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   Outline 

ÅAircraft measurements and mass balance approach for CH4 emissions 

ÅComparison with CH4 Emission inventories 

ÅCH4 emissions based on CO & CO2 inventories and observed CH4/CO & CH4/CO2 ratios 
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Close collaboration with NIST & MDE. 

ÅCO2 is the big climate forcing factor. 

ÅInitial results indicate emissions inventories for CO2 are good to within 
10-15%. 

ÅLǘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ Řƻ ōŜǘǘŜǊ ǿƛǘƘ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅΣ ōǳǘ ǿŜΩǊŜ 
working on improvements. 

ÅMethane (CH4) is harder to quantify. 

ÅThere are many sources of methane natural gas delivery systems, 
waste water treatment, agriculture, and landfills.   

ÅUMD is working with MDE to improve CH4 emissions estimates.  
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UMD Cessna & Purdue Duchess Research Aircraft 
GPS Position (Lat, Long, Altitude) 

Met (T, RH, P, wind speed/direction) 

Trace gases: 
 O3: UV Absorption, modified TECO 
 SO2: Pulsed Fluorescence, modified TECO 
      CH4/CO2/CO/H2O: Cavity Ringdown, Picarro  
 NO2: Cavity Ring Down, Los Gatos 
 NO: Chemiluminescence, modified TECO 
 VOCs: grab canisters/GC-FID 

Aerosol Optical Properties: 
 Scattering: bscat (@450, 550, 700 nm),  

            Nephelometer 

 Absorption: bap (565 nm), PSAP 
      Black Carbon: Aethalometer 

Aerosol Inlet 

Gas Inlet 

Met Sensors 
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UMD Cessna  

Purdue Duchess  
GPS Position (Lat, Long, Altitude) 

Met (T, RH, P, 3-D wind by BAT) 

 Trace gases: 

 O3: UV Absorption, 2B Technology 

 CH4/CO2: Cavity Ring Down, Picarro  

 NO2: Cavity Ring Down, Los Gatos 

 



FLAGG-MD Flights during Winter 2015 and 2016 
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Cessna 

Duchess 

Flights on 2/19/2016 

Cessna 

Duchess 

Duchess 

Cessna 

Cessna 

Duchess 

FLAGG-MD 2015: 
Both aircraft did 
level transects 

FLAGG-MD 2016: 
Å The Cessna did 

continuous vertical 
profiles downwind. 

Å The Duchess did 
upwind survey &  level 
transects downwind. 

Longitude (°) 



38.2 38.4 38.6 38.8 39 39.2 39.4
1950

1960

1970

1980

1990

2000

2010

[C
H

4
] 
(p

p
b

v
)

Latitude ( )̄

 

 

2500ft

1000 ft

DC
plume

Baltimore
plume

Mass Balance Approach to Estimate Emission Rates 

E. R. : emission rate 
[C] : concentrations (downwind) 
[C]b : concentration in background  
UṶ : perpendicular wind speed 

Mass Balance Experiment (MBE) approach: 

Background 

Background 
CO2, CH4, CO 

Urban 
CO2, CH4, CO 

ҟȄ 

ҟȊ 
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What comes out of the box minus what 
went in is the flux. 



Estimated GHG Emissions from the Baltimore-Washington Area  

Date Flux(CO2) 
(moles s-1) 

Flux(CH4) 
(moles s-1) 

Flux(CO) 
(moles s-1) 

02/08/16 73,200 418 430 

02/12/16 93,000 350 510 

02/17/16 107,800 1,078 365 

02/18/16 98,100 373 611 

02/19/16 142,800 722 688 

        

Mean±1  ̀ 103,000 
±25,600 

 

588±312 
 

521±131 

  
Flight Date 

Flux(CO2)  
(moles s-1) 

Flux(CH4)  
(moles s-1) 

Flux(CO)  
(moles s-1) 

2/6/15  94,500 557 521 
2/13/15 71,000 290 281 
2/18/15 91,200 795 -- 
2/19/15 156,800 932 567 
2/20/15 118,100 518 753 
2/23/15 107,900 641 417 
2/24/15 110,300 476 640 
2/25/15 108,500 602 571 
2/27/15 78,800 540 -- 

        

Mean±1  ̀
104,000 
±25,000 

595±184 
 

536±152 

FLAGG-MD winter 2015 FLAGG-MD winter 2016 

Mean CH4 emission rate: 592 Ñ 248 moles s-1 

7 
600 moles/s ~ 30,000 tons/yr 



CH4 Emissions from 
the SW Marcellus 

Flight 

Date 

[CH4]upwind 

(ppbv) 

[CH4]downwind 

(ppbv) 

WS 

(m s-1) 

WD 

(deg) 

PBL Height 

(m AGL) 

CH4 E.R. 

(moles s-1) 

8/25/15 1,967Ñ22 2,023Ñ39 9.7Ñ1.4 260Ñ12 2,200 2,391 

8/29/15 2,016Ñ16 2,119Ñ50 6.6Ñ1.4 226Ñ13 1,950 2,315 

9/14/15 1,960Ñ28 2,032Ñ37 9.6Ñ1.2 283Ñ12 1,500 2,156 

  From Marcellus (55x77 km):  2,287 ± 120 moles CH4 s
-1  
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From Balt-DC (75x95 km):   592 Ñ 248 moles CH4 s
-1 
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New Regulations on finishing 
appear to have improved 
emissions. 



Example Point Source: CH4 from Brown Station Landfill 

Flight #     CH4 Emission Rate (moles s-1) 
   RF1                       57.4 
   RF2                       55.7 
   RF4                       51.8 
   RF5                       64.7 
   RF6                       65.3 
   RF7                36.0 
   RF8                       69.1 
----------------------------------- 
 Mean           57.1 ± 11.1 
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Brown 
Statin 
Landfill 

A factor of 3.7 higher 
than the value in GHGRP 

EPA GHGRP CH4 
emission rate for this 
landfill: 15.5 moles s-1   
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Measured 21 times 
over 7 flights. 



Landfill  
(# of transects/flights) 

Mass Balance Flux 
Range** (moles CH4 /s) - 
Average of all transects 

2015 EPA (moles 
CH4/s) 

2014 MDE 
(moles CH4/s) 

2012 
Maasakkers 
(moles CH4/s) 
 

Brown Station (21/7) 24.6 ς 64.0 3.44 or 15.5* 6.14 8.52 

Eastern Sanitary (3/1) 9.9 ς 49.5 4.54 6.85 10.01 

Quarantine Road (7/3) 1.35 ς 2.94 3.33 17.6 3.11 

Harford Waste (2/2) 2.22 ς 8.50 5.42 3.52 5.52 

Reichs Ford (3/2) 12.8 ς 26.2 5.88 1.83 4.96 

Route 40 West (3/3) 2.66 ς 10.01 6.89 10.23 6.70 

Mass Balance vs. Inventories 

* EPA GHGRP requires landfills with a gas collection system (Brown Station has a gas collection system) to 
ŜǎǘƛƳŀǘŜ ǘƘŜƛǊ ŜƳƛǎǎƛƻƴǎ ƛƴ ǘǿƻ ǿŀȅǎΦ ¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ ƘƛƎƘŜǊ ƻŦ ǘƘŜ ǘǿƻ ǊŜǎǳƭǘǎ ƛǎ ǊŜǇƻǊǘŜŘ ŀǎ ǘƘŜ άƻŦŦƛŎƛŀƭέ ǾŀƭǳŜΣ 
ōǳǘ ƛƴ .Ǌƻǿƴ {ǘŀǘƛƻƴΩǎ ŎŀǎŜΣ ǘƘŜ ƭƻǿŜǊ ƴǳƳōŜǊ όоΦппύ ǿŀǎ ǊŜǇƻǊǘŜŘ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ƘƛƎƘŜǊ ƴǳƳōŜǊ όмрΦрύΦ 
 
**Flux range computed by varying horizontal transect width by 10% and PBL height by one-sigma. 
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196 moles CH4/s  
from Balt-DC 
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CH4 Emissions from Sources in Balt-DC in CH4 NEI 2012  

Landfills

49%

EntericFermentation+Manure

12%

NG Distribution

11%

NG Transmission

10%

Combustion

8%

Waste Water Treatment

8%

Others

2%

ÅLandfills are a major CH4 source. 
 

ÅCH4 emissions from NG system 
may be under-estimated. 

49%, 1.54 kg/s 

12%, 0.39 kg/s 

11%. 0.36 kg/s 

10%, 0.30 kg/s 

8%, 0.24 kg/s 

8%, 0.24 kg/s 

2%, 0.07 kg/s 
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An alternative approach ς CO2 and CO emissions 
well constrained and we can use ratios to learn 
about the methane flux. 



CH4 Emission Estimate using CH4/CO Ratio and CO Emissions 
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ÅTotal CO emissions from Balt-DC 
in EDGAR v4.3 2010: 0.459 
MMtons/ yr 
 

ÅThe total CH4 emissions based on 
CH4 to CO ratio: 642 moles CH4 s

-1 
(436 ς 1,003 moles CH4 s

-1) 

FLAGG-MD winter 2015 
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CH4 Emission Estimate using CH4/CO2 Ratio and CO2 NEI 2014 

ÅTotal CO2 emissions from Balt-DC in 
NEI2014: 89.0 MMtons/ yr 
 

ÅThe total CH4 emissions based on 
CH4 to CO2 ratio: 583 moles CH4 s

-1 
(293 ς 1,029 moles CH4 s

-1) 
 
 

FLAGG-MD winter 2016 
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