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Summary
'NHL CO2 and CH4 observations are essentlal for accurate
regional and global flux estimates -

Northern high latitudes pose critical observing challenges |
* Minimal sunlight from Sep — March each year \
 Snow, ice, fog clouds, inundated lan d su rface \

cycle amphtude
« Cold season signal

Ia‘titudes o
Few soundmgs SS baseline (lower latitude) OCO filters
2N ._:'..____"-.'-spe0|f|c fllters requwed to optimize soundmg yield

opp 6 rtunities to leverage
.» CARVE CO2 profiles & flux esii
* Upcoming ABoVE field




OCO-2 XCO2 Observations > 55 N: Sep 2014 _j|=m|_
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OCO-2 XCO2 Observations > 55 N: Oct 2014 JPL
California Institute of Technology
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OCO-2 XCO2 Observations > 55 N: Feb 2015 JPU

Jet Propulsion Laboratory
California Institute of Technology
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OCO-2 XCO2 Observations > 55 N: Mar 2015 JPU

Jet Propulsion Laboratory
California Institute of Technology
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OCO-2 XCO2 Observations > 55 N: Apr 2015

JPL

Jet Propulsion Laboratory

California Institute of Technology
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Improved sounding yield
(N = 42868), an order of
magnitude more

soundings than Apr 2015

>20 hour days

Coverage extends through
70N, but still essentially
zero yield over Greenland

Spring respiration signals
dominate, but start of
drawdown seen below
60N over Europe &
western Siberia

OCO-2 XCO2 Observations > 55 N: May 2015

JPL

Jet Propulsion Laboratory

California Institute of Technology
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OCO-2 XCO2 Observations > 55 N: Jun 2015 JPL
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Sounding yield decreases

OCO-2 XCO2 Observations > 55 N: Jul 2015

JPL

Jet Propulsion Laboratory
California Institute of Technology

201507 (N=47§67) |

447
~2X vs Jun 2015 despite
> 20-hour days
Coverage extends to 80N, ..l |
. . E I
but still essentially zero & % -
yield over Greenland, poor ¢ _ | | . -

. " % " x
yields over Europe, ALl Ay e ‘; z
Scandinavia, and western o Y  AEDIWER

. - : // -+ e i - A '\.\ “ m 4
North America . % t "o j.f- ¥ Y
/'r'f&“ :’ LS }'J'// %
. 350 : -’““-aa:ﬁﬂgslg_.rrﬂ’.‘:
Peak drawdown signals : IR KL
e e e 147 [CRSS, Homer AK Sep 2016 sige 10




OCO-2 XCO2 Observations > 55 N: Aug 2015

JPL

Jet Propulsion Laboratory

California Institute of Technology

U.S. Government sponsorship acknowledged.

. . L] !___L._ L] .I!
Sounding yield decreases - ';:; "0 11&5‘“"
. - - " " -
~2x vs Jul 2015 ‘:» i - ._;"'7\!' \_. el 3;# <
s \\ -‘ZJ;:*EF‘JH . "//-.-\._ "
e "y ,;f . e ] 1| T e
L i - " | \\. . \#—
Coverage extends to 80N, L S
. . Rl pu & B . S =7 “'*-»_\ s \\ \H-"I.r
but still essentially zero O R e o TS 5
yield over Greenland, poor & || _ELaged. o\ ghegz. WF
yields over Europe, % ool ",ﬁn - A PN .‘1., .
Scandinavia, Siberia and LAY ST
western North America ¥ AR | e o
353 > A SCUNUE I L B P
. “- 3 -
1 1 /i ®a . : r ?/I gy
Drawdown signals still . , Py o N
. s = Panki - - -8 go, »
widespread 1Y Y -ui._d‘ﬁ. ~
© 2015 California Institute of Technology. 14th ICRSS, Homer AK Sep 2016 slide 11




OCO-2 XCO2 Observations > 55 N: Sep 2015 mel—
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OCO-2 XCO2 Observations > 55 N: Oct 2015

JPL

Jet Propulsion Laboratory
California Institute of Technology
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More than 1000 Science Flight Hours of CARVE
Data 2012 - 2015

Jet Propulsion Laboratory

Apr-Nov
2015

i\ b

CARVE 2014 Flight Tracks
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Jet Propulsion Laboratory
California Institute of Technology

@ CARVE 2012 — 2015 Cumulative Flight Lines JPL

CARVE By The Numbers

e 27 Campaigns

e 192 Flight Days

e 1080 Flight Hours

e >150,000 naut miles
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North Slope Emissions Still Evident
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CO2 v CO and CH4 v CO correlations clearly show that the near surface
regimes differ distinctly from the correlations observed aloft

Small but significant emissions still observed despite DOY 311, deep snow

cover and surface ice

A. Karion, C Sweeney
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Merglng Airborne & EC Flux Tower Data tQgJPL
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Cold season emissions dominate the Arctic tundra

methane budget
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Aurctic terrestrial ecosystems are major global sources of methane
{CH); hence, it is important to understand the seasonal and -
matic contrals on (Hy emisions from these systems. Here, wae re-
port yearround CHy emissions from Alasskan Arctic tundra eddy
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that during the to May) acount
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noninundated upland tundra. A major fraction of cold season
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z0il temperatures are poised near 0 “C The zero curtain may per-
sist longer than the growing season, and CH, emisions are en-
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More than 50% of the North Slope CH4 Flux Occurs _JIPL.
During the Cold Season et

CH, Flux (mg C - CH; m* hr'")
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*** Year-round CH4 flux tower + CARVE North Slope flights***

Winter GfDWiﬂg ZET{.':
Season Curtain

@ 2012 aircraft

B 2013 aircraft

€ 2014 aircraft
E—— 2013 flux towers
- 2014 flux towers

D Zona et al., PNAS (2016)

Jan Mar May Jul Sept Nov Jan

Day of Year
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North Slope CH4 Emissions Persist Through the _JIDL
Zero Curtain Period Earatrens s Todion

*** Year-round CH4 flux tower data ***
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Alaska CH4 Fluxes Estimated from CARVE JPRPL
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30-yr BRW Record Shows Persistent
Early Cold Season CH4 Enhancement JPL

Jet Propulsion Laboratory
California Institute of Technology

Average enhancements of >70 ppb
from southern ‘Land’ sector July —
September (1990 — 2012 averages)
consistent with CARVE observations
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the Barrow Seasonal Cycle

30-year BRW CH4 record mirrors the seasonal
dependence of the Zona et al. CH4 fluxes

Atmospheric CH4 Measurements in the Context of _JI@L

Jet Propulsion Labaratory
California Institute of Technology

<30

1- 150
0.9- e
o
0g. =100 10 >
: {15 o
0.7 - o )
5 50 w . =
o 06- £ o 0
3 u = O
2 O B
=T 0.5 ' " (I
O
04 2
g- C
E -3
03 3 50 Soil T (@30 cn 10
0.2- -15
0.1-  -100! . — ; 20
.?an. Apr. Jul. Oct. Jan.
Time of year
© 2015 California Institute of Technology. 14t ICRSS, Homer AK Sep 2016 Slide 22

U.S. Government sponsorship acknowledged.




No Significant Increase in Long-Term JPRPL

CH4 Emissions from North Slope Alaska A
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MEE (umol m™2s™")

Alaskan total biogenic CO; flux, estimate from CARVE aircraft data
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» Spring drawdown 2-4 weeks later than PVPRM
« Observations: Earlier fall zero crossing and larger fall emissions

Optimized Biogenic CO2 Flux for AK JPL
PVPRM & CARVE ool

N Luus, R Commane, J Lindaas
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Using SIF to Correct JPL
Spring Drawdown Bias LA I
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SIF Corrects Spring Drawdown Bias JPLU

Jet Propulsion Laboratory
California Institute of Technology

o
Y e -
E
=]}
5 _
L U
L
=
AR
< Original (EVT)
CARVE—optimized
OCO2-SIFix
('l) ] -_ - - GOME2—SIF—hx
[ [ [ | [ [ [
2012.0 20125 2013.0 20135 2014.0 20145 2015.0
Year
SIF offers a potential solution to the known spring bias in CMIP5
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Monthly Optimized Biogenic NEE JPL
PVPRM & CARVE ool

Optimized Biogenic net CO, flux estimates
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RL & FT CO2 Reveal Different Aspects_":"_
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None of the individual

airborne sampling

strategies available in

the 2009-2014 period

captured the full CO2

seasonal cycle as well
as their composite

Vertical profile

iInformation in the ML
— FT difference gives

high sensitivity to

changes in the Alaska
CO2 seasonal cycle
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A. CLM4.5BGC CO2
fluxes for projected
Alaska warming
scenarios

B. CO2 vertical
gradients (ML-FT) for
the fluxes in (A)

Regression fits to Jun-
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Airborne Strategy for Detecting the JPL

Permafrost Carbon Feedback
4 T Toae 8
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Methane SCIAMACHY/Envisat Northern Hemisphere
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TropOMI instrument on
Sentinel-5P Mission
LRD: Late 2016

Global CH4



Summary
‘NHL XCO2 observations are essentlal for accurate regional -
and global flux estimates -

Measurements during the cold season are particularly
important for monitoring climate change and the permafrost\
carbon feedback = - P
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