Lecture 19-20 Climates & Climate Variability 


Weather: state of atmosphere at given time and place – instantaneous  weather = f(temperature, air pressure, humidity, cloud cover, wind speed and direction)

· Weather is instantaneous state of atmosphere at one point geographically at a specific time, weather is not climate  

Climate: is the average weather over a long-term accumulation of about 30 years

Climate system: complex system that tries to understand interaction from all sub components, doing that keeping space and time in mind. All interactions between the atmosphere, hydrosphere, Cyrospshere, lithosphere, and biosphere

System: group of interacting parts that form a complex whole

Components of a climate system: everything affect everything else, sea change feedback than measure reaction and see a difference
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The forcing shown above represents the input that we are changing e.g. change in Earth’s orbit may change the amount of heat that hits the Earth.
We can impose change by an internal forcing, if to plates converge what can be the impact of that on climate, which turns into an output?

Time scales of the climate system:

· Numerous time scales, difficult to describe a ten year cycle from a thousand year cycle
· Crucial perspective to keep in mind
· Climate varies on different time scales from the billion year geologic-scale to the 100 year human lifetime-scale
· Time scales of variation shown in slide 6, you have the largest time scale in brown, main driver was plate tectonics, super continent assembly breakup
· Second scale we can observe another measurable cycle variation
· If we zoom in, in the time scale we reach the historical time scale where humans first appeared.

Response of the climate system:

Climatic response: depends on rate of change of climate forcing vs. the response time of the climate system

· Observing the forcing vs. response, observe the change?
· Slow forcing and fast response you can be sync you can be measuring change as change is preceding
· Drastic forcing, and slow response, response is slow by time forcing is over, you don’t really see effect (eclipse). This is b/z it is very short lived
· 3rd way is the general way of this happen  a common cyclically forcing
· When the forcing is rapid, even if the forcing effect goes down the response is so slow that we still see change.

Components of the climate system:

· atmosphere
· hydrosphere and cryrosphere
· lithosphere
· biosphere

Atmospheric structure is divided into 4 layers = f(T)

· Vertical profile of atmosphere, divided into 4 layers blue line shows decrease in temp as you get away from earth surface
· Troposphere: where water vapor is contained, temperature decreased upward. This isi the densist layer. It is also called weather sphere, and it is a turbulent layer
· Convection in troposphere  wind, storms  redistribution of E from equator  poles  (via circulation cells) recall the polar, hardly, fatly cells?
· The uneven heating effects the climate, uneven heat must be rebalance by moving air moving in atmosphere
· Gases within the atmosphere dominated by N, and O, and Argon others include CO2 + water vapor (principal green house gases)
· Greenhouses gases: gases in an atmosphere that absorb and emit radiation within the thermal infrared range
· Infrared is what greenhouse gases interact most with, they capture the absorbed infrared and re-emit the infrared, effect is based on greenhouse potential and presence of this gas
· [bookmark: _GoBack]Greenhouse effect: warming effect of planet with atmosphere containing greenhouse gases that re-emit heat towards the planets surface
· All objects emit energy, hotter objects emit more energy than colder, most is emitted as visible light
· 4 basic laws governing radiation (important terms of greenhouse gases, good absorbers and emitters)
· All objects emit radiant energy
· Hooter objects > total E than colder objects
· The hotter the radiating body, the shorter the lamda of max. Radiation
· Objects that are good radiation absorbers are also good emitters
· Basic principal energy in Earth  IN=OUT, done by matching the inputs and outputs
· INPUTS=OUTPUTS	
· Earth re-emits heat, and greenhouse gases captures and doesn’t let it get reemitted, so we have a deficit, in this surface in order to achieve energy balance earth has to heat up so it can reemit, so the temp of the Earth is raised by 33 degree’s, greenhouse gases act as a blanket that increases surface Temperature
· Earths temperature with or without greenhouse gases the different in temp without is -19, with is 14
· Albedo: perctange of solar radiation from a surface back into space
· High albedo (white), snow has a high albedo
· Oceans somewhat moderate albedo
· Hydrosphere: comprises of all the liquid + solid water on Earth
· Cyrosphere: all solid water (ice)
· Liquid waters main contribution to the climate system
· Transfer heat (high heat capacity and low albedo)  equator poles
· Transport – sediments, nutrients, dissolved gases
· Facilitate weathering (interface between atmosphere and lithosphere)
· Supply water vapor to atmosphere (evaporation)
· Importance – glacier and ice sheets (today)  75% of Earth’s fresh water, 10% of land surface
· Role  constant exchange between the cyrosphere and hydrosphere
· Climatic effects  Earth Albedo, atm. Circulation, weathering
· 
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· most energy if observed by ocean water, will become heated
· thermohaline circulation is based on the density of water
· Lithosphere  affects climate mostly from position and topography of landmasses
· Land surface (30% of Earth’s total area) absorbs and returns solar energy
· E.g. migration of landmasses over poles allows formation of continental ice-sheets (Antarctica, ice sheet), land surface position partly controls ocean currents, and climate
· Position of continent direct predictor of climatic experience, directly related to latitude
· Where land mass is will directly effect climatic region
· Partly controls ocean currents, and climate
· Millions years ago their was a gap between pacific and Atlantic now that gap is closed, and pattern of currents have changed
· Volcanism affects atmospheric dust level (blocks solar rad. And reduce T) – release water vapour different gases, effect climate eject particles into atmosphere 
· Aerosls: tiny solid and liquid particles that suspended in atmosphere in a long time, aerosols block incoming sun and reduce Earth surface temperture
· Topography affects wind and rain patterns 
· Orographic effect  where you are pushing litoshphere up from collision you are actually influencing perciptation pattern, the side that is upwind, will get wet climate, and downwind would be much drier
· Connection between topography and precipitation…
· Supercontinent assembly and orogeny kick start weathering 
· Weathering  link between chemical weathering and climate
· Storage of CO2  it rains out and forms carbonic acid on lithosphere, tree’s vegetation also take up CO2
· Mina minerals in lithosphere  silicates, and carbonic acid, and chemical weathered chemicals of continentally crust and release ions, brought by streams into ocean water, and become available in planktonic organism…die they rain out precipitate, and get buried, and become part of lithosphere
· So your taking CO2 and storing it in lithosphere
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Effect on climate  we take up CO2 to participate in chemical weathering, CO2 goes down, temperature goes down, rate of reaction goes down, CO2 builds up in atmosphere, and temperature will increase and rate of chemical weathering up again and cycles again

Super continent assembly and breakup cycles can be related to climate 
· tectonic-scale climate change
· we have lots up uplift in collision mode, promoting weathiering, CO2 gets used up, goes down, temperature goes down (cool earth), then we get ice sheets, lots up upflit rate, extra wreathing and less CO2. And your not breaking them apart, so ur decreasing mid-ocean ridges, and volcanism is less
· breakup  thinning the lithosphere  increase mid-ocean ridges, shooting CO2 back into atmosphere, we are not creating topography, weathering not important, and creating a greenhouse world, melting of ice sheets

The Biosphere:
- influences climate, but not as global scale as the rest
- vegetation acts as a trap for moisture
- this will increase temperature
- plans emit water vapour (also contributes)
- effects of humans
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Summary of each role-plays for climate

How do we measure climate change?

· Earth formed yeaaaaars ago, so how?
· Paleoclimatology – the study of the past climate through proxy data
· Proxy Data – indirect evidence from natural recorders of climate
· Seafloor sediment  layered deposits (time), biota reflects ocean conditions  continues record of ocean deposition, the longer the better, we tend to get them quiet setting, and continuous, more off-shore, quiet deep environment
· Assumptions  certain organism live in certain water conditions, assume theirs a connection between air and water temperature  marine organisms distribution and abundance are affected by ocean T  change in climate will be reflected by these organism as they die and and get buried on the ocean floor sediment
· Ice cores  same thing
· Others: tree rings, pollen, coral, volcanic ash…
· look at O18/O16 ratios and can estimate periods of glacial activity
· isotopes: same elements different amount of neutrons
· how can it help us?
· Lighter O16 more easily from oceans  oceans become O18 enriched
· Heavier O18 perciptate more easily  rain returns O18 to surface and cloud is further enriched in O16
· During periods of glaciation, O16 is trapped in ice  oceans are further enriched in 18O
· Warm Period Normal ratio O18/O16
· Glacial period  oceans are enriched in O18
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Measuring climate change - oxygen isotope



Oxygen isotope ratios 18O / 16O can help estimate past volumes of ice-sheetsOxygen isotope ratios O / O can help estimate past volumes of ice sheets



Warm period Glacial period



Oceans are 18O enriched 
i.e. + ‰ 18O values
(  d d  f 0 ‰)



‘Normal’  18O / 16O ratio
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(vs. standard mean of 0 ‰)
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Components of the climate system



Cli t  h  t l f iClimate change ĺ external forcing



ĺ internal response
and feedback



of/within CLIMATE SYSTEM



and feedback



EXTERNAL /INTERNAL FORCING INTERNAL FEEDBACK CLIMATE CHANGE+ ĺ
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components of a climax system everything affects everything elese
see a change feedback than measure reaction and see a difference.

we can impose change by an internal forcing, if to plates converge wat can be impact of that on climate which turns into an output











image2.emf



Components of the climate system – the cryosphere



Importance –



Glacier and ice sheets (today) o 75% of Earth’s fresh water



o 10% land surface



Importance 



R l  



e g  18 000 yrs ago (LGM)  vol  cryosphere 3x n  & sea level 130 m p
Constant exchange between the cryosphere and hydrosphere -



Role –



e.g. 18 000 yrs ago (LGM), vol. cryosphere 3x n, & sea level 130 m p
Climatic effects –



¨ Earth albedo, atm. circulation, weathering, …



Hydrosphere vs. cryosphere 
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Chemical weathering -



Components of the climate system – the lithosphere



Chemical weathering 
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reacts with minerals
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start here! reacts with minerals
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Components of the climate system



Summary of interactions between components of climate systemSummary of interactions between components of climate system



Component’s role = f(store & transfer E)
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(Fig.1.5 - Ruddiman 2008)
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