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​Abstract​ ​:​ ​We​​explore​​two​​different​​challenges​​in​​geophysical​​flows.​​The​​first​​concerns​​the​​collision​
​of​ ​particles​ ​in​ ​a​ ​turbulent​ ​background​ ​that​ ​determines​ ​whether​ ​raindrops​ ​will​ ​form​ ​in​
​clouds​​or​​whether​​plankton​​blooms​​will​​survive​​in​​the​​ocean.​​The​​second​​concerns​​energy​
​interactions​​in​​the​​ocean​​that​​ultimately​​determine​​turbulent​​mixing​​of​​energy,​​temperature,​
​salinity,​ ​and​ ​nutrients​ ​throughout​ ​the​ ​ocean​ ​abyss.​ ​Both​ ​these​ ​problems​ ​suffer​ ​from​
​enormous​ ​scale​ ​separation.​ ​In​ ​this​ ​thesis,​ ​we​ ​distill​ ​the​ ​problems​ ​down​ ​to​ ​their​ ​most​
​relevant dynamics and analyze them. Doing so, we uncover new phenomena.​

​While​ ​it​ ​is​ ​known​ ​that​ ​regions​ ​of​ ​high​ ​strain​ ​trigger​ ​particle​ ​collision​ ​in​ ​turbulence,​ ​we​
​show​ ​that​ ​the​ ​kind​ ​of​ ​strain​ ​matters.​ ​Particles​ ​can​ ​avoid​ ​collisions​ ​despite​ ​encountering​
​high​​strain​​if​​they​​originate​​from​​extensive​​strain​​regions.​ ​We​​also​​find​​detailed​​pathways​
​for​​energy​​to​​cascade​​from​​internal​​tides​​to​​dissipative​​scales​​by​​forming​​an​​internal​​wave​
​continuum​ ​at​ ​small​ ​submesoscales.​ ​This​ ​behavior​​departs​​from​​the​​traditional​​large-scale​
​mesoscale behavior where tide-eddy interactions are insufficient to form a continuum.​
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