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Presenter
Presentation Notes
1minute: Good morning, can you hear me ok?

Today I will talk to you about an airborne campaign supported by the Atmospheric Radiation Measurements program: the ACME-V mission, short for Airborne Carbon Measurements, that took place over the North Slope of Alaska last summer

Although I led this campaign, this was a large team effort, including several national laboratories: but not limited to Berkeley Lab, Brookhaven National Lab, and the Pacific Northwest lab, the ARM Airborne Facility mentors and support staff, some of those staff are shown in the picture below.

I want to stress that this was a very challenging campaign, with a small number of team members on-site at a given time operating a fairly large instrument payload of about 2000 lbs for trace gas measurements, aerosols and cloud properties observations, as well as solar and infrared radiation measurements.


hy do we care about the Arctic (land)?

Atmosphere Today ~800 PgC (~400 ppm)

Arctic soils contain = 1300+/-200 PgC
(Tarnocai et al, GBC, 2009)

Large spatial heterogeneity in:
- Inundation
- Surface albedo
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1.5 minutes (total 2.5 minutes): 
Why do we care about what is happening in the Arctic? 

There are several reasons:
- The arctic soil contains large carbon stocks, 2/3 of which are currently locked-in the permafrost. If those carbon stocks become available to microbial decomposition, atmospheric concentration of CO2 could be increased by a factor of 2 or 3.
- Energy balance at the land-surface is driven by albedo, inundation, and other properties. Changes in those surface properties will set in motion a chain of events that could amplify warming of the Arctic.

The Department Of Energy is heavily investing in improving our understanding of the arctic through several programs: the Atmospheric Radiation Measurement program operates two facilities in the North Slope of Alaska at Barrow and Oliktok, the Terrestrial Ecosystem Sciences program supports the NGEE-Arctic project in the Barrow Ecological Observatory, The Atmospheric Sciences Research and the Climate and Earth System Modeling programs support the Accelerated Climate Modeling for Energy project to model the influence of degradation of permafrost on climate.  To test and improve model developments, observations are critically needed.

In the upper right corner is a picture that I took, along the Dalton Highway near Prudhoe Bay after part of the highway was washed away due to unusually warm spring, exposing a slice of soil about 10 feet thick. You can see different soil layers: an organic carbon rich layer on the top, ice wedges in the middle, and frozen soil around and below the ice wedges .




an airborne campaign?
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0.5 minute (total 3 minutes): 
Why an airborne campaign?

The North Slope of Alaska Borough is a fairly large region, larger than 39 US states, with very few roads. There are currently 5 fixed-site supporting atmospheric sciences, shown on the map, including 2 ARM sites (Barrow and Oliktok point) and three sites supported by the University of Alaska Fairbanks and/or University California San Diego

Imagine what it would take to perform the work that we are all doing in the US Southern Great Plains domain, or in the state of Virginia with minimal infrastructure, almost no roads, and very harsh conditions.

This is a great place for airborne campaigns!


@Our Science Questions

#1: What controls spatial and temporal variability in atmospheric CO, and CH,?

#2. Can we use multi-species observations to distinguish between biogenic,
thermogenic, and anthropogenic sources of CO, and CH,?

#3: What are the implications for radiative forcing?

#4. What can we learn about spatial variability of surface characteristics between
Oliktok and Barrow?

#5: Can we estimate CH, emissions at regional scale?
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1 minute (total 4 minutes): 
The outline of my talk is based on the following science questions.

#1: What controls spatial and temporal variability in atmospheric CO2 and CH4?

#2: Can we use multi-species observations to distinguish between biogenic, thermogenic, and anthropogenic sources of CO2 and CH4?

#3: What are the implications for radiative forcing?

#4: What can we learn about spatial variability of surface characteristics between Oliktok and Barrow?

#5: Can we estimate CH4 emissions at regional scale using aircraft observations?




Our Implementation — ACME-V campaign

- Use of ARM & AAF assets
- Trace gas observations
- Clouds and aerosols property observations
- Solar and infrared radiation measurements

- Focused on NSA
- Flight path crisscrossing region
- Anchored by established ground-sites

- Frequent flights
- 2015: June 1 (DOY=158) — September 15 (DOY=258)
- 38 flights
- 140 science flight hours

- Low elevation flights
- <500m agl
- With vertical profiling over fixed-sites
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2 minute (total 6 minutes): 
To address our science questions, we proposed the ACME-V campaign.

This campaign relied on the use ARM and AAF assets to collect:
Trace gas mixing ratio observations of carbon dioxide, methane, and carbon monoxide, and multiple species from flasks in collaboration with NOAA
Aerosols properties such as concentration, size distribution absorption, and mixing state
Cloud properties focusing on cloud particles size distribution, cloud droplet size distribution, total water and ice content
Solar and Infrared radiation

We focused on a domain within the North Slope of Alaska Borough anchored by ground-sites that I described previously, �
We flew 38 missions across this domain from June 1 through September 15 for a total of 140 science flight hours, which is a success by itself! 
For reference NASA CARVE mission flew 200 hours from May through September each year over the entire state of Alaska.




1: Spatial/Temporal Variability in CO, and CH,

CO, (ppm) CH, (ppb)

June 20, 2015
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2 minutes (total 8 minutes): 
The number on the header refers to the science questions

Here I am showing a few maps to illustrate spatial & temporal variability of mixing ratios of CO2 on the left, and CH4 on the right for two flights one month apart.
Red colors indicate higher mixing ratios, and blue colors show lower mixing ratios. 

For each mission, we flew at 500 feet or 150m above the ground during the horizontal transects, and spiraled up and down over fixed-sites, which I will describe in the next slide.

For CO2 first,
on the upper left, we did not observed a lot of variability across the entire region in June, say a couple ppm
As summer unfolded, vegetation became more active, area of lower mixing ratio associated with vegetation uptake started to emerge. The spatial variability across the domain for July  was on the order of 10 ppm.

For CH4, the story is quite different.
Both flights in June and July show large spatial variability, on the order of 100 ppb across the region.
The location of large enhancement varies across flights and emphasizes both natural sources and oil & gas related sources. 
For instance, there are large enhancement alongside the trans-Alaska pipeline and in the oil-fields along the Arctic ocean coastline. 
An interesting feature is associated with CH4 enhancement between Ivotuk and Atqasuk, which could be associated with natural seeps. 
We are currently working on analyzing isotopic and ethane observations collected during the mission to attribute the origin of those sources.


%1: Vertical Profiles over fixed Sites
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2 minutes (total 10 minutes): 
The ACME-V mission provided the opportunity to collect much needed statistics on the greenhouse gases vertical profiles over the North Slope region.

During each flight, we flew verticals profiles, spiraling up and down from 500 feet all the way to 10,000 feet or higher, over coastal and inland fixed sites: Oliktok, Barrow, Atqasuk, Ivotuk, and Toolik.

Here, I am showing verticals profiles over two sites as whisker plots: on the left side over a coastal site (Oliktok), on the right side over a Brooks’ range foothills site (Toolik).
For each sites I m showing vertical profile of CO2 and CH4. Note that there are no flights in September over coastal sites, because of systematic presence of dense fog and low elevation clouds.

- At the coastal site, the lowest elevation shows large mixing ratio variability for both CO2 and CH4 associated with shallow boundary layer and local sources and sinks, This feature is more pronounced for CH4 than for CO2. 
- At the foothill site,  we do not observed as strong of a variability at low elevation, but rather a uniform profile due to a well-mixed, fully-developed boundary layer, reaching 10,000 feet some days.

Variability in the vertical profiles of CO2 is larger than its spatial variability, whereas for CH4 spatial variability is larger than changes in the vertical.


2. Biomass Burning influence
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0.5 minutes (total 10.5 minutes): 
Here is an example of using multiple species for source attribution. I am showing vertical profiles of carbon monoxide over a Brooks’ range foothills site (Toolik). These measurements were collected by Stephen Springston from Brookhaven National Lab.  Here we see elevated CO mixing ratio in the middle section of the vertical profiles in July and August associated with atmospheric transport of air masses from burning boreal forests of Alaska.

This is also confirmed by refractory black carbon measurements collected during the flights by Art Sedlacek, and I encourage you to stop by Art’s poster to find out more.


%3: Implication for Infrared Radiative Forcing
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1 minutes (total 11.5 minutes): 
Vertical profiles of trace gases mixing ratios that we collected over Barrow are instrumental to estimate CH4 infrared radiative forcing for two main reasons:

- First, ARM-ACME observations provide validation on how well we can determine CH4 forcing from the Atmospheric Emitted Radiance Interferometer observations (also known as AERI, operated by Jonathan Gero). 

- Second, ARM-ACME observations establish how correlated surface observations of CH4 are with the free troposphere as shown here. If CH4 measurements at the surface were highly correlated with CH4 measurements in the free troposphere, we could just calculate CH4 forcing from the CH4 surface flask measurements. However, ARM-ACME observations showed that this is not the case over Barrow and Oliktok sites. Therefore we have to calculate CH4 forcing directly using CH4 vertical profiles, rather than just inferring it from surface only observations.

For more details on this study, I invite you to stop by Dan Feldman’s poster.�



#4. Spatial Variability of Surface Albedo

June 15

Preliminary data!

e Solar radiation measured by
Delta-T SPN1

* Upwelling radiation corrected
for aircraft tilt (Long et al., 2010)

e Albedo = Nadir / Zenith

August 20

=> Large spatial and temporal
variability
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1 minutes (total 12.5 minutes): 
Aircraft observations can help us learn how representative Oliktok and Barrow are, in respect to the surrounding landscape.

On this slide I am showing surface albedo calculated using Global and Diffuse radiation measured during three flights in June, July and August between Oliktok and Barrow. 
The main point I want to make is that surface properties measured at fixed sites are significantly different than surface properties measured between those sites. In order to improve model parameterization, surface properties need to be measure across the landscape.

(Add albedo measured at both site vs. mean albedo over the transect)


#5: Estimate of CH, source at Ecosystem scale

Eddy Covariance Technique (ARM ECOR datastream and CH, VAP)

Oliktok
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0.5 minute (total 13 minutes): 
Now, I’d like to take some time to talk about how we can estimate methane fluxes over large scale.

The community has used ecosystem scale observations based on eddy-covariance technique to measure CH4 fluxes.
The pictures show measurement of net CH4 fluxes from the land to the atmosphere in the footprint of a flux tower using 10Hz infrared gas analyzer and 3D sonic analyzer observations. The footprint of these towers is typically on the order of few square km. 

The pictures above show three eddy covariance systems deployed in the North Slope of Alaska supported by DOE ARM and TES programs, and maintained by Dave Cook from Argonne National Lab and Dave Billesbach from University Nebraska Lincoln. 

These ecosystem scale flux estimates can be scaled-up to produce regional CH4 flux estimate, which I will show in a couple slides.


#5: Estimate of CH, source at Regional scale

CH, FLUX optimization framework

Observations
CH, enhancement over background (ARM-ACME-V)
with no anthropogenic influence (CO < 150 ppb)

VS.

Model
Calculated CH, enhancement using CH, flux model

(Henderson et al., ACP, 2014)
X

surface influence
(WRF-STILT 3.5.1; Lin et al., JGR, 2003)

(Commane et al., in prep)
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1 minute (total 14 minutes): 
We implemented a CH4 flux optimization framework to leverage ACME airborne observations to infer CH4 fluxes directly at regional scale.

We calculated enhancement of CH4 observations over background using marine boundary layer observations from the NOAA global cooperative network and compare the CH4 enhancement predicted by a CH4 flux model using prior distributed surface CH4 emissions. 

Discrepancy in enhancement are minimized using surface influence calculated by the Weather Research and Forecasting (3.3 km inner domain) Stochastic Time Inverted Lagrangian Transport model.


5: Estimate of CH, source at Regional scale

September 9, 2015 flight (Tundra)
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1 minutes (total 15 minutes): 
This framework is applied to each flights and here is an example for the September 9 2015 flight. 

On the left side, a map of the flight path is shown, as well as a time series of CH4 mixing ratios and elevation along the flight path. The dash line represent the background measurements
On the right side, is a map of the surface of influence calculated by WRF-STILT. 

We start with a uniformly distributed emissions of methane as a prior, and adjust these emissions in an iterative method.
We are currently evaluating the sensitivity of our results to the use of NGEE-Arctic model result as a prior.


#5: Estimate of CH, source at Regional scale
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2 minutes (total 17 minutes): 
This slide shows preliminary results of CH4 sources at regional scale using the framework described in my two previous slides. The ACME-V data filled an important gap.

Ten-day average from five Eddy Covariance CH4 flux towers located across the North Slope (shaded bands) for 2013, and 2014, with the mean (solid line), 95% confidence intervals. CH4 flux data for 2015 is not yet available.

Regional fluxes of CH4 calculated from the NASA CARVE aircraft data for the North Slope are also shown for 2012 (yellow circles), 2013 (red squares), and 2014 (brown diamonds). Regional fluxes of CH4 calculated from ACME-V aircraft data for 2015 are shown as blue triangle.

Regional CH4 fluxes calculated from aircraft observations show a consistent pattern to the eddy flux data, although the flight-based estimates were at times lower. 

However, without the ACME-V flights, there were no flight data from the peak emissions period.

It is worth noting that ACME-V mission contributed the only aircraft observations in the North Slope of Alaska from Mid-July through early September, when eddy flux observations suggest the maximum CH4 sources. The regional flux estimates based on the ACME-V data confirm for the first time that there is a peak in methane emission at the regional scale during this period. 

Overall, Methane fluxes do not appears to be increasing over the four years of data shown here, despite widespread permafrost thaw and other evidence of climate change in the region.


®
Lessons Learned and Future Work

#1: Drivers of spatial heterogeneity are different for CO, versus CH,

#2:. Mutli-tracers approach can be used for sources attribution (wildfire, fossil,
and ecosystem)

#3: Vertical profiles are necessary to estimate CO, and CH, radiative forcing,

#4: It is critical to have better spatial coverage of surface properties, along the
Oliktok/Barrow transect

#5: North Slope CH, fluxes peak in Mid-July through early September, and do
not appear to be significantly increasing over time.

* Next Steps:
- Apply framework to estimate regional fluxes of CO,,
- We hope for the opportunity to expand flights over shoulder season, as
studies points out significant contribution to annual fluxes,
- Use UAs at Oliktok to increase spatial coverage around fixed-site
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1 minutes (total 18 minutes): 
To conclude, we have shown that:
#1: Drivers of spatial heterogeneity are different for CO2 versus CH4 

#2: Mutli-tracers approach can be used for sources attribution (wildfire, fossil, and ecosystem)

#3: Vertical profiles are necessary to estimate CO2 and CH4 radiative forcing,

#4: It is critical to have better spatial coverage of surface properties, along the Oliktok/Barrow transect

#5: North Slope CH4 fluxes peak in  Mid-July through early September, and do not appear to be significantly increasing over time.

Next Steps:
Apply framework to estimate regional fluxes of CO2,
We hope for the opportunity to expand flights over shoulder season, as studies points out significant contribution to annual fluxes,
Use UAs at Oliktok to increase spatial coverage around fixed-site




® .
How to Be involved?

ARM-ACME-V observations
Avallable from ARM archive:

http://www.arm.gov/campaigns/aaf2014armacmev

Contact: SCBiraud@Ibl.gov
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0.5 minutes (total 18.5 minutes): 
ARM-ACME-V observations  are available from ARM archive at the URL shown here
http://www.arm.gov/campaigns/aaf2014armacmev

I can be contacted by email


http://www.arm.gov/campaigns/aaf2014armacmev
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