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Methane Measurements
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Why measure Methane?

CH, has strong radiative forcing (~x23 stronger than CO,0n a
per molecule basis). Carbon Budget needs accurate CH,/ CO,
sinks and sources.

Large amounts of organic carbon are stored as CH, and CO, in
the Arctic permafrost. Thawing Arctic permafrost soil, is a cause
for concern as a rapid, positive greenhouse gas/climate feedback.
In addition, large but uncertain amounts of CH, are sequestered
as gas hydrates in shallow oceans and permafrost soils, which
are also subject to potential rapid release.

NASA Earth Science Decadal Surveg: “Ideally, to close the
carbon budget, methane should also be addressed, but the required
technology is not now obvious. If.apéoropriate and cost-c;ﬁ‘ective

methane technolo’gy becomes available, methane capability
should be added.’

Methane is also an important biogenic trace gas (“life marker”)
for planetary science.
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Methane Measurements
NOAA ESRL Carbon Cycle
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ERLCIN (MEthane Remote
ng LIDAR Mission) mission

—— Atmospheric Transmittance
——ON
OFF

Atmospheric Transmittance

16453 16454 16455 16456 16457 16458 16459
Wavelength (nm)
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uSECApproac h Integrated Path L
ditférential Absorption Lidar-same as CO,
P!‘ lidar



b 4 GSFEC IPDA Lidar

Precision Goal: 10 ppb

Seed Laser
1.65 um

A Signal-1.65 pm
(Amplified Seed)

Transmit
Optics

Trace Gas (CH,)
Absorption

To surface

Transmitter

Electronics

Detector
& Filters

Receiver
Optics

Reflection
from surface

Receiver

3
8
8
=
=
N
S
I

0.0 CHa
1650.6 ~ 1650.8 16510  1651.2
Wavelength (nm)

Parameter Value

Repetition Rate 10 KHz
Pulsewidth 6 nsec
Orbit altitude 400 km
Ground Speed 5 km/s
Laser Spot Diameter 48 m
Detector Quantum Eff. 70%
Telescope Diameter 0.5m
Receiver Field of View 200 urad
Surface reflectivity 0.31
Receiver Optical Bandwidth 0.8 nm
Averaging Time 1 sec
Energy




ot Ground JTesting with two IPDA lidars
OsINg OPA - 3.29 pm and 1.65 pm

Local time (EDT)
5727 9pm 5/28 2am  Jam 10pm  5/29 3am  8am

32

28f

24|

20F

76 f : : —
: m— 3291nm lidar (OPA system 1, idler)

121 77| sesnee 1651nm lidar (OPA system 2, signal)|
L E : : : ' : In situ .

E
fay
2
=
5
=
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= 1573nm lidar (OPA system 1, signal)
In situ
]

CO, [ppmv] {dry air}

Measurement time [hours]




gend: Elevation |
36741.0
27556.5

P

Q37D
337 2

Lidar Mixing Ratio Estimate (pmv)
—— Picarro Reading Ave (ppmv)

CH4 Mixing Ratio (ppmv)

@xnandpnoeu
16.6 16.8 17.017.2174 176 17.8 18.0 18.2 184
Time (Decimal Hours)

Wong Beachl ¥
“Airborne measurements of atmospheric methane column abundance using a pulsed integrated-path
differential absorption lidar’, APPLIED OPTICS / Vol. 51, No. 34/ 1 December 2012
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paser lransmitter Components

Pump: a high power, single
frequency, narrow linewidth
fiber or solid state laser at

1064 nm v; Residual

Pump-not used
OPO/OPA v; ldler-not used

v, (t) Signal (1651 nm)

Seed: a low power, single
frequency diode laser at
1651 nm.

Optical Parametric Oscillator (OPO) or ’ N\ H ’
Optical Parametric Amplifier (OPA). L
A non-linear crystal that amplifies the
seed laser to the energy needed for
space (250-300 J) without degrading
the spectral characteristics

Methane Line
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Power (Energy) Scaling

> Need ~300 nJ and narrow linewidth to achieve 10

>

ppb (~0.5%) random error.

OPA: Easy to align, easy to tune, power scaling
hard to achieve while maintaining narrow
linewidth. OPA samples the CH, line at several
wavelengths using a single, continuously tuned
seed laser.

OPO samples the CH, line at several discrete
wavelengths using multiple seed lasers.

Complicated to align and tune; power scaling
easier to achieve while maintaining narrow
linewidth.

11
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Gurrent Status of OPA using

custom pump. laser
S .i_px 1’
N AR

12 ! = Residual pump (1064nm)
< L = Signal (1651nm)

10| e N R
osl- N
Y N
o[ WN\

ol /] AN\

l- ; &

. |Changing pump power with maximum seed| o
i | -@— Dual stage OPA (without window) i

-| == Dual stage OPA (with window) | 2’

i | == Single stage OPA

o I/

Signal energy [UJ] (atter niters)

Amplitude [a.u.]

Bl ¥
[aa

0 40 80

l__-
R Time [nil . ) - - P;Jmp power [W] W
SN o ﬁ' Le s w Lens N S A

liFus&rj 5|I|ca window./

L.: - N Hl‘_m_l-m 1
ot ¥ | |

Output signal energy: ~140 pJ after ~70 % transmission filter = 200 pJ
BUT linewidth is ~ several GHz
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Current Status of OPO using
custom pump laser

CH, absorption
>210 u] @ 5kHz " "
<300MHz linewidth S

YO OPO cavity
Reference B o 1 B , transmission
1 1IFSR~1.1GHz 7% 6FSR~6.5GHz 4

CH4 cell

Master seed laser

OPOQ cavity

Locked to master laser
Locked to CH4 cell

Slave seed |laser

Locked to master laser JLM

“Fast-switching methane lidar transmitter based on a seeded optical parametric oscillator”, Appl. Phys. B. Feb. 2014
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E‘“] GUrrent Status of OPO using custom pump
laser - open path measurements

GSFC Target Tower J

130528
Long term measurement of CH4
by OPO lidar
CH4 by Picarro (left axis)

—— DOD measured by OPO
(1-min average, right axis)
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0.8

0.6

0.4

0.2

0.0

1650.80

-

CH4 - 370Torr, 8cm

—— DFB laser only (CW)

-@- Seeded OPO + injection-seeded pump

—- Seeded OPO + pump without injection seeding

mem 1GHz linewidth
wem 3GHz linewidth

10GHz linewidth (~best with OPA)
—— |deal

US standard atmosphere (400km)

I ! [—

1650.92 1650.96 1651.00

Wavelength [nm]

1651.04 1651.08
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PDetector Development

* First4x4 HgCdTe
e-APD array for the
CO2 lidar received in
April 2013 and met
requirements

F/1.5 Dewar Cold Shield
with Cold Filter

FPA on chip carrier

16



Summary

CH, and CO, are the two most important
greenhouse gases.

Active (laser) measurements of CH, are
needed to improve coverage of important
regions of the Earth, such as the Arctic
permafrost

The laser transmitter is currently the most
challenging technological hurdle.

At GSFC we hope to achieve high precision
CH, measurements using a 4-wavelength
OPO and a sensitive detector.

17



Simulation

B Figure 1
File Edit View Insert Tools Desktop Window Help
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