Il - Energy Flow in the Climate System

Circulation cells and precipitation
The Ocean Land Exchange

Where do the Seasons come from?
Seasonal Land-Ocean variability

Wind effects on Ocean flows
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Energy Input and Energy Distribution on Earth

Incoming solar
radiation

The total energy input
per second at top of the

atmosphere is
Non-rotating disk 1368 W/m?

surface are- = mr?

1368 W/m?

average radiation
at surfa-u:
1368 W/m?

Rotating spher2

surface area = 47mr?

average radiation
at surfac~- rftace area

342 W/m2 > =1368/4 W/m?
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Earth's Energy Balance (in W/m?, £ 20% uncertainty)

Reflected Solar
107 \ Radiation
107 Wm?

Reflected by Clouds,
Aerosol and
Atmospheric
. Gases

7

Incoming
Solar
Radiation
342 Wm?

342

V

Emitted by
Atmosphere

Emitted by Clouds

Absorbed by
67 Atmosphere

235

Atmospheric
Window

Outgoing
Longwave
Radiation
235 Wm?

Greenhouse

Gases
First law of
3332:'( thermodynamics:
Radiation conservation of

energy

Quelle: Kiehl and Trenberth, 1997

Example: 168 + 324 = 492 = 24 + 78 +390 and 342 = 107 + 235 and 165 + 30 + 40 = 235
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Air circulation in the atmosphere

Air near the equator is warmed, and rises
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solar radiation
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The rising air creates a
circulation cell, called a Hadley
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solar radiation

Rising air -> low pressure
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Sinking air -> high pressure
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Hadley Circulation Cell

Air cools, sinks

ng aiis replaced N> S
Warm air rises
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The rising air creates a H
circulation cell, called a Hadley Cell

L

Rising air -> low pressure \‘ H
Sinking air -> high pressure

solar radiation
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Objects near the poles have less angular momentum than
those near the equator.

When objects move polewards, their angular momentum
causes them to go faster than the surrounding air.
Conversely, they slow as they move towards the equator.

When objects move north or south, their angular momentum
causes them to appear to go slower or faster.

This is why traveling objects (or air parcels) deflect to the
right in the northern hemisphere and to the
left in the southern hemisphere.
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Global Atmospheric Flux Processes

The Coriolis effect causes winds to deflect
as they travel within circulation cells

This breaks up the two large Hadley cells
into six smaller cells.
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Circulation cells and the Jet Streams
Polar Jet il

Subtropical Jet gL

Subtropical jet

Polar Jet

Source: https://wiki.bildungsserver.de 10



Global Atmospheric Flux and Ciculation Cells

A A A Credit: NASA
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CirCUIatiOn CE"S Rising air cools; the air’s

and prECipitation capacity to hold water drops:
: Clouds & Rain!

Air cools, sinks

No rain in
regions
where air is

descending

Rising air is replaced N <
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Precipitation (P)
vs.
evaporation (E)
P<E P=E P>E
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Subtropics

Subtropics
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The Ocean Land Exchange in the Climate System

Caution:
Zonal weather pattern is not completely true.
The pattern is disrupted by land-sea contrasts

Land heats and cools rapidly

Water heats and cools slowly
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2/3 of Earth’s surface is covered by Oceans

Precipitation (P)
VS,
evaporation (E)

P>E
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Subtropics

Hadley

cells
Subtropics




Day/Night Land Ocean Exchange by Sea Breeze

Warm air rises
Onshore wind é (
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A: Seasonal Land-Ocean Variability in Summer
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B: Seasonal Land-Ocean Variability in Winter
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Where do the Seasons come from?

North Pole

Earth’s rotational
plane is tilted with
respect to its orbit
by 23.5°

———— — —= South Pole
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Where do the Seasons come from?

v \

Solstice - Solstlce 4
June 21-22 December 21-22 §

Equinox
March 21-22
Sun vertical at equator

Sun vertical at Sun vertlcal at “_
latitude 23/,°N latitude 23/,°S

Equmox
/ September 22-23
Sun vertical at equator
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Seasonal Radiation (Northern Hemisphere)

SEASONAL RADIATION CHANGES
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Top Solar Radiation in the Northern Winter

T ¢{months) : 8 to 53¢ (averaged) DATA SET: otmsmylG04200.nc
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Seasonal Land-Ocean Variability and Precipitation

Pressure

Low High
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Wind Effects on Oceans

Wind

— Wind moves surface water

Velocity of water decreases with depth
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Coupling between Wind and Ocean Flow

Northern Southern
trade winds trade winds

Equatorial upwelling
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Consequences of upwelling

e Deep waterisrichin

e Upwelling brings nutrient-rich water to the surface ocean,
fueling biological productivity (phytoplankton)

e Zooplankton eat the phytoplankton

e Fish eat both of these -> good fisheries in upwelling zones
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Simplified geometry Ocean basin




Ocean currents form large GYRES




N World Ocean
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Energy Transport by Conveyer Belt in the Oceans

*Atlantic meridional
overturning circulation i =
(AMOC) Bl Salinity > 36 %
Bl Salinity < 34 %
(Rahmstorf, Nature 2002) > Deep Water Formation
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Result: Energy Transport in the Earth System

Solar energy received is greatest
near the equator.

Energy is moved from the equator to the poles.

Energy is transferred by
wind and ocean currents
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Climate and the Water Cycle

* The Water Cycle

5. Transportation

3. Transportation
. A
4. Condensation b

4. Condensation

1 Evaporation

B

~ - -

8. |nfiltration.. 4

100Rlant Uptake

9. Groundwater Flow
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The basic water balance
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Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison

Data taken from: CRUD.5 Degres Dataset tlew, =t al.
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Temperature in Degrees Celsius
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Data taken from: CRU 0.5 Degree Dataset {New, et al.) Atlas Of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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’ F sansal Preci fation In Centimeters ‘

Gotsaken o CRUO'S Begres Doeset Fow o130 Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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SIS,

Precipitation ff

247

Annual Precipitation in Centimeters

Data taken from: CRU 0.5 Degree Dataset (New et al) Atlas Of the B.iosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison




Pot. Evapotranspiration

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Evapotranspiration in mm (Based on 150 mm Water Holding Capacity)

85 120 170

Data taken from: Willmott and Matsuura (2001)
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in mm (Based on 150 mm Water Holding Cap acity)

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison

Act. Evapotranspiration

Evapotranspiration in mm (Based on 150 mm Water Holding Capacity)

0 40 85 120 170

Data taken from: Willmott and Matsuura (2001)

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Rel. Humidity

(%)
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Atlas of the Biosphere

Center for Sm:ainabimy and the Global Environment
University of Wiconsin - Madion

Relative Humidity (%)
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Data taken from: CRU 0.5 Degree Dataset (New, et al.)
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Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Snowdepth in logimm | ‘ A

- L Atlas of the Biosphere

\\ Center for Sm:ainabimy and the Global Environment
University of Wiconsin - Madion
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Data taken from: Willmott and Matsuura (2001) Atlas of the Biosphere
Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Soll Molsture in mm (Based an 150 mm Water Holding Capacity}

m

Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison

Data taken from: Willmott and Matsuura (2001) Atlas Of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison




| Growing Degree Days Based on 3 5 Degree Base Temperature

7000 =)

taken from: CRUO.S Degree Datsset Newet al.) Atlas Of the Biosphere
Center for Sustainability and the Global Environment
University of Wisconsin - Madison

Heat units

Growing Degree Days Based on a 5 Degree Base Temperature

Q 2000 4800 7000 000

Data taken from: CRU 0.5 Degree Dataset {Mew et al.} Atlas Of the Biosphere
Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Nat Brimary Produc tivity (kg-CIm2iyesr)
e ——

Net primary pro-"

Atlas of the Biosphere

Center for and the Global
University of Wisconsin - Madison
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Net Primary Productivity (kg-C/m2/year)

Data taken from: IBIS Simulation
(Kucharik, et al. 2000)
(Faley, et al. 1996)
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Center for Sustainability and the Global Environment
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BGR River Basins and Mean Annual River Discharge (1961 - 1990) N
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Potential Biomes
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Atlas of the Biosphere

Center for Sustainability and the Global Enviranment
University of Wisconsin - Madison

Dats taken from: Ramankutty and Foley 1995

Potentiel Vegetation

Data taken from: Ramankutty and Foley 1999
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Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison
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Global water trends

Gravity Recovery and Climate
Experiment (GRACE)

Fred Hattermann Pascolini-Campbell et al (2021)
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