordinary
meteorological and hydrological information and warnings in the period before, during and
immediately after the end of meteorological and hydrological natural disasters, disasters and
nuclear accidents. Article 3 recognize drought as a potentially dangerous, dangerous or very
dangerous meteorological (weather and climate) phenomena. Also Standardised
Precipitation Index (SPI) is defined as a metric for drought monitoring. In one of the
appendixes, criteria for drought stages are defined following different SPI values. Four stages
are defined and appropriate color-coding is defined for different stages. Rulebook also
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defines frequency of issuing and content of different bulletins that contain warnings and
alerts. Some of the rules that are setup by this documents can be used to support
development and implementation of the drought plan.
Law on disasters risk reduction and management in emergency situations (Official Gazette
RS 87/2018) This law regulates the reduction of risk of disasters, prevention, strengthening
of the resilience and readiness of individuals and communities to respond to the
consequences of natural and other disasters, protection and rescue of people, material,
cultural and other goods, rights and obligations of citizens, associations, legal entities, units
of local self-governments, autonomous provinces and the Republic of Serbia, emergency
management, civil protection, early warning, notification and alerting, international
cooperation, inspection supervision and other issues for the organization and operation of a
disaster risk reduction and emergency management system. Drought is a recognized as one
of the potential natural hazards (article 2).
Water Management Strategy for the Territory of Republic of Serbia until 2034 After
adoption of the new Water law (in 2016) the new Water Management Strategy was
developed and approved by the Government. The Strategy is a planning document that
determines long-term water management directions in the territory of the Republic of Serbia.
Within the chapter “Regulation of watercourses and protection against harmful effects of
water” the main strategic goal is flood protection and flood management, but one of the sub
chapters defines some actions related to the drought and lack of water (drought is recognized
as harmful effect of water). The document states that “as a result of possible changes in the
temperature and precipitation regime, more drought periods can be expected in the future.
In order to neutralize or reduce the adverse effects of drought, the most pronounced and the
most harmful for agricultural production, water management in drought periods must be
carried out on the basis of relevant field and study research results”. Strategy also defines
one operational objective “Water management in conditions of drought and water scarcity”,
and measures to achieve this objective defined by strategy are: continuous research about
changes in the precipitation cycle and evapotranspiration and their impact on water
resources; defining ecological needs in terms of water within watersheds and needs for water
of other users (water supply, energy, irrigation), where the environment is an equal user;
developing of drought management plans for river basin districts (srb. vodna područja120),
with defined conditions for declaring drought or water deficiency and elaborated adaptation
measures of water management in these conditions; to characterize situation in drought
conditions, using historical data and climate change projections, and develop a program of
measures to prevent and mitigate the effects of drought; organize and monitor consultations
with stakeholders and coordinate the selection and application of appropriate measures
(preventive, water retention, operational in terms of protection and controlled use of water
resources during drought or organizational related to protocols for coordination of work in
the water sector and other bodies related to the use of water resources); improvement of the
system of observations and forecasting based on data from the meteorological and
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River basin districts (srb. vodno područje) is an area which consists of one or more adjacent river basins and
sub-basins or their parts in the territory of the Republic of Serbia, together with the associated groundwater,
which is designated as a basic water management unit (definition from Water law). In Serbia there are 7 water
districts.
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hydrological station network, satellite images and state of vegetation, and from the
comparison of conditions in humid and dry periods to assess the impacts of the lack of water
on the population, economy and the environment.
Water Management Strategy recognizes the need for development of drought management
plans on the river basin district level, probably inspired by European Union policies and EU
Water Framework Directive121. Similar to other laws and strategies, this Strategy devotes
more attention and clearly developed goals and objectives to the flood management.
Nevertheless, the Strategy can be seen to some extent as a solid background document that
can support development of the National Drought Plan.
Finally, here will be shortly reviewed some additional relevant national policy documents that
can be seen as a support for the development of the National Drought Plan. All of them
recognize drought as one of the major threats for society and nature in Serbia, especially in
the light of already observed changed climate conditions and potential continuation of this
unfavorable changes in the future.
Initial national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change Document is published in 2010. Presented results
shows further increase in temperature in Serbia, together with decrease of precipitation
amount, especially in the summer. Impact and vulnerability assessments show that
agriculture, water resources and forestry are and will be under negative impact because of
less precipitation and intensification of drought. Several proposed adaptation measures for
different sectors are related to drought risk reduction122.
Second national communication of the Republic of Serbia under the United Nations
Framework Convention on Climate Change Document is published in 2017 with updated
information on the state of the climate and with more or less same recommendation related
to the drought risk reduction. It was identified that almost none of the adaptation
recommendations are implemented since publication of the first communication123.
Serbia’s Intended nationally determined contribution The Chapter of the document on
losses and damages states that "Total damage caused by extreme weather and climate
conditions, since 2000, exceeded 5 billion euros, and more than 70% of the losses are
associated with drought and high temperatures”124.
National Disasters risk assessment Beside other disasters analyzed meteorological disasters
are heavy precipitation, hail, storm winds, snow blizzards, snowdrifts and black ice, heat and
cold waves, and droughts. Drought is a hazard with highest estimate of economic losses which
are several times higher than sum of other analyzed hazards125.
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National adaptation plan Draft version of the document is available. It is recognized that
drought caused the highest economic losses since 2000, and for priority adaptation measure
in agriculture, irrigation is proposed. Also one of the proposed measure in agriculture is
capacity building in long term weather forecasts, which can be seen as a part of drought
monitoring mechanism126.
Climate change adaptation action plan and vulnerability assessment for the city of Belgrade
Document is adopted by the city of Belgrade. It is identified that social infrastructure facilities
and systems (health care facilities, retirement homes, educational institutions, public sports
facilities, etc.) are highly vulnerable to the effects of drought. Many risks related to drought
are listed in document127.
Gender and Climate Change in the Republic of Serbia Women and men have different
vulnerabilities to climate change impacts on food security, agricultural productivity,
livelihood, water availability, sanitation, health and energy, among others. Existing gender
inequalities, such as limited access to natural resources and productive assets including land
and finance and to household and community decision-making, constrain their ability to
adapt to and cope with climate change128. This is one of the rare documents in Serbia on
gender issues seen under the light of natural hazards.
Report on Situation of Rural Women in Serbia Women living in rural areas do not participate
equally in the positions of authority and decision-making at all levels, do not have adequate
access to health, education, social and other services, finances and other resources. Draught
impacts in Serbia are significantly related to agricultural production and this document can
give better insight on potentially different vulnerabilities of women to drought impact in rural
areas129.
Gender Analysis for Serbia The main conclusion of the analysis is that gender inequalities still
persist in all spheres in public life. Gender-specific concerns, especially for rural women,
includes limited land ownership by women; lack of automatic spousal joint registration of
property and no mandatory requirement for spousal written consent for land and property
transactions; women renouncing their right to inherit land placing them in precarious
conditions; land ownership as a prerequisite to access credit and loans; increasingly common
civil unions lacking legal protections as would formal marriages around joint land and
property. All this concerns can lead to different vulnerability levels of men and women 130.
ICPDR Strategy on Adaptation to Climate Change It states that “Within the DRB (Danube
River basin), drought and low flow events, as well as water scarcity situations, are likely to
become more intense, longer and more frequent. The frequency could increase especially for
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moderate and severe events. Guiding principles on adaptation to climate change is presented
in document and one of the five main fields of actions is Drought management, water scarcity
and adaptation131.
Study on climate change in the western Balkans region Document is prepared and published
by Regional Cooperation Council (RCC). It founds that one of environmental signals is
increased frequency and duration of heat waves and drought – frequently overlapping.
Drought is recognized as one of the triggers of severe vulnerabilities in the future.132
In Appendix B some additional information on past and ongoing projects and actions in Serbia
are given, together with main goals, objectives and outputs from them. Many of findings can
be more then useful during drought plan development.
DriDanube (Interreg, The Danube Transnational Programme) The main objective of
DriDanube project is to increase the capacity of the Danube region to manage drought related
risks. The project aims at helping all stakeholders involved in drought management become
more efficient during drought emergency response and prepare better for the next drought.
One of the main products of the project will be Drought User Service, which will enable more
accurate and efficient drought monitoring and timely early warning. The service will integrate
all the available data, including large volume of the most recent remote sensing products.
DriDanube will harmonize the currently heterogeneous methodologies for risk and impact
assessments. DriDanube’s main expected result is improved drought emergency response
and better cooperation among operational services and decision making authorities in a
Danube region on national and regional level. Partners from Serbia are Republic
Hydrometeorological Service of Serbia and Faculty of Agriculture, University of Novi Sad
web: www.interreg-danube.eu/approved-projects/dridanube
WATERatRISK (Interreg IPA CBC Serbia-Hungary) The main objective of the project is to
mitigate risks related to weather extremes in the Hungarian-Serbian cross-border region by
developing novel solutions for monitoring drought, inland excess water and canal conditions;
quantifying agricultural and economic risks; facilitating integrated canal management; and
establishing a joint HUSRB-CB Drought and Excess Water Management Centre. The main
results will improve the operation of a 84 km long canal system in Hungary and a 28 km long
system in Serbia. The proposed and implemented measures will enhance drainage capacity
during excess water flooding, and at the same time water retention capacity for mitigating
droughts. The established Centre will continuously generate and publish free datasets and
maps on the hazard monitoring
web: https://www.danubeenvironmentalrisks.eu/wateratrisk-1
CAMARO-D (Interreg The Danube Transnational Programme) Project aims at developing
comprehensive recommendations towards a strategic policy for the implementation of an
innovative transnational catchment-based “Land Use Development Plan” for the Danube
River Basin. Its main goals are: setting the frame for a harmonized transnational land use
management system, taking into account the demands of water resources protection and
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flood prevention; harmonizing and improving the protection of water resources against
negative impacts of land use and climate change as well as reduction of flood risk; bringing
life to the project outcomes by developing a transnational “Land use Development Plan”.
Some projects surveys can be useful for drought analysis in the region133. Partner from Serbia
is The Jaroslav Černi Institute for the Development of Water Resources.
web: www.interreg-danube.eu/approved-projects/camaro-d
DMCSEE - Drought Management Center for South Eastern Europe (SEE Transnational
Cooperation Programme) The mission of the proposed DMCSEE was to coordinate and
facilitate the development, assessment and application of drought risk management tools
and policies in South-Eastern Europe with the goal of improving drought preparedness and
reducing drought impacts. Therefore, DMCSEE will focus its work on monitoring and assessing
drought and assessing risks and vulnerability connected to drought.
web: http://www.dmcsee.org/
SEERISK - Joint Disaster Management risk assessment and preparedness in the Danube
macro-region (SEE Transnational Cooperation Programme) Some of the main objectives was
to: formulate common methodology for the assessment of natural hazards (including
drought); put in local practice the European Commission risk assessment guidelines; close gap
between risk exposure and preparedness. For Serbia (Kanjiza town) drought and droughtrelated wildfire hazard, impact and risk maps was prepared.
web: http://www.seeriskproject.eu/seerisk/#maps
WAHASTRAT Water shortage hazard and adaptive water management strategies in the
Hungarian-Serbian cross-border region (Hungary-Serbia IPA cross-border co-operation
programme) The project goals were to find answers to interrelated questions with
synchronized data and methods on both side of the border. Water budget and water supply
demand were encountered to reveal the existing discrepancies between the resources and
the usage of surface and subsurface water. The main tasks were the calculation of water
intake to determine the water deficiency and the available water resource. By regional
climate models, a detailed projection of hydro-climate hazards were estimated. The future
tendencies of the climate change were estimated by using REMO and ALADIN regional climate
models to create a detailed projection of drought hazard.
http://wahastrat.vizugy.hu/
WATCAP - Water and Climate Adaptation Plan for the Sava River Basin (World Bank) Project
aim was to assess impacts of climate change on the water sector and to propose options for
adaptive management actions for the most important water sub-sectors in the Sava River
Basin. Project resulted in the main report and the guidance notes on adaptation on climate
change for navigation, hydropower, agriculture and flood protection, as well as the guidance
note on economic evaluation of climate change impacts in the basin.
Web: https://www.savacommission.org/project_detail/18/1
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Building resilience to disasters in Western Balkans and Turkey UNISDR and WMO started in
May 2012 the joint implementation of the project. The project is supported by the European
Commission DG Enlargement through the Instrument for Pre-Accession (IPA). The project
overall objective was? to reduce vulnerability of IPA beneficiary countries to disasters caused
by the impact of natural hazards in line with the Hyogo Framework for Action (HFA) and
increase their resilience to climate change. One of the tasks was enhancement of
beneficiaries’ capacities in drought risk management, use and interpretation of long-range
forecasting and application of climate watches and scenarios.
web: https://www.preventionweb.net/ipadrr/
Draft Low Carbon Development Strategy with Action Plan is developed and is expected to
be adopted by the Government in the forthcoming period. In the process of the preparation
of the Strategy, risk from drought is scored as the one with high severity impacts and very
high likelihood of consequence1. Similar situation was found in the case forestry sector.
According to this findings Strategy will propose adaptation measures in most vulnerable
sectors taking into consideration the relation with their mitigation potentials. Sectors most
vulnerable to climate change in Serbia are agriculture, forestry and hydrology and water
resources, therefore one of the specific objectives of the Strategy is to preserve their
mitigation potential by increasing their resilience.
web: http://www.serbiaclimatestrategy.eu/
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Hydrometeorological Service of Serbia. URL:
http://www.hidmet.gov.rs/eng/meteorologija/uslovi_vlaznosti.php
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Figure 12 Drought risk map for Kanjiza municipality. Source SEERISK (Joint Disaster
Management risk assessment and preparedness in the Danube macro-region.) project.
Figure 13 Risk maps for Serbia (polygons are districts), for drought and heatwaves, for most
probable event (left) and for the event with most negative consequences (right), green: low
risk; yellow: medium risk; orange: high risk; red: very high risk and gray: no data. Source:
National risk assessment of meteorological hazards (draft version), prepared by Republic
Hydrometeorological Service of Serbia.
Figure 14 ime line of drought stages and corresponding actions.
Figure 15 Example of drought status and corresponding actions in Drought Management
Plan for Cambridge region.
Figure A1 Summer drought frequency by municipalities in Serbia (number of years), for the
period 1981-2015. Source: National Disasters risk assessment.
Figure A2 Trends in frequency (left) and severity (right) of meteorological droughts between
1950 and 2012. Trends are based on a combination of three different drought indices - SPI,
SPEI and RDI accumulated over 12-month periods. Dots: trends significant at ≥ 95%.
Source: https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought2/assessment
Figure A3 Ensemble mean trend in summer low flow from 1963 to 2000. ‘x’ denotes grid
cells where less than three-quarters of the hydrological models agree on the direction of the
trend. Source: https://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought2/assessment
Figure A4 Changes in the frequency of meteorological droughts for period 2071-2100, and
for two emissions scenarios (RCP4.5, left and RCP8.5, right). Drought frequency is defined as
the number of months in a 30-year period with the SPI accumulated over a 6-month period
(SPI-6) having a value below -2. Source: https://www.eea.europa.eu/data-andmaps/indicators/river-flow-drought-2/assessment
Figure A5 Differences between the end of the 21st century (SRES A1B scenario) and the
control period (1961-1990) for minimum discharges (left) and change in occurrence of
deficits (right) for climate change only (top row) and a combination of climate change and
water use (bottom row). https://www.eea.europa.eu/data-and-maps/indicators/river-flowdrought-2/assessment
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