CHAPTER 2

EARTH SYSTEM
GLOBAL BIOGEOCHEMICAL CYCLE

»
ez N
PEKING

UNIVERBITY



Earth in the Solar System

— “Planets”

“Dwarf
Planets“




To To o o To T T> I»

1.496e8km, or 1 AU rangeE 0.9731.017AUE

W E 0.01671 E40b 4 10b €

E /b23.57 E4.1b €
"I XK E26b €

E1 1| E1l
Emw6371kmt M 6357kml M 6378km€E
E [ 1361c1362w/n?
E m29% % E /b




X
HERF RS Fltirs | #igiEsh R RSEEEAES |
RS 1] () Fig | mEe Bre| @ Ehn Ep e
= (BAE FRE 4
PR EHME O, | _pi-
o FHMH O, | _ala
Q- g e |
g | |mmeps| EERHN, 10 = —AzewEl [ F 3L
4 |=zlen| P | s | muss| w # | &b
i £ i | Ram | H#H E; a0 (113 Ry | 40
K |r| = | WHHE so | ElLizzh | B
E | &#HE, | iy || ~TEFLEN
By (FEEH K, BREAIEEh TR
K |FEERK) a0 | g | I
& HFE | RS I, ke i A
g 1 P I, ﬂ%%m R = | =h
£ EHPHEI | 105 | == | B | —MesTzbin |4 | 4
M =g (=5 T, EN®iEED —EFAEY )
T h=&H T,
B=FMHT, 230 En
= —@Ey (W& Py S | =
P BO&MHP | osn B | @
m | B (WOREC i
| & o} Pami C, [ 2 | &b
e BaEEHC | 350 B Hy
1 | By |BRfEEH D, e ®7|a
+# | PZ, D i D,
FEREWED, | a0 | mEE || B2
EEy |MREEH S, i=zh —EEAEiREE
® g hREEH 5, a3
= B BREESES | ap m z
& | HEMEE (MRS O3 B 5
Pr| & o thEpEH O, * &
# FHEMEH O, 5op By |
PZ,| =gg | WEHb e =
n chEeEitta, ot
BIEEEit | son &
Tt | EEE R 200 | TFimEsh —EEEREESE |- hESEh
=1 Py 1200 | BEiEsh -EEE=hi | 26
e |FEH A, 2500 | BFiEzh —ERATEN
B | Ay 3300 —HE S
1A by

E 46

WE I EorE | VW

[ Ere€) [ PerioE | K
[ EpocI€ |
[ Chror€

] 1
1 H K
kK (Anthropocene)?

[ Stage/Ag€ |

Y|




i

B I.O
SO
%
Q)

S o food Wep, @
le € [P insy o SN ILh

1018 ~ 1010 g

1021 g

N,E 78%4 O,E 21% ArE 0.93% COQE 0.04% H,OE <6% ~




o

c: C

| -
ST
R5. WK KA ERE,
K BESE
BT ="
= =
s — x_\ Tt
VA A S
1o
N, O, Ar, . Ly
H,0,C0, CH,N0,0,%  ~WEH Sl

Pk, A&

i, BEE, EMHIK

SER

KRS -

HEER




Earth Energy Balance (Start of2Century)

Units Wm-2

Solar Thermal

inc&ning outgoing

340

(340, 341)

-.“" ) 3 1
25 reflected { . am\;l?:é’ :V?/”C
(23,26) Surface |

greenhouse

absorbed latent heat gases

atmosphere

VAl

imbalance : (72,85) (16,24)

0.7 - absorﬁéd —%.. .~ “eva- _sensible
———6:5-09) — e poration - heat up surface down surface |PCC, 2021

APlanetary albedo: ©= 29% (surface 7%, atmosphere 22%)
AThanks to GHGSs, the Earth surface temperature increases
from -15xC to 18xC



Vertical Distribution of Air Temperature and Its Drivers
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Global Seasonal Surface Air Temperature: 12884

ISCCP-FD 1983087-280412 Hean DJF ISCCP-FD 198387-208412 Hean HAH
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Global Precipitation: 19722008

GPCP Monthly Mean Precipitation Rate (mm /day)
Average of 1/1879——4/2008
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Atmospheric CirculationRi )
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Understanding the Global Carbon Cycle

U The global Céxcycle and budget have significantly
Intertwined with the climate system in the Earth history

U Humaninduced CQincreases have profoundly affected
the climate and biosphere in the past centuries

U Increasing CQin the future would continue to impact
our living environment to an extent thatlamageis
Irreversible

U To understand and predict future climate, we need to be
able to predict future CQcycle and budgets



"Carbon (CO,) Budget
for 2019
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OceanAir Carbon Flux

Biological Pumps

Alr Solution Pump Organic Carbon Pump CaCO5 Counter Pump
CO, CO, CO, CO, CO, CO,
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OceanAir Carbon Flux

Euphotic zone

Bacteria
Archaea

Viruses
Twilight zone

RDOC costing
affects
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JiaoNianzhiet al., Nature Reviews Microbiology, 2024
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OceanAir Carbon Flux

ne

(a) Net air-sea flux (F ) of CO, (1994-2007) (b) Rate of change in anthropogenic CO, inventory (1994-2007)
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LandAir Carbon Flux

How do plants process carbon?
Photosynthesis:  CO, + H,O + energy — O, + organic C

Light rays
Irom the sun

Flux of CO2 from
the atmosphere D %
through g

photosynthesis is
120 billions of
metric tons/vear Carbon dioxide

[CO,) from the
armosphere

b Onvpen (O3
given off 1o the
arrnosphere —
Residence
lime of
~arbon 1
caroon in

plants ~5

years
Warer |F;0) froo the soil
s g CH.O0.+0, »CO,+H,0+ energy Flux of CO2 from land plants
Resplratlon. e = 2 # ’ back to the atmosphere through
glucose Oxygen Carbon water respiration is 120 billions of
dioxide metric fons/yr
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Greening in China in the 249Century
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Changes in Global GE&missions

(a) Anthropogenic global CO, emissions
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Changes in Glob@nthropogenicCQ Emissions

Global Fossil CO, Emissions
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Changes in Glob&@nthropogenicCQ Emissions

Total emissions GT
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parts per million (ppm)

Recent Trendn CQ, Concentrations: 1958/08Present
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CO; (ppm)
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CO; Growth rate (ppm yr

Accelerating Global Atmospheric GGrowth

Atmospheric Carbon dioxide (CO,) and Oxygen (O,)
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CQ Lifetimes

Processes Time scale (years) | Reactions
Land uptake: Photosynthesis—respiration 1-102 6C0O, + 6H,0 + photons — CH,,0, + 60,
{:EHHOE + 602_3' E'CD'z + EHE{] + heat
Ocean invasion: Seawater buffer 10-10° C0, + CO,* + H,0 = 2HCO;
Reaction with calcium carbonate 10°-10¢ CO, + CaCO, + H,0 — Ca** + 2HCO;
Silicate weathering 104108 C0, + CaSi0; — CaCo, + Si0,
100 1 1 ! I i 1 I I R t
Land uptake; ‘Ocean invasion ? Soacton
ocean invasiaon E : : : - with CaCOy
SOy - e e e e — e Do Fee - R
. . . . . . . . . N 100 PgC
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Global Methane Cycle

'Methane (CH,) Budget for 2019

Atmosphere
2005 +3127+17

Lifetime: ~10 years
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Global CHGrowth
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Turner et al., 2019, PNAS
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Global Nitrogen Cycle: Why Should We Care?

U Good: Important nutrition for agriculture,
ecosystem

U Bad: Precursor of ozone, aerosols

U Bad:. Adverse effects on air quality, climate, acid
deposition, eutrophication, biodiversity threat

U Species: NOX\Oy NH3, NH4, N20O
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Global Nitrogen Cascade

Atmosphere | Stratospheric

Ozone { N.O
m Effects 2
ij\;':{r e Greenhouse
Effects
MOy NHy

Energy production NH3
NOy N,O
- Terres N Y ., _ e F e =
Z o CO* '| v ‘r"' ‘m' Tt o Forest & NH,
. 7 AT ‘q k ‘\‘ Grassland
| Food b’
production NH Agro-ecosystem Plant
X Effects
Crop —> Animal l T N,O
Soil (land)
Soil @
I '.1; e = '
.“;_;, Pacule Norganic NO3 o 6;;_;,__ e
(food; fiber) v'
The Aquatic Ecosystem

Nitrogen "t o . ————
Cascade
HaberBosch Process: N 3H (+ Catalyst) 2NH;

29
IPCC2013




Global Reactive Nitrogen Creation
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AnthropogenicNOx Emissions: 1952014

Anthropogenlc NOx Emissions from CEDS (T/km2/y) in 1950
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NGO, Wet Depositionin 2000

Lamarqueet al., 2013, ACP, Multnhodel mean
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Tropospheric NQColumn: 20052019

OMI trop. NO, dJor. 2005
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Near Surface NQOConcentrations Over China: 202

Data source: MEE
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