EAS270, 12 Sept. 2016. Continuing Chapter 2. EQVSV??,;SCg?;ﬁ,g?;gﬂj;‘fg—;?gg‘gt:&?-z%dfg

Today's main topic: biogeochemical cycles of O,, CO, and H,O

But first — what is "synoptic meteorology"? Why is the pressure field so important to
meteorologists? Why the fixation on isobars (or height contours)? What do they tell us?
: _ ok
« Synoptic scale meteorology — concerns "smoothed" pattern of weather variables that are
averages over areas of order 30 km x 30 km or larger, i.e. omitting local detail
o \arge verh cal \)e)uci‘\‘j on the Sjmq,i{c scale would be 0.1 m/s
« Contemporary weather models — considered "mesoscale” models because they resolve the

atmosphere with a "resolution" of about 10 km or finer (2.5 km)... but these are still
— 0 Uddje

smoothed fields kv ﬂ \ler'H(al W A locql \)a]v\c
Wwind wvelo o™ /\
j /,/_,\\ /’§hori20n+0b’
« Pressure controls the horizontal wind ] W conrdinate

2C

« Horizontal wind "advects" warmer or colder air (that may be drier or more humid, etc.)

« Horizontal wind also controls the (synoptic scale) vertical wind, thus, cloud and precip
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TABLE 3.2 | The four most used upper-air
charts, their average heights, and commonly

Weather: Sunday 11 Sept.

2016 - o s gy plotted secondary fields.
‘ Pressure Approximate

| Surface Height Secondary Field
850 hPa 1500 m temperature (°C)

| 700 hPa 3000 m temperature (°C)
500 hPa 5500 m thickness of the 1000 hPa

to 500 hPa layer (dam)

250 hPa 10,000 m wind speed (knots)

3 "
1 ‘:I’_
] i ¥ o TN
d -15 2016@03-11 15:30 UTC [R
e ]

=

. Layer of low cloud (stratocumul
covers C. Alberta

us)

« NW wind (15 m/s) over C. Alberta

: : i/ o5 M 0657\ T8
pulling cool air southward w098 AR 1 R
=712 N s N TR S L X 2 E19 5ﬁ§‘7: CELSIUS 1" L g " a1 T ,gz :
B4 ENVIRONNEMENT CANADA V1ZZ SUN-DIM 11 SEP-SEP 1B CMC ANALYSIS GEM B850 hPa  ANALYSE CMC

1 TEMPERATURE

CMC enviRoweeNT conns WP | e S
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Decoding the station symbols — see Appendix of textbook

Key to Surface Weather Station Symbols

Cy High Cloud Type PPP  Sea-Level Pressure*
g: Cwm Middle Cloud Type PP Pressure Change in the Last
T PPP C.  Low Cloud Type 3 Hours™
WW PP a
TiTs N Cloud Cover a Pressure Tendency
Co N TT Air Temperature ("C) dd Wind Direction
\Vﬁ TqTqs Dew-Point Temperature (°C) ff Wind Speed

wWw Present Weather

*The initial 9 or 10 has been omitted. For example, a pressure of 996.3 hPa is indicated
as 963, and a pressure of 1023.5 hPa is indicated as 235.

**For example, a pressure change of 1.1 hPa is indicated as 11.

Key to Upper Air Weather Station Symbol s

TT hh TT Air Temperature (°C) ff Wind Speed
O DD Dew-Point Depression (°C) hh Height of Pressure Surfaces
dd Wind Direction

*For example, a height of 546 decametres is indicated as 46.




Sec 2.4. Oxygen cycle: transfers to/from the atmos. pool (links to CO2 & CH4 cycles)  3/10

organic C &/464 L [:

Main source: photosynthesis CO, + H,O » @+ 0O, 744

inorganic C /{;rma’de/\yole [(’m //7/2 0)/:.
This requires energy — drawn
from the "photosynthetically Residence time of oxygen? Co-
active" part of the solar existence of fast and slow processes
spectrum y makes it somewhat ambiguous —

F/‘} K considered of order 10° years
Main sinks:
\

« respiration by plants and animals (releases
energy to "fuel" activity or cell maintainence

« aerobic decomposition

e combustion of organic material

« anaerobic decomposition
2CH,0 » CO, + CH,

* oxidation of minerals

>~ CO, + H,0 ¢ CH,0 + O,

Figure 2.4
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Sec 2.5. Carbon cycle & atmospheric carbon dioxide 4/10

e organic processes: photosynthesis, respiration, decomposition ("short term" or "fast"
processes)

* inorganic processes: rock weathering, plate tectonics & volcanism ("long term" processes)
A

< \ Atmospheric > « exchanges
Phntos;rnthesis Respiration . Reservoir Volcanism between
. / .
< /* K \ reservoirs
Yo / <
ecomposition . .
/A ( \"u Weathering of tra_m.Sport. and
= . / Silicate Rocks TR mixing within
Pus o \ / / < reservoirs
4 ' X 3
: [ / Atmosphere—Ocean
L | .;1 Exchange

e \ll )
=T / {

Soil Reservoir

Oceanlc !eservo

Weathering of

Figure 25 Rocks containing — 2
Organic Carbon Enbianats
Organic < Sediments
Carbon Burial : . .
§ Residence time? -- coexistence
<, / Catbonate of very fast and slow processes
Organic Carbon Sedimentary — considered of order 100 years

[ Sedimentary Rock Reservoir Rock RESQW“"]




Sec 2.5. Seasonal hemispheric atmospheric CO, cycle 5/10

Seasonal drawdown (Mauna Loa, Hawaii) due to excess of photosynthesis over respiration in
the summer hemisphere

inorganic C organic C
0l CO, + H,O » CH,O0 + O, (Photosynthesis) \
CO, + H,O ¢« CH,O + O, (Respiration) VA

380 |- A1

= 370
E ~
3 g, 100 |[yr]
c .
S 360+ (Time scales for some
18]
= COZ2 cycles much shorter
Q
§ 350 OF much longer)
o) ~ What is the ratio R of the
O 1 ‘
O 340 annual range to the |
annual mean? y
‘,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,_‘
%
30-p . 2.~ o\ ATV
— Lob ) MHA
MY ———  Average
320 — AAALY -
'af‘ff VVV Figure 2.1 Seasonal Variation
| | | | | |
1960 1970 1980 1990 2000 2010

Year
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Complementing Sec 2.5. Daily local atmospheric CO, cycle 6/10

Daily “drawdown” of CO, concentration p_ due to crop uptake, and the corresponding CO,
flux F_— measured by JDW over wheat at St. Albert in 20122

Why is drawdown |
different on different L;J 380 [y
days? | -

3D sen'c anemom

12 14 16 18 20

F_is the 30-min avg. of the vertical convectlve
mass flux density of carbon dioxide '

jul2a ]
jul27 -
jul2g8 |
jul29 -
augOl1
aug07
Iaugllﬁ-

20

AI'fF averages 10 kgm S for3

| months of 10 hour days, what mass 10

' of C do plants gain per m* gnd area? Time of day (MDT)
L 0 B A SN B Lt

—2x107¢L



John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson


John Wilson



Sec 2.5 Carbonate — silicate cycle 7/10

Carbonate-silicate cycle

« very long time scale feedbacks, p7
* stabilizing (negative) feedback** on climate |

~« weathering of silicate rock SINKS atmos. CO,
| carbonic acid

. CO,dissolves in cloud water CO, + H,O & H,CO;,

« carbonic acid dissociates (alofty H,CO, < H  + HCO;,
_ _ _ _ bicarbonate
 result is acid rain — elevated level of hydrogen ions (low pH)
* reacts with rocks, producing Ca* in solution

* jonic solution runs to ocean, where

11 by \ 2+ i T
I co
’:‘ L1}l <—co, Ca™ +2 HC03 = CaC03+H2C03 A
W F 1,_: ; calcium

Sl 2 carbonate

of Silicate C_ﬂ_+and .

Rocks HCO;3 in Solution
Precipitation of
Figure 2.6

Carbonate

Rocks agma Containing CO,



Sec 2.6. Water vapour 8/10

 What are the meteorological roles of water vapour ? C—H Cx

Mixing ratio of water vapour highly variable, up to
about 4% in very warm, saturated air.

@ 5+oreS C’\Ujj 0.5“ ’Q‘Lﬂ/ﬂl l’)fﬁ?l
Tyo ~ 10 days  (nominally; Table 2.2) ‘Fue' for atmospl. Mohon

evapotranspiration =
< transpiration + evaporation

-
-~ ™

transpiration

A

r

Evaporation Precipitation | Evaporation | Precipitation

v groundwater
recharge

Figure 2.7
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Sec 2.6 (& 4.1.2). Water vapour and the latent heat it "carries" 9/10

The latent heat of evaporationis: L, = 2.5x10° [J kg_l]

How much time t does it .
take for a 100 W light bulb Fo wer X —+me = Ener33 [\I\\ xs = J

to consume 2.5 x 10° J of
o _ =
/OOT = ”?,S x |0 [J] [’ZYS — J]

energy?

‘(L;: ,5*/()43

I
(I
N\
N
>~
N

What mass M of water, |
when lifted h = 100 m from
its starting elevation, f
would gain 2.5 x 10° J of
gravitational potential
energy?
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Sec 2.6. Magnitude of evapotranspiration — another back-of-the-envelope calculation 10/10

« evaporation is energy limited — need 2.5 MJ/kg to supply the latent heat

- supply rate cannot (naturally) exceed “solar constant”, S =1365 J st m?

e upper limit;

Challenge: given that the density of liquid
water is p =1000 kg m~, can you express this

estimate of evapotranspiration in the velocity
unit [mm/day]?

/ \ /;I )
Evaporation Precipitation Evaporation Precipitation

Figure 2.7




 crucial role of pressure in synoptic scale meteorology (i.e. in controlling weather)

» the oxygen and carbon dioxide cycles

 disparate time scales of variability in atmospheric gases (e.g. daily & annual cycles)

e units of fluxes

* roles and enegetics of water vapour; conversion between unit systems for evaporation
(velocity versus mass flux density)
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