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Composition of the atmosphere
(remote areas)



Vertical distribution of  atmosphere

� Composition

Omoiosphere (0-100 km)

Heterosphere (>100 km)

Thermosphere (100-400 km)

Exosphere (>400 km)

� Tempereature

Τroposphere (0-12±4 km)Τroposphere (0-12±4 km)

Stratosphere (Τropopause -50 km)

Μesosphere (Startopause-80 km)

� Other criteria

Ιonosphere (70-300 km)

Μagnetosphere (1000 km-10 RΓ)





Greenhouse gases
Infrared radiation emitted 
from the Earth is absorbed in 
the atmosphere by just a few 
gases – the greenhouse 
gases.

Warming of the atmosphere 
by naturally occurring 
greenhouse gases makes 
the surface of the Earth 
about 33oC (59oF) warmer.

However - The amount 
of key gases has risen 
dramatically since the 
Industrial revolution.



http://www.ipcc.ch



Greenhouse gases (GHG)

Gases which behave as electrical dipole e.g. CO2, H2O, 
N2O, CH4, CFCs, Ο3
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Industrial revolution and the atmosphere

The current concentrations of greenhouse gases, 
and their rates of change, are unprecedented.



Last Ice Age

Last interglacial

Ice ages 
are not 
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Humans are ‘forcing’ the system in a new way.    CO 2 increases due 
to fossil fuel burning are the dominant cause of gl obal warming.  

CO2 has not been this high in more than half a million years.

are not 
random. 
They are 
'forced' 
(by 
earth’s 
orbital 
clock…. 
changes 
in the 
sunlight 
received).
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Thousands of Years Before Present

[Adapted from Figure 6.3, ©IPCC 2007: WG1-AR4]



Human and Natural Drivers of Climate Change

1.6 W m-2 warms 
like 1.6 xmas tree 
lights over every 
m2 on Earth.

Carbon dioxide is 
causing the bulk 
of the forcing, of the forcing, 
and it lives a long 
time in our 
atmosphere so 
every year of 
emission means 
commitments to 
climate change 
for future 
generations.



Water vapor responds to 
changes in climate, but it 
doesn’t drive changes in 
climate.  It’s a major 
feedback that amplifies 
global climate change (by 

Water Vapor Feedback

global climate change (by 
about 50%)…… 

New in IPCC (2007):  

Observed trends that 
demonstrate this, in both 
the upper troposphere and 
at the surface.



Explosive Volcanic 
Eruptions: Proof of
Fast-Response Climate
Change Due to Forcing

Changing forcing 
changes the 
temperature (and 
water vapor, etc.).  

If volcanoes can cool, 
then GHG must 
warm….



Ice Age Forcing and Response

Last 
Ice Last Ice 
age

Last
interglacial

[After Figure 6.3, ©IPCC 2007: WG1-AR4]



Rising atmospheric 

temperature

Rising sea 

Warming is 
Unequivocal

Rising sea 
level 

Reductions in NH 
snow cover

And oceans..

And upper 
atmosphere….



Vostoc 4 glacials



Changes in atmospheric 
composition (4 greenhouse gases)



Radiative forcing induced by greenhouse gases



% contribution of greenhouse gases 
(GHG) to radiative forcing

Contribution of each GHG is not equal : 



Carbon cycle



CO2 budget in the environment (Gt-C = 10 15 gC)

Carbon cycle





Energy consumption in US 1850-2000



CO2 Emissions 





Atmospheric CO2 trends

Seasonal variability



Carbon dioxide is exchanged between atmosphere, oceans and 
terrestrial Biosphere and in geological time scales between 
sediments and rocks

• CO2 exchange between atmosphere/oceans 

• CO2 exchange between surface waters and long term
storage in the deep oceanstorage in the deep ocean

• CO2 emissions or sinks from land-use change

• Plant photosynthesis and CO2 transport to soil



Sources and sinks of atmospheric CO2 in GTC/yr
(IPCC 94)

Sources CO2

Fossil fuel and cement production : 5.5 (0.5)
Land use change in tropical areas : 1.6 (1.0)
Total human driven sources: 7.1 (1.5)

Carbon storage Carbon storage 

Atmosphere (Increase in CO2 levels) :  3.2 (0.2)
Oceanic storage:  2.0 (0.8)
Lange change use (Northern-hemisphere) :  0.5 (0.5)
Total storage 5.7 (1.5)

Deficit in budget: Land based/continental  sinks 1.4 (1.5)





CO2 fertilisation : Increase  of CO2 in the atmosphere (2CO2) result 
in +20-40% increase of photosynthesis

Nitrogen fertilization: Increase in N application results in increase of 
C storage

Climatic effects: photosynthesis and respiration can be influenced by 
natural climate variability

Atmospheric CO2 variability depends on:
• Human activities
• Biogeochemical cycles
• Climatic effects
• Feedbacks of C cycle



• Oceans (1000 yr)
– Oceans capacity is limited and depend on cations 

availability from rocks erosion

– Rate of anthropogenic CO2 emissions is much higher 

CO2 regulation (temporary scale)

– Rate of anthropogenic CO2 emissions is much higher 
compared to cations availability, thus saturation of 
oceans in CO2 absorption is expected.

• Plants (9 yr)



photosynthesis



Factors controlling C level in seawater :

�Αντλία διαλυτότητας (solubility pump)

�Βιολογική αντλίας (biological pump)

• Solubility pump: CO2 more soluble in cold/saline 
waters

• Increase in atmospheric CO results in global warming • Increase in atmospheric CO2 results in global warming 
� water column stratification � decrease of CO2
transport to deep waters

• Biological pump: Photosynthesis of phytoplankton �
� 150-200 ppmv lower atmospheric CO2





Average Ocean pH:
(1) The surface ocean is saturated with respect to CaCO3;
(2) Observed seawater Ca2+ concentration is 0.01 M;
(3) The present-day atmospheric CO2 concentration is 365 ppmv.
Relevant chemical equilibria:
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� Calculate the pH of the surface ocean.



Speciation of total dissolved CO2 (aq) in water

MKHCOHCO
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Most of CO2

dissolved in 
the ocean is 
in the form in the form 
of 
bicarbonate 
(HCO3

-).



Partitioning of CO2 between atmosphere and ocean
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For an ocean pH of 8.2, 
F=0.03.

Almost all of the CO2 is 
dissolved in the ocean; only 
3% in the atmosphere.

F is sensitive to pH.



Uptake of COUptake of CO22 by the ocean: biological pumpby the ocean: biological pump

•90% � CO2 (aq)

•10% deposition via 
dead plankton 

•Brings 7 PgC/yr 
towards the deep 
ocean compared to 
the 40 PgC/yr due to the 40 PgC/yr due to 
deep water 
formation



Uptake of COUptake of CO22 by the terrestrial biosphereby the terrestrial biosphere

Processes in the cycling of CO2 between the atmosphere and the biosphere:
• Photosynthesis
• Respiration
• Microbial decay

Net primary productivity (NPP)Net primary productivity (NPP) : the yearly average rate of photosynthesis minus : the yearly average rate of photosynthesis minus 
the rate of respiration by all plants in an ecosyst em.the rate of respiration by all plants in an ecosyst em.

NPP can be determined by:

• Long-term measurement of the CO2 flux to the ecosystem from a tower.
• Monitoring the growth of vegetation in a selected plot.• Monitoring the growth of vegetation in a selected plot.

NPP of an ecosystem depends on:
• Ecosystem type
• Solar radiation
• Temperature
• Water availability

The global terrestrial NPP is ~ 60 Pg C/yr.The global terrestrial NPP is ~ 60 Pg C/yr.

The lifetime of CO2 against net uptake by terrestri al plants is: 9 yr. (Atmospheric 
CO2 responds, on a time scale of a decade, to changes in NPP or in decay rates.)

http://teaching.ust.hk/~chem541/Geochemical_cycles_II.doc 



Photosynthetic activity



Chl-a



Global biosphere



Μπορούµε να ξεχωρίσουµε τις ανθρωπογενείς 
διαταραχές από την φυσική µεταβλητικότητα των 

βιογεωχηµικών κύκλων και του κλίµατος?

Ποια είναι η ευαισθησία του κλίµατος της γης στις Ποια είναι η ευαισθησία του κλίµατος της γης στις 

αλλαγές του ατµοσφαιρικού CO2 ?

The Global Carbon Cycle: A Test of Our Knowledge of  Earth as a System
P. Falkowski,1*† R. J. Scholes,2* E. Boyle,3‡ J. Canadell,4‡ D. Canfield,5‡ J. 
Elser,6‡ N. Gruber,7‡ K. Hibbard,8‡ P. Ho¨gberg,9‡ S. Linder,10‡ F. T. 
Mackenzie,11‡ B. Moore III,8‡ T. Pedersen,12‡ Y. Rosenthal,1‡ S. Seitzinger,1‡ 
V. Smetacek,13‡ W. Steffen14‡

Science, 13 Oct. 2000, 291-296





CO2 (ppm)

Ice Core Mauna Loa

Χαβάη (Mauna Loa)
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2013 : CO2 > 400 ppm 

Carbon -dioxide
C

O

Ralf Keeling



ICOS ATC
(Integrated Carbon Observation System)



Σταθµός Φινοκαλιάς



Σταθµός Φινοκαλιάς



Mace Head

Φινοκαλια

Mauna Loa





Mace Head

Φινοκαλια

Mauna Loa





CO2 emission vs atmospheric concentration

emissions

Atmospheric 
concentration





CO2x2



Pre-Industrial period

Industrial period



TroposphericTropospheric NONO2, 2, 

Nitrogen 
Dioxide



Tropopsheric NO2 and 
Sources?

anthropogenic
pollution biomass burning

ships transport



NO2 Change in 
Europe

GOME and  SCIAMACHY data over Europe + CHIMERE
Comparison to two versions of EMEP emissions
Excellent agreement with latest EMEP in NE, disagreement 
in SE.

Konovalovvalov, I.et al., Satellite measurement based estimates of decadal changes in European nitrogen oxides emissions, I.et al., Satellite measurement based estimates of decadal changes in European nitrogen oxides emissions, 
Atmos. Chem. Phys. Discuss., 8, 2013-2059, 2008



NONO22 Changes over Regions Hilboll et al., Changes over Regions Hilboll et al., 
2012/20132012/2013

HilbollHilboll,, A., Richter,A., Richter, A., and Burrows,A., and Burrows, J.J. P.: LongP.: Long--term changes of tropospheric NO2 over term changes of tropospheric NO2 over 
megacities derived from multiple satellite instrume nts, Atmos. Chem. Phys., 13, 4145megacities derived from multiple satellite instrume nts, Atmos. Chem. Phys., 13, 4145--4169, 4169, 
doi:10.5194/acpdoi:10.5194/acp--1313--41454145--2013, 2013.2013, 2013.



Tropospheric NOTropospheric NO 22 column over Indian Subcontinent  column over Indian Subcontinent  
observed from space: SCIAMACHY (2003observed from space: SCIAMACHY (2003--2011)2011)

Centres of Population  Centres of Population  
are clearly visibleare clearly visible



Calculation of annual change 
rates

Calculate annual 

change rates from 

all four instruments‘ 

measurements:

- Kolkata:

+3.2 +/- 1.0 %

- Mumbai:

+3.6 +/- 1.1 %

- New Delhi:

+7.4 +/- 1.7%



TroposphericTropospheric NONO22 overover IndiaIndia / South / South AsiaAsia
stronglystrongly increasingincreasing in in populatedpopulated regionsregions



The area of regions with  high The area of regions with  high 
NONO22 pollution  are growing pollution  are growing 

•• Percentage of area Percentage of area 
with higher  NOwith higher  NO 22
pollution is pollution is 
increasingincreasing

•• The area of The area of 
pristine i.e. low pristine i.e. low pristine i.e. low pristine i.e. low 
NONO22 decreasesdecreases

•• Attributed  to Attributed  to 
emissions emissions 
resulting from resulting from 
urbanization trend urbanization trend 
and population and population 
increaseincrease



TroposphericTropospheric SOSO2, 2, 

Sulphur 
Dioxide



SCIAMACHY SO2 Columns

Andreas.Richter@iup.physik.uni-bremen.deAndreas.Richter@iup.physik.uni-bremen.de



GOME GOME andand SCIAMACHY SOSCIAMACHY SO2 2 overover Central East Central East 
ChinaChina

volcanic

• SO2 mainly emitted from coal fired power plants – lignite and less from 
anthracite

• Large increase in SO2 loading observed from 2000 to 2007
• Turnover in 2007
• Decrease to 2003 / 2004 levels but may be increasing again?

Decrease explained by legislation requiring flue-gas desulphurization of power 
plants
Not all power plants have been equipped other sources are also increasing



Kasatochi eruption as seen in GOME-2 
SO2

• After some smaller SO2 emissions, 
large eruption on August 8, 2008

• SO2 rapidly distributes over the NH
• GOME-2 integrated SO2 column 

indicates more than 1 Tg total SO2
emission

saturation effects

http://www.avo.alaska.edu/

Kasatochi volcano

Altitude: 314 m
Latitude: 52.16°N
Longitude: 175.51°W



Tropospheric O3



SCIAMACHY Tropospheric OSCIAMACHY Tropospheric O 33: : 
Total (Nadir) Total (Nadir) –– Summed Profile above Summed Profile above TropopauseTropopause

(Limb)(Limb)



Total Dry Column Mole 
fraction CO2 and CH4

Carbon 
dioxide and 

methane



SCIAMACHY „Carbon gases“ CO2, CH4, CO

CO2 CH4

CO

Natural uptake and release,
anthropogenic emissions

Anthropogenic and
biomass burning emissions

Anthropogenic and natural
emissions (rice, wetlands, …)



Methane @ high 
latitudes

? ?

Future observation of methane in vulnerable high latitude 
regions including Arctic sea and shelf areas.    Very difficult with 
SCIAMACHY & GOSAT. Not possible with OCO. 

? ?



Shale Gas increase an other changes in CHShale Gas increase an other changes in CH44
fromfrom

20032003--2008 and 2009 to 20112008 and 2009 to 2011



Model comparison: SCIAMACHY/WFMD 
XCO2 versus NOAA’s CarbonTracker

Schneising et al., 
ACP, 2013

Growth rate: Good agreement

78

SCIA ~20%larger

Exellent 
agreement

Growth rate: Good agreement



Carbon Cycle Applications: CO 2 over 
major anthropogenic source regions

SCIAMACHY XCO 2

EDGAR CO2
emissions

Schneising et al., 2013 

Europe
Regional enhancement =
Source - Background

SCIAMACHY
EDGAR

79

China

US

Trend [%CO 2/yr]

EDGAR emissions  
consistent with SCIAMACHY 



Carbon sink issues: Boreal forest carbon uptake?

SCIAMACHY vs CarbonTracker

Approach: Analysis of XCO2 longitudinal gradients (along wind) during growing season:

Overall: 
Excellent agreement ! 

Schneising et al., ACP, 2011

2003 20072005 2009

Excellent agreement ! 

Canada: Stronger uptake !? Siberia: Weaker uptake !? 



SCIAMACHY/BESD XCO 2:
Initial CO 2 flux inversion

Satellite

Model
(flasks assimilated)

Model
(satellite assimilated)

SCIA BESD

Courtesy: F. Chevallier, LSCELSCE/MACC
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