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Webex Agenda, 5 December 2013 

1. Status and schedule for data from the last two deployments 
 

2. Fall AGU 
 

3. AQAST meeting attendance 
 

4. Upcoming science team meeting 
 

5. Colorado site survey plans 
 

6. Science presentations 



Data Status and Schedule 

California 
 
• Still waiting  for a few data sets 

• P-3B is complete except for DACOM (which is imminent) 

• P-3B merges have been updated since our last telecon and will updated again as 
soon as DACOM data becomes available 

 
Houston 
 
• Merges are now available for all P-3B flights 

• This represents the data available for use in presentations at the AQAST meeting 
in January (please contact anyone whose data you are using) 

• Final data deadline is 31 January 2014 

• Please let Gao know if your circumstances will require an extension beyond the 
deadline 



Fall AGU, 9-13 December 2013 

24 Abstracts covering 15 Sessions 
 
Something to see everyday, only vacant period is Thursday AM 
 
All 24 entries can be found by searching the abstracts for “DISCOVER-AQ” 



Fall AGU, Tuesday morning 



Fall AGU, Tuesday afternoon 



Fall AGU, Wednesday morning 



Fall AGU, Wednesday afternoon 



Fall AGU, Thursday afternoon 



Fall AGU, Friday morning 



Fall AGU, Friday afternoon 



AQAST Representation 

We could support travel 
for a few team members 
to attend. 
 
Who is interested? 
 
The meeting will precede 
the data deadline. 
 
What preliminary data 
and/or model analyses 
could be ready? 
 

This is an important opportunity to identify items of high priority 
for the science team meeting in February 



Science Team Meeting 

When: 24-28 February 
 
Where:  NASA  Langley Research Center (Hampton, VA) 
 
Preliminary Agenda: (different from last telecon) 
24 February   Maryland 
25-26 February   California 
27-28 February   Houston  
 
Venue:  Reid Conference Center 
 
Travel Support:  The project has budgeted for the typical travel support for each PI 
plus one group member to attend.  We are willing to consider additional requests 
and would appreciate any creative solutions (e.g., sharing of accommodations) to 
increase attendance. 
 
Badging:  Badges will be necessary since the meeting is on the NASA grounds 
 
Please start informing  Mary Kleb of attendees from your group. 
 
Travel instructions will be available by the next telecon. 



Candidate Profile Sites for Colorado 



Candidate Profile Sites for Colorado 

Limited dates for site survey due to AGU, NSF-CONTRAST mission, and CDPHE 
activities 
 
Preliminary dates: 16-19 December 
 
16 Dec (PM) – Visit hotels in Louisville and Broomfield area 
17 Dec (AM) – Visit airfield 
17 Dec (PM) – Tour ground sites in Denver 
18 Dec (all day) – Tour ground sites north of Denver 
19 Dec (AM) – Meet with NCAR/NOAA partners (also finish ground site tours if 
necessary) 
 
Who is available?  If not available, let’s make sure that we are prepared to get 
answers to all of your questions. 
 



Agricultural ammonia and methane emissions in 

the Central Valley, California:  
High resolution, mobile measurements during  

NASA DISCOVER-AQ 2013 
 

David J. Miller1, Kang Sun1, Lei Tao1, and Mark A. Zondlo1 

 

1. Department of Civil and Environmental Engineering, Princeton University 
   

Collaborators:  

John Nowak (P3-B NH3 measurements) 

Zhen Liu (WRF wind simulations) 

AGU Poster (December 11): A31C-0071 



Species Precision  Mass Power Make 

1Sun et al., Appl. Phys. B, 2012     2Miller et al., AMT 2013 
3Sun et al., ES&T, revised 2013   4Tao et al., Optics Exp., 2012 

CO2/H2O 

H2O  <1%   2 kg  5 W  LICOR 
CO2  0.1 ppmv  -  -  LICOR 
 

CH4 

CH4  2 ppbv  4 kg  15 W LICOR 
 

met. data (T, p, RH)      Vaisala 

N2O/CO 

N2O  0.07 ppbv 10 kg 40 W ref 4 

CO  0.2 ppbv  -  -  ref 4 

NH3 

NH3  0.15 ppbv 15 kg 50 W ref 1-3 
 

Honda CRV (Beijing, China) 

>8000 km covered: 

New Jersey, California, Texas, China 

Open-path design: 

• Fast response time, high resolution 

• Compact and low power (two car 

batteries)  

Multi-gas approach 

• Distinguish between NH3, CH4, N2O, 

CO2 and CO sources 

• Emission ratio calculations 

Multi-gas, Open-path, Mobile Platform 



Spatial Coverage 

 ~4300 km  

 12 days 

 

Time Resolution: 5 Hz 

 

Mobile Platform Measurements 
NASA DISCOVER-AQ 2013 Central Valley, California 



Spatial Coverage 

 ~4300 km  

 12 days 

 

Time Resolution: 5 Hz 

 

Mobile Platform Measurements 
NASA DISCOVER-AQ 2013 Central Valley, California 

~500 dairy farms  

Tulare and Kings 

Counties 



Ammonia Mobile Measurements 
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January 28-February 1, 2013  

 

• Calculate dairy farm emission ratios (Δ NH3 / Δ CH4) and statistics  

• Compare with emission ratios from aircraft measurements and 

current dairy emission inventories  

• Distributions valuable for emission inventory and aerosol modeling 

Spatial distribution of NH3 mixing ratios in dairy region: 

Goals: 



Downwind Mobile Measurement Selection 

• Dairy farm locations:  

 California Land & Water Use Dataset 

• Wind field simulation (WRF) 

Hourly, 4 km grid-scale at 10 m altitude 

Courtesy: Zhen Liu, Sandia National Lab  
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• Isolate measurements directly downwind of each dairy farm location 

• Sampling distance limit of 600 m from farm center chosen to minimize biases 

due to NH3 dry deposition and partitioning 

• Removed vehicle exhaust with CO fossil fuel source tracer 
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Mean

• NH3 enhancements localized to <100-200 m 

distance from dairy farm, consistent with 

turbulent dispersion & dry deposition  

• Short-term NH3 losses (dry deposition, 

partitioning) 



Emission Ratio Summary 

 58 downwind plumes (62%) had statistically 

significant linear correlation (p<0.05) 
 

Mean enhancements at all farms Distribution of mean emission 

ratio calculated at each farm 
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Summary ΔNH3/ΔCH4 [ppmv ppmv-1] 

Mobile platform mean 0.22 ± 0.04** 

Mobile platform median 0.15 ± 0.03** 

Bjorneberg et al. 2009  

Open-lot dairy; winter [kg d-1] 

0.10 

Leytem et al. 2010  

Open-lot dairy; winter [kg d-1] 

0.24 

* Uncertainty in slope 

(95% confidence) 

** Measurement 

uncertainty: ±20% 



 

 

N
H

3
 m

ix
in

g
 r

a
ti
o

 [
p

p
b

v
]

0

100

200

300

400

500

600

700

800

900

1000

Prevailing Wind 

NH3 

Spatial distributions at individual farm: 

0 200 400 600 800 1000 1200 1400 1600

10

20

30

40

50

60

70

80

Distance along farm [m]

C
H

4
 [
p
p

m
v
]

 

 

Percentiles

Mean

0 200 400 600 800 1000 1200 1400 1600
400

450

500

550

600

650

700

750

Distance along farm [m]

C
O

2
 [
p
p

m
v
]

 

 

Percentiles

Mean

0 200 400 600 800 1000 1200 1400 1600
0

200

400

600

800

1000

1200

Distance along farm [m]
N

H
3
 [
p
p

b
v
]

 

 

Percentiles

MeanNH3 

CH4 CO2 
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Dairy 

cows 

Soil  

manure 

Soil manure 

Soil manure 

Waste 

lagoon 

Dairy 

cows 

Soil manure Dairy 

cows 

Dairy 

cows 

Soil  

manure 

Waste 

lagoon 

• Spatial distributions at sub-dairy farm scales are highly heterogeneous  

• Categorize different sections of farms: cows, surface urea, lagoon, manure 

• Lagoon CH4 sources must be accounted for in dairy emission factors 

Spatial Heterogeneity at Single Farm 
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10 am Transect

12 pm Transect

2:30 pm Transect
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10 am Transect

12 pm Transect

2:30 pm Transect

Aircraft Transect Emission Ratio 
Missed approach 

Wind 

CH4 NHx 

10 km 

NHx = NH3 + NH4
+ used to account for partitioning (NH4

+<10% of NHx) 

Background Upwind 

Vertical Profile 

Δ NHx 

NASA P3-B aircraft data: 

• NH3 (3 s, NOAA Picarro CRDS, Nowak) 

• Preliminary CH4 (1 s, NASA DACOM, 

Diskin)  

• NH4
+ (250 s, NASA PILS-IC, Anderson) 

Aircraft boundary layer transects: 

• 3 times per day at 300-500 m altitude for 100 km distance 

• Vertical profile at Visalia 

Δ CH4 
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10 am Transect

12:30 pm Transect

2:30 pm Transect
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10 am Transect

12:30 pm Transect

2:30 pm Transect
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Aircraft Transect Emission Ratio 
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12:30 pm

2:30 pm

Boundary layer well-mixed in 

afternoon 

• Morning transect shows low bias (significant 

deposition below 200 m) and not used in 

total emission ratio estimate  

Aircraft integrated emission ratio estimate 

comparable to surface mobile measurements 

P3-B    Mobile  

  Platform 
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• NH3 measurement time response (8-20 s) in 

large plumes relative to CH4 introduces bias 

(ongoing work) 



Atmospheric Implications 

 High resolution open-path mobile measurements: 

 NH3 to CH4 emission ratio and distribution quantified during NASA 

DISCOVER-AQ (Central Valley winter)  

 

 Aircraft measurements: 

 NHx to CH4 emission ratio median comparable to surface measurements 

 NH3 measurement time response relative to CH4  in plumes introduces bias  

 Future aircraft top-down NH3 emissions estimates must consider under-

sampling of surface (<100 m altitude) where depositional losses occur and 

sensitivity to background variation within dairy region 



Future Directions 

 Quantify NH3 deposition and losses (coarse and fine mode) 

 Compare with emission inventories (EPA NEI, CARB), regional models 

 Combine bottom-up emission ratios with top-down mass balance approach 

for CH4  total NH3 emissions 

 First open-path NH3 eddy covariance measurements: long-term stationary 

20 Hz NH3 and CH4 measurements  temporal variability at single farm 
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Extra Slides 



Ammonia and Methane Time Series 

Two orders of 

magnitude 

decrease to 

background  

within  

2 seconds   
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Local time [PST] 

Dairy farm sampling: Central Valley, CA 

Background trend  1 percentile over 400 s time window 

(>plume widths), similar to method by Bukowiecki et al. (2002) 



Ammonia Plume Measurements 

• Plumes measured on road only if downwind 

• Ammonia plumes localized to individual dairy farms, show fine structure 
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Mobile Ammonia Measurements 

 93 downwind “plumes” of NH3 and CH4 sampled 

 Most farms sampled at <100 m from farm edge  
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