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FQ1 - Adaptation of agronomic activities to weather and climate extremes 

Science plan for FQ1 is a part of PannEx Science plan and it was created according major objectives of 
FQ1 -- Adaptation of agronomic activities to weather and climate extremes. Each Objectives include 
short Outcome with short Explanation. 

1. Data collection and monitoring 

Outcome: Better understanding of agronomic activities and processes, mainly in crop production, in 
different and changing agroecological conditions through field experiments and analysis of field data 
and historical data. 

Data collecting is the basis and the first step for every decision making processes in agricultural 
production. It is important to start collecting historical data and monitoring all relevant actual 
experimental data (mainly crops, soil and meteorological data) with the methods agreed upon by the 
countries of the Pannonian region. Observational networks with observation points (monitoring 
location) is a critical part of any study and need to be developed respecting the scientific rules. 
Although not an innovative method, it is recommended to perform long-term experiments by which 
we can test novel hypothesis. Some of the countries of Pannonian region already conduct long-term 
field experiments and their results can be compared and used for further analysis. 

Collecting data need to answer a specific questions about crops (e.g. development stages, biomass, 
transpiration rate, nutrient status, morphological characteristics, specific leaf area) and soil (e.g. 
evaporation rate, temperature, respiration, moisture, leaf area index, top soil covering with residual 
organic material) in interactions with weather and climate conditions (e.g. temperature, precipitation, 
wind, fluctuation and aberration). 

Acceptance of sustainability in crop production concept includes implementation of a series of 
measures to adapt crop production according specific environmental conditions with conservation of 
natural resources and the environment. The interrelation of soil, plants, climate and the environment 
should be seen as a function with unknown variables, whose solving is imperative to the proper 
functioning of the safe food production process. Achieving sustainability is based on the abandonment 
of obsolete traditional technological solutions and the acceptance of the concept of conservation 
agriculture. Postulates on which this concept is based are represented by top technology and scientific 
solutions that require a multidisciplinary approach, by linking elements of minimal data sets of soil 
properties (physical, chemical and biological), plants (nutritional and morphology), environment and 
climate (conservation tillage systems, pest, disease and weed control/monitoring). 

Collected data will be available to all members of PannEx community and free sharing for any future 
scientific activities. 

2. Modeling of adaptive crop production technology 

Outcome: Creating a model for calculating agro-climatic suitability for crops production which will be 
used as a decision making model. 

The increasing demand for food is conditioned by strong growth of the human population and together 
with pronounced climate changes significantly burdens agricultural land which represent irreplaceable 
resource for food production. Furthermore, intensive agricultural production (e.g. annual ploughing, 
use of agrochemicals) leads to soil degradation which significantly decreases its suitability for crop 
production. 

Developing best adaptive technology solution in crop production should respond to prediction of 
climate/weather variability, trends and extremes on both, long-term (i.e. decadal to multi-decadal) 
and seasonal time scales. Concept of conservation crop production systems with application of 
adaptive technic and technology will be further explored as adaptation strategy in agriculture as its 
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conservation nature and reduced tillage methods have great capacity to alleviate negative impacts of 
climate change and contribute to climate change mitigation.  

Modelling task includes development of a model which can be used as decision support tool for 
calculating the agro-climatic suitability (integrating soil and climate suitability) for producing most 
important crops in the region. A hybrid approach combining biophysical principles from process-based 
crop model and geostatistical methods can be used for detecting problematic areas in agricultural land 
of Pannonian region. This kind of approach allows us to suggest measures to repair and prevent further 
degradation of agricultural soils, and will produce maps of agro-climatic suitability for Pannonian 
region in current and future climatic conditions.  

Created model must be modular with possibility to add new indicator of soil and/or climatic suitability 
with adaptability for different ecosystems. It is important to properly select indicators that can have a 
significant influence on crop production such as: soil pH value, content of soil organic matter, 
phosphorus and potassium concentration, cation exchange capacity (CEC), soil bulk density, crop 
remains, altitude and climatic indicators (precipitation, temperature, etc.). Indicators of extreme 
climatic conditions will be incorporated, based on their relevance for crop growth and development 
during different phases of phenological development (e.g. heat stress, drought stress, waterlogging, 
cold spells, etc.). Identified changes in agro-climatic conditions will reveal the bio-physical baseline for 
assessment of adaptation options in agriculture.  

An integrated approach towards modelling the impact on climate change on agriculture is necessary 
in order to provide scientifically sound background from different impact sectors for policy making. 
Agricultural production is crucially dependent on hydrological cycle and water-management, as well 
as other socio-economic factors. Agricultural modelling activities will therefore contribute to 
integration of process based crop model with other key modelling activities, such as hydrological and 
atmospheric modelling, aiming towards the earth-system approach and therefore better incorporating 
many important feedback mechanisms.  

3. Socio-economic evaluation and prediction 

Outcome: Creating economic models for calculation and prediction of demographic processes in rural 
areas and socio-economic changes as a strategy to adapt to climate change. 

Rural Pannonian region makes the area in which economic activities are dominated by agriculture and 
forestry, and dominated by small settlements with underdeveloped communal and other 
infrastructure. Most of Pannonian region is the rural area where lives about half of the population and 
thus draws attention to the dimension of the problem, which has its own demographic, social, 
economic, infrastructural, agricultural and environmental component. Rural area of Pannonian region 
for decades faces with deagrarization and depopulation. Unlike other developed European countries, 
economic growth in this region was markedly centrist directed. The concentration of industrial and 
other economic and social activities in large cities continually attracted villagers. In addition to jobs, 
the cities are provided and other cultural, educational and other preconditions for quality of life. 

Rural areas of Pannonian region are characterized by negative demographic, economic and general 
development trends. In Pannonian region, as well as in Europe, one of the most common challenges 
of rural areas is their insufficient capacity to create high-quality and long-term sustainable jobs in which 
rural areas lag behind urban areas. Such negative processes should not be placed at the expense of 
agriculture only. Agriculture has been and remains the most important branch of rural economy 
despite the decline in the share of agricultural population. In this way agriculture in rural areas provides 
nutrition of the population and on it food and some other industries and activities are based. The rural 
social system is linked to agriculture, which along with forestry, maintains an active rural areas. Rural 
areas are the important natural resource that needs to be carefully maintained and managed, for the 
benefit of present and future generations. 
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The impact of climate change on all human activity has long been inevitable question for professional 
and political bodies when comes to making decisions on the future spatial development. Potential 
solutions have two sign; one is trying to prevent or reduce the effects, while others are trying to adjust 
to the current situation in which we cannot influence. Extremely large spatial potential and rich 
biological and landscape diversity, which we have inherited, must be protected against inappropriate 
interventions which inevitably reduce the value of space and the quality of life and causing permanent 
damage to the environment and nature. 

It is extremely difficult to thoroughly assess the impact of climate change on agricultural production, 
consumption, prices and trade, and also estimation of cost of renovation without a detailed analysis 
of agricultural supply and demand as a model of projections associated with the biophysical crop 
model. An important component of the impact of climate change on rural area makes food safety and 
well-being of the population in rural areas. The impacts of climate change on agriculture and rural 
areas is reflected in the biological effects on crop yields including prices, production and consumption. 

Mitigation of negative demographic processes in rural areas, emphasizes the importance of improving 
urban-rural links including better connectivity in the transport, economic, cultural and all other 
respects with the strengthening of the capacity to adapt to climate change, but also a dynamic socio-
economic changes and new development trends. These changes affect all components of society. 
Active adjustment of operating conditions includes adapting to new entrepreneurial concepts that are 
increasingly facing business in the digital world, also in physical space require new types of space 
supported by spatial plans. 

Therefore, agricultural and rural policies and programs should be by the year of 2050 focused on: 

• The design and implementation of the overall development policies and programs in rural 
areas, 

• Increase investments to increase agricultural productivity, 

• Strengthen national research institutions and the Centers for the implementation of a 
wider program to include research on the impacts of climate change on agriculture and 
rural areas, 

• Improve global data collection, analysis and modeling, 

• Continuous community support strategy adjustments while increasing financial resources 
for its implementation 

The proposed measures and policy with investments will not solve all of the negative consequences 
of climate change, but not taking any changes and measures of rural policy with insufficient financial 
positioning will affect the continuation and worsening of the consequences of climate change. 

FQ1 Timetable 

Duration: 10 years (2018-2027)  
Initiating 2018: 

- Formation of the Task Teams 
- Precise definition of actions 
- Active search for funding 

2018/2019: 
- Establishing network of long term stationary experimental fields (whole Pannonian region) 
- Defined protocols for data sets collecting (according FQ1 outcomes) 
- Collecting and procesing historical and recent data (agroecological, climatological, socio-

economical…) 
2022:  

- Early model development (testing the best model options) 
2024: 
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- Creating / developing cross-functional economic models for calculation and prediction of 
demographic processes in rural areas and socio-economic changes (based on outcomes of 
different FQ´s and CC´s models simulation) 

- Creating a model for calculating agro-climatic suitability for crops production which will be 
used as a decision making model 

2019-2027: 
- Generating reports and scientific and professional paper publishing  
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FQ2 - Understanding air quality under different weather and climate 

conditions 

Science plan for FQ2 is a part of PannEx Science plan, and it was created according to major objectives 

of FQ2 -- Understanding air quality under different weather and climate conditions. Each Objective 

includes short Outcome with short explanation. 

1. Problem and Approach  

The changing environment, climate and weather affect air quality, dispersion of pollutants, agricultural 
production and urban living conditions. The main purpose of the cooperation in the fields of urban 
effects, air quality and boundary layer meteorology is to provide a coordinated environment to 
encourage process oriented collaboration among researchers and end users.  

Outcome: Knowing the Pannonian Region’s economic and social structures and the possibilities for 
regional cooperation; we can get closer to addressing our main issues by developing three research 
directions (Table 1). Three focus groups of process oriented scientific problems are formulated:  

 Urban-scale processes include measurements and models. 

 Scale-dependent meteorological and transport processes, air quality-planning. 

 better understanding of surface and boundary layer processes 

Air quality is highly dependent on weather conditions and therefore it is sensitive to climate change. 
The climate of the Pannonian Basin likely will be warmer and more extreme in the 21st century. The 
significant temperature increase might considerably exceed the global warming rate. Wetter winters 
and more frequent droughts during the other seasons are expected. Air pollution processes such as 
emissions, transport, dilution, chemical transformation, and eventual deposition of air pollutants can 
be influenced by the meteorological variables of radiation, temperature, humidity, wind speed and 
direction, mixing height, etc. Development of optimal control strategies for key pollutants like ozone, 
nitrogen oxides and fine particles now requires assessment of potential future climate conditions and 
their influence on the attainment of air quality objectives. In addition, other air contaminants that are 
also relevant to human health, including the airborne pollens may also be influenced by climate 
change. 

2. Theoretical Issues 

Outcome: Better understanding the interactions between the climate system and air pollution 
processes in the Pannonian Basin. 

The research of air pollution focusing on Pannonian Basin are important for many reasons; i) large 
emission sources are located in the area, ii) high observed PM levels and trace gases, limited regional 
research studies and iii) strong indication that specific atmospheric conditions e.g., long lasting high 
atmospheric synoptic pressure systems are contributing to the regional air pollution episodes during 
the colder part of the year.  

Urbanization also is a process of relative growth in a country’s urban population accompanied by an 
even faster increase in the economic, political, and cultural importance of cities relative to rural areas. 
Investigation of the formation of local climate (outdoor and indoor), comparison studies among the 
cities, future changes of pollutants, heat island intensity and health effects are also key topics. 

Harmonization of air pollution concentration calculations from background or regional monitoring 
networks and calculation of aerosol particles’ deposition and two-directional fluxes of trace gases 
above different land cover types can give basic quantified knowledge of the impact of air pollution in 
the Pannonian Basin. Modelling of eutrophication (dataset, methodology, and sensitivity study) also 
seems to be a fruitful topic for future collaborations. 
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The theoretical background of these research directions is derived from measurements and modelling 
of turbulent exchange processes and surface energy budget components. Based on this knowledge we 
can address questions of boundary layer processes. Investigation of PBL structure and low-level jet are 
hot topics in both theoretical and practical aspects. Classification of daily course of PBL height is also 
an important issue. 

 

Table 1: The three main research directions and areas of realizations 

     Scientific 
    questions /  
Issues 

Urban scale processes Air quality, scale 
dependent transport, 
source regions 

PBL processes, 
Surface, turbulence 
exchange, SVAT 

Measuring /  

data set 

Meteorological and air 
quality monitoring 
stations, UHI intensity 

Standard meteorological, 
aerosynoptic and 
background air quality 
measurements and 
datasets  

Surface energy budget 
components, trace gas 
fluxes, PBL structure 

Emission sources, land use 
/ heat sources 

Experiments 

UHI measurements and 
monitoring, urban climate 
experiment 

Comparison of air quality 
measurements at both 
sides of the borders, 
information exchange and 
harmonization among the 
countries. Comparison and 
testing of the trans-
boundary air pollution 
transport models 

PBL measurements for 
comparison of mesoscale 
models 

Air quality measurements 
for local chemical 
transport and source-
receptor model 
comparison 

Energy-budget and 
deposition measurements 
over different surface types 
(water, short and tall 
vegetation) 

Modelling 

Nested urban SVAT, 
(SURFEX, ISBA, etc.) 

Comparison of air pollution 
forecasts, ensemble model 
approach, areal deposition 
(O3, SO2,  
N-loading), aerosol 
formation and processes, 
airborne pollen, fog.  

1D PBL model comparisons. 
Optimization of NWP model 
parameterizations for 
Pannonian Basin, new SVAT 
model parameterizations 
(vineyard, suburban regions, 
etc.)  

Source-receptor model  

3D model system with 
scale dependent grid 
resolutions (WRF-Chem, 
CMAQ, MISKAM) 

Impact 

Urban planning,  
Heat waves, Human health 
effects (UHI,  
fine aerosol particles) 

Quantification of 
i)   transboundary 
     pollution transport,  
ii) O3 and N loads 
      for regional planning 

Regional scale surface layer 
datasets (energy budget 
components, evaporation) 
and optimization of PBL 
parameterizations. 

3. Measurements, experiments and database 

Outcome: Establishing a common measurement systems and database for micrometeorological and 
air quality assessments. 

Based on the regular measurements of different meteorological parameters and several air pollutants 
in urban areas numerical and chemical transport model simulations can be carried out.  
In order to evaluate the results of the model calculations measuring campaigns could be organized 
over different land-use types.  

Countries of Pannonian Region collected and archived the meteorological data (surface and upper 
atmosphere) based on EU standards. Urban- and background air quality monitoring systems are also 



8 
 

available. Systems (national and regional) of remote-sensing instruments (ceilometer, Doppler radar, 
LIDAR, radiometer, RASS, SODAR, WindProfiler, etc.) are under construction, and few of them are 
connection with the European measurement networks.  

Construction of micrometeorological measurement systems for urban heat island intensity is also 
important task of the near-future. There are long traditions of urban measurement programs in the 
Carpathian region in several cities (Bucharest, Budapest, Cluj-Napoca, Iasi, Novi Sad and Szeged). The 
currently forming regional urban heat island measurement collaborations are an important part of the 
regional cooperation too (field campaigns continuous measurements and satellite observations). 

Development of measuring potential in field of micrometeorology (soil and surface energy budget, 
evaporation above different types of vegetation and water surfaces), remote sensing technics in PBL, 
fog, nucleation, etc. for better understanding the climate system and working out region-specific 
parameterizations are also important topics. The understanding of fog formation and development 
processes, including its air chemistry background (e.g. via urban measurement programs in winter), is 
also a key question. 

An important objective is to develop reference stations (PBL, air pollution), which can be used for 
operative and research purposes too. These stations should monitor surface and boundary layer 
processes and air pollution variables (trace materials, aerosol particles, dry and wet deposition, fog 
particles, etc.). One of these stations will be the HMS Upper Air Observatory at Szeged. It's measuring 
equipment is multipurpose (synoptic and upper-air measurements, radiometer, RASS, windprofiler, 
ceilometer, surface energy budget components), which can be complemented with the urban climate 
measuring.  

University measurement programs are forming a bridge between research and education. Both 
enumeration of measurement potential and developing regional research cooperation are important 
goals.  

4. Modelling activities 
Outcome: Developing coupled meteorological-climatological and air pollution models, and improving 
the simulation of planetary boundary layer (PBL) in the numerical weather prediction (NWP) models. 

The main steps of the research work for better understanding the PBL processes on basin scale are: 

 validation of the applied NWP models in the PBL using measurements campaigns, 

 installation of a single column version of the PBL models (AROME, WRF, etc.), 

 research in connection with the grey zone of turbulence at very high model resolutions. 

With respect to the integrated modelling of present and future air quality under a changing climate, 
there is a need for greater use of model ensembles, and to capture the full range of uncertainties in 
future impacts.  

Process oriented models used for urban studies are able to calculate and predict local climate 
elements, urban air quality, heat island intensity and human comfort parameters. The nature of the 
task determines the applied modelling technique. In local-scale dispersion calculations, e.g. CFD 
models are used, while in urban-scale forecasting tasks (either weather or climate) embedded 
numerical models are used.  

The application of SVAT models over Pannonian Basin, and running evaporation, energy budget and 
deposition models regionally could bring us closer to knowing the environmental processes of the 
region. The main advantage of the cooperation could be the harmonization of models and 
developments within the countries of the region. 
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4. Impact (the main outcomes) 

Harmonization of regional scale country-specific measurements and modeling activities is needed in 
order to improve our scientific knowledge and provide useful information to decision-makers. Models 
used for urban studies are able to calculate and predict local climate elements, urban air quality, heat 
island intensity and human comfort parameters with the goal of providing constantly up-to-date 
evidence on the health effects of air pollution, as well as policy advice and technical assistance to 
countries.  

Quantification of evaporation above different surfaces and comparison of regional measurements and 
modelling methodologies are essential. During the modelling process, attention must be paid to the 
fact, that one of the special properties of the Pannonian Basin is the droughts-tendency, the un-
optimal water supply.  

Several important urban agglomerations from the Pannonian Region alter the background climate 
generating adverse consequences on the air quality. The urban heat island (UHI) generated by large 
cities or its impact on human health already have been studied. However, research linking the UHI and 
air quality is still needed in order to provide coherent tools for urban development in the area. 

The issues of air quality and climate change could be an important part of PannEx, which is aiming to 
understand the interaction between air pollutants and climate system in order to help the work of 
decision for improving air quality and reducing the effects of air pollution in most of the Central 
European Region. The results from the planned activities continue to demonstrate that an integrated 
approach addressing scientific questions is necessary in order to develop an integrated policy 
perspective. This integration would allow the selection of win-win scenarios or could show 
prioritization needs, which could lead to more effective policies. 

FQ2 Timetable 

Duration: 10 years (2018-2027)  
Initiating 2018: Formation of 3 Task Teams and precise definition of actions. Active search for 
funding. 
Initiating 2019: Start actions: gathering of different information relevant for all 5 topics of FQ2 which 
will be used as an starting point for future work organisation of first international (Hungarian-
Croatian) PBL experiment in Lake Balaton 

Active First Part 2020-2024: Perform the main actions needing experimental and modelling work [For 
all topics during this 5-year period all essential research in field of i) urban-scale processes include 
measurements and models, ii) scale-dependent meteorological and transport processes, air quality-
planning, iii) better understanding of surface and boundary layer processes and iv) development a 
common measurement potential for better understanding the PBL processes and surface-atmosphere 
exchange processes (energy budget components, trace gases, aerosol particles) above different 
surface types in Pannonian Basin. 

Active Second Part 2025-2027: Analysis of observational and modelling results. New actions if 
necessary. Generation of reports. 
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FQ3: Toward a sustainable development 

Science plan for FQ3 is a part of PannEx Science plan and it was created according major objectives of FQ3 -- 

Toward a sustainable development. Each Objectives include short Outcome with short explanation. 

1. Preserving ecological services 

Outcome: Better understanding of the degree of climate change threat for natural habitats, 

identification of the key stands of currently existing habitats that are particularly important and 

exploration of possibilities that can provide mitigation options by restoring habitats with special 

emphasis on water-relate issues. 

While, Panninian basin, being a peculiar biogeographic region, the good soils and moderate climate 

made the area highly suitable for agriculture, resulting in considerable pressure on natural vegetation. 

The high level of habitat transformation makes the natural communities vulnerable to climate change, 

since the compensation mechanisms such as adaptation by migration or the buffering effects of 

surrounding vegetation is not always available. Even that recent research efforts have provided a way 

for better understanding of potential consequences of environmental changes there are still many 

open questions. 

In order to achieve the outcomes of this topic several activites are proposed: to develop a common set 

of relevant indicators thru reviewing the literature and already established practices, together with 

conducting interviews and online questionnaire within expert community; to develop appropriate 

database with information on past and future weather and climate and related indicators which are 

essential in preservation of ecological services (in collaboration with others FQs); to conduct 

comprehensive analysis of potential impact of climate change, by employing different approaches such 

as ecosystem modeling (process models), climate envelope modeling or niche level modeling; to 

explore possibilities for development of different nature-based mitigation strategies, and identification 

of areas vulnerable to climate change and human water use, and restoration priorities with 

maintenance of water cycling as a target; to understand the impact of past climate change and 

agriculture practices on hydrological cycle by specially designed simulations and finally to understand 

current state and future perspectives of forest ecosystems and their socioeconomic relevance through 

the prism of climate change. 

2. Hydropower potential evolution 

Outcome: Evaluation of the current and future climate change impact on the hydropower potential in 

the region from which adequate adaptation measures can be developed and potential future risks can 

be reduced. 

Hydropower plants in the region substantially contribute to overall energy production. For that reason, 

relevant information about the potential impacts of future climate change on river runoff and 

consequently on power production is essential. Some already published studies pointed to the 

direction of the future change of different elements of water cycle, but still there are just few estimates 

about impact of changing run-off to hydropower production in the region. 

The activities that will be undertaken are under this topic are: analysis of the changes in different 

elements within hydrological cycle in region relevant to hydropower production, based on wide 

spectrum of information from observed condition in the past to the future changes using available 

climate projections (in collaboration with FQ4); assessment of future changes in hydropower potential 

for exiting and planed HPP using multi-model ensemble consist of hydrological models available in the 

region (in collaboration with FQ4 and CC2); estimate potential negative impacts on the riverine ecology 
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and environment, especially under the potentially altered future climate condition e.g. low flow and 

shortage in summer precipitation for vulnerable area; to estimate impacts from future water 

temperatures increase on thermal power plant cooling process and potential reduction in efficiency 

(in collaboration with FQ4 and CC2). 

3. Wind and solar energy potential 

Outcome: Comprehensive analysis of current and future potentials for power production from wind and 

solar in Pannonian basin. 

Wind and solar energy are two of the progressive renewable energy technologies that are experiencing 

strong growth worldwide. From such a high expectation of future developments especially interesting 

is potential changes in this two resources related to the future climate change, from changes in large-

scale circulation patterns to changes in intensity and frequencies of extreme weather events, which 

can cause physical damage or power production interruption on system infrastructure. 

In order to reach proposed outcome activities in this topic will be: to develop comprehensive and detail 

analysis of wind and solar potential for power production in the region, based on wide spectrum of 

information, from observed conditions in the past to the possible future changes and some of the 

required steps are harmonization of high-resolution wind atlases in region, inventory of available 

observations for model verification and assessment of future changes based on hi-resolution regional 

climate model ensemble; to estimate possible future risks related to the adverse weather and climate 

events (super-cell storms, hail, strong winter winds, floods, icing, heat waves and high temperatures, 

by identification of relevant extreme events and especially episodes that can be used for case-studies, 

followed by assessment of future changes; to estimate potential negative impacts on the environment 

to avoid negative outcomes by identifying potentially critical locations; to estimate a potential 

reduction of air-pollution after closing fossil thermal power plants thru impacts on human health, but 

also thru impact on radiation budget (in collaboration with FQ2). 

 

4. Building the infrastructure for forecasting and coordination of the energy 
production 

Outcome: To build the infrastructure for forecasting and coordination of the energy production from 

water, wind and sun. 

A renewable energy power production from water, wind and sun depends on weather and climate 

condition. Especially, wind and solar production is highly dependent from hour-to-hour and day-to-

day weather variability. This variability of wind and solar power introduces unique challenges to those 

who must maintain the constant balance between energy supply and demand required for a stable 

electric power grid. On the other side hydropower production can probably have some benefits from 

sub-seasonal to seasonal forecast. National weather services already start to develop dedicated 

forecast systems for power production from renewable sources but there are still open questions and 

room for work intensively on improvements of these specialized products. 

The activities that will lead to the proposed outcome are: identify gap between available data and 

needs related to the forecast improvements followed by proposal for observational network upgrade 

and optimization due to possible improvements in assimilation cycles for short range forecast for wind 

and solar; development of inter-institutional multi-model ensemble prediction products specially 

developed for renewable power sectors needs by developing an inventory of available forecast and 

followed by development of multi-model ensemble products; run experiments on very hi-resolution 
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(~1 km) to understand potential befits from it; specially designed experiments/case studies related to 

the improvement of different physical parameterization relevant for solar/wind/hydro power 

production (in collaboration with other FQs); explore potential to develop seamless prediction forecast 

products from days to seasons relevant for hydropower production and agricultural activities related 

to the biomass production thru exercises of using seasonal prediction products as an input for 

hydrological and crop modeling. 

5. Evolution of the energy needs (cooling and heating) in a warmer climate 

Outcome: To estimate evolution of the energy needs in terms of cooling and heating demand following 

potential changes in the future climate in the region. 

Future cooling demand is expected to increase in Europe by around 3% per year during the this century, 

but also decrease in heating demand is also expected approximately a 10%, by 2050 and 20%, by 2100, 

following business as usual scenario. Currently, in the Pannonian basin negative trend in heating 

demand is between -10 and -20%. Summer cooling can be special challenge for this region in the future, 

since results from climate change projections shows that the region is the one with the highest increase 

in combine hot summer days and tropical nights for summer season.  

Activities that are planed for this topic are: assessment of current trends in hating/cooling demands, 

and their relation to observed trends in climate variables with special focus on demands during 

extreme anomalies such as prolonged heat waves and with analyses of excessive pressure on energy 

production system, identification of significant events and collection of relevant data will be important 

activities in this process; comprehensive assessment on changes in hating/cooling demand in the 

future using hi-resolution regional climate projections; proposal to upgrade relevant metrics to 

monitor cooling and heating needs introducing different thermal simulation software which takes into 

account building age and construction characteristics. 

FQ3 Timetable 

Duration: 10 years (2018-2027)  
Initiating 2018: Formation of the Task Teams and precise definition of actions. Active search for 
funding. 
Initiating 2019: Start actions. [gathering of different information relevant for all 5 topics of FQ3 
which will be used as an starting point for future work] 
Active First Part 2020-2024: Perform the main actions needing experimental and modelling 
work [For all topics during this 5-year period all essential research such as Comprehensive 
analysis of potential impact of climate change on natural habitats in the Pannonian region; 
Assessment of future changes in hydropower potential for existing and planned HPPs; 
Development  of comprehensive and detail analysis of wind and solar potential for power 
production in the region; Building of the infrastructure for forecasting and coordination of the 
energy production; Assessment on changes in heating/cooling demand in the future following 
different climate change scenarios will be done. ] 
Active Second Part 2025-2027: Analysis of observational and modelling results. New actions if 
necessary. Generation of reports. 
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FQ4: Water management, droughts and floods 
 

1. Harmonisation of the water balance estimations at Basin scale   
Outcome: Using monthly (seasonal, annual, multi-annual) catchments water balance water 
management elements (such as water retention, drought management, runoff control) can be 
projected more reliably with integrated atmosphere-hydrology (hydrometeorological) fully 
dinamically-based modelling systems, and can be linked more accurately to natural and/or 
anthropogenic changes in water cycle. It is expected to have information about the applicability of 
different models (stability of parametrizations), information for the future based on stable models, and 
comparability of model outputs. It can happen, that comparability does not reach a good consistency 
level, but even such a knowledge gives valuable information about the accuracy of the catchment water 
balance estimations.  

Understanding the water cycle and water balance is important to maintain and preserve the 
ecosystems, ecology, economy and different sectors of social-economical area. The increasing need 
for water and the decreasing supply possibilities request more accurate planning in the water 
management based on better knowledge of available water. A water balance is a useful tool to help 
water management, to manage water supply and water shortages. The estimation of the water 
balance is a very sophisticated task requesting measurements and calculations, usually. Both the 
measurement and the calculation have problems, requesting neglect different factors. The 
components of the water balance have large spatial and partly temporal variability cannot cover by 
the measuring networks. For simplification of the calculation and because of the lack of measurements 
in the needed density, parametrizations are used. Parametrizations establish on longer term data, i.e. 
depends on measurements, data management including quality, and the climate. 

One of the most evident consequences of climate change is the increase of precipitation intensity.  The 
intensity change is more general than the quantity change which is not easy to proof because of the 
high temporal variability of precipitation. Intensity change effects on more factors of the water 
balance, first of all on infiltration and runoff. As followed, climate change has an effect on the 
parametrizations, and the parameters of the simplified water balance equations. Furthermore, 
parametrizations base on the climate of the given region, therefore, change from region to region, and 
country to country. Countries are rather small in the Central-European region, and most of the water 
flows are transboundary. This means, that the catchment calculations use information from more than 
one countries, i.e. based on addition of different water balance methods. 

In the Pannonian Basin water balance models, usually those based on monthly data, are evaluated 
since 1990s for some catchments areas in order to examine expected impact of climate change, and 
also to detect the change in the water cycle in the past. The studies used different water balance 
models. Short and not nearly full review of water balance studies confirms there is no a uniform 
method in the modelling of water balance to study water cycle, which it makes difficult comparison 
between models/methods and no generalization can be made except for water balance for limited 
catchments within the Pannonian Basin. Therefore, there is a need to carry out the water balance 
modelling for large number of representative catchments area using a uniform method. The 
generalization of catchments modelling, would make possible a more reliable regional comparison of 
the water cycle and its elements within the Pannonian Basin. It is appropriate also to carry out the 
research work to detect the statistically significant change in monthly water cycle, to research the 
natural and anthropogenic cause of changes. In the modelling the use of spatially distributed fully 
dynamic 2D hydrology models integrated with atmospheric models are more preferable. Particularly 
important is the use of a uniform method for calculation of catchments evaporation or at least models 
could be compared and harmonized. 



14 
 

The activities that will be undertaken are under this topic are: Review of water balance modelling made 

in past, namely the presentation, comparison and evaluation of method used in water balance 

modelling; Identify hydrological models applied in the region as candidates for studying water cycle in 

the catchments within the Pannonian Basin; testing the identified models for selected representative 

catchments; Using a selected common model to carry out the calculation of monthly water balances 

for all years of a longer period; Preparation data base suitable for research the features of temporal 

and spatial variation and variability of water cycle and its elements, carry out the research; Fine 

resolution, process-oriented, physically-based hydrological models could be adapted to different 

target catchments with special characteristics within the Pannonian Basin. For the calibration various 

hydrology-related variables are needed, e.g. exact topography and land use types, different soil layers. 

For instance, interception is assessed by using NDVI derived from satellite measurements; control the 

stability of parametrizations according to the climate change (execute the parametrization process in 

different time periods); possible changes of these methods in the future using climate model data (for 

example CORDEX); comparison of different national models. Because climate is an important factor in 

the determination of the model parameters, therefore, comparison has to be done under different 

conditions. (More countries compare the models using own data for given catchments.) 

2. Improving drought early warning system in the region 

Outcomes: Improved EWS (early warning system) for drought. Hydrometeorological forecasts, 

improved monitoring products with increased resolution and also improved risk assessments will be 

available and regularly updated.  Recent projects finished with final report and possibly also web page 

and collection of available data, any possible new achievement will be maintained and updated after 

termination of the different projects.  

Due to climate change more droughts could be expected and in recent years (2012 and 2015) extreme 

droughts affected large parts of Europe. Although it is general opinion that determination of 

occurrence and severity of drought is straight-forward, sound scientific definition proves to be quite 

complicated. It is important to emphasize that the drought can be meteorological, agricultural and 

hydrological etc., and more precise usage of the definition is necessary depending on the process  

considered.  

In past there were many projects dealing with determination of optimum set of drought indices – 

globally and specifically for region of eastern and southeastern Europe. Drought monitoring and 

forecasting remains on the agenda, long term drought forecasting remains as one of important tasks 

and challenges. On the other hand – following requirement that drought monitoring systems should 

be more connected to drought impacts – more emphasis should be put to remote sensing. Drought 

monitoring systems that are based on classical meteorological data are appropriate for preparation of 

reports on large scale, needed by governments, national media etc. However there is demand to 

prepare more detailed information on drought impacts, which – in combination with auxiliary data, 

such as soil characteristics, crop types and phenology etc. – should be based on nowadays available 

high resolution remote sensing data. Satellite monitoring of droughts is very perspective, but there is 

a need to establish the criteria of drought intensity for different areas by studying the relationships 

between vegetation indices, for example, with meteorological drought indices using the long archives 

of the satellite observations (e.g. NOAA archives). 

The activities that will be undertaken are under this topic are. It is important that networks, created in 

past project (IDMP CEE, CarpatClim and DMCSEE) remain active; Evaluation of how well are the current 

weather forecast systems, operated by global meteorological centers as well as by regional providers, 

done in predicting recent droughts over various timescales; Identification of weather forecasting and 
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climate change networks existing in PannEx region that could support  the contribution to prediction 

of drought conditions and drought causes, among such networks are SEEVCCC and SEECOF consortia; 

Answering questions like: Apart from NWP output, are there any postprocessing/downscaling/other 

methods and techniques for forecasting droughts? What is the value of state-of-art forecasts 

specifically in Pannonian basin and how can they be implemented by end users? Are there additional 

possibilities to better connect drought impacts and drought indicators? Can recently available remote 

sensing data help in this respect? Can it be used – despite short time series – in risk assessment studies? 

Is there potential (in our region) for remote sensing data to improve drought forecasting? Is there any 

other method (such as measurements and modeling of soil moisture) that has potential to improve 

drought forecasts?  

3. Possibilities and perspectives in flash flood forecasting 

Outcomes: Further progress is expected in the development of high-resolution numerical models, which 

could eventually operate with horizontal resolutions of 1km and less within the next 5-10 years. This 

might enable more realistic simulation of flash flood-producing thunderstorms. Nevertheless, better 

specification of the initial and boundary conditions will also be needed, as well as improvements in the 

parameterization of turbulence, microphysical properties and physical-dynamical feedbacks. Further 

increase of observations density (radars, lidars, windprofilers, surface weather stations) will be also 

necessary for this purpose. Thus, significant improvement in flash flood forecasting will require longer 

time as in case of large-scale floods. At the beginning, EPS approaches could be more successful, when 

coupled with hydrological models. Similarly to large-scale floods, a common network might be based, 

in cooperation with hydrology. Simultaneously, environmental characteristics for flash floods might 

also be studied, which can be used for estimation of their climatological trends.  

Flash floods are consequences of very heavy rainfall and rapid rise of water level, usually within several 

hours, mainly due to presence of moist deep convection. Especially hilly, or mountainous areas are 

vulnerable, but not only those, which are high. The geological composition of the terrain (e.g. presence 

of flysch) and the character of the orography (slopes, narrow valleys) can also increase the probability 

of flash flood occurrence. Flooding is also likely to occur in urban areas, because of drainage problems. 

In such cases, the intensity of the rainfall can be more important than the overall amount of 

precipitation, which is not always extreme (e.g. sometimes only 20-30mm). Presence of high pre-

frontal instability, streamwise moist conveyor belts in the forward flank of deep upper-level troughs 

can be favourable for development of mesoscale convective systems, persisting for several hours, or 

even up-to one day in the most extreme cases. Generally, it is important that the relative motion of 

the storm, as observed by radar or satellite, is slow and there is a constant source of buoyancy and 

moisture in its environment. This ensures that convective cells (which lifetime is usually within one 

hour) can undergo a continuous regeneration. In Carpathian basin, there had been many notable flash 

flood cases, causing extensive damage (e.g. flood at Mátrakeresztes, Hungary, on 18 April 2005) and 

even casualties (flood in Jarovnice, eastern Slovakia, on 20 July 1998). 

Because of their small scale, accurate forecasting of flash floods represents one of the biggest 

challenges in meteorology and hydrology. Their realistic simulation requires high resolution (at least 

1km in horizontal) non-hydrostatic models with explicit description of convection. Such models 

(AROME, WRF, MM5) are already available and enable very short- or short-range forecasts up to 48h 

but currently at lower (2.5km) resolution. Even if the general atmospheric conditions for convection 

and flash floods are well described by NWP models, there is high uncertainty about the position, 

translation and intensity of the simulated thunderstorms or thunderstorm systems. On the other hand, 

hydrological forecasting of flash floods would need almost exact meteorological inputs, since these 

mostly develop on very small river catchments. The density of synoptic, climatological or hydrological 
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measurements is often not dense enough to observe the precipitation extremes. This information used 

to be supplemented from radar measurements. However, the precipitation and radar reflectivity 

relationship depends on the microphysics of the observed cloud (hail, snow, graupel contents and their 

size) and the estimates can be affected by attenuation of radar signals (by orography or precipitation 

systems in the foreground). 

The activities that will be undertaken are under this topic are: One possibility to overcome the forecast 

uncertainty is the Ensemble Prediction System (EPS) approach at high resolution, which requires very 

large computer power. Development of such system with sophisticated local data assimilation 

(satellites, radars, GNSS ZTD data) is planned but sufficient computational resources are not available 

yet. It is also planned that high resolution (1km in horizontal) AROME model would be run frequently 

(hourly) to increase the chance of early warning on high-precipitation events. 

Another possibility is to use nowcasting approaches based on extrapolation of radar measurements 

and precipitation estimations (QPF). Their advantage is the more precise localisation of the events and 

faster processing of results. However, such nowcasting systems are unable to predict the dynamical 

development of thunderstorms and their forecast range is limited to 1-2h. Nowcasting systems (e.g. 

INCA, MEANDER) could also be linked with hydrological models. In such systems, testing of EPS 

techniques is also recommended, because the propagation of the forecast precipitation is uncertain 

even at nowcasting range. Besides rainfall-runoff models, precipitation forecasts can be also combined 

with retention potential maps or flash-flood vulnerability maps based upon hydrological and 

geographical information. 

It is also recommended to diagnose the environment, in which the severe convective storms and flood 

events form. This could give at least qualitative information, whether there are any trends in the 

conditions favourable for such types of storms. Environments of high-buoyancy, total precipitable 

water (TPW) and in some special cases also situations with moderate-to-strong wind shear might be 

considered as favourable.  

A development of new forecast methods, as well as improved parameterization of turbulence, 

microphysical properties and physical-dynamical feedbacks can take 2-5 years or even more but there 

is a good chance to get significant improvement. Several model- or nowcasting products might be 

coupled with hydrological models and a common network might be based, in cooperation with 

hydrology or civil protection. 

FQ4 Timtable 

Duration: 10 years (2018-2027)  

Initiating 2018: Formation of the Task Teams and precise definition of actions. Active search for 

funding. 

Initiating 2019: Start actions. Gathering of different information relevant for all 3 topics of FQ4 which 

will be used as starting point for future work. 

Active First Part 2020-2024: Perform the main actions needing experimental and modelling work for 

all 3 topics during this 5-year period all essential research such as: Review of water balance modelling 

in the Pannonian basin, Preparation of database suitable for research the features of temporal and 

spatial variation and variability of water cycle and its elements; Evaluation of how well are the 

current weather forecast systems in predicting recent droughts over various timescales, Examination 

of different approaches (EPS, nowcasting) for flash flood forecasting 

Active Second Part 2025-2027: Generalization of catchments modelling, controlling the stability of 

parametrizations according to the climate change; Exploration of methods (such as measurements and 
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modeling of soil moisture or postprocessing/downscaling/other methods and techniques) that has 

potential to improve drought forecasts; development of new forecast methods for flash flood, as well 

as improved parameterization of turbulence, microphysical properties and physical-dynamical 

feedbacks 
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FQ5 – Education, knowledge transfer and outreach 
 

Science plan for FQ5 is a part of the general PannEx Science plan and it was created according major 
objectives of FQ5 – Education, knowledge transfer and outreach. Each Objectives include short 
Outcome with short Explanation. 

 

1. Education 

Outcome: The development of higher education in Meteorology and Hydrology and to improve the 
cooperation among higher education providers in the field of Meteorology and Hydrology in the PannEx 
area, by encouraging teaching staff and students exchanges under the framework of PannEx project. 

Qualified and competent personnel are essential to the success of National Meteorological and 
Hydrological Services (NMHSs) around the world. Also, due to high level of cooperation needed in 
international field of Meteorology and Hydrology, similar scientific achievements should be acquired 
by students before being hired by these institutions. 

Successful international training of the personnel is of a great importance for developing countries, to 
enhance capabilities of NMHSs. Since 1985 few world-wide surveys on the training requirements, 
opportunities and capabilities have been undertaken by the WMO Secretariat in order to assess its 
members' training requirements from an international perspective, provide a basis for adjustments 
and improvements in the planning and implementation of the WMO's Education and Training 
Programme and explore its members' capabilities and capacities for the continued development of 
their national meteorological services. 

Under these circumstances, we consider that a detailed analysis of the system of higher education in 
meteorology-climatology and hydrology is absolutely necessary in the PannEx countries, followed by 
a harmonization and cooperation under the framework of PannEx initiative. 

This PannEx initiative could be extremely beneficial in the field of Education in Meteorology and 
Hydrology due to close cooperation among universities, national hydro-met services, and WMO 
Training Division and WMO Education and Training Office involved in this program that could be 
developed. 

A few actions were planned to be done in order to achieve this topic: 

 Harmonization of the study programs at diffrent levels (Bachelor, Master and PhD.) in 
participating countries according to the WMO- No. 1083 and national regulations by 
cooperation among universities in PannEx area and WMO Department for Training and 
Education that could be strengthen in order to achieve this goal. Even though changing a study 
program plan could be difficult and time-consuming due to national regulations, the duration 
of PannEx program of about 10 years, could be beneficial, since usually, in all European 
countries every 5-10 years, the study programs should be up-dated; under these 
circumstances, preliminary discussion, during PannEx workshops among universities and 
WMO-ETO representatives could be extremely beneficial; the analysis of study programs plans 
and syllabus would help to find gaps in subjects that are recommended by WMO ETO and thus 
to develop online-modules on specific topics, so that the students achieve  qualification 
requirements for a Meteorologist according to  WMO and UNESCO recommendation (WMO, 
2003, 2008, 2009, 2015, UNESCO 2015a, b); moreover, by using WMO Global campus, some 
online courses could become available; 

 Organizing exchanges of professors among the universities in PannEx area; for this purpose, 
some other inter-universities programs can be used as Erasmus, Erasmus+, CEEPUS etc.  
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 Organizing exchanges of MSc. and PhD. students among the universities in PannEx area; the 
up-mentioned programs can be also used for students’ exchange; 

 Organizing PhD. and/or master short-term “schools” each year (e.g. virtual or traditional 
summer school) by universities of countries participating in the project;  

 Encouraging students to choose PhD. and MSc. dissertations on topics similar to those of 
PannEx project and involving them in research activities of the project; 

 Organizing training schools for employees in Meteorology and Hydrology services by 
universities in cooperation with NMHSs in the PannEx countries; 

 Encouraging the double coordination of PhD. studies among universities in PannEx area;  
 Organizing training courses of trainers where to be taught issues in Meteorology related to 

PannEx program topics, by experts from PannEx area or from outside; after the second PannEx 
workshop, officials of EUMETSAT and EUMETCAL declared that the two entities are supportive 
of training opportunities for PannEx countries, both for NMHS employees and academic 
scientists. Relevant training plans are available through the EUMETSAT training calendar; the 
EUMETSAT noted possibilities, in particular, that training/education for satellite image 
processing and data applications. About "training of trainers", a visiting fellowship scheme at 
the EUMETSAT may be utilized, for in-depth training and applications of satellite data 
processing and related research; also support has already received by PannEx experts for a 
training on agriculture under changing climate that will be held in November 2016, in Slovenia.  
 

2. Knowledge transfer 

Outcome: Knowledge transfer will focus on actions to improve the connections between the PannEx 
scientific community and education communities in the PannEx area. 

Knowledge transfer in the PannEx project will be focused to be spread in few directions: i. intra-PannEx 
Community; ii. from professor to young generations of students; iii. from researchers in other regions 
to PannEx countries researchers, and iv. from PannEx researchers to stakeholders in the PannEx region 
and vice-versa.  

The knowledge transfer inside the PannEx Community will be developed through few actions: defining 
early-on protocols on how to get and share data & algorithms related to PannEx activities; developing 
a catalogue of data needed for PannEx project implementation; developing a platform for internal 
communication and data upload-download to be used for research and education. 

The knowledge transfer from professor to young generations of students (BSc, MSc. and PhD 
students) will be achieved by direct support during short-term summer schools: face-to-face or online 
summer school, WMO Global Campus, online modules etc. The summer schools will met the needs of 
the universities and Hydro-Met services in order to fill in the gaps in the national education systems. 
Some of the topics will be chosen from the main scientific topic of the PannEx Project, such as climate 
and hydrological modelling, agrometeorology, urban climatology, air pollution, drought and floods 
assessment and monitoring etc. 

The knowledge transfer from researchers in other regions to PannEx countries researchers will be 
implemented through workshops: one PannEx workshop/conference will be organized each year. 

The knowledge transfer from PannEx researchers to stakeholders in the PannEx region and vice-versa 
will be achieved through organizing special sessions for stakeholders during the annual workshops in 
order to identify new directions to be studied so that to meet the community needs for scientific based 
information; also, submitting periodical reports to stakeholders is planned to be implemented during 
the project. 
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3. Outreach 

Outcome: this topic will focus on actions to develop the connections between the PannEx scientific and 
education community and society in the PannEx area. 

Outreach of scientific results to the community and decision makers is of great importance in order to 

adopt the best adaptation strategies in the area under study. Under these circumstances, we have 

been identified few activities focused mainly in three directions: outreach to scientific community, 

outreach to public authorities and decision makers, and outreach to large community.  

Outreach to scientific community will be implemented by organizing special issues in national and 

international journals once per year on various topics and subtopics (Quatenary International, Idojaras, 

Geographia Technica, Riscuri si catastrofe, Geofizika, Hrvatski meteorološki časopis etc.), organizing 

PannEx sessions in high visibility international conferences (e.g. EGU and EMS), organizing PannEx 

sessions in regional conferences (e.g. Air and Water – Components of the Environment) or contributing 

in various ways to GEWEX and WCRP visibility in all our activities. 

Outreach to public authorities and decision makers will be achieved by delivering Special Reports to 

the public authorities at local/regional/national level focusing the main results of the research 

activities in the project in the field of agriculture, health, atmosphere protection etc. and by inviting 

representatives of public authorities at local/regional/national level to PannEx workshops for direct 

communication and to identify the needs for scientific support from PannEx experts.  

Outreach to large community is projected to be done through organizing active project webpage and 

profiles on social media websites (Facebook, Twitter, Google+, etc.) with new content added 

weekly/monthly, preparing and releasing newsletters to community (to be delivered 2 or 3 three times 

per year in the media), inviting media to PannEx workshops, organizing press conference during 

PannEx meeting events. 

FQ5 timetable 

Duration: 10 years (2018-2027)  
Initiating 2018: 

- Formation of the Task Teams for Education and knowledge transfer; 
- Precise definition of actions; 
- Establishing the calendar of the summer schools and trainings for employees in Meteorology 

and Hydrology: topics and locations; 
- Active search for funding. 

2018/2019: 
- Establishing protocols for professors and students exchanges in PannEx area; 
- Investigations on study programs on meteorology and hydrology in PannEx area; 
- Pilot summer school in Babes-Bolyai University of Cluj-Napoca.  

2022-2027:  
- Identification of education need in PannEx area for the field of Meteorology and Hydrology; 
- Organizing summer schools; 
- Organizing online modules for subjects that are not covered by the study programs; 
- Proposals to improve the study programs in the universities of the PannEx area in order to 

meet the recommendation of WMO. 
Permanent actions: 

- Generating reports and scientific paper publishing; 
- Newsletters issued every year; 
- Organizing workshops.  
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CC1: Data and knowledge rescue and consolidation 
 

1. Special observations and data analysis 

Outcomes: List of national networks and data sets (meteorological, hydrological, agro-meteorological, 

etc.) for the region; Internal agreement on data policy; Have a complete list of research/singular 

infrastructures in the basin; List of recent projects and existing methods related to water cycle in the 

region; List of potential pilot areas; Good quality harmonized historical climatological dataset for the 

region 

Observed meteorological data are essential in understanding water cycle and energy fluxes at the 

surface and in the atmosphere. Although the national data policy of meteorological services often 

blocks international data exchange. The data exchange and its availability for research disposal is 

essential. There have been successful efforts in the recent past in the region as examples to foster 

bilateral data exchange of meteorological data. Gather a similar amount of information for other 

disciplines (water, soil, air quality, agriculture) is needed. The list of research projects and singular 

infrastructures in the basin is not complete, completion of the lists are necessary. 

The source of measurements are different observation networks such as automatic weather stations, 

climatological stations, precipitation stations, synoptic stations, agro-meteorological stations 

(providing data on plant phenological development as well as other bio-physical variables, such as leaf 

area index, soil moisture, etc.), radiosonde stations, meteorological radar, air quality network, 

hydrological network (surface water, ground water, discharge), agricultural field experiments, road 

stations, lightening network, UV stations, sodar, fluxnet stations and background air quality stations. 

The operational observational network is working well at basin scale partly in the territory of Check 

Republic, Austria, Slovakia, Hungary, Ukraine, Romania, Serbia, Bosnia and Hercegovina, Montenegro, 

Croatia and Slovenia.  

The available data for research purposes has to cover the time period from several month to long term 

and the temporal resolution from hourly to yearly, the area can be from pilot areas to the whole region, 

spatial resolution can be ~1km → 50 km depending of the focus of the research. Internal agreements 

for data usage are necessary in PannEx activities to research disposal. In the Pannonian Basin the 

CarpatClim and DanubeClim (ongoing project) datasets are (will be) freely available and that can be 

the base of the researches in the PannEx initiative too.  

The activities that will be undertaken are under this topic are: Get more precise info on the national 

networks and each country's singular structures; Analyse weaknesses and strengths of the networks; 

Build a data base of stations rich in metadata; Assessing data availability (meteorological, 

hydrological, agro-meteorological, etc.); Extension of CarpatClim/DanubeClim database; Phrasing 

internal agreement on data usage in the PannEx community; Selecting areas with good data series 

for pilot studies; Collecting publications about recent projects and existing methods related to water 

cycle in the region 

CC1 Timetable 

Duration: 10 years (2018-2027)  

Initiating 2018: Formation of the Task Team and precise definition of actions.  

Initiating 2019: Start actions. Gathering of different information relevant for all FQs and CCs 

which will be used as starting point for future work. Internal agreement on data policy;  
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Active First Part 2020-2024: List of national networks and data sets (meteorological, 

hydrological, agro-meteorological, etc.) for the region; Have a complete list of research/singular 

infrastructures in the basin; List of recent projects and existing methods related to water cycle in 

the region; List of potential pilot areas; Creation of good quality harmonized historical 

climatological dataset for the region  

Active Second Part 2025-2027: fulfil the data demand and analysis will be raising during 

implementation of the other FQs and CCs. 
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CC2: Process Modelling 

 

Science plan for CC2 is a part of PannEx Science plan and it was created according major objectives of CC2 -- 

Process modelling. Each Objective includes a short Outcome with a short explanation. 

1. General approach 

Outcome: Define the transversal key processes that affect most Flagship Questions, establish a 

general working framework, increase the understanding and improve representation in applications. 

A good understanding of the basic processes intervening in the system is necessary. The study of the 

selected topics must combine, as usual, theoretical insight, specific experimental work, generation of 

relationships between the relevant variables, independent testing and implementation in applications. 

Optimization of resources, looking at the actual size of the related scientific community, is a need to 

avoid dispersion of effort and repetition of work. It is felt convenient to maximize concentration of 

experimental resources (especially field work) in locations close to the communities of expertise or in 

specific interesting areas to tackle questions of interest.  

2. Quantifying surface energy and water budgets 

Outcome: Provide accurate estimations from observational systems of the terms of the water and 

energy budgets at the surface for their use in FQ applications.  

Energy and water surface budgets (SBs) are used in most of the Earth System applications. The 

measurements of the terms of the SBs have large uncertainties, due to instrumental issues or the use 

of strong hypotheses in the measuring process. These uncertainties are translated to the tools that use 

the SBs, and may explain partially the lack of closure in the budgets and errors in derived important 

quantities, such as the temperature near the surface or the amount of evapotranspiration.  

The generation of high-quality data for basic research and validation of applications is a need for 

PannEx. These must include radiation, atmospheric boundary-layer and soil-vegetation 

measurements, with explicit determination of transport across canopies. A reference site in the plain 

at the center of the Pannonian Basin would an adequate location for a site with an integrated 

measurement approach. Similar centers in other sites representative of other landscapes would add 

value to the effort, for instance in the mountain areas in Transylvania or the Dynarides, urban sites for 

selected cities, specific agronomical research areas, or lakes or food-prone areas. 

Those sites could provide full measurements of the water and energy budgets, that should be 

supplemented by estimations at the sub-basin and basin scales, by remote sensing or distributed 

measurements. The latter should include extensive hydrological measurements. 

3. Atmospheric Chemistry 

Outcome: Monitor and model pollutant concentrations, including background levels, urban emissions 

and agronomical fertilizers and pesticides, and explore the  transport processes and the interaction 

with the different parts of the basin Earth system.   

Air quality must be monitored at different levels, i) at the urban level for health issues, ii) at the 

background level for general composition of the atmosphere including solid and liquid aerosols and iii) 

in the interaction with the rest of earth System components, that may cause pollution in soil, water 

and the biosphere, leading to the degradation of the natural ecosystems and of the climate services 

associated. Sources of pollutants come from traffic and industries related to the combustion processes, 

but also from the extensive agricultural practices making use of chemical products for several 
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purposes. The later may contaminate soil and underground water, inducing severe threads to human 

health through the food and water chain.  

Urban pollution monitoring will be continued for a number of cities in different countries of the Basin 

and modelling exercises will allow to explore local, regional and trans-border transport processes, 

especially in anticyclonic conditions, when pollution becomes a major threat for human health. 

A novel aspect is the monitoring of the amount of fertilizers and pesticides used in intensive 

agricultural and of their cycle once deposed over vegetation and ground.  A first challenge for this 

interdisciplinary action will be to define the protocoles of measurement of these compounds and their 

transformed species and to model the related processes.  

 

4. Land-surface interactions  

Outcome: To analyze the processes intervening in the surface-atmosphere interaction and to check with 

high quality data in the Pannonian Basin the current land-surface schemes and proceed to 

improvements if possible. 

The interaction between the different components of the Earth system at the regional scale may be 

evaluated locally using point measurements or for an area using estimates obtained from numerical 

modelling and remote sensing from satellites. Point measurements could be organized in conjonction 

with the effort on Surface Budgets in test locations, and they may be supplemented in areas of special 

interest. Processes at plant or canopy scale must be considered and conclusions transposed into soil-

vegetation schemes.  

Experimental locations must be determined, which in some cases may be the same ones as those 

studying the surface budgets, to obtain the necessary data for plant, canopy and soil processes. Two-

dimensional fields from remote sensing and modelling may be used to assess their performance 

against data, very likely leading to test the current schemes in specific locations, identify shortcomings 

and propose modifications. 

 

5. Precipitation systems  

Outcome: Improve the characterization of the main types of precipitating systems in the Pannonian 

Basin through observation and modelling.  

Precipitation in the Pannonian Basin varies according to the origin of the precipitating system, being 

at the crossroads of the Atlantic, Mediterranean and central Eurasian influences. It is necessary to 

continue advancing in the understanding of the factors generating these systems and of their 

respective dynamics.  Detailed observation of the structures by remote sensing (and even in-situ if 

possible with instrumented aircraft) may lead to a better understanding of these phenomena. A dense 

network of rain gauges is necessary to quantify the input of water to the basin and also to validate 

estimations made by satellite or radar. Radar networks should cover the ensemble of the Pannonian 

Basin. A good transfer of information to hydrologist must be planned as situations of hydrological risk 

are mostly linked to severe precipitating events.  
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6. Crop modelling   

Outcome: Monitoring the response of the cultures to varying environment conditions in the Pannonian 

Basin.  

Agriculture represents a large proportion of the surface of the basin and substantially interacts with 

the surface budgets of water, energy and mass. A good understanding of crop dynamics as linked to 

the environmental conditions would have a positive contribution in the forecasting of agricultural 

productivity.  

Agronomers and plant physiologists must develop ways of communication with hydrologists and soil 

and atmospheric physicists/modellers. Adequate crop models for the cultures of the basin shall be 

identified, and their performance tested in hindback mode. This should allow to identify shortcomings 

and propose actions, such as extra measurements in the basin to proceed to test and improve the 

models. 

7. Hydrological monitoring    

Outcome: Understanding and quantifying water processes and uses in the Pannonian Basin, 

especially concerning the anthropic part.  

The Pannonian basin has been subjected to man-made changes on the surface waters since several 

centuries, converting flooded areas in agricultural land, regulating the flow of the rivers to prevent 

flooding events and building dams to store water for human consumption and irrigation as well as for 

electricity production. A coordinate use of the water resources allowing for all the basic needs 

(drinking, agriculture, industry, hydrolectricity) would be benefical for the region.  

An inventory of water use is planned including i) the hydrological structures such as dams in the 

Pannonian basin and the quantification of their use of water; ii) an estimate of the use of water for 

agricultural purposes, using underground water, irrigation or just rain water captured and used locally; 

iii) estimate human water comsumption in urban and rural areas; iv) other uses such as in industry. 

Furthermore, the foreseen future uses of water for agricultural purposes will be explored, either by 

irrigation or using ground water, and it is intended to anticipate the impact of foreseen future large 

hydrological infrastructures to come, such as irrigation networks or new dams. 

CC2 timetable 

Duration: 10 years (2018-2027) 

Initiating 2018: Formation of the Task Teams and precise definition of actions. Active search for 

funding. 

Initiating 2019: Start actions. 

Active First Part 2020-2024: Perform the main actions needing experimental and modelling work 

Active Second Part 2025-2027: Analysis of observational and modelling results. New actions if 

necessary. Generation of reports. 

 Accions may include 

i) the setup of reference sites (Szeged in the plain, selected spots for urban studies, slope in the 

Dynarides, flood-prone plains such as Tisza, agronomic sites near Osijek....) and 

ii) the plan of specific campaigns mobilizing extra instrumentation (f.i. aircraft and extra remote 

sensing) for specific purposes. 

These actions should be defined during 2018, calendarized. 
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CC3: Development and validation of modelling tools 

Introduction 
Background information for the Cross Cut 3 (CC3) activity Development and validation of modelling 

tools is presented in the PannEx White Book (WB). It was starting point for the first community 

discussions. Based on the response from the PannEx community during the 3rd meeting in Cluj-Napoca, 

several initially proposed topics were removed (e.g., climateprediction.net-type of experiments and 

intermediate complexity GCM-type of experiments) and potential for new topics are planned to be 

added (e.g., urban modelling tools). 

We list below topics relevant to PannEx community as of summer 2017. This list is by means no final, 

and during the open discussion with the community in the following months, further extensions of the 

Science plan (SP) can be taken into account. Also, if any of activities from the WB now removed from 

the SP finds new interest, this can be included back to the active SP. 

1. Limited Area Modelling (LAM) Numerical Weather Prediction (NWP) 
 

Outcome: To provide modelling tools as a method for the general and processes based studies, and 

vice-versa, to use PannEx special observations for the NWP model validation. 

 

NWP models are continuously developing numerical systems used for the daily weather forecast 

operational activities. In the PannEx Basin, there are several groups and modelling consortia (usually 

at the National Weather Services) with advanced technical and scientific skills. PannEx community will 

invite these experts to design special experimental frameworks in order to exploit PannEx special 

observations in coordination with different PannEx FQ and CC. This will help to explore specific 

processes and general synoptic and mesoscale events in this region, but also provide new case studies 

for the NWP validation. While PannEx still gains its momentum, several specific research topics 

relevant for NWP already emerged: the use of NWP forecasts to provide boundary conditions for air-

quality, hydrological&hydraulic and energy production models. PannEx can provide new push for the 

further development of already existing modelling chains, where NWP models are one of the building 

blocks. 

 

2. Regional seasonal forecasts 

 

Outcome: New insights into potential usage of seasonal forecasts for various human activities. 

Improvement in the determining the limitations of the seasonal products over the Pannonian Basin. 

While seasonal forecasts over most of the Europe are notoriously difficult, there are strong and 

continuous requests from the general public and different communities for their further development. 

In this area, based on our knowledge, main active entity in providing in-house seasonal forecasts is the 

South East European Virtual Climate Change Center (SEEVCCC). PannEx initiative can explore the usage 

of SEEVCCC and other global seasonal forecasts products for the purpose of the crop and energy 

production&use forecasts.  

 

Although this research topic is strongly defined by the underlying limitations, any improvement can 

have instant and highly positive impact. Again, pooling different research and user communities from 

the area under the umbrella of the PannEx initiative, the discussion of the benefits and limitations of 

the seasonal forecasts can have a strong two-direction aspect. Possible numerical experiments 

specifically designed for the PannEx objectives can include model sensitivity studies for the seasons or 
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months when major disruptions in the hydrological cycle (e.g. long dry or rainy periods) have occurred 

over the Pannonian Basin. 

 

3. Regional climate models (RCM) 
 

Outcome: Reduction of model systematic errors over the Pannonian basin. Description of the 

uncertainties of climate projections systems on all time-scales over the Pannonian basin and an 

objective method for quantification of climate projection uncertainties. Active contribution of PannEx-

CC3 researchers to WCRP/CORDEX, WCRP/GEWEX and to other PannEx-CCs and PannEx-FQs research 

topics. 

 

Regional climate model research community is present and active in this region. There is continuous 

interest for several specific RCM topics, which include, but are not limited to: (1) RCM historical 

simulations and projections, (2) Uncertainty assessment for RCM projections, (3) Coupled modelling 

systems and application of RCM products, (4) Post-processing and statistical downscaling of RCM 

outputs. 

 

Potential activities during the PannEx project may include (based on the community size and 

engagement, and supported by the acquired funding): (1) convective-permitting (~1-3km) RCM 

simulations over the Pannonian basin, (2) evaluation of RCM models using specific observations 

produced by PannEx, (3) development and evaluation of RCM models with online and offline coupling 

with crop, hydrological, air chemistry and dynamic vegetation models, (4) evaluation and comparison 

of different post-processing and statistical downscaling tools over Pannonian basin, (5) comparative 

uncertainty assessment to estimate the added value of high-resolution. 

 

By pooling the interest from the active RCM groups in this region, and by being open to collaboration 

with other European research groups, following scientific questions can be addressed: (1) What are 

the missing processes in the RCMs leading to the modelling errors? (2) What is the optimal model 

horizontal resolution needed for the reliable climate projections over the Pannonian Basin? (3) How 

to include land-use changes over the Pannonian Basin in order to simulate historical climate over this 

region? (4) For which applications are the statistical post-processing and bias correction/adjustment 

needed and at what spatial and temporal resolutions can they be reliably applied? 

With this setup, both RCM specific research questions and cross-cut support for other PannEx FQs and 

CCs will be addressed. 

 

4. Urban Weather and Climate Modelling 
 

Outcome: To provide urban-scale modelling tools as a method for the urban processes based studies, 

and vice-versa, to use PannEx special observations for the urban models’ validation. 

Urban weather and climate modelling is getting more attention in several groups in the Pannonian 

Basin and in surrounding regions. Due to direct links with various human activities at small spatial 

scales, these models are of the highest importance. For example, they enable to explore various  

adaptation measures in the urban areas in order to reduce impacts of the urban heat island and local 

aspects of the global and regional climate change in the temperature, precipitation and wind 

characteristics. Harmonized experiments for several cities in the Pannonian Basin may be performed 

through the PannEx initiative, linking this type of modelling with NWP, RCM and seasonal forecasts 

systems. Also, extension of the existing urban networks and standard meteorological observations in 

the urban areas, can provide new datasets for the validation purpose of the urban models.  
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CC3 timetable 
Duration: 10 years (2018-2027)  

Initiating 2018: Formation of the Task Teams and precise definition of actions. Active search for 

funding. [definition of actions will be done for all CC3 topics] 

Initiating 2019: Start actions. [for all CC3 topics this includes: define common modelling protocols, 

define data management policy, define specific events or time periods to be simulated, early model 

development and customization, preparation of the observational datasets for the model validation] 

Active First Part 2020-2024: Perform the main actions needing experimental and modelling work [for 

all CC3 topics this 5-year period seems realistic. For RCM simulations, it can take several months to 

complete most of the simulations. For example: 

2020: RCM evaluation simulations (forced by reanalysis, maybe ERA5 at that time] 

2021-2022: RCM historical simulations (forced by GCMs, probably CMIP6 models at that time) 

2023-204: RCM projection simulations (same as above)] 

Active Second Part 2025-2027: Analysis of observational and modelling results. New actions if 

necessary. Generation of reports. [nothing to add at this point, it really depends on the first round of 

simulations, first round of the new PannEx related observations, and possible some new unanticipated 

research questions] 

 

 

 


