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Abstract As the main long-lived greenhouse gases, CH, and N,O are included in the Kyoto Protocol, and countries are
required to limit the rapid increase in their emissions since the Industrial Revolution. In this work, a radiative transfer
model with a high resolution of 998 bands is used to calculate the instantaneous radiative efficiencies, stratospheric-
adjusted radiative efficiencies, and lifetime-adjusted radiative efficiencies of CH4 and N,O for clear and cloudy skies, as
well as their global warming potentials (GWPs) and global temperature potentials (GTPs). Simple fitting formulas for
calculating the adjusted radiative forcing due to CH, and N,O are given on the basis of the model results in this work. It is
shown that the radiative efficiencies of CH; and N,O for cloudy skies are 4.142X10™* W m2 ppb ' (1ppb=10") and
3.125X107° W m™2 ppb ! after stratospheric adjustment, and 3.732X10™* W m™ ppb" and 2.987 X107 W m™ ppb ',
respectively, after lifetime adjustment, which are highly consistent with those of the IPCC (2007). Moreover, the 100-year
GWPs of CH, and N,O are 16 and 266, respectively, and their corresponding 100-year GTPs are 18 and 268 for sustained
emissions, and 0.24 and 233 for pulse emissions. These results indicate that CH, and N,O will still play a critical role in
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future global warming, second only to CO,.
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Fig. 1 Schematic of iterative method to compute the stratospheric adjusted radiative forcing of GHG (Greenhouse Gas) (from Zhang et al., 2011)
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Fig.2 (a) Longwave radiative forcing induced by increased CO, concentration from 287 ppm to 574 ppm; (b) longwave radiative forcing induced by moisture

content increased by 20% with doubled CO, concentration. Triangles indicate the results calculated in this paper. Base map is from Collins et al. (2006)
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s AT M AT, 53 ARG EY) x i CO, 512 I 4
BRI AR, e AT AT LI SR AR A RS
H R LA AT S5 5 9808 AF 2 8] 1) 22 X (Shine
etal., 2005) 737,

AT (1)

cATO) _ gy - ATO), (7)
dr A

o, ¢ RORBIN], CRRGMMER, L EAMER

i el TR 488 R T 4D 4 56 A BRI AR 7 R 4
WAC A AGTP® Rl AGTPS, FHIRfEWIUAIN ZIHER
AARAEINTE] ¢ 1205 RS 0 M REL R AR A, AR
K kg' A1 K (kg a')"'o SUbksfHEBOR SR
GTP ] LA~ &y (Zhang et al., 2011; 5K*E
25, 2011)

GTP" :ﬂ (8)
AGTP!’

1ps = AGTPx (9)
AGTPS’

Bl GTP ol R Wb &4 x 554k CO, 4aixt
A REZ . T GWP F1 GTP i B S50,
A x T CO, MRS IR (0] i 3 R Ko 3K LR
H Zhang et al. (2012) & 1IH & KAEHET P
WIZEER) COy FRAT R . LLAARSCIA ) CH,
FINLO [ = KA T P02 U 4 A o R,
CHa. NoO Fil CO, [ ] 3 ek 44 5 TPCC (2007),
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AR RBE S A RESHINA S Shine et al. 5K (2011) KIBFFRWMAEN], KAFFamECN S

(2005) A[A]. & 3 7t T CHy M1 N,O 1 20, 100
F1 500 41 GWP, JkhHEBU® GTPY RIFFEEFHER K
GTP®, [AIHEZH IPCC (2007) 1) GWP {H1E N
Peds, 2 4 et KA 75 ar e I Hm S SR T o
RN R . TP, COy FIRAFFATE 120
B, W KA FHa IR COo, 583 3R A
1.567X10° W m > ppb ' (Zhang et al., 2013). i
bk 3 MIEE 4, WLUR HANE CHy 8 N,O, H
KAFFAT LR 5 (0 & DR ECR AR GRS
WA ERSE WD AR . MG, S IR A
KA FF i A S5 (A

& 3~4 ' GWP {E ] LUF H, AT kT
SERIAA, CHy M NO XA DTk 2 CO,
FLH2 LS. X100 SRR RITEH, A5
) CHy A1 N,O 55533l b TPCC (2007) 45 5/
32%F1 1%, HZ Ik KA 77 i 2 (1 A S 80 5
I EE R33N 28%A1 3%. MIEXFAR (3) 1
ST, GWP UHE FES YA SHE AR, R
AR SR 202 I i) i 1 1R £ DA 22554 CO,
{1825 SR 202 RV ) o 12 R 8, AT R A ) 3 g
GWP EHIMTHE Z5 . &l LA, A3 GWP
M ZEMFEEIEH CHys NoO FE SRR (AN [A) i
(1), HAARSCRAT ok R p R S AR s e
ZERI BRI

XtE# 3~4 h GTP {HA GWP {8, BT KA
F5 A KK NLO H: 20 4F ¥ GTPY s K+ GWP i
Hofh GTPP {45 /NFHIN () GWP fH, 500 4F GTP"
SR/ N GWP {8 i B F KA ar s
] CHy, P IZER KT NoOo Zhang et al. (2011),

K, GTP"{H Al GWP {HA MK . X2 A A KA
TN, GWP B K Bl T AR kb HE
O AR AZ AL 52 (Shine et al., 2005).

GTP® & [ 2 AR AL FR SRS B X %
TP (AR A= 2 AR RS mR, fTAESE B, CHy F
NoO IR IE 2 RF AL I B R i) o a6 bl
% 3~4 T GTPY (i A GWP T LLR I, P2
9B L [R]—SARAH [RL N TR) S PR Y GTPY {55 GWP
LI ZE RN, I FLBEE I )5 Bl (8K, GTPS (i 5
GWP {HZH9/N. Zhang et al. (2011) FIskH%%E
(2011) 4r5%f HFCs. PFCs. SFq 25 = S AR
GO R TIX 45, IR T R AR GTPS
T GWP RS ZEAR,  ARAE I [R]85 AR 11
LN GTP® 5 GWP MBI B &ik IR 73 21
(K45 KA f%IE (Shine etal., 2005).

ASCETFE T CHy NoO fER K 500 42 P4 (144
X ERIEASE BE AGTPY Fll AGTPS, H XL/ {44k
ik I RF L HE TSR R 2R 500 4F P 5 1 e 5k
AR, W 4.t 4a 70, NLO kb HERLT
AR R 1 T 3R P AT HE SO R o, S HLAE
HsE 40 F2eATR B — AN KA, AR5 MR
THAEZHEWE , fEARK 400 4F)5 52528 E; CH,
A F IFAE L H4E A e s R ARk sk, L5 50
SELAHAT R SE A . ATLURIL, Hb R B Tk &
(RS 5 SRR R AF K RAR DG, KA AR
(1) CHy P EAFER, KA N,O WM 1
g, WEH EH, N,O b CH, %I 8 AR 1L i
IR, B 4b R, NoO RREEHEMS RS 11
FULIE A A AHE TSI ZE — B30, BA S

%3 CH,#IN,0 8920 ££. 100 &£. 500 &£ GWP. GTP". GTP’#1 GWP (IPCC, 2007)
Table3 GWP, GTP?, GTPS, and GWP (IPCC, 2007) of CH, / N,O with different TH (20 a, 50 a, and 100 a)

GWP GWP (IPCC, 2007) GTP" GTP®
Ak KA 20 4 100 4f 500 4 20 4 100 4F 500 4F 20 4 100 4F 500 4F 20 4 100 4F 500 4F
CH, 12 50 17 53 72 25 76 41 0.26 ~0 56 19 54
N,0 114 258 266 137 289 298 153 268 233 11 250 269 139

4 HITASEFHAERE, CH,FN,0 20 £, 100 £. 500 &£ GWP. GTP*. GTPS#1 GWP (IPCC, 2007)
Table 4 GWP, GTP®, GTPS, and GWP (IPCC, 2007) of CH4 / N,O with different TH (20 a, 50 a, and 100 a) after the

atmospheric lifetime adjustment

GWP GWP (IPCC, 2007) GTP® GTP®

Sk KA FRfa 20 4E 100 4 500 4 20 4F 100 4

500 4F. 20 4 100 4 500 4F 20 4 100 4 500 4

CH4 12 47 16 5 72 25

N>O 114 257 266 136 289 298

7.6 39 0.24 ~0 53 18 5
153 268 233 11 250 269 138
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Fig. 4 Surface temperature changes induced by (a) pulse emission and (b) sustained emission of CH4/N,O

(75 5 500 SFIE B I KT IT U2 5%; 1 CH, 545
JBUAE B A I S5 IR 8] 5 B A Rl 3t 2 Uk 2 A2 AL 1) 5 91
#LE NoO M2, HAMLZHR. Wi 4 b FE
i, CHy 1 N O AR RFEFE RS | 1) 2t L AR A
LRk RS DES AR AH AR R IS B 2, Xt
RS E AT Z o WA AT
FX NLO HIHEBA I LAFE R, B2 AR R
FEARAR K7 AR S T HARMEAS B, 10 CH,
X AARTRAAG IS L N,O /ME 2, H R A S
R

5 #Zig

AT A RSN = KA N EERE
SAA CHy F1 N O 191 B S5 255 R RT3 )2 R 3 1)
SRR, Bl (1) SR 2R R, CH,
A NLO (RS BRI A I, X E R TP 2
WS, PR AR, AL R
SR E RIS (2) ARICHEN CHy Ml N,O &
b R R EE R S A% 35 5 IPCC (2007) (1)
SER R EL ZRUN 0.86%F1 1.4%.

DALASSCHFEL I CH, R NLO BT AR RS 200 Ay i
fit, HE—BW5 T CHy N,O £EKK 200 100, 500
AR ) R BE ¥ GWP FI GTP, 4> 3IiHE T CH,
T NLO BRI FREAHEE AR K 500 4F 4 512
R AR . AR XTIk HE RS = 1S
&, CH4 F1 NLO [f) GWP {f 5% N f¥) GTP® {i A Eb
BE MR, U GWP & 77 KK Sl T CHy Al

NLO W TRAZA I o

MR A SCH T ML AL T A3 1 R 8RR
CH, AN, O 51782 R 1t A 5 A A B2 LU I TR 5 |
FEL AR NEAE R AR 2, W AR R IR AR A
SN ERATZ o CHy XA AR AL [R5 b
N,O /M2, 1 HHEAR SR BIE . WX N,O
(RIFETBCAS I LA, o R R M AR A A0 1
PERFSE LI HARXERG BV AL o DA N,O 1)
FEBOEAEIERE. 5N, ASCHE 2 TS E RE N
PR AR IR, A = W =4
23 B REA T AR A AR 2R, L 3 B AN
58 VARV 2 K T S ST 50K EAS B 3 1 1) A
fsE
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