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Why Study Methane(CH,)?

3

Radiative Forcing relative to 1750 (W m2)

IPCC : Fifth Assessment Report

Emitted Resulting Atmospheric ot : ) . Level of
Compound Drivers Radiative Forcing by Emissions and Drivers S ants
I ’ | ] I
g Co, CO, ! l ! 1.68[1.33102.03] | VH
| <
§ CH, cO. HO* 0O, CH t : 0.97 [0.74 to 1.20] H
c . - ‘ |
] | |
5 Halo- O. CFCs HCFCs : : : : 0.18 [0.01 to 0.35) H
8  carbons ) N l ; \ ‘
E ' | | |
g N,O N,O : ‘ : 1 0.17[0.13t00.21] | VH
| L
‘ 1 1
I |
g co €o; C€H; O, \ | : : : 023[0.16100.30) | M
§ § : : | : \
e|e s !
g. 2 NMVOC CO, CH, O [ I : | J 0.10 [0.05 to 0.15] M
g T [ —
8 NO, Nitrate CH, O ! ! | ! | -0.15[-0.34100.03] [ M
I : ' | ‘ |
g Aerosols and | wineral Dust Nitrate | , : | ]
§ Precursors | organic Carbon Black Carbon ! ' : : -0.27[-0.77100.23) | H
& (Mineral dust, ; | |
,NH., : | i I |
Organic Carbon Cloud Adjustments . ] | | | -0.55 [-1.33 to -0.06] L
and Black Carbon)|  due to Aerosols . | ;
: ] ; |
Albedo Change e ! : ! 0.15[-025t0-0.05] | M
due to Land Use i [ ) w
e | |
g Changes in ‘ [ ‘ w |
=]
s Solar Irradiance } : !’1 | 1 | GBRALDI%g | M
' : 229 [1.13 10 3.33)
. 2011 H
Total Anthropogenic ,
: 1980 [ 1.25[0.64 to 1.86] H
RF relative to 1750 ! x
1950 [ ; 057[0.29t00.85 | M
| L | | 1 |
-1 0 1 2



Why Study Methane(CH,)?

3

Radiative Forcing relative to 1750 (W m2)

IPCC : Fifth Assessment Report

Emitted Resulting Atmospheric b : s ias . Level of
Compound Drivers Radiative Forcing by Emissions and Drivers S ants
I T T T I T l
g Co, CO, [ 1.68[1.33102.03] | VH
& |
g |
38 CH, CO, H,0* O, CH, ‘ 097[07410120) | H
: Hal ‘ f
[C] alo- i [ | i 1 1
E carbons O, CFCs HCFCs ‘ | ] ‘ : 0.18 [0.01 to 0.35] H
3 — B
2 NO N,O A : : : : : 0.17[0.13t00.21] | VH
| | |
| | 1 1
g co Co, | | ] ! : 023[0.16100.30] | M
4 — ——
g‘ § NMVOC CO, ‘ | : \ J : 0.10 [0.05 to 0.15] M
5 T [
§ NO, Nitral 0 ‘ ! , ‘ , | _015[-03410003] | M
® ] | | | |
g Aerosols and | wineral Du Nitrate I ! : | :
T precursors | Organic Carbon Black Carbon N ! | -0.27[-0.77100.23) | H
(% (Mineral dust, | : | | 1
, NH,, : I \ I
Organic Carbon Cloud Adjustments ] . ] : | : ' _0.55[-1.33t0-0.06] L
and Black Carbon)|  due to Aerosols [ ; | : I
g ! | ; |
Albedo Change | | [ | ¥ 2 ;
i o e LEs j RS ‘ ‘ ‘ | 0.15[-0.25t0-0.05] | M
[ | |
g Changes in ! ' | ! | !
=]
5 Solar Irradiance ’ : !’1 | ‘1 | ‘ 0.05[0.00100.10) | M
' : 229 [1.13 10 3.33)
’ 2011 H
Total Anthropogenic ,
: 1980 [ 1.25[0.64 to 1.86] H
RF relative to 1750 ! .
1950 : : 057[0.29t00.85 | M
| ! | | 1 |
-1 0 1 2




Mysteries around Methane
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Methane Budget
Sinks (Mostly Natural)

Tropospheric
chlorine Soil uptake
15-40 Tg/yr 10-45 Tg/yr

Stratospheric
chemistry

15-85 Tg/yr
Tropospheric
OH
450-620 Tg/yr
Natural Sources
Geological Hydrates Permafrost Anth ro pogen IC SOU rces
(incl. Oceans)  1-10 Tg/yr I_O-l Tg/yr
Termites 30-75 Tg/yr L Bi
2-20 Tg/yr A '°’T‘as'; Fossil fuels
urning 85-105 Tg/yr
Wildfires Biofuels
1-5 Tg/yr 30-40 Tg/yr
Wild
animals Wetlands
sy 1020Tehyr
85-95 Tg/yr

Freshwaters

Waste
10-70 Tg/yr

Rice cultivation decomposition
30-40 Tg/yr 65-90 Tg/yr



Methane Budget

Category Uncertainty
Natural 50%
wetlands

Other natural 100%
sources

Agriculture 30%

Global sinks 40%

Natural Sources

Geological Hydrates
(incl. Oceans)  1-10 Tg/yr

Termites 30-75 Tg/yr
2-20 Tg/yr

Wildfires :
1-5Tg/yr ,
A
Wild

animals

15 Tg/yr

Freshwaters
10-70 Tg/yr

Permafrost

Ar

0-1Tg/yr

Wetlands
y 140-280 Tg/yr

_~ Sinks (Mostly Natural)

chlorine Soil uptake
15-40 Tg/yr 10-45 Tg/yr

Stratospheric
chemistry
15-85 Tg/yr

Tropospheric
OH
450-620 Tg/yr

Anthropogenic Sources

Biomass
Burning &
Biofuels
30-40 Tg/yr

Fossil fuels
85-105 Tg/yr

Domestic
ruminants
85-95 Tg/yr

Waste
decomposition
65-90 Tg/yr

Rice cultivation
30-40 Tg/yr



The Problem of Aerosols
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The Problem of Aerosols

%4 % %

o o
CH, lesscH, @%@ More CH, | 0%@®

CH,
CO,

[CH4]ObS€'P — [ ] X [CO2]model
obser

Proxy Method

Assumption about [CO,]
1. Doesn't vary much
2. The associated error is less

model :



Opportunity for Improvement

CH
[CH4]obser — [ 4] X [002]model
obser

QC’ O, <

Error In Error in the

satellite
measurements

known CO,
values

CH, }
CO? obser

* |nversion with [

* Remove error due to [002] model



Comparison setup

Direct Optimization Ratio Optimization
CH, C Hy|init
[CH4]obser — [ ] X [CO2]model [ ]
COQ obser [002]zn1t
* Linear observation operator * Nonlinear observation operator
CONGRAD : Conjugate gradient method M1QN3: Quasi Newton method
» Most efficient in term of no of »  Pros:can be used for Non-linear
iterations needed. Case.
. : . > Posterior error covariance is not
» Gives posterior error covariance
> N 4f i calculated.
ot good for non-linear case. »  Computationally more demanding.
Good for our case !




Comparison Test: Setup

True /

Emissions >

(CO, and l
CH,)

Synthetic Satellite
Data with Error
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Proxy : Ratio
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Prerequisites

* Transport model which can run for CO, and CH, in parallel

CH4)

Em-li-?sjiins / > Synthetic
(CO2 and / Satellite Data

* Prior emissions

/ / Y O / /

Gaussian Perturbations
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CO, Emissions

After Inversion




CH, Emissions

After Inversion
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Satellite Measurements Errors

Synthetic Satellite
model e L Measurements
Output with Errors

Gaussian Perturbations
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After
Inversion
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With Measurement Error (CH,)
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With Measurement Error (CO,)
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Conclusion

There is a potential of reduction in posterior errors of
methane by using ratio method

TMS5 is implemented to invert CO, and CH, fluxes in
parallel

Next step

Implement the ratio approach and comparison with the
traditional inversion.

Finally, apply ratio approach for real measurements
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