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Summary: The lectures in the course give an overview to the present problems of the climatology, including the dynamics, oscillations and prediction of the climate. It is considered the climate evolution in different time scales, reconstructed by data from observations and numerical models. The methods for climate predictions applied nowadays are described. The course is oriented to the students who have passed the university general courses on physics and mathematics, and have a basic knowledge on meteorology. The lectures could be grouped in three parts: 1) physics laws in climatology, 2) present state of the climate, 3) climate changes and 4) climate models. The first part of the lectures deals with the terminology, it describes the basic processes of interaction between the climate system components. The second part gives the traditional climatology knowledge, it describes the climate of the Earth and different climate classifications used nowadays. The third part regards the recent studies on climate change and the fourth part presents various methods for simulation of the climate changes in different time scales.





CONTENT:


Chapter 1: Physics in the climatology


1. Introduction (2h) – definitions of the term “climate”, scientific problems for the climatology, predictability of the climate processes, climate system definition.


2. Components and characteristics of the climate system (5h) – atmosphere, ocean, cryosphere, lithosphere, biosphere. Which factors govern the climate? Astronomical and geophysical factors, atmosphere gas content, interaction between the climate system components, different feedbacks.


3. Meteorological data analysis for climatic purposes (3h) – space and time scale resolution, spectrum analysis, EOF, optimal interpolation, quality control, existing databases.


4. Earth radiation balance and atmosphere-ocean exchange (5h) – characteristic of the solar and terrestrial radiation spectrum; physical laws of radioation (Plank, Stephan-Bolzman, Vin, Kirhoff, Beer-Buge-Lambert); solar radiation on the top of the atmosphere and its transformation during the propagation through the atmosphere, Earth radiation and its transformation; Radiation balance of  every climate system component, global distribution and characteristics.


5. Earth angular moment balance and the consequences for the climate (3h) – equations, angular moment of the climate system, observed cycle, interaction between atmosphere and lithosphere.


Chapter II: Present climate state.


6. Mean state of the atmosphere (6h) – global distribution of the mean atmosphere pressure, temperature, circulation, hydrological characteristics (precipitation and evaporation), air-land-sea exchange, parameterization of the surface heat, humidity and impuls fluxes.


7. Mean state of the other components of the climatic state (2h) – global distribution of the temperature, salinity and circulation in the ocean; cryosphere


8. Earth hydrological cycle (2h).


9. Energy balance of the climatic system (2h)


10. Local characteristics of the climate (4h) –dependency of the topography (slopes, valleys, mountains); local winds (breeze, bora); microclimate


11. Climatic classification and regions (5h) – air masses and basic frontal surfaces; climate types – equatorial and subequatorial climate, tropical and subtropical type of climate, temperate and polar climate.


12. Climate of Europe (5h) – climatic regions in Europe, regional factors influencing the climate; climate of Bulgaria. 


Chapter 3. Climate dynamics


13. Interannual climate variability (4h) – ENSO characteristics, physical explanation of this event, observational data, climate impacts on different parts of the world; monsoon circulation – observational data, influence on the interannual climate variations.


14. Decadal and centennial climate variability (3h) – desiccation in Sahel, climate oscillation in the polar regions, ocean conveyor belt and Earth’s climate.


15. Antropogenic factors for the climate change (3h) – global warming, Aral and Dead Sea desiccation.


16. Earth climate evolution in long-term periods (6h) –geohronologycal eras, tidal evolution, paleoclimatic reconstruction, pre-pleistocen climate evolution, ice ages and variation in the system cryosphere-hydrosphere-atmosphere; climate changes in the last 2000 years; climate sensitivity and prediction problem.


Chapter 4. Modelling of the climate dynamics.


17. The basic equations, simplifications and parameterization (2h)


18. Numerical models (6h) - Model setup and parametrization of the surface fluxes; Land-sea-air interactions parametrization; Coupled models (atmosphere, ocean, criosphere)


19. ENSO, NAO and other important climatic oscillations (3h)


20. Modeling the climate long-term variability (1h)


21. Downscaling and nested models. (3h)
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