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and the biosphere, and their interactions. The climate system evolves over time under the influence of its internal dynamics and due to external forces such as volcanic eruptions, solar variations and anthropic forces such as the changing composition of the atmosphere and changes in the use of the soil. A «Which requires some further definitions:
atmosphere: the gaseous wrapper surrounding the earth. Hydrosphere: the component of the climate system which includes liquid and underground surface waters, such as oceans, seas, rivers, lakes, groundwater, etc. Biosphere (Terrestrial and Marina): The part of the terrestrial system which includes all the ecosystems and living organisms ¢ A|
including dead organic matter derivative, such as bedding, organic soil matter and ocean debris. Cryosphere: all the regions of the earth and the oceans in which the water is in solid state, including sea ice, ice lake, river ice, snow cover, glaciers and polar caps and frozen ground ( INCLUDED THE PERMAFROST). Lithoosphere: the superior layer of
the solid land, both continental and oceanic, which includes all the rocks crostals and the cold part, mainly elastic, of the upper cloak. We think of why we should want to include all these «spheres» in our models. Here are two beautiful figures from the IPCC ratio AR5 WG1: InA, [1]: from ipython.display Import Image (URL = 'http: // www
.climatechange2013.org / images / figures / wgi_ar5 figl-1.jpg ', width = 1000) out [1]: Figure 1.1 | Main climate change drivers. The radiative balance between the solar radiation with short wave (SWR) incoming and the output long wave (OLR) radiation is influenced by the global climate drivers. The natural fluctuations of solar production (solar
cycles) can cause variations of the energy balance (through fluctuations of the amount of incoming CFA) (section 2.3). The human activity changes the emissions of gas and aerosols, which intervene in atmospheric chemical reactions, determining a modification of the quantities of O3 and aerosol (point 2.2). The particles of O3 and aerosol absorb,
disperse and reflect CFAs, changing the energy balance. Some aerosols act as cloud condensation nuclei by modifying the properties of cloud droplets and eventually influencing precipitation (section 7.4). Since clouds interactions with CFAs and CFAs are large, small variations in cloud properties have important implications for the radiative budget
(section 7.4). The anthropogenic changes of greenhouse gases (for example CO2, CH4, N20, O3, and large aerosols (size > 2.5 to 4 m) change the amount of LWR output by absorbing LWR output and re-emitting less energy at a lower temperature (Section 2.2). The surface albedo is is From variations of vegetation or terrestrial surface properties,
snow cover or ice and ocean color (section 2.3). These changes are guided by seasonal and daytime changes (for example, snow cover), as well as human influence (for example, changes in types of vegetation) (Forster et al., 2007). In [2]: Image (URL = 'http: //www.climatechange2013.org/images/figures/wgi ar5 figl-2.jpg’, Width = 1000) Out [2]:
Figure 1.2 | Climatic and timing answers. Climatic feedbacks related to the increase in CO2 temperature and increase include negative feedback (a € ") like LWR, LAPSE Rate (see Glossary in Annex III), and exchange of air-sea carbon and positive feedback (+) Like water vapor and snow / Cito feedback albedo. Some feedbacks can be positive or
negative (A £): clouds, ocean circulation changes, air-land CO2 exchange, and non-GHG and aerosol emissions from natural systems. In the smaller box, the big difference of times for various feedback is highlighted. Let's talk about times. Note that the IPCC figure goes only to centuries a € "the deep ocean circulation a €" but there are many time
scales even longer in the climate system. For example the growth and decay of ice sheets, geological processes such as chemical meteorism, continental drift The choice of which processes to be included in a model should therefore be guided by maturities of interest. For example, the IPCC process mainly deals with the time scale of the century,
because it is of particular concern for human affairs. So we don't tend to include ice shells and geological feedbacks a € "even if the modeling of paired ice sheets is becoming more important. 2. Simulation against parameterization better to discuss this with a specific example: Poleward thermal transport We know that the atmosphere moves a lot of
energy from low hot latitudes at high cold latitudes - about 5 pw = 10 $ ™ {15} $ to say the real. This energy transport occurs mainly in transient meteorological systems (cyclones and anticyclones), in which the hot and humid air tends to move towards the pole and towards the cold, the dry air tends to move towards the equator. (We will look at this
more attentive earlier in the semester) precisely about every climate model must take into account this transport and its effects on energy budgets in any climate model (unless it is only global medium). So how can we do it? Parameterization: represent the net effect of many meteorological systems with an empirical relationship, such as the diffusion
of the average Say $ T (Y) temperature gradient (Y) $ is the average zonally temperature, $ Y $ is transport latitude = $ K ~ DT / DY $ Use the transport observed to choose an appropriate value for $ k $ PRO: simple to implement, easy to understand the result with: how could the $K$ change with climate change? We have no way of knowing, and we
have to speculate. Simulation: Solve the time-dependent movement equations on a space resolution grid sufficient to represent the growth and decay of the synoptic weather systems. Pro: The model is based on real physical principlesReads of movement, mass and energy storage). It is therefore more likely to remain valid under changing climatic
conditions. With: Requires many computer resources. It must simulate time even if we really want the climate (time statistics!) Essentially a simulation involves representation (at least some aspects of) the underlying rules that regulate the process. There is a causality connection input chain for output. The parameterization involves the production of
hypotheses on the statistical properties of the process - so we can calculate some relevant statistical properties of the output given the entry, without having explicitly modeling the actual events. 3. Presentation of the GCM A A GCM: A,Afldependent on who ask, be: is: the general circulation model (the original model) global climatic model (most
common these days) reading from the climate modeling primer Enchant the history of GCMS development: started as atmospheric models and separate ocean models gradually more and more processes are coupled together. This leads to incredibly complex pieces of software, running on some of the largest computer clusters in the world. In [3]:
Image (URL = 'http: //www.climatechange20161.org/images/figures/wgi ar5 figl-13.jpg’', width = 1000) Out [3]: Figure 1.13 | The development of climatic models in the last 35 years shows how the different components were coupled in complete climatic models over time. In every aspect (for example, the atmosphere, which includes a wide range of
atmospheric processes) the complexity and the process range increased over time (illustrated by increasing cylinders). Note that during the same time the horizontal and vertical resolution has increased considerably for example, for the spectral models of T21L9 (about 500 km of horizontal resolution and 9 vertical levels) in the 1970s at T95L95
(about 100 km of horizontal resolution and 95 vertical levels) Currently, and that now Ensemble with at least three independent experiments can be considered as standard. IN [4]: a4 €
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