Weather and water
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Meridional (poleward) energy transport

A In the tropics, the overturning circulation moves
heat from the equator to the subtropics

A In the midlatitudes the energy transport is my
storms

A Heat transport is bigoth temperaturand watelr



Water and energy

Recall heat capacity:

A Putenergy in waterheats up
I What happens if it reaches the boiling temperatur

A Takeenergy outwatercools down
I What happens if it reaches freezing temperature?

Heat capacity of ocean water: 3993 J/kg/K
Heat capacity of air: 1005 J/kg/K
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Three phases of water

A Gas water vapor
A Liquid liquid water/ocean
A Solid ice/snow/ice sheets

Same stuff, but different configuration of molecules!

Requires energy to go from one to the other.

Gas
: Liquid
Solid d Molecules freely fly
molecules locked | Molecules slide past nd, bombing
In place one another, but nﬁo one anothe
Interact

Lower energy

Higher energy



Phases of water
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e.g., snow, hail, ice sheets,

sea ice, glaciers e.g., ocean, lakes, e.g., atmospheric
rain drops water vapor
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Latent heat

A Energy required to change from liquid to gas
(l.e., evaporation of water to water vapor)

A So when boiling water, heats up to 100 C.

A Then keep putting in energy (i.e., flame)
temperature stays the same, but turns into gas

ABe warned, dondt put ha
(colder hand allows the gas to condense, and
all that energy is converted into heat... And
lots of it!)



Consider: Consider heating 1 kg of water from 20 to 100C.
How much energy?

Heat capacity of water is 3993 J/kg/K

So 80K change means 319344 Joules of energy
Recall 1 Snickers is about 1000J, so about 319 Snikers!
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What if we keep heating?!

A Temperature can not increase more, but starts to boil.

A Energy continues to go in, and causes water to be
converted from liquid to gas.

A 1t will required 2,500,000 Joules to convert all of 1 kg to
vapor. (So 2500 Snickers!)

A This is thdlatent heat of vaporizatiod . and it



Where water happens matters

A Regions where evaporation occur atmosphere t
up latent energy
(e.g., removes energy from the ocean)

A Regions where precipitation occurs:
Latent energy Is deposited in the atmosphere
(i.e., heated during condensation)
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Where does the water go?

Precipitation
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Ailr that Is warm than air
that I1s cold:

can have more water vapor

can have less water vapor

IS heavier

. always contains more water vapor
always contains less water vapor

moow>



Which of the following Is/are true.

A. Global warming allows more water in the
atmosphere

B. There are no clouds over subtropical
deserts because of high surface pressure

C. Latent energy is transported from the
subtropics to the equator

D. All of the above
E. None of the above



Annual mean precipitation

Pentad mean Precipitation (mm//day): Annual mean
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Water vapor guantities

A Dew point temperature
Temperature at which air would saturate

A Vapor pressure
Proportional to number of molecules of water

A Relative humidity | |
How much water relative to holding capacity
Not proportional to amount of water!

Few others

A Specific humidity mass water / mass wet air
A (Mass) mixing ratio mass water /mass dry air
A Precipitable water amount (depth) of rain if all

water squeezed out of air



Sea surface temperature

Pentad mean SST (°C):
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Precipitatable water

A Global mean ~ 25 mm (i.e., 1 inch)

NCEP Reanalysis http://www.cdc.noaa.gov/



