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Feedbacks

CLIMATIC CAUSE-AND-EFFECT (FEEDBACK) LINKAGES
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accounted for in a comprehensive clirmate model.



asses Affecting
Temperature

| Temperature

Proportional to kinetic energy of an air molecule
traveling at its average speed

Conduction

Transfer of energy from molecule to molecule
Convection

Transfer of energy by vertical mass movement of a fluid
Advection

Transfer of energy by horizontal movement of a fluid
Radiation

Energy transferred in the form of electromagnetic waves
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¥ Ga Absorptlon
C of radi
/ 3 C airsnl'n%?ecule

Attenuation of light intensity
I=Ie0a,9,dxx)

Absorption extinction coefficient
S25,06= NgPa,gq

/

[]= gas absorption cross
section

N = gas concentration
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/I:edirection of radiation by a gas molecule without a
___net transfer of energy to the molecule
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le)5 Absorbing Gases

Absorption wavelengths (um)

- Visible/Near-UV/Far-UV absorbers
Ozone < 0.35, 0.45-0.75
Nitrate radical < 0.67
Nitrogen dioxide < 0.71
Near-UV/Far-UV absorbers
Formaldehyde < 0.36
Nitric acid < 0.33

Far-UV absorbers
Molecular oxygen < 0.245
Carbon dioxide < 0.21
Water vapor <0.21
Molecular nitrogen <0.1
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J\JJEJJJO'J‘ ALSOILErSiof UV Radiation at
- DifferenihAltitudes
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Spectrum (nm)  Absorbers Absorption
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trap outcomlng IR radiation
m Gases it radiation corresponding

theirtémperature (Kirchhoff’s law)

s Heatingrthe underlying layer (Greenhouse
effect)

m Cooling the upper layer
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G TEEnhousSe Gases

NG ourglekaltclimate. Naturally-occurring
es In the atmosphere include

 HUman etV also impact the concentrations of
these g IArthe atmosphere.

I'n addition; many commonly used industrial
products, incliding solvents, adhesives, and
pesticides, contain which can also
impact the climate.

m The full range of sources of greenhouses gases -
both natural and anthropogenic - is not yet fully
understood and continues to be the subject of
both research and debate.




‘ ' K/,ate/; Vapor
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#Vapor IS the most abundant of
IheUSe gases, and is the
ontributor to the natural
. Human activity has

ittle directiimpact on the concentration
of water vapor in the atmosphere;
however, changes in its concentration
cause an Indirect result of

related to the warming of the
atmosphere




_\ pEIPClImate Feedback

f m?lseﬁore water evaporates from
grou “Ces - rivers, oceans, etc.

el concentratlons off water vapor are able to
e IR radigtion from the Earth, further
Warmimg fesphere.

TThe war atimosphere can then hold more water

vapor, and the cycle continues.
This is cycle is considered a

However, uncertainty exists in both the extent and
importance of this feedback loop. As water vapor
increases in the atmosphere, more of it will also
condense into clouds, which reflect incoming solar
radiation away from the Earth's surface thereby
becoming a cooling force




| pioxide
MO esireleased into the
Areugh both natural and

RlmanTprocesses. Natural production
PSErptien of carbon dioxide is
. pPrma Areugh the biosphere and the

oceagﬁv the carbon cycle.

= Hu activities such as fuel burning
(coal, onfiFnatural gas, and wood),
cement production, and changes in land
use have altered the natural carbon
cycle by increasing the concentration of
carbon dioxide in the atmosphere




Methane

hich comes from both natural
R _sources) Is an extremely

erfull warming agent -
) an ecarboen dioxide - and its
Jifetime atmosphere is about 12 years

s [Nl nature), methane is released through

pielogicall precesses in low oxygen
envirenments, such as swamplands. Human
activities, including growing rice, raising
cattle, using natural gas and coal mining,
are increasingly adding to the level of
methane in the atmosphere.




, - st Oxide
3 ‘ .
%ﬁ OXIde is a Iong -lived warming gas,
gg! N thie atmosphere for approximately

120 ye IS produced naturally from a
wide ety of biological sources in both soil
and i, particularly microbial action in wet
tropical fiorests.

Human-related sources of nitrous

oxide include agricultural soil management,
animal manure management, sewage
treatment, combustion of fossil fuel, and the
production of a variety of acids




e s a highly: reactive molecule composed
tomstof oxygen. Ozone
S vary by both geographic

locatienrandraltitude. At lower levels in the
trophesphere, 0zone exerts a warming force
upon the atmosphere, primarily due to human
processes. Automobile emissions, industrial
pollution, and the burning of vegetation
iIncrease the levels of carbon and nitrogen
molecules which - when reacting to sunlight -
produce ozone, an important contributor to
photchemical smog.
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\ Sources: combustion, VOC oxidation




gsorption of Infrared
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eatlng govern atmospheric
- circu (thermal wind)

n Ciraui&ion tramsport gases to other

locations), that lead to
m Changes in net heating




bulegge Effect
-

«_are two limiting regimes for fluid

flow: -'Mh“ and furbulent.
= Laminar flow is smooth and steady:

turbulent flow 1s 1irregular and fluctuating.

® Flows in the atmosphere are generally
turbulent




® Air parcels moving upward through M contain higher
pollutant concentrations than air parcels moving
downward; therefore, even with zero mean vertical motion
of air, there 1s a net upward flux of pollutants.




.7 e(.; gEehIioIM gases to

o ‘tgrbulence

wln practiceyone finds that eddy flux can be
sed with some reliability in the lower
as a function of

u (a) the ‘ eed and surface roughness (which

dete the mechanical turbulence arising from
the collision of the flow with obstacles),

u (b) the heating of the surface (which determines
the buoyant turbulence), and

m (¢) the altitude (which determines the size of the
turbulent eddies).




ctiogr Feedback
El

W
%ntal convergence and divergence of air in
t c1rc%r; induce vertical motions but the
d

assocCl ical wind speeds are only 1n the
range 0.001-0.01 m/s (compare to 1-10 m/s for
typical horizontal wind speeds)

® The resulting time scale for vertical transport from
the surface to the tropopause 1s about 3 months

m Faster vertical transport can take place by locally
driven




® The fluid pressure exerted on
the top of the object is less than

P-gl‘ﬂdiem that exerted on the bottom;

\ The resulting pressure-gradient
A force pushes the object upward,
]

counteracting the downward
force pVg exerted on the object
by gravity;

The net force exerted on the
object, representing the
difference between the pressure-
gradient force and gravity, 1s
called the buoyancy.

FLUID




m [f the object 1s lighter

than the fluid in which
1t 1S immersed, 1t 1s

accelerated upward; 1f
1t 1S heavier it 1s
accelerated downward.




Atmg spheric stability

m It 7 (ztdz) > T ,,/(z+dz), as the
rising air parcel at altitude z+dz 1s
warmer than the surrounding
atmosphere at the same altitude;

As a result, 1ts density p 1s less
than that of the surrounding
atmosphere and the air parcel 1s
. s accelerated upward by buoyancy.
/" (atmospheric profile) , ,

K The atmosphere 1s unstable with
respect to vertical motion, because
any 1nitial push upward or
downward on the air parcel will be
amplified by buoyancy.




ary, it 1 (ztdz) < T ,,/(z+dz), then the rising air
nd heavierthan the surrounding
eNVITo d sinks back to its position of origin; vertical
metion-isssuppressed and the atmosphere is stable.

m No%ability 1S a local property of the atmosphere
defined by ocal value of the atmospheric lapse rate; an

atmosphere ma stable at some altitudes and unstable at
others;

Also note that stability refers to both upward and downward
motions; if an atmosphere 1s unstable with respect to rising
motions it 1s equivalently unstable with respect to sinking
motions.

Instability thus causes rapid vertical mixing rather than
unidirectional transport.
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=  Condensation of water vapor
1S an exothermic process,
coud depens meaning that it releases heat
Cloudy air parce (latent heat release).
continues fo rise; : : o
condensation of water vapor T/dz=Ty=1TK - Cloud formation in a rising
elaseshea air parcel provides an internal
[07% relative humidity source of heat that partly
’ ' A] .
is reached; cloud forms compensates for the cooling
A 1 due to expansion of the air
Al Pltel T15es, e T 08K b .
bty Aldz=T =08k kn parcel and therefore increases
| clearair parce its buoyancy.




Feedback

RtieRNMay. pump: gases from Earth
therupper tropesphere

s heir lietme; in the upper troposphere is
NOKI IGRgerthat near the surface

m [hey cantlenger act as a radiation absorber,
or' heater, or cooler or chemical agent in the
Uupper troposphere
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m Age of air

m Exchange of air between
the troposphere and the

stratosphere 1s considerably
slower than mixing of the
troposphere because of the
temperature inversion in
the stratosphere




' I Reaction Feedback

r""';"""-* .
m Rates of chemical
rieéactions depend on

temperature
k= AexpeE / R = Heating or cooling
leads to repartioning

of chemical species,
and to

= Changes in net
heating
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m (Gas cross sections
depend on
temperature

= Radiation flux
depends on
absorption and
scattering
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NG ondensing Gases

{

Condensation occurs primarily on accumulation mode since it
contains the largest surface area concentration of all modes.

Water vapor
Condenses on accumulation and coarse-mode particles to form
cloud drops

Sulfuric acid
Condensation onto accumulation mode affects visibility

High-molecular weight organic gases
Products of toluene, xylene, alkylbenzene, alkane, alkene,
biogenic hydrocarbon oxidation condense onto accumulation

mode primarily.




ESALliduon Vapor Pressure
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Djssolution

i |
‘-gi‘;solution
— Process by which a gas diffuses to and dissolves 1n a liquid on a
particle surface.
Solvent
A liquid 1n which a gas dissolves
Solute
Gas, liquid, or solid that dissolves 1n a solvent
Solution
One or more solutes plus the solvent.
Solubility
Maximum gas that can dissolve in a quantity of solvent

Common dissolving gases




FOGEneous Reactions

CIONOy(g) + H,O(s) —®» HOCI(g) + HNOs(a
Chlorine ~ Water-ice Hypochlorous Adsorbed
nitrate acid nitric

acid

Chlorine  Adsorbed Molecular Adsorbed
nitrate  hydrochloric chlorine nitric
acid acid

N>Os(g) + H,O(s) ~ —»  2HNO;(a)
Dinitrogen Water-ice Adsorbed

pentoxide nitric
acid

N205(g) + HCl(a) —> C1N02(g) + HNO3(a)

Dinitrogen Adsorbed Chlorine  Adsorbed
pentoxide hydrochloric nitrite nitric
acid acid

HOCl(g) + HCl(a) = —» Cly(g) + HyO(s)

Hypochlorous Adsorbed Molecular Water-ice
acid hydrochloric chlorine
acid




Aditional-eedbacks of Gases

=== Positive
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§ ) Vieteorology and
mateson Gases

11
.

Changes in temperature, humidity, and
precipitation directly affect species conc.

The cooling of the stratosphere due to the
accumulation of GHGs affects lifetimes

Changes in tropospheric vertical temperature
structure affect transport of species

Changes in vegetation alter dry deposition and
emission rates of biogenic species

Climate changes alter biological sources and
sinks of radiatively active species



