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Abstract TPCC (2007) points out that the emission of sulphur hexafluoride (SF;) has been increasing greatly in re-
cent years as part of the replacements for the Ozone Depleting Substances (ODSs). SFs has been included in the
Kyoto Protocol as one of the controlled man-made long-lifetime greenhouse gases. But there were few studies on its
radiative forcing and global warming potentials and the absorption dataset used before also needs to be updated. In
this work, the absorption cross sections of SFs from the latest version of HITRAN2004 database are used. A radia-
tion parameterization based on correlated k-distribution method for SF;s is developed, following the method of ab-
sorption coefficient rearrangement by Shi (1981), to calculate the radiative efficiency for clear sky and its global
warming potentials. The global temperature potentials of SFs are calculated here for the first time for the comparison
with its global warming potentials. It is shown that the radiative efficiency of SFs is 0. 512 W/m?, which differs

slightly from 0. 506 W/m? with the consideration of lifetime adjustment. According to the emission scenarios in
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IPCC (2007), the volume fraction of SFs will be 35X 107" to 70 X 10" in 2100, corresponding to the radiative
forcing of 0. 004 to 0. 028 W/m’®. For SF;, the 100-year global warming potential relative to CO, is 2. 33 X 10",
which is 2. 2% larger than that in IPCC (2007). The 100-year global temperature potential relative to CO, for sus-

tained emission is 2. 26X 10", The long-term influence of SF; on global warming together with other man-made long-

lifetime greenhouse gases should not be ignored.

Key words SF;, radiative forcing, global warming potential, global temperature potential, correlated k-distribution
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Fig. 1 The absorption cross section of SFg (Temperature is 296

K, while pressure is 1013. 25 hPa)
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Fig. 2 The difference of heating rate for the whole longwave re-

gion between SFg concentrations of 5. 6 X107!2 and 0
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Fig. 3 The schematic of the calculation in this work
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Fig. 4 The heating rates of SFs concentration perturbation from

zero to 0. 1 X107 for six model atmospheres
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Table 2 The comparison between the instantaneous and ad-

justed radiative efficiency of SF¢ for six model atmospheres

SFs HIBRIT AR AR/ SFs JRHE R SRR/

BART Wem? W-m?
TRO 0. 398 0.411
MLS 0. 391 0. 405
MLW 0. 641 0. 648
SAS 0. 401 0. 407
SAW 0. 683 0.708
uUss 0. 480 0. 493

BRI 0. 499 0.512
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Fig. 5 The radiative forcing of SFs from 2010 to 2100

4 SK HEBKIGREREFERRTERE

VTS SFs 1 4 K38 R 0 R R 42 BRI AR T
s A ORI TS 200 SFs AR ST R0R . KRR
S, JENL T A RRIG TR BE A R AR RE 1
THEREC, TR A T AR 20 4F, 100 4EF1 500
AR BRI R IR RE AN 2 BRIR AR TR RE R AR 1L .

A BRIGRTE RE 1Y SO BRI ik v HER 1 ke 1k
B xo FE— 8 B )R ] P 5 | 1) 8 S5 a4
FEXS Tk P S5 1 25 SR ¢ (— ik CO,) 7
[F]— B[] Y0 [l HPY %) 8 59 i 38 1 #R 43 (TPCC,
2007) . AFANF -

H H
F.(Odt JaXErU)]dt
W, =4 =& . €))
JF}O)dt Jai}(ﬁ]dt
0 0
(1) =et, 2
r(0) :aoJrZaiexp(—ai_), 3

H, W ERA M x (BRI E W RE. H FRt
[ R, ASSCHCH 20, 100 1 500 4F, F FR48k
SRV )2 AR AR S R, o RO R EROT- R
A, o (o) For (o B 5IFRR IR AIE x f1Z
AR ¢ BB N PR ¢ FROR KRR A (AL
@), A (3) & IPCC (2007) %34 CO, i
[E] o 7 BR AR B BT ROAS TS A 20, o ao @ Flas
BIRGE S

PRI REME S AR DOk 1N AR =
RV 7 FERF SR ) 2 (R R



4 1] FeAEF5 A SFe AU S 56 38 A4 BRI T RE A AT

No. 4

WU Jinxiu et al. A Study of the Radiative Forcing and Global Warming Potentials of SF;s 831

1992; A1) K%, 2002), [FF, BFGEE el
TREE. BN, ERA B RS SARHE O IR
FERIEIN , B X3 AN [R] S 8 KA 54 ) il B 1)
oM 4E (IPCC, 2007), Shine et al. (2005) 21T
—ANH0 VAl 7 ik A Bk AR W R, JIF Bk TPCC
(2007) KM, @B AEW R E XA 7E Nk ok
it 1 kg fb AW x SE LA 1 kg/a 34 HESHER I
G0 x. TR R — B ] H N A A EROT-34 1
FRERBA S S H K r GXHAE CO,) Frid i
HIFHR A Z b Bk RO 22 HE O 4 Bk 22
W4y MR A T 1 Ts(Shine et al., 2005), 2
KaF
ATH

T.= 4

Horp, T, FRAE x 2Bk AE T RE, H Ranp
[ S, —MEECR 20, 100 F1 500 4F; AT Fon4rk
X MR AR AL, 38 R A EROT- 1 b I B AR
b5 5 5 5 38 2 [\ 19 & 20 (Freckleton et al.,
1996), 15 H

cIATWD _ gy —
dt

Horp AF 378 A BRP-32 -3t J2 18 B8 0 e S 6 3 B
BRI RS, ¢ FoRIFE], C 2 RGMMAE R, A 2
RS R

JHk b RIS HE T 1 2 %o 4 BRI A8V BE 23]
ICN Tar Ml Tas» FRERIURIS ZIHER ) AL [H]
¢ 205 A BE AR AL, 0 K/ kg 1 K-kg ' - a,

AT ()
= (5

AL I BRI SE HE L 1 4 BR IR AR TR RE L AT L 43 31)
Fmh
_ TAPX
TPX - T/\Pr ’ (6)
16 :
(a)
o 15F
S 14f
§ 2f
gl
£
= 10 H
%0 100 200 300 400 500
Time/a

_ Tise

Ths
Hordr, To B T3 51278 ko HE ORI R 2L HE <R
x M EERIEASTERE s Tara M1 Tare 53 9 3878 ik o HE Tk
/ﬁﬁg X %ﬂ%%%%ﬁi r %2@‘}#%}*&%’}5{%?]‘5, T/\Sxﬁ
Tas N FRFFEAHEBUAR x IS 3K r e %)
BRI TERE

TR A BRI IR AR A e BRIR AR W REHN T 22 SF
SR CO, MR RCEE LA G KR F AR M)
I PR i )57 PRIER . S 145 S 805 R FHAS SCHH B 25
R 3 @) RAFAN 3200 475 CO, 4R
B (] B 0K FICR B TPCC (2007) H i) fe i 25
BRIAR (3. Hob, LBRIEAERETE DR ER
S RBUE S A EFSHIUEY Shine et al.
(2005) #IH] . A SCHE ST 1) A BRI AR T RE YT
ARG H] SFAEAK 500 48 (14 bk vh-HE BRI 722 HF
2%t Rk AR e, KRR BT SFs SR ik i
HEC s B RS HECE AR 500 4 N5 | ) b e
Al (WL 6) . FI FHAS BRI IR TS AE R A BRIR A5V BE
FTHAR A S] SF Y 20 4 100 45 500 48 1) 428K
BRTRAE . BkohHEO SRS VR RE . FRE R
LSRRG R LR 3, FF, 3R 3 AT IPCC
(2007) 25 H P BRI TRV REVE Il S %,

HIIEl 6 IO, SFs RpS2HERCS | 1 b 22 35 B AR
b B Lk Al 5 1 e 2 TR B AR AL R = A
Jik i HE A SEs ZEHEBCRT A 23 5 | i b 2 I
gerim. I HAERR — N RKMEE. FREZEK
55 MRFSEHER Y SFs N HERC T 20 . 1 U B O
AL BT, X UL, SFs RRSEHEROM IR E AR 1L
(RS 2 L LK R HER R sE i R AR 2, BT[] AR

T« D

8
(b)
7.
M
L of
)
S 4t
2
2
£ 2r
()
F
1-
0 2 1 2 1 " 1 2 1 "
0 100 200 300 400 500

Time/a

B 6 (a) FkibHER (1 k) F1 (b) Fe2lHEmL (1 ke/a) SFs5| e MR & ALk

Fig. 6

Temperature changes resulting from the (a) pulse emission (1 kg) and (b) sustaining emission (1 kg/a) of SFs
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Table 3 The global warming potentials, global temperature
potentials for pulse and sustaining emissions of SF; in this

work and the global warming potentials in IPCC (2007)

SRR 2IREAEERE SRR SRR

THHE ik HERO (Frgkflo (IPCC, 2007)
204F  1.60X10' 1.73X10 1. 51X 10! 1. 63X 10!
100 4F 2.33X10'  3.05X10¢ 2. 26 10" 2. 2810*
500 4F 3.41X10' 4, 23X 10! 3.38X10¢ 3. 2610

MEVR A SN HERT R, T HET SFsAE Toalk )iz
iR, Hofe R K R 5k (IPCC/TEAP, 2005),
WA H AT SEs B4 . EFIHER BERE
SEHEROO b F A A LR Y S M AR MEAS BV

% 3 T 20 AR A BRI IR TR BE . A SCAY 4
R IPCC (2007) (255N 294, 100 4F 1 500 4F
FI BRI IRTEAE, 20 L IPCC (2007) AY4E SR K
200R 5%, FERFRIBFTEEE RNIRZELE Z P (Jain
et al., 2000; Bk, 2001; IPCC, 2001, 2007),
WIEXTAZ (D Wil . 2R IREREN A
FEEGMUANSECEEAC, BRI SFs (58 58508 Fi i
[E] i 07 PR LA B 225 S A C O, 1 8 S 45503 A B ]
I BRI, EAT T R FH 3 s 4 BRI TRV R A 115 22
Ao ARSI SFs B HSRCE b TPCC (2007) 1Y
ERLY /N 3% M SFs A B[] may 7 oA AR, RBP4 X
(2), B—31W, AR EERMIRERE 25,
A SCH CO, [ 48 SR A8 38 70 TR B 1S N ) vk JiE
AR FRWRESE. 8k CO, MR R0
{Ei /N (IPCC, 2007), FEUAERIG IR 3 GEIE K.
., CO, T Sk BE N 1998 4FE 1 365 XX 10 ° % Jin 2]
2005 41y 378 X107°, HARPIRCEW /N 9%, Pl
I ARG TRV RE 22 A E 100 KA. 34k, TPCC
(2001) 5 IPCC (2007) w1 CO, B[] 0 37 pR %5 1) 25
AL R 20 4, 100 4EF0 500 4F4 BRI IR B RE MY 22
MR 0% 1Y% I—1%.

Jhk b HE R A BRI ARV RE Y E YR LS 4
BRIGIRVEREAN ] e R X BITE T, A& 45 i 45
SRIRAE— 2 B [A)30 [l N S5 s HETC SFs A CO, 51 Y
R AR LA TS A 4 R — R B R)E
Bl A 2 B T SF A CO. 51 (48 5 5 38 AU 1 B
. AIH EEERANAEAHRIREREIN, 1 kg SF AR

HERORE X T 1 kg CO, HERC T | i 1 35 08 B2 A2 Ak
YR FH/INTF 2.5 4FERS M, Shine et al. (2005)
() A BRI R U BB R Al T AR B oHE O S s
LA NS N s e A D) T QUK | i i D e ce 2
TRBERIF L. X F SFs, ‘BRI KA FAN 3200
AE, LIS T 20 4E. 100 4EF 500 AF (1 I E] T
B, B I kit T s 8 AR ik v e sy 4 ok Ui A2 0 i
FEREL ERTURARAL. 20 4. 100 4FF1 500 4F (1) ik o
FE 1) A 3K U AR Y R 40 501) LU AH IV 1) 4 3ok i v B K
8% 31001 2400, Bk 262 Bl () B 7R 6
3 IR I T SE B Jk bR A e X4 BRI A28 W REAE
20 AEZE AT B TE A, 100 4RI 35 B B Rl A 4R
JE N8 T REE] 500 411

SFs R HE R 42 BR LA V5 il 148 Eb I ik HE
BRI AT RE /N s (U B A 28 X 4 3k il A8 v
REMY L BRI U Y, SFs RESLHER S 4 X 4 Bk
T 728 P B Ll LK i A | S P 28 %of 4 BRI A8 T g
KAiGZ, B, B TR0 kS 3 1 B A2 A 22
ek HE S | B RAH R RIS 2 . 52 BRIGIR G e
Ffol, SR CO, XS Bk v HERCRI 22 HE ik 1) 42 3K
EA R A B R Em ., 4546/ 6) f1 (D,
CO. FFEEHEI T | B 46 %) 4= R A8 V8 BB 1 EE L ik
HEil s | RS AR L RAS 22 (R 2 HE ik ) 42 BRI S
TRRE LB/ o FRERHER 1) 4 BRI AR V8 B A 4 kb
T BE AR A 22 AR K, (HU2 20 4F, 100 4EF1 500
AR SR HE R 4 BRI AR W B8 207 A B 1) 4 k4
TRTEBE/N 620, 3% M1 1%, Bt A im] A 34 i, &
()25 3% Wi /1N . Shine et al. (2005) 38 13 %2 1
SULH T AERT ]S BRI G DL R i 4
BRIRAZ VS BE RN A BRI IR V8 Re A AR Ly Bl Rk =X
DR T A 2] () 25 SR . R RO BRI AR T g
BT AR HE R, A ST R H ET L
HE X e 5= AR B 4 Tk Al 1 T BOR TR #
P TR AP PR 1%

5 e

AR SCH) T S8 RROAS 1 935 2 W W Bk 4 4 HIT-
RAN2004 25 i 1) SF W ORI 95 6L, TEA 70 #r 1
SF s 114 W8 AT T %ok A [+] Fs 5 0 Ok 1) S O %5 Al
FA W R A E HEE: (Shi, 1981), £ Zhang et al.
(20035 2006a; 2006b) K HRSS Ty Z2 0 HeAl b,
ST SFs BIAHIR & o3RI % . FIRZOT 2R



4 1] FeAEF5 A SFe AU S 56 38 A4 BRI T RE A AT

No. 4

WU Jinxiu et al. A Study of the Radiative Forcing and Global Warming Potentials of SF;s 833

1 SFy BV BRI SRR P2 R R B R
SRR KT IHREAR T ROR . ARSI R
B . SF 1) 5k B FIF- 3 2 9] 2 19 5 50 350% 0 31 o
0.499 W/m’F1 0. 512 W/m? ; %37 )2 VR 2 (g s 4
BRI TR AR 2 S A5 0. 506 W/m?,
KA FRIFEXS SFs AR SRR A K,

KA SF f1 Tl H AT RS /LT
0 BAHNFY 2005 4E[Y 5. 6 X102, 5|2 R AH W 58 5t
SRIAZR 0.003 W/m?; f3dE IPCC (2007) 45
HIHERC B¢, 2010 4E3)] 2100 4F, SF7ERH P
PIRR E ¥ h 7X107 "% A3 54 X107, 5]
PR RELIE 1 4 S 9 38 RF AR 0. 004 ~0. 028 W/m’* 2Z [i]
Al A SETEAR KA I & 8 122 A0 X 1<
ARG A RS RIE AN K, (HIE, ASCIET R 4R
SRR SR E TR 100 4 SFs i 23K RV fig
(HEIEE 2. 33X 10%, H IPCC (2007) 25 H 1455
2. 28 X 10" Hl Jain et al. (2000) 5 HiHy45 5 2. 25X
10" AR, ASCH I T SF 2 BRI A2 % fE
20 4, 100 AFEF 500 4F 4 ok rhHE ik i) 4 BR L2 U g
AR 1. 73X 101, 3. 05X 10" Fl 4. 23X 10", jiHH
kb HERR S5 T SEs SARHE 7 A2 A M 2 3 B AR
a2 E e COAY 1. 73X10", 3. 05X 10" Fll
4. 23 X 10" 55 H¢ 2 HE IO 42 BRI A2 W 68 43 ) A
1.51X10", 2.26X10"F1 3. 38X 10", FBHELHEKL
ST s SEsASMARHER T [ iy Hh 2% 1 B AR 1k 43 ) 2
SR CO, 1y 1. 51X 10", 2. 26 X 10" 1 3. 38 X
105, Fr A X S se 45 5 U6, SFs SRR AR K
AR A ) DR R S R CO BT %, B 5 HAh
Nt il 2 AT FFE T, X R R 428
I P DT e S AN R Z B 1

FAN, ASCHE R L S 4 BRI IR T RE L K
e AR e 2B AR I e, F8 it T SFaxf
SRR AR B S 1 A PR i

AN SF S A B S0 5 38 R 43K I 05 RE
AT TSR . DAL R 3Ea . FH B i £ Wk i HoAth
N AR 2= Sk HFCs 1 PFCs [ 45 558 38 0
RIS eI . BAE T X4 T e
BB R [ e B 2 R 2R IR R AR SO 2
S R S SRS T BT 4 T 05 2 R B

Sk (References)

Freckleton R S, Pinnock S, Shine K P. 1996. Radiative forcing of

halocarbons: A comparison of line-by-line and narrow-band mod-
els using CF; as an example [ J]. Journal of Quantitative Spectros-
copy & Radiative Transfer, 55: 763 - 769.

HGA. 2001, REAAELBRIGEE GEIOBIFT (D] P ERER R
SIS 2208 3¢, Huang Xingyou. 2001. Study on
global warming potential of greenhouse gas [D]. Ph. D. disserta-
tion (in Chinese), Institute of Atmospheric Physics, Chinese A-
cademy of Sciences.

IPCC. 1995. Climate Change 1995: The Science of Climate Change
[M]// Houghton ] T, Meira Filho L. G, Callender B A, et al.,
Eds. Cambridge, United Kingdom and New York, NY, USA.
Cambridge University Press, 572pp.

IPCC. 2001. Climate Change 2001: The Scientific Basis [ M].
Houghton ] T, Ding Y, Griggs D J, et al., Eds. Cambridge, U-
nited Kingdom and New York, NY., USA: Cambridge University
Press, 944pp.

IPCC. 2007. Climate Change 2007: The Physical Science Basis
[M]. Solomon S, Qin D, Manning M, et al., Eds. Cambridge,
United Kingdom and New York, NY, USA: Cambridge Universi-
ty Press (in press). http: // www. ipcc. ch/ipccreports/ard-syr.
htm

IPCC/TEAP. 2005. Safeguarding the Ozone Layer and the Global
Climate System: Issues Related to Hydrofluorocarbons and Per-
fluorocarbons [M]. Metz B, Kuijpers L, Solomon S, et al., Eds.
Cambridge, UK: Cambridge University Press, 478pp. http: //
www. ipcc. ch

Jain A K, Briegleb B P, Minschwaner K, et al. 2000. Radiative
forcings and global warming potentials of 39 greenhouse gases
[J]. J. Geophys. Res., 105 (D16): 20773 - 20790.

Rothman L. S, Jacquemart D, Barbe A, et al. 2005. The HITRAN
2004 molecular spectroscopic database [ J]. Journal of Quantita-
tive Spectroscopy &.. Radiative Transfer, 96: 139 — 204,

AT E. 1992 CFCs BHAF My ek R aE [J]. KRB,
16 (3): 345-352. Shi Guangyu. 1992. Global warming poten-
tial due to CFCs and their substitutes [ ]J]. Chinese Journal of At-
mospheric Sciences (Scientia Atmospherica Sinica) (in Chinese) ,
16 (3): 345-352.

AT E. EEL, skarsg. . 2002, A ST SR 0 BB 5T
IL WA E SR s (1], Sk S I, 7 (2.
255-266. Shi Guangyu, Wang Xihong, Zhang Lisheng. et al.
2002. Impact of human activities on climate. II: Impact on climate
variability over East Asia and China [ J]. Climatic and Environ-
mental Research (in Chinese), 7 (2): 255 - 266.

Shi G-Y. 1981. An accurate calculation and representation of the in-
frared transmission function of the atmospheric constituents [ D].
Ph. D. dissertation, Tohoku University of Japan.

Shine K P, Fulestvedt J S, Hailemariam K. et al. 2005. Alterna-
tives to the global warming potential for comparing climate im-
pacts of emissions of greenhouse gases [J]. Climatic Chang, 68

(3): 281-302.



PN

834 Chinese Journal of Atmospheric Sciences

B 3%

Vol. 33

Sihra K, Hurley M D, Shine K P, et al. 2001. Updated radiative
forcing estimates of 65 halocarbons and nonmethane hydrocarbons
[JJ. J. Geophys. Res., 106 (D17): 20493 - 20505.

SRES. 2000. Special Report on Emissions Scenarios: A Special Re-
port of Working Group III of the Intergovernmental Panel on Cli-
mate Change [ M]. Nakicenovic N, Swart R, eds. Cambridge, U
K. Cambridge University Press, 599pp.

THAL, sR{fd, HPEE. 2000, BESKMIEFL ] KES5HF
BEWF5E. 5 (1 75-179.
Xunhua, 2000. Sources and sinks of green house gases [J]. Cli-

Wang Mingxing, Zhang Renjian, Zheng

matic and Environmental Research (in Chinese), 5 (1): 75— 79.
FEWIE, Bl 2002, AZIESIR BT L E SRR
I (] SIESHETE, 7 (2): 247 - 254,

Yang Xin. 2002. Study on the effects of human activities on cli-

Wang Mingxing.,

mate change. 1. Green house gases and aerosols [J]. Climatic and
Environmental Research (in Chinese), 7 (2): 247 - 254,

WMO. 1999. Scientific Assessment of Ozone Depletion; Global O-
zone Research and Monitoring Project [R]. World Meteorological
Organization. Report No. 44, Geneva, Switzerland. 732pp.

HAME, EHIE, BF, 45 2000 T ESRRY) . 2RALBAN
FALsARCE R AR A [T RS IHEERISE, 5 (2): 175 -
179. Zhang Renjian. Wang Mingxing. Yang Xin, et al. 2000.

Preliminary estimation of emission of HFCs, PFCs and SFs from

China in 1995 [J]. Climatic and Environmental Research (in Chi-
nese), 5 (2): 175-179.

sKAE £ XUBL 2005, A IZ S AR A3 SRR 2 R AR e e
Befrge 10, KRk, 29 (O 581-593.  Zhang H, Shi G Y,
Liu Y. 2005. A comparison between the two line-by-line integra-
tion algorithms [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 29 (4): 581 - 593.

kA, DLy, A K. 2008, BB IR S R 20 4 BR 4 A B A
WL (1], KRABEEE, 32 (5): 1147 - 1158, Zhang H, MA ]
H, Zheng Y F. 2008. The study of global radiative forcing due to
black carbon aerosol [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 32 (5): 1147 - 1158.

Zhang H, Nakajima T, Shi G-Y, et al. 2003. An optimal approach
to overlapping bands with correlated £ distribution method and its
application to radiative calculations [J]. J. Geophys. Res., 108
(D20); 4641, doi: 10.1029/2002JD003358.

Zhang H, Shi G Y, Nakajima T, et al. 2006a. The effects of the
choice of the k-interval number on radiative calculations [J]. Jour-
nal Quantitative Spectroscopy & Radiative Transfer, 98 (1): 31 -
43.

Zhang H, Suzuki T, Nakajima T, et al. 2006b. Effects of band di-
vision on radiative calculations [J]. Optical Engineering, 45 (1)

016002 - 016010.



