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ABSTRACT

Forcing Determination Role of Oil and Natural Gas Emissions

Here we measure clear-sky longwave surface radiative forcing from CH, using Using a combination of spectroscopic measurements and controlling for the Inverting measured concentrations to derive CH, sources is challenging.
spectroscopic observations and ancillary data at Atmospheric Radiation atmospheric thermodynamic state with radiosondes, we can separate out the However, correlated increases in atmospheric C,H, and CH, arise almost
Measurement Program (ARM) sites. From 2002-2007, the trend in forcing does contribution of CH, to clear-sky downwelling radiance spectra and its infrared exclusively from anthropogenic activity®, and C,H, is 10x higher at SGP than
not differ significantly from zero, but subsequently, the trend in forcing at the surface radiative forcing®. We difference measurements from a line-by-line NSA. Correlations between C,H, and CH, are high at SGP and low at NSA.
Southern Great Plains site is 0.26+0.05 W/m?/decade which is 30% higher than radiative transfer calculation at pre-industrial CH, (722 ppbv) to produce Another possibility (combustion) is excluded by CO and AOD data (not shown).
the trend from CO,. At the North Slope of Alaska site, the trend 1s 0.0620.13 residuals and derive this radiative forcing. Recent positive trends in C,H, at SGP are consistent with increasing influence
W/m?/decade. The difference in observed trends at the two sites is consistent of o1l and natural gas emissions. Recent trends of C,H, at BRW are flat.
. . . . . . (¥
with the influence of increasing oil and natural gas production only near SGP. CH, forcing= [ *ADM * ( AERI — LBL (T HO . PlICH ))dv
4 v, v v \ " sonde>”" 2" sonde” 4 o] C_H, vs CH, 2005-2013 7 CO vs CH, 2005-2013
40 : . : | 220
B k d ® BRW: R = 0.273 .
ac g ro u n CH, Spectral Jacobian mW /m?*/cm ™! /ppb ; 12()() 1350 cm ! Surface Flux Vertlcal Sen51t1V1tles 35/ ® SGP: R°=0.734 j ol . — : .
' - - - B T oz0 " | —T(perk) % L .-' -
Over the past 100 years, CH, has been a substantial fraction of anthropogenic e e —H,0 (per ppm) = ol . _ o0l gP.:- B e
. . . . . . =i | = __N @) b I -§_ . :g s .o 0.. ° o
radiative forcing, second only to CO,V. After a hiatus in the global increase of e - ((g:: E Eb)) g 5 ; S0 ,&%&: s
. . . . . . . | el | 2 v ¥ 5 o ot °.”' PP
CH, mixing ratios from 1995-2006, recent studies indicate that CH, 1s once = 10 “ g B \ o . O ypgne ’%,’ ‘.
. . . . . . X, = RORE - G L
again rising® and that US emissions of CH, may be underestimated*~). Using 2 75 \ - 275 - 10 100 et .
- = - .0008 =2 S Aot
ARM measurements, we can track CH, concentrations and CH, surface = <. 5 B " ®BRW: R* =0:162
. 5 : * s ' ® SGP: R? = 0.267
fOfClIlg(6’7) - From IPCC AR5 Ch 8 0004 1800 1850 1900 1950 2000 2050 1800 1850 1900 1950 2000 2050
. o5 | | 286 i CH, (ppbv) CH, (ppbv)
T e b | 0000
¥ _t a)All Anthropogenic Gases, T 0.04f d)Rote of Chonge H e (©) :
e 1.5F ¢ ks S 00 800 100 2!'00 00 1600 10™ 10° 10° 10 - e C;H; - SGP N D e C,H, - BRW o v
I ] o~ i 6 1000 1 14 1 Q0000 | o] e wre o oHe - - fitered data
! 1 003 o wavenumber (cm ™) Whaes /AR [l ') o, |\ C ; .“ ‘ L ' s ; i
g 10 P A = * 17500 | — | jncar (2010 - 2015) . o4 — : . - o i&1ec)a;(22%1150 o
ey ] g o002f O Spectral measurements are sensitive to CH, only from 1200-1350 cm!, but e S YLl .o | & ’ °
L CO . . . £ b i ‘. . fle ° L < 2500 |
e s | 2 | effects from T, H,O, and N,O must be considered to determine forcing. Effects 2l B A P - . : .
- CH, - P . 2 10000 | | AR X . * h . S 2 '
5 ATe] E \ of T and H,O can be controlled through independent measurements from & - Jt {2 g 0l
€ f Other_s,/,// 0.00 : : : : L Bl VE AL - il f 3 "i,"l | s K¢S
0.0 — radiosondes. N,O error was estimated to be insignificant because measured = o el Loet g it et S Y W) = 7 14 ’
1850 1900 1950 2000 1850 1900 1950 2000 2 . 0 LR kel ol YL P N A g
profiles of N,O indicate small variability and trends less than 0.9 ppbv/yr (0 to Y (EAves it v D 71 3 PR M F e e
7 Ik | " | g..l o‘ | 0 PP 18 | | | | | | yx PP y‘ |
C H4 Meas u rements 5 ‘5 km)( )’ 2006 @007 2008 2009 2010 20N 2012 28 20 2015 02005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Ground-based SGP . .
measurements of CH, af sooh @ T L Spectral Residuals Role of Atmospheric Water Vapor
BR\K(;)(HC&I' NSA) and _§ 2000 . E Slgnlﬁcant residuals Only between 1200 and 1350 cm™ indicate our apprOaCh CH 4 forClng at the surface and TOA depends both on CH 4 concentrations and
SGP'? indicate rising = @@QEQ =1 captures forcing from CH, and 1s not atfected by errors in T, H,O, or CO,, on humidity. Decreasing trends in atmospheric water vapor at SGP(91D are also
atmOSp hCI'?C . 18007 Sosogpzb?/(}gr 205156\2,2,13: though ozone 18 biased hlgh in the radiative transfer calculations. enhancing the radiative forcing from methane.
concentrations with a s — _— — - T, o415 . | SGP Mealm Residuials (2006'-2012) | | ) NSA Mean Residuals (2006-2012) State Dependence of CH, Forcing USSTD Surface Forcing vs CH,, and H,0 W/m?
o o — : T T T T T T T b
hiatus in the growth of BRW e oS | | | | Y ;9
. 1 81— A(H20) = 5% T 1.5 . —MLW :
atmospherlc CH4 mixing 2100 | (b) ~A(0B) =25% 04— SAW | 1.2 -
. . . . . . | A(CO2) =10 ppmv | 1 "||—SAS
ratios from 1995-2005. 2 aooo. | s o | S e : T g
They also show positive B ol e | orrrzmT § 4 g 05 S o3 3 06
+ 1900 + e T I T T TR T . B EEEEEEEBT@ o = { = O
.o : T T+ T T IhfmaatheaeTeheP =TT i CIN > o8
skewed distributions at O 1800 [ pipeaEEEEEEES TS ) £, E 2 :
BT ) | 2 2 0.2 E
SGP and more normal | | . . . g ! My l"m‘hu il il ‘ | € 0.5/ —Residual Obs) = 2 o
C e 1985 1990 1995 2000 2005 2010 2015 o Sl it ] R b i W AT =1K ©
distributions at BRW. Year | A A~ 0.1 0.4
G- 15l A(CO2) =10 ppmv i |
. . . . . . | A(N20) = 10% , 0.2 4 e
Aircraft-based flask measurements of CH, also indicate rising concentrations » | | | o | |  ACHH=80% | | | | | s —————————— RS
. (8) o 600 700 800 900 1000 -1 100 1200 1300 -goo 700 800 900 1000 1100 1200 1300 CH4 (ppmv) CH 4 (ppmv)
since 20035'%, but low correlation between the surface and free troposphere. Wavenumber (cm™) avenumin
SGP Vertical Distribution of CH ,/N,,O NSA Vertical Distribution of CH ,/N,O
T N20 / " CH4 SGP CH,/N,0 Vertical Correlation T N,0 (I / cH NSA CH /N, Vertical Correlation
. l | }H] 6 o The NSA and SGP sites have contrasting sources of CH,. Since 2007, we find a
_ i | SGP CH  Forci .. . .
5 ] } ¥ ] m 1 | e significant forcing trend at SGP from CH, with a trend 30% greater than that
B || EO I T TS| PO P 515 g : " . i 5 i ] ] i .
| Ml ) % X i for CO,. The forcing trend at NSA is significantly less than SGP. Correlations
= - —Ne T4 05| | ST : 2018 #ha =4, L . , ,
< \I e ——— 3 | ' R surface radiative forcing from CH, 08 between CH, and C,H, indicate the larger trend at SGP 1s consistent with
£3 { \ 1 1 . £3 ﬂ \\ 14 H at SGP does not differ significantly Ng i increased oil and natural gas extraction. Coupled with H,O dependence, CH,
< 06 . .
5 { ) .. g - ; ' \ ) e N from zero before 2007. Atter 2007, £ emissions may be perturbing the surface energy balance heterogeneously.
) it 1s 30% larger than the observed e
" I i | — 5 04
1 1 ) | 1 m // | } | decadal trend for CO, surface ° References
’ .
] | | | | | ] | | | | ot : |
320 340 1800 1850 1900 1950 2000 2050 320 340 1800 1850 1900 1950 2000 2050 radiative fOI’ClIlg. 0.2- .- Myhre, G., et al. (1998) Geophys. Res. Lett. doi:10.1029/98GLO1908.
Mixing Ratio (ppbv) Mixing Ratio (ppbv) I | | | | | _ 2. Mpyhre, G., et al. (2013) IPCC Fifth Assessment Report, Working Group I, Chapter 8.
2002 2004 2006 2008 2010 2012 3. Nisbet, E.G., et al. (2014) Science. doi:10.1126/science.1247828.
Year 4.  Miller, S.M., et al. (2013) Proc. Natl. Acad. Sci. doi:10.1073/pnas.1314392110.
5.  Turner,AJ.,etal. (2016) Geophys. Res. Lett. doi:10.1002/2016GL067987.
NSA CH  Forcin 6. Feldman, D.R., et al. (2015) Nature. doi:10.1038/nature14240.
’ | | G | . 7. Dlugokencky, EJ., et al. (1995) J. Geophys. Res., doi:10.1029/95JD02460.
© . ; 2002-2012: 0.06 + 0.13 W/m2/d 8. Biraud, S.C., et al. (2013) Atmos. Meas. Tech., doi:10.5194/amt-6-751-2013.
I == Surface radiative forcing from CH, 09’ - 9.  Xiao, Y., et al. (2008) J. Geophys. Res. doi:10.1029/20077D009415
AERI spectra does not exhibit a change-point at . | 10. Gero, P.J.,etal. (2011). J. Climate, doi:10.1175/201 1JCLI4210.1,
measurements are _ AERI Measured Spectrum ~ } k 11.  Jung, M., et al. (2010), Nature. doi:10.1038/nature09396.
i1 ] . . e 07 |
e 0 CH E T80 NSA. A small, but not significant £ (I - ‘
SCNSIIvVE 10 b ., . . = 06 | | . |
» 4 % 120 positive trend in CH4 forcing at N h 1 f ot Ackn owledgements
concentrations. = 100 : 2 'w \ | . o
Their chanee can R NSA 1s detected, but the long " 0.4 [/ \u/ ‘ ‘ " This material is based upon work supported by the U.S. Department of Energy, Office of
& g 2 integration times needed at NSA 03 | \ Science, Office of Biological and Environmental Research, Atmospheric System Research
be used to observe - 9 —5og 800 1000 1200 _ 1400 1600 1800 - . ol | | : L _
Atmospheric State i make change-detection challenging. 0. and Atmospheric Radiation Management Programs, under contract number DE

radiative forcing.

ACO02-05CH11231. The authors used resources of the National Energy Research Scientific
Computing Center (NERSC) under that same award.

2002 2004 2006 2008 2010 2012
Year



