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Emulating SLCFs for impacts, IA and policy analysis 
There is a need for simple representations of the global and regional 
impacts of SLCFs. Some of the relevant questions: 
§  What are the global and regional impacts of SLCF emissions? 

§  Historically temperature, precip also of interest ((feedbacks harder) 
§  Also health & ecosystem (surface conc, deposition, irradiance changes,…) 

§  What are the uncertainties in these relationships? 
§  There are often quite large, so important to quantify uncertainty ranges 

§  Capture relevant influences (emissions, temperature, etc.) 
§  e.g., influence of NOx emissions, temperature on aerosol/ozone, etc. 
§  Useful to normalize (e.g., forcing per unit emission) 
§  Need to be reproducible across models 

§  Regional influences are becoming more important 
§  Adding regional dimension increases the dimensionality of any 

parameterization since generally need to include cross-regional effects 

§  Temporal dynamics are also important  
§  Much of the SLCF interest is over the next several decades. Temporal 

response to aerosol changes are quite different from well-mixed GHGs. 
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Example 1: Simple models for diagnostic analysis  

Ghan et al. (2013) developed a simple model for the aerosol indirect 
effect (IDE) 
§  About 25 equations, parameterizations, and pdfs 

§  Simple is not necessarily that simple 

§  Could reproduce the aerosol indirect forcing from some complex models 
§  Was unable to reproduce the results from some other models 

 
Indicates that we do not fully understand the fundamental reasons 
why complex models differ in their results for aerosol IDE. 
•  Difficult to construct emulators/simple models if we don’t understand 

what is going on in the more complex models. 
•  Question: do we need to make fundamental progress in understanding 

IDE before we can implement more nuanced relationships for aerosol 
IDE in IAMs? 
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Example 2: Surface ozone & ozone forcing 

Wild et al. (2013) developed a parameterization based on HTAP 
model simulations for surface ozone 
§  Developed using emission perturbation experiments in 5 world regions 

(and perturbation for global methane) 
§  Some non-linear terms included 
§  Magnitudes vary for: influence of within-region emissions on regional 

ozone & long-range transport. 
Global parameterizations are also used (e.g. in MAGICC) 
 
 
 
 
Purpose is to represent the relevant relationships 
§  Only need to be as “accurate” as the state of the science 
§  Uncertainty is not always addressed 
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TABLE 2. Effect of reactive gases on global-mean tropospheric CH4 abundance (ppb). Absolute values are given for the base case (none)
where anthropogenic emissions of reactive gases are held constant at 1990 levels. All other results, labeled with a plus or minus, show the
relative effects (ppb). For example if CO emissions are included in the A1B scenario, the 2050 abundance of CH4 rises from 2399 ppb (base
case) to 2399 1 79 5 2478 ppb. The precision here is for numerical convenience and does not reflect accuracy. Abundances for the combined
scenario (all) were calculated with the model described here and differ slightly, but not significantly from those in the TAR.

Yr Case A1B A1FI A1T A2 B1 B2

2050

2100

none
1CO
1NOx
1VOC
all
none
1CO
1NOx
1VOC
all

2399
179

2180
1108

11
1845

1156
297
171

1125

2849
1272
2549
1113
2174
3645

1778
21174
1369
2229

2539
1195
2295
173
234
1863

1143
253
125

1297

2762
1137
2388
164

2195
4156

1539
21106
1223
2414

2059
283
289
213

2182
1624

2103
179
230
256

2438
193

2215
156
270
2988

1349
2381
144
213

dC/dt 5 E /2.78 2 C/t 2 C/t 2 C/t (1)OH STRAT SOIL

where C is global-mean tropospheric abundance of CH4
in ppb (where 1 ppb 5 1029 mole fraction relative to
dry air), E is total CH4 emissions (Tg yr21) from both
natural and anthropogenic sources, the divisor 2.78 [Tg
(ppb)21] is a conversion factor, and the t are lifetimes
(inverse loss frequencies) that define the tropospheric
sink (tOH), the stratospheric sink (tSTRAT 5 120 yr) and
the soil sink (tSOIL 5 160 yr). The tropospheric lifetime,
tOH, varies with changes in CH4 abundance and reactive
gas emissions according to:
d(lnt )/dt 5 20.32d(lnC )/dt 1 0.0042dE(NO )/dtOH x

2 0.000 105 dE(CO)/dt
2 0.000 315 dE(VOC)/dt. (2)

In Eqs. (1) and (2), emissions are in Tg yr21 except for
NOx which is in Tg(N) yr21. It is assumed that natural
emissions of CH4, CO, VOC, and NOx remain constant
and that the SRES scenarios therefore describe all
changes in emissions.
As in the IPCC Second Assessment Report (Prather

et al. 1996) and the TAR (Prather and Ehhalt 2001),
total CH4 emissions defined by the scenarios are ad-
justed by a constant offset in all years in order to ensure
a balanced initial budget (here, in the year 2000). The
assumed mid-2000 values are tOH 5 9.6 yr, C 5 1764
ppb, and dC/dt 5 8 ppb yr21. The initial abundances
for year 2000 are based on recent observations (see
TAR) and Eqs. (1) and (2) are used to integrate to year
2100.
Table 2 shows CH4 abundance projections for the six

SRES illustrative scenarios in the years 2050 and 2100.
The baseline case, labeled none in Table 2, is where
reactive gas emissions changes are ignored [i.e., lifetime
changes arise only through the direct CH4 feedback term
in Eq. (2)]. The1CO,1NOx, and1VOC rows in Table
2 show deviations from the base case when only those
particular reactive gas terms are included in Eq. (2). The
‘‘all’’ row shows results when all reactive gas effects
are included.

In the scenarios where all reactive gas emissions in-
crease, CO and VOC effects (which increase lifetime
and, hence, lead to greater abundances) are more than
offset by the effect of NOx (which acts oppositely—cf.
Isaksen and Jackman 1999; Kheshgi et al. 1999; Wild
et al. 2001). In B2, where all emissions decrease, the
opposite counterbalancing influences occur. Thus, while
individual reactive gas emissions may have very large
effects on CH4 abundances, their correlated emissions
lead to much smaller net impacts.
Figure 1 (top) expresses these results in terms of

changes in total methane radiative forcing from 1990
and extends them to the full set of SRES scenarios. The
abundance–forcing relationship is as used in the IPCC
TAR (Ramaswamy 2001), with spectral overlap with
N2O accounted for (cf. Shine et al. 1990). The effect
of CH4-related changes in stratospheric water vapor is
included in the forcing value, while the effect of CH4-
related changes in tropospheric ozone is counted sep-
arately (see next section). The forcing shown is that for
the all case of Table 2 (i.e., accounting for CO, NOx,
and VOC emissions). The B1 scenario leads to the low-
est forcing for most of the 2000–2100 interval. Maxi-
mum forcings come from scenarios not included in the
illustrative scenarios set.
Figure 1 (bottom) isolates the reactive gas component

of the methane forcings in the top panel. The maximum
effect of the reactive gases on methane forcing is a
relatively small 60.2 W m22. The range spanned by the
illustrative scenarios is considerably smaller than the
full 35-scenario range.

4. Effect on tropospheric ozone
The IPCC TAR gives the following corrected rela-

tionship for tropospheric ozone burden changes (Prather
and Ehhalt 2001; see notes to Table 4.11):

d(O )/dt 5 5.0d(lnC)/dt 1 0.125dE(NO )/dt3 x

1 0.0011dE(CO)/dt
1 0.0033dE(VOC)/dt, (3)
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Modeling needs 
§  Appropriate diagnostics/variables from planned model runs 

§  Particularly radiative forcing 
§  Others? 

§  Single forcing (equilibrium) experiments with well defined 
emission perturbations 
§  Critical for understanding impacts of specific forcers 
§  Basic information needed to understand linearity and interactions 

between forcers, and to develop pattern scaling 

§  Single forcing fully coupled model experiments 
§  Its not clear how models differ in dynamical responses to SLCFs.  
§  Would need to do ensemble experiments to get a reasonable signal 

using a realistic emissions change. 
§  Perhaps use “step” emissions changes 

§  Regional emission perturbations runs 
§  As regions get smaller, inter-regional influences will increase 

§  This is not just about forcing! 



Sensi+vity	  of	  climate	  to	  global	  or	  
regional	  emissions	  of	  SLCFs:	  

idealized	  simula+ons	  
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Design	  

•  ESM	  simula+ons	  for	  constant	  2000	  forcing	  
•  Set	  regional	  SO2	  emissions	  to	  0	  over	  US	  or	  
China	  

•  Will	  be	  performed	  by	  CESM,	  NASA,	  GFDL	  and	  
UKMO	  
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FLNT-‐FSNT	  US=0	  



Annual	  zonal	  mean	  
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Delta	  SW	   Delta	  TS	   Delta	  precip	  

Red:	  China=0	  

Black:	  US=0	  



NCAR	  T	  US=0	  
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NCAR	  T	  China=0	  



T500	  (JJA,	  China	  =	  0)	  



GISS	  T	  US	  =0	  
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