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A légkor kémiai Osszetétele:

alkoto Fold Mars Vénusz
N, (28,01) | 77.8 2,7 3,49
Os (32,00) | 20,8 0,13 —
Ar (39,95) 0,9 1,6 0,007
H,O (18,02) | ~0.4 0,03 0,002
COsy  (44,01) 0,04 95,32 96,5
egyebek 0,06 0,22 0,001
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Pools and Fluxes

Cr Earth, water can be fresh, saline, oramixofboth
Pools are places whers water ‘s stored, like the ocean.

- Fluxes are the \\ﬂ3y< tiatwates hetwesn oacls, suck
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h w l Poals store water. 96% of all water is stored in oceans Fluxes move water between pools. As it moves, water We alter the water cycle. We redirect rivers. We build We affect water quality. In agricultural and urban areas,
T e ater Cyc e and is saline. On land, saline water Is stored in saline can change form between liquid, solid, and gas. dams to stere water. We drain water from wetlands for irrigation and precipitation wash fertilizers and pesticides
lakes. Fresh water is stored in liquid form in freshwater  Circulation mixes water in the oceans and transports development. We use water from rivers, lakes, reservoirs, into rivers and groundwater. Power plants and factories
The water cycle describes where water is on Earth and lakes, artificial reservoirs, rivers, and wetlands. Water  water vapor in the atmosphere. Water moves between and groundwater aquifers. We use that water to supply return heated and contaminated water to rivers. Runoff
how it moves. Water is stored in the atmosphere, onthe  is stored in solid, frozen form in ice sheets and glaciers, the atmosphere and the surface through evaporation,  our homes and communities. We use it for agricultural carries chemicals, sediment, and sewage into rivers and
land surface, and below the ground. It can be aliquid,a  and in snowpack at high elevations or near the Earth’s piration, and precipi Water moves irrigation and grazing livestock. We use it in industrial lakes. Downstream from these sources, contaminated
solid, or a gas. Liquid water can be fresh, saline (salty), or poles. Water vapor is a gas and is stored as atmeospheric  across the surface thmugh snowmelt, runoff, and activities like thermoelectric power generation, mining,  water can cause harmful algal blooms, spread diseases,
a mix (brackish). Water moves hetween the placesitis moisture over the ocean and land. In the soil, frozen streamflow. Water moves into the ground through and aquaculture. The amount of water that is available and harm habitats. Climate change is affecting the water
stored. Water moves at large scales and at very small water is stored as permafrost and liquid water is stored  infiltration and groundwater recharge. Underground, depends on how much water is in each pool {water cycle. Itis affecting water quality, quantity, timing, and
scales. Water moves naturally and because of human as soil moisture, Deeper below ground, liguid wateris groundwater flows within aquifers. It can return to the quantity). It also depends on when and how fast water use. Itis causing ocean acidification, sea level rise, and

actions, Human water use affects where waterisstored,  stored as groundwater in aquifers, within cracks and surface through natural groundwater discharge into moves (water timing), how much water we use (water more extreme weather, By understanding these impacts,
how it moves, and how clean it is. pores inthe rock. rivers, the ocean, and from springs. use), and how clean the water is (water quality). we can work toward using water sustainably.



Deep ocean 1,100,000 @ 1,300,000
Surface ocean - 90,000 w@n 170,000
Ice sheets and glaciers 24,000 @ 29,000
Non-renewable groundwater - 8,000 —@— 23,000
Renewable groundwater 300 —@— 1,200
Permafrost - 22 @1 300
Fresh lakes - 91 @130
Saline lakes 85 @ 100
Soil moisture 17 it 120
Wetlands 11 @17
Atmosphere over the ocean 8.0 @12
Reservoirs 7.0 15
Atmosphere over the land 2.7@ 3.3
Seasonal snowpack 26 @ 35
Rivers 1.3 Hi§ 2.1

Biological water 0.6 H® 1.1

1 100 10,000 1,000,000
Pool size (10° km®)

Abbott, B.W., Bishop, K., Zarnetske, J.P. et al. Human domination of the global water cycle absent from depictions and perceptions.
Nat. Geosci. 12, 533-540 (2019). https://doi.org/10.1038/s41561-019-0374-y
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Interbasin ocean circulation - 4,500 @7,000
Vertical ocean circulation - 1,600 HiH 2600
Ocean evaporation 350 @510

Ocean precipitation - 320 460

Land precipitation g8 @ 120

62 @ 75
36 Hu 56
35 i) 50

21 @ 25

Land evapotranspiration

River discharge to ocean

Ocean to land atmospheric flux

Total human water appropriation
Green water use - 15 i 22

Groundwater recharge - 12 @—125

Groundwater discharge to ocean 4 0.1 ¢ @-c5
Blue water use - 3.8 U660
Land ice discharge - 1.9 W 45
Grey water use - 1.0 =@ 2.0

River discharge to endorheic basins 0.6 wilh=t 1.1

T I
1 100 10,000
Flux magnitude (10° km® yr'')

Abbott, B.W., Bishop, K., Zarnetske, J.P. et al. Human domination of the global water cycle absent from depictions and perceptions.
Nat. Geosci. 12, 533-540 (2019). https://doi.org/10.1038/s41561-019-0374-y
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Atmospheric CO; at Mauna Loa Observatory

420
400

380

320

Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory

August 2022:

SCRIPPS a
OCEANOGRAPHY

UC San Diego

417.19 ppm

&

1960

1970

1980

1990

Yaar

2000

2010

2020



CO, lifetime: 300-1000 years

Global Stations
Carbon Dioxide Concentration Trends

Data from Scripps 002 Program Last updated August 2019
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Atmospheric Carbon Dioxide (CO;) from Satellites
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Atmospheric Methane (CH4) from Satellites

1950 - Jan-jun 2003 Jul-Dec 2003

1900 +

1850 A

1680 1760

1720 1800

1640

1800 A

1750

Jan-Jun 2019

Column-averaged CHy4, XCHy4 [ppb]

1700 A

1650 1 NorthernHemisphere

Global
SouthernHemisphere

1740 1780 1820 1860 1900

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Time [year]

Data:2003-2019:XCH4_OBS4MIPS(v4.2);2020:CAMS(NRT) - Satellites:SCIAMACHY/ENVISAT+GOSAT - Credit:C3S/CCI/CAMS/Univ.Bremen/SRON

R C IMPLEMENTED BY 7 X

' EUROPEAN UNION ; . ECMWF PR N o

b .t — ge Service T ]
OPErMICUS 90~ . S

Europe's eyes on Earth



GLOBAL METHANE BUDGET ®®O

CH4 ATMOSPHERTC

TOTAL EMISSIONS GROWTH RATE TOTAL SINKS
10
558 (94-106) 548
(540-568) (529-555)

a N
105 188 34 167 64 515 33
(77-133) (115-243) (15-53) (127-202) (21-132) (510-583) (28-38)

. | Sink from
] chemical reactions
L v in the atmosphere
1 3w b
" \ o \ Sink in soils
) D RN NARY iii o b y R0 "a \.'-f".. i - - :

Fossil fuel Biomass
production and use Agriculture and waste burning Wetlands Other natural
emissions
Geological, lakes, termites,

EMISSIONS BY SOURCE oceans, permafrost

'75" FONDATION
*

Natural and anthropogenic A e BNP PARIBAS

In million-tons of CH,4 per year ( Tg CH, / yr), average 2003-2012
: y ; ; . GLOBAL‘



Globalis felmelegedés

Global Land and Ocean

October Temperature Anomalies
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Global warming
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Global warming
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Global warming
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P. Krohn, 2001
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Paleoclimatic reconstruction
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GPCC Monitoring Product Gauge—Based Analysis 1.0 degree
precipitation anomaly for May 2012 in” mm/month
(deviation from normals 19%1/2000 Y {grid based)
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Every processes are driven
by the insolation ...

Total Solar Irradiance:
1360.8 + 0.5 W/m?
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SPECTRAL DENSITY OF IRRADIANCE

Top of atmosphere (~5800 K)
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A BESUGARZAS SPEKTRALIS ELOSZLASA

Atmoszféra teteje (~5800 K)
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Reflected solar
radiation
k 107 W m-2
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and atmosphere
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Change.in effectivq radiative forcing frorp 1750 to 21019 ERF (W m™?)

Carbon dioxide 2.16 [1.90 to 2.41]

0.54 [0.43 to 0.65]

Other well-mixed 0.21 [0.18 to 0.24]

greenhouse gases

Ozone 0.47 [0.24 to 0.71]
at;?é?ig';%ﬁ‘? 0.05 [0.00 to 0.10]
Albedo Land use Light absorbing particles on -0.20 [-0.30 to -0.10]

snow and ice 0.08 [0.00 to 0.18]
0.06 [0.02 to 0.10]

. -0.22 [-0.47 to 0.04]
Aerosols Aerosol-cloud Aerosol-radiation -0.84 [-1.45 to -0.25)

Solar + -0.02 [-0.08 to 0.06]

Contrails & aviation-
induced cirrus

-2 -1 0 1 2 3
ipcc

Effective radiative forcing (W m‘z)

Climate Change 2021
The Physical Science Basis

Summary for Policymakers




Thermal convection

httpdiwwrw bigpicture. in/
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The ,,big view”

Subpolar ~ Polar high
low it

Lutgens & Tarbuck, 2001.



Global Environmental Satellite Observation Network
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BP Deep Blue Horizon, 2011. May 16.
Air France 447, 2009. May 31. s vl e B8 0 p y

I. R. Young, S. Zieger, and A. V. Babanin, Science, 332, 451-455 (2011).



Chemical composition of sea water:
Mean salt content: ~35 g/kg

Comparison of Major Elemenis in the Dead Sea,
the Mediterranean sea and Typical ocean Water.

Ilediterrane

an cea Water
Chloride 22,900 19,000
Ilagnesim 1,490 1,350
Sodium 12,700 10,500
Caleim 471 400
Potassium 471 290
Bromide Th 2]
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Global current sytems in the world ocean:

(1) Wind driven surface flow:
wind shear [N/m?]:
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(1) Wind driven surface flows: gyres
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(2) The global ,,ocean conveyor belt”




(2) The global ,,ocean conveyor belt”
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a. Global climate history
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Paleoclimatology
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Paleoclimatology
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Common mistake ...

K& World population growth, 1700-2100
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Data sources: Our World in Data based on HYDE, UN, and UN Population Division [2012 Revision]
This is a visualization from OurWorldinData.org, where you find data and research on how the world Is changing. Licensed under CC-BY by the author Max Raser.



