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Circulation of water on Earth

EARTH’S WATER

~ Most (97%) of the water on
Earth is

3% is FRESHWATER

~ The majority of the remaining % ¢ S
3% is in polar ice sheets

1% OF FRESHWATER

~ This leaves only .001% in the eSS
atmosphere, most in the
gaseous (vapor) form.




FATER CYCLE

Condensation

Transpiration

Evaporation from Plants

from Oceans,
Lakes & Streams

Groundwater
Surface Runoff




~ Liquid water evaporates from the ocean, condenses into to
clouds and produces rain.
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~ Liquid water evaporates from the ocean, condenses into to
clouds and produces rain.

Condensation

Transpiration

Evaporation from Plants

from Oceans,
Lakes & Streams SR

Groundwater =
Surface Runoff

~ The rain falls into the ocean or onto land where it flows
back to the ocean or is evaporated through plants.
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Humidity: Water vapor in the air

~ Humidity is the broad term for how much water is in the air.

_Total Precipitable Water 2020-02-132000UTC _________________

120°E 150°E 180° 150°W 120°W 90°W

~ Meteorologists have many ways to quantify water vapor
content, including specific humidity, mixing ratio, vapor
pressure, relative humidity, and dew point.
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» Gas Pressure is »<gs
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gas particles
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~ |t’s not convenient to measure the
mass of air and within it.

~ |nstead, we measure the amount of
exerted by the vapor, called

the
~ Vapor molecules the sides of
a container exert a (per area)

we measure as
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~ Imagine a flask filled with dry air and
some water, fitted with a pressure
gauge at constant
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~ Imagine a flask filled with dry air and
some water, fitted with a pressure

¥

gauge at constant : W
P%s%;e/, . \ vapor /, : : ( |
~ Immediately, some water molecules 0 Qs e &

H,O vapor

will leave the liquid and evaporate
into the air (think evaporating
puddles), increasing humidity.

~ These vapor molecules will hit the sides
of the flask, increasing the
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~ Initially, more water molecules will be
leaving the liquid than returning, but
as more molecules evaporate, more
will condense back out.

~ Eventually, a is
reached where the number

of molecules evaporating
equals the number
condensing.
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~ This is called saturation
(the air is “holding” as much as water
vapor as it can) and the vapor pressure

is called the saturation vapor pressure.
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~ |f the of the flask is
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~ Evaporation will , causing
the to until
a new equilibrium is established and
the air is saturated again (with a
larger number of water molecules).
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can hold is temperature dependent,
with warm air being able to hold
more vapor than cold air.
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~ |In the real world, equilibrium is
rarely reached due to limited
water over land, the slow rate
of evaporation, and the wind




~ |In the real world, equilibrium is
rarely reached due to limited
water over land, the slow rate
of evaporation, and the wind

~ Because saturation is rarely
achieved (exceptions = fog,
dew, clouds), we need a
measure for closeness to
saturation



~ |In the real world, equilibrium is
rarely reached due to limited
water over land, the slow rate
of evaporation, and the wind

Streamflow

~ Because saturation is rarely
achieved (exceptions = fog,
dew, clouds), we need a
measure for closeness to
saturation
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~ Relative humidity is the ratio of how much water the air is
holding to how much it could hold at saturation:

Relative humidity (%) = ctual amountofvapor .,

saturation amount of vapor

40° 70°

90°
l relative ! relative

relative
90% humidity 50% humidity 20% humidity

~ Relative humidity (RH) is used frequently by TV
meteorologists to tell us how moist the air is, BUT this is
misleading and misunderstood!
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~ Relative humidity tells us how close
the air is to saturation, NOT how
much water vapor is in the air
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Relative humidity (%) = ctual amount of vapor

saturation amount of vapor

x 100

~ We can change the relative humidity by changing:

|) the amount of water vapor
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3. Relative humidity =
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3. Relative humidity =
20/20 = 100%
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~ As , so does
the amount of water vapor required
to saturate the air.
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~ We can cool air to the point of saturation, but what happens
if we continue to cool the air?
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1. Saturation mixing ratio 1. Saturation mixing ratio 1. Saturation mixing ratio
at 20° C = 14 grams* at 10° C = 7 grams* at 0° C = 3.5 grams™*

2. H,0O vapor content = 2. H,O vapor content = 2. H,O vapor content =
7 grams 7 grams 3.5 grams

3. Relative humidity = 3. Relative humidity = 3. Relative humidity =
/14 = 50% 'f7 = 100% 35/35 = 100%




~ We can cool air to the point of saturation, but what happens
if we continue to cool the air?

Temperature
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1. Saturation mixing ratio 1. Saturatio t 1. Saturation ng ratio
at 20° C = 14 grams* at 10° C 7 g at O” C= 3.5 grams*

2. H,0O vapor content = 2. H,O vapor content = 2. H,O vapor content =
7 grams 7 grams 3.5 grams

3. Relative humidity = 3. Relative humidity = 3. Relative humidity =
/14 = 50% I = 100% 35/35 = 100%

~ The air will be supersaturated (RH > 100%) and vapor will
condense out, in an amount equal to that needed to
return the system to/100% RH.
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~ |f we keep the moisture
constant, a in

will result in an
increase in RH.
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~ Since the atmosphere goes through a
, so does
the relative humidity, with the
highest humidity at sunrise and the
lowest humidity in the late afternoon.
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~ There is one more measure of humidity to discuss,
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which air needs to be cooled to reach saturation.
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1. Saturation mixing ratio
at 20° C = 14 grams™®
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3. Relative humidity =
38/35 = 100%




~ Cooling past the point of saturation will cause

supersaturation and condensation in the form of clouds,
fog, or dew (thus, the name dew point!).

Temperature
20°C

0°C

J L 3.5 grams J L
) 1 kg air 1 kg air H,0 liquid ) o kg air

&

/ 7 grams \ 7 grams . 3.5 grams\
’ H,Ovapor | | H.O vapor | | \H;O vapor |
\ / \ / \ /

1. Saturation mixing ratio 1. Saturation mixing ratio 1. Saturation mixing ratio
at 20° C = 14 grams™® at 10° C = 7 grams* at 0° C = 3.5 grams*

2. H,O vapor content = 2. H,O vapor content = 2. H,O vapor content =
7 grams 7 grams 3.5 grams

3. Relative humidity = 3. Relative humidity = 3. Relative humidity =
/14 = 50% f7 = 100% 35/35 = 100%




~ Cooling past the point of saturation will cause
supersaturation and condensation in the form of clouds,
fog, or dew (thus, the name dew point!).
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~ Cooling past the point of saturation will cause
supersaturation and condensation in the form of clouds,
fog, or dew (thus, the name dew point!).

-




~ Cooling past the point of saturation will cause
supersaturation and condensation in the form of clouds,
fog, or dew (thus, the name dew point).
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~ The difference between the
and dew point tells
us how close the air is to being
saturated.



Temperature (F) & Insolation (W/m?)

~ The difference between the
and dew point tells
us how close the air is to being
saturated.
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Location: Burdett



Temperature (F) & Insolation (W/m?)

~ The difference between the
and dew point tells
us how close the air is to being

saturated.
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~ Since the dew point is a measure of
the amount of vapor in the air, it is
the quantity the TV folks should
be using to express how humid
the air is!




Temperature (F) & Insolation (W/m?)

~ The difference between the
and dew point tells
us how close the air is to being
saturated.
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