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Dynamics of surface chlorophyll distribution as marker of the ocean processes (by satellite data)
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The Global Ocean is the largest part of the biosphere of the Earth, and, thus, investigation of chlorophyll concentration dynamics is extremely important for studying global carbon cycles. But the present oceanic processes differ in space and time. When mean or total biomass in the ocean is calculated, the processes induced by different physical reasons superpose.
As it is known a priori that extremely high and extremely low chlorophyll concentrations are associated with different physical processes, we applied the method of statistical distribution analysis of data to every pixel. With this approach, extreme values are investigated in greater detail. We divided the range of values for every pixel into 5 parts; seasonal variations were taken into account. The spatiotemporal distribution of the dynamics of extreme values was investigated. This approach made possible discovering the commonality of processes in the different oceans and defining a problem of revealing global processes responsible for this commonality.
Hydrological processes largely determine phytoplankton dynamics, which may be either recurrent or random. The types of chlorophyll concentration dynamics can manifest as zones quasistationary by seasonal chlorophyll dynamics, perennial variations of phytopigment concentrations, anomalous variations, etc. Close correlation of chlorophyll concentration distribution with hydrological processes makes concurrent analysis of the variability of temperature fields especially important.
The large set of data provided a way to look at the other aspect of chlorophyll concentration dynamics - anomalies of chlorophyll concentration against the background of seasonal variations. For this purpose special criteria were proposed for revealing the regions in the global ocean with the high probability of occurrence of anomalies. However, the processing of the whole data set showed that the area where anomalies occurred was so large that ignoring this phenomenon can lead to misinterpretation of results. Thus, it would be more correct to consider this phenomenon as a special type of phytopigment dynamics on the global scale.
Maps of negative and positive anomalies of the temperature were calculated to compare them with anomalies determined using chlorophyll concentration data. It was shown that in the case of negative anomalies, the obtained zones were similar, whereas in the case of positive anomalies the correlation was more complicated. This can be accounted for by different natures of negative and positive anomalies of the temperature. The obtained results provide a way to improve understanding of hydrobiological processes in the ocean on the global scale and their relationship with the hydrological structure of the ocean.
Seasonal dynamics of phytopigment concentrations in the ocean is one of the key factors indicating the types and intensity of hydrobiological exchange processes in the ocean surface layer. Thanks to the efficient operation of the SeaWiFS equipment, we have managed to carry out statistical analysis of image time series, which is necessary for investigations of oscillatory hydrobiological processes on a global scale. Using the autocorrelation method, we revealed a pronounced heterogeneity of the types of seasonal dynamics in the ocean. The most interesting feature of the pattern obtained was the diversity of the seasonal dynamics of chlorophyll concentration under similar climatic conditions. Another interesting feature of such data presentation is that two types of seasonal dynamics- yearly and half-yearly - were defined.
In this work long-term changes in chlorophyll concentration in the surface layer of the ocean have been analyzed on the basis of the CZCS data for 7.5 years from 1979 to 1986 and the SeaWiFS data from 1997 to 2008. It has been shown that the average chlorophyll concentration calculated in all investigated areas varies moderately. However, when analyzing spatially local trends, the areas have been detected that have significant rise and fall of chlorophyll concentrations. Some interesting features of the long-term dynamics of chlorophyll concentration have been found. The opposite directions of long-term trends (essential increase or decrease) cannot be explained only by large-scale hydrological phenomena in the ocean (currents, upwellings etc.). The measured chlorophyll concentration results from the balance between production and destruction processes. Which process dominates is determined by various hydrophysical, hydrobiological, and climatic processes, leading to sharp rises or falls of the concentration. Thus, the obtained results can be used to estimate long-term changes in the ocean biota.
