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Summary
NHL CO2 and CH4 observations are essential 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 land surfaces
• Short, but intense seasonal cycle  Large seasonal 

cycle amplitude
• Cold season signals dominated by transport from lower 

latitudes

Few soundings pass baseline (lower latitude) OCO filters
• NHL-specific filters required to optimize sounding yield 

Opportunities to leverage 
• CARVE CO2 profiles & flux estimates (2014, 2015)
• Upcoming ABoVE field & airborne activities (2016 - )
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OCO-2 XCO2 Observations > 55 N: Sep 2014

Minimal sounding yield   
(N = 1366) despite most of 
the month still in “summer”

Critical to capture early 
cold season respiration 
signals
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OCO-2 XCO2 Observations > 55 N: Oct 2014

Poor sounding yield        
(N = 190) and order of 
magnitude drop off from 
Sep (N = 1366)

Critical to capture early 
cold season respiration 
signals
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OCO-2 XCO2 Observations > 55 N: Feb 2015

Poor sounding yield        
(N = 11)

Cold season XCO2 are 
critical to constrain pan-
Arctic respiration and 
transport from lower 
latitudes
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OCO-2 XCO2 Observations > 55 N: Mar 2015

Poor sounding yield        
(N = 938) with none above 
60N despite equinox solar 
conditions

Cold season XCO2 are 
critical to constrain pan-
Arctic respiration and 
transport from lower 
latitudes
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OCO-2 XCO2 Observations > 55 N: Apr 2015

Low sounding yield         
(N = 2553) with few above 
60N and none above 70 N

Critical to capture boreal 
forest freeze/thaw 
transition and onset of 
growing season drawdown
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OCO-2 XCO2 Observations > 55 N: May 2015

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
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OCO-2 XCO2 Observations > 55 N: Jun 2015

Mid-summer, max 
sounding yield

Sounding yield increases 
~2x over May 2015 

Coverage extends to 80N, 
but still essentially zero 
yield over Greenland

Mix of drawdown and 
Spring respiration signals 
observed
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OCO-2 XCO2 Observations > 55 N: Jul 2015

Sounding yield decreases 
~2x vs Jun 2015 despite  
> 20-hour days

Coverage extends to 80N, 
but still essentially zero 
yield over Greenland, poor 
yields over Europe, 
Scandinavia, and western 
North America

Peak drawdown signals
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OCO-2 XCO2 Observations > 55 N: Aug 2015

Sounding yield decreases 
~2x vs Jul 2015

Coverage extends to 80N, 
but still essentially zero 
yield over Greenland, poor 
yields over Europe, 
Scandinavia, Siberia and 
western North America

Drawdown signals still 
widespread
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OCO-2 XCO2 Observations > 55 N: Sep 2015

Poor yield (N = 3481) 
decreases an order of 
magnitude vs Aug 2015 
despite the equinox 
conditions

Sporadic coverage, mostly 
confined < 60 N

Critical to capture early 
cold season respiration 
signals
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OCO-2 XCO2 Observations > 55 N: Oct 2015

Poor yield (N = 448) 
decreases an order of 
magnitude vs Sep 2015 

Critical to capture early 
cold season respiration 
signals
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More than 1000 Science Flight Hours of CARVE 
Data 2012 - 2015

CARVE 2014 Flight Tracks CARVE 2015 Flight Tracks

May-Nov
2014

Apr-Nov
2015



14th ICRSS, Homer AK  Sep 2016 Slide 15© 2015 California Institute of Technology. 
U.S. Government sponsorship acknowledged.

CARVE 2012 – 2015 Cumulative Flight Lines

CARVE By The Numbers

• 27 Campaigns
• 192 Flight Days
• 1080 Flight Hours
• >150,000 naut miles
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7 Nov 2014/DOY 311 CARVE Science Flight 
North Slope Emissions Still Evident

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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Merging Airborne & EC Flux Tower Data to 
Quantify Year-round North Slope CH4 Fluxes



14th ICRSS, Homer AK  Sep 2016 Slide 18© 2015 California Institute of Technology. 
U.S. Government sponsorship acknowledged.

More than 50% of the North Slope CH4 Flux Occurs 
During the Cold Season

D Zona et al., PNAS (2016)

*** Year-round CH4 flux tower + CARVE North Slope flights***
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North Slope CH4 Emissions Persist Through the 
Zero Curtain Period
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*** Year-round CH4 flux tower data ***

Zero 
Curtain
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Alaska CH4 Fluxes Estimated from CARVE
2012-2014 Mean
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• GIM Controls: wetland extent, sub-surface soil temperature
• 2012 – 2014 Budgets: 1.6 – 1.8 ± 0.6 Tg CH4/yr
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30-yr BRW Record Shows Persistent 
Early Cold Season CH4 Enhancement

C Sweeney et al., GRL (2016)

Average enhancements of >70 ppb 
from southern ‘Land’ sector July –
September (1990 – 2012 averages)
consistent with CARVE observations

Background ~ 300 – 60
‘Land’ ~ 130 - 250
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Atmospheric CH4 Measurements in the Context of 
the Barrow Seasonal Cycle
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30-year BRW CH4 record mirrors the seasonal 
dependence of the Zona et al. CH4 fluxes

Snow Snow
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No Significant Increase in Long-Term 
CH4 Emissions from North Slope Alaska
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Optimized Biogenic CO2 Flux for AK
PVPRM & CARVE
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• Spring drawdown 2-4 weeks later than PVPRM
• Observations: Earlier fall zero crossing and larger fall emissions

2012 2013 2014



14th ICRSS, Homer AK  Sep 2016 Slide 25© 2015 California Institute of Technology. 
U.S. Government sponsorship acknowledged.

Using SIF to Correct
Spring Drawdown Bias

SIF offers a potential solution to the known spring bias

N Parazoo
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SIF Corrects Spring Drawdown Bias

N Parazoo, K Luus, R Commane, J Lindaas

SIF offers a potential solution to the known spring bias in CMIP5 
models
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Monthly Optimized Biogenic NEE
PVPRM & CARVE
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RL & FT CO2 Reveal Different Aspects 
of Alaska CO2 Seasonal Cycle
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data contain local 
Alaska information

• Free Troposphere (FT) 
data help quantify pan-
Arctic and long-range 
transport contributions

2009 – 2014 average CO2 
seasonal cycle amplitudes for 
• Residual Layer (RL)
• Free Troposphere (FT)

CARVE, ACG, PFA aircraft data 
profiles
GOSAT column CO2

RL
RL

FT
FT

GOSAT
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Current Measurement Strategies
& Alaska CO2 Seasonal Cycle

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 
information in the ML 
– FT difference gives 
high sensitivity to 
changes in the Alaska 
CO2 seasonal cycle 
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Modeled CO2 Sensitivity to 
Future Warming & Permafrost Thaw

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-
Aug CO2 minimum 
(C) and Sep-Dec CO2 
maximum (D)

CLM CO2 CO2 ML-FT

Sep-DecJun-Aug
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Airborne Strategy for Detecting the 
Permafrost Carbon Feedback

Monthly vertical 
profiles (0 – 7 km) at 6 
sites across Alaska 
could capture the 
summer and cold 
season changes in 
CO2 emissions from 
the permafrost carbon 
feedback

Current strategies lack 
the required 
combination of year-
round sampling and 
geographic coverage
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Monthly Optimized Biogenic NEE
PVPRM & CARVE
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Monthly Optimized Biogenic NEE
PVPRM & CARVE

TropOMI instrument on
Sentinel-5P Mission
LRD: Late 2016
Global CH4
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Summary
NHL XCO2 observations are essential for accurate regional 
and global flux estimates 

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

Northern high latitudes pose XCO2 observing challenges
• Minimal sunlight from Sep – March each year
• Snow, ice, fog, clouds, inundated land surfaces
• Short, but intense seasonal cycle  Large seasonal 

cycle amplitude
• Cold season signals dominated by transport from lower 

latitudes
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12 June 2015/DOY 163 CARVE Science Flight 
Denali National Wilderness Area

Charles.E.Miller@jpl.nasa.gov
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