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2014 ANNUAL SCIENCE UPDATE 
 

2014 was marked by a number of new studies and reports,  which have improved our 
understanding of the very large impacts of SLCPs in air  qual ity,  human health,  and 
cl imate,  and strengthened the scientif ic basis  for near-term action on SLCP. This 
Scientif ic Advisory Panel  (SAP) Annual  Science Update summarizes some of the 
inf luential  and important new scientif ic f indings of 2014 most relevant to the work and 
interest of the CCAC. 

In 2014 the CCAC SAP also produced two formal scientif ic br ief ings:  

1 . The f irst  br ief ing summarized the coverage of SLCPs in the IPCC Working Group I  
Fifth Assessment report (AR5), noting that “AR5 f inds larger contributions to cl imate 
change from methane and carbonaceous aerosols than the previous IPCC assessment 
whi le noting that uncertainties in the inf luence of aerosols remain large.” i 

2. The second brief ing summarized the current state of knowledge of the emissions and 
impacts of kerosene lamps and concluded that “no other major BC source has such a 
combination of readi ly avai lable alternatives and definit ive cl imate forcing effects.” ii  

SUMMARY 

Black Carbon & Co- Emissions 
Work to characterize carbonaceous aerosol-related emissions continues,  and suggests 
missions may be greater and/or more warming than previously bel ieved, though 
uncertainties remain large.  One study based on recent satel l i te observations suggests 
that historical  and present-day emissions of BC may in fact be roughly twice the value 
used in nearly al l  current inventories.  Another study est imates that African emissions of 
BC, organic carbon, carbon monoxide,  and other pol lutants that come from biomass 
burning may increase dramatical ly in the coming decades.  Mult iple papers reported new 
results concerning l ight absorption of co-emitted brown carbon indicating that in many 
cases,  brown carbon may indeed be a fair ly strong absorber,  making the overal l  net 
forcing from sources such as biomass burning more posit ive than previously est imated. 
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HFCs 
HFC emissions continue to increase sharply.  According to the WMO/UNEP, HFCs grew 
at roughly 7% per year between 2010 and 2012 in terms of their  100-yr global  warming 
potential .  A new study by Montzka et al . ,  based on atmospheric measurements shows that 
between 2008 and 2012 HFC emissions (excluding HFC-23) grew between 10 and 15% 
per year,  confirming projections by Velders et a l .  (2009). 

Methane 
Substantial  uncertainties remain in our understanding of the methane emissions from 
part icular sources.  A comprehensive review of est imates of global  methane emissions 
between 1980 and 2009 found that bottom-up emission inventories tend to be lower 
than emissions from top-down inverse models using direct measurements of the methane 
concentration in the atmosphere.  A number of studies of methane emissions from the 
natural  gas sector in the U.S. found that exist ing inventories may underestimate actual  
emissions by as much as 150%.  Current inventories may be missing large emissions 
sources from fugit ive leaks from coal  bed methane and shale gas production.  
Considerably more data and direct measurements are needed to improve exist ing 
emission inventories in order to explain the current divergence. 

Health & SLCPs 
Our knowledge of the very high tol l  of a ir  pol lut ion on human health continues to 
strengthen. In 2014, the WHO released new estimates of the global  disease burden 
attr ibutable to outdoor and household air  pol lut ion.  These est imates indicate that 
household air  pol lut ion from the use of sol id fuels for cooking and heating was responsible 
for 4.3 mil l ion deaths per year in 2012 (7.7 % of the global  total)  with a further 3.7 
mil l ion deaths per year (6.7% of the global  total)  attr ibutable to outdoor air  pol lut ion.  The 
WHO also released indoor air  qual ity guidel ines which specif ied emission rate targets for 
household fuel  combustion (for cooking and heating).  These guidel ines  

For household fuel  combustion also recommend that unprocessed coal  should not be used 
as a household fuel ,  discouraged the use of kerosene fuel ,  and recommended 
“governments and other agencies developing and implementing pol icy on cl imate change 
mit igation consider action on household energy and carry out relevant assessments to 
maximize health and cl imate gains.” 
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Climate Impact of SLCPs 
Two new studies buttressed the scientif ic case for reducing SLCPs emissions in order to 
mit igate near-term cl imate change at global  and regional  scales.   The studies showed the 
s ignif icant regional  cl imate impact of aerosols and tropospheric ozone over the Northern 
Hemisphere extratropics,  where cl imate sensit iv ity is  especial ly large.  

Agriculture and Ecosystem Impacts of SLCPs 
Two new studies focused on the impact of SLCPs on crop yields in India.  The f irst  
concluded that anthropogenic ozone-induced destruction of wheat and r ice in the Indo-
Gangetic plains affected an amount of food suff icient to feed 95 mil l ion people l iv ing 
below the poverty l ine in India.   The second found that the combination of cl imate change 
and increase in SLCP emissions have reduced wheat yields in India (mostly the northern 
states) by as much 36%, and about 90% of this  decrease is  due to the direct effect of 
SLCPs. 

SLCP Policy 
Three studies examined the effects of measures or pol icies designed to reduce SLCP 
emissions.  One showed that,  as expected, i f  there were to be a massive,  worldwide shift  
to a very low carbon society combined with large increases in the wealth of the poorest 
parts of society,  SLCP reductions would be very large and hence there would be l itt le 
effect of addit ional  SLCP measures.  That study also found, however,  that compared to a 
basel ine case with relat ively high SLCP emissions,  the benefits of SLCP reductions would 
be quite large.  Another study examined the effects of Russian pol icy on methane 
emissions in the oi l  and gas sector highl ighting how the existence of f inancial  incentives 
to reduce methane emissions alone is  not enough to ensure their  impact.  Lastly,  a 
reviewed Commentary in Nature argued for stronger coordinated action that jointly 
considers cl imate and air  qual ity benefits of emissions reduction strategies.  This 
highl ights the value of an activ ity such as the CCAC. 
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BLACK CARBON & CO-EMISSIONS 
New studies  have cont inued to add to our  knowledge of  both h istor ica l  and potent ia l  future 
emiss ions of  BC and co-pol lutants .  One study based on recent sate l l i te  observat ions suggests  
that  h istor ica l  and present-day emiss ions of  BC may in  fact  be roughly  twice the va lue used in  
near ly  a l l  current inventor ies . i i i  Another est imates that  Afr ican emiss ions of  BC, organics,  carbon 
monoxide,  and other  pol lutants  that  come from biomass burning may increase dramatica l ly  in  the 
coming decades. iv Without regulat ion,  the study est imates that  by 2030 Afr ican emiss ions could 
represent 54% of  g lobal  emiss ions of  organic  carbon a lone,  up from 20% in  2005, and between 
20-30% of  g lobal  emiss ions of  BC, CO NO x,  SO 2,  and NMHC. These studies  indicate the 
potent ia l  for  the mult ip le  benef its  associated with BC-related emiss ions reduct ions may be even 
larger  than prev ious ly  supposed.   Another study showed that  BC emiss ions cont inued to increase 
at  the g lobal  leve l  through at  least  2007. Global ly ,  the BC emitted per  unit  of  energy product ion 
decreased,  but  th is  'BC intens ity '  increased in  the agr iculture and industr ia l  sectors  in  some 
countr ies ,  main ly  due to an expansion of  low-eff ic iency industry  (coke and br ick product ion) in  
developing countr ies  and to an increas ing usage of  d iese l  in  agr iculture in  developed countr ies .v 

Mult ip le  paper reported new results  concerning l ight  absorpt ion by co-emitted organic  carbon,  
so-cal led ‘brown carbon’ .vi  The degree to which organic  carbon absorbs v is ib le  l ight  is  extremely 
important for  accurate eva luat ion of  the net  impact of  h ighly  absorbing BC and the co-emitted 
ref lect ive organics .  Many models  do not account for  brown carbon at  a l l ,  whi le  others  incorporate 
brown carbon but i t  has  been suspected that  these l ike ly  underest imate i ts  absorpt ion.  The new 
results  ind icate that  in  many cases,  brown carbon may indeed be a  fa ir ly  strong absorber,  making 
the overa l l  net  forc ing from sources such as  b iomass burning more pos it ive  than prev ious ly  
est imated.  The 2011  Integrated Assessment of  Black Carbon and Tropospher ic  Ozone ident if ied 
the or ig ina l  BC measures based upon the net-cl imate forc ing from a l l  BC co-pol lutants ,  these 
results  thus strengthen the arguments for  reducing BC-rich emiss ions and may increase the 
c l imate benef it  of  target ing other sources with h igher  rat ios  of  organic  carbon.  

F ina l ly ,  severa l  studies  reported observat ional  and model ing results  re lated to b lack carbon (BC) 
and co-emitted pol lutants .  As d iscussed in  the SAP comment on Hodnebrog et  a l . ,  sc ient ists  have 
long known that  there have been some outstanding d iscrepancies  between composit ion computer  
models  and observat ions regarding BC, pr imar i ly :  (1)  the models  showing too l i tt le  BC over  much 
of  Asia ,  and (2) too much BC out over  remote Pacif ic  and at  h igh a lt i tudes.  The Hodnebrog study 
showed that  the modeled emiss ions can be reconci led with observat ions by increas ing emiss ions 
by vary ing factors  and reducing the atmospher ic  l i fet ime.vii  The main result  of  the study is  that  
the d irect  rad iat ive  forc ing from BC remains near ly  unchanged with these two changes as  their  
impacts  largely  offset  one another.  
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HYDROFLUOROCARBONS (HFCS) 
The 2014 WMO/UNEP scient if ic  assessment of  ozone deplet ion updated the f indings on 
hydrof luorocarbons (HFCs) from the prev ious reports  and the 2011  UNEP HFC report .  vi i i  Br ief ly ,  
the assessment found the fo l lowing regarding HFCs: 

(1)  HFCs emiss ions grew at  roughly  7% per year  between 2010 and 2012 in  terms of  their  100-yr 
g lobal  warming potent ia l .  Th is  inc ludes HFCs,  which are current ly  used as  replacements for  
ozone-deplet ing substances (represent ing the largest  proport ion of  HFCs),  and HFC-23, which 
is  a  byproduct of  HCFC-22 product ion.  

(2)  A new study by Montzka et  a l . ,  based on atmospher ic  measurements,  of  a l l  HFCs except 
HFC-23, a lso  shows that  between 2010 and 2012 HFCs emiss ions (excluding HFC-23) grew at  
rates  noted by the assessment and roughly  in  l ine with the project ions by Velders  et  a l .  (2009). ix 
However,  Montzka et  a l .  notes that  HFC growth in  the future may not increase at  the same rate.  

(2)  Use and emiss ions of  these HFCs are pro jected to grow rapid ly .  Indeed,  i f  the use of  the 
current mix  of  HFCs remains unchanged,  the report  pro jects  that  the emiss ions would be roughly  
comparable  to  the peak emiss ion of  CFCs,  in  the late  1980s. 

(3)  Not only  the projected emiss ions but  a lso the HFCs conta ined in  ex ist ing refr igerat ion and a ir  
condit ioning equipment,  chemical  stockpi les ,  foams,  and other products,  known col lect ive ly  as  
‘HFC banks, ’  pose a  problem in  the future.  I f  left  unabated,  these banks may need to be 
destroyed in  the future to e l iminate their  inf luence on c l imate.  

(4) If  the current ly  used HFCs were to be replaced by low-GWP compounds and not-in-kind 
technologies,  HFCs would not pose a  s ignif icant  threat  to  the c l imate system. 

(5) There are pathways to  avoid  us ing the current mix  of  HFCs.  This  inc ludes use of  low-GWP 
candidates such as  are hydrof luoro-olef ins  (HFOs) and not-in  k ind technologies .  One such low-
GWP compound is  HFO-1234yf,  which is  becoming ava i lab le  a lready.  This  compound breaks down 
in  the environment into tr i f luoroacet ic  ac id  (TFA),  as  do many other f luorocarbons current ly  in  
use,  and increases the natura l  concentrat ion of  TFA in  the hydrosphere.  

TFA is  a  pers istent tox ic  chemical ,  nonetheless ,  i t  was est imated that  i f  th is  chemical  was used in  
p lace of  HFC-134a that  is  current ly  in  use,  TFA does not pose a  problem. But the report  noted 
that  potent ia l  longer-term problems posed by TFA and s imi lar  compounds warrant  eva luat ions.  

(6)  Emiss ions of  HFC-23, a  by-product of  HCFC-22 product ion and a  chemical  that  has  been 
subject  to  CDM credits ,  have cont inued and increas ing despite  mit igat ion efforts .  

S ince the WMO/UNEP 2014 assessment,  there have been a  few further  developments that  have 
appeared in  peer-rev iewed publ icat ions.  I t  should be noted that  there wi l l  be more work appear ing 
in  the l i terature in  the coming year  quant ify ing emiss ions of  var ious HFCs from different parts  of  
the wor ld- such papers  are  a lready in  prepr int  forms;  but  they are not rev iewed here.  
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First ,  updated emiss ions of  var ious HFCs from different parts  of  the wor ld  have cont inued to 
appear.   There have been no major  changes to our  understanding of  the emiss ions from these 
studies .   Another noteworthy conclus ion of  Montzka et  a l  is  that  HFC emiss ions (not reported 
under UNFCCC) by non-Annex I  part ies  are  l ike ly  equal  to  that  from Annex I  part ies ’  emiss ions 
reported to UNFCCC. This  is  not  surpr is ing s ince the HFC usage is  expected to increase rapid ly  
in  the non-Annex I  countr ies .  

Kaz i l  et  a l .  publ ished their  results  on the formation of  TFA from HFO-1234yf. x They show that  
the amount of  TFA deposited over  cont inenta l  U.S.  is  about the same as  that  est imated prev ious ly  
by Luecken et  a l .  even though Kaz i l  et  a l .  used larger  emiss ions.x i Th is  study shows that  a  larger  
fract ion of  the emitted HFO-1234yf (and other s imi lar  shorter  l ived chemicals)  escape the 
boundary layer  and are d istr ibuted across  the g lobe.  This  study further  adds support  to  the 
conclus ion that  the emiss ions of  HFO-1234yf at  leve ls  equiva lent  to those of  HFC-134a would 
not pose a  problem to the cont inenta l  U.S.  S imi lar  results  have been found for  Europe by Henne 
et  a l . x i i Both U.S.  and European emiss ions are not s lated to increase too much more than the 
current levels .   However,  these studies  suggest  further  invest igat ions in  reg ions of  rapid  growth 
may be warranted,  adding to the conclus ion of  the WMO/UNEP 2014 assessment.  

METHANE 
In  2014 a  number of  studies  ident if ied large uncerta int ies  between model  est imates of  g lobal ,  and 
sectora l ,  methane emiss ions and bottom-up emiss ion inventor ies .  x i i i  Uncerta int ies  are part icu lar ly  
h igh in  the est imates of  fugit ive  methane emiss ions from oi l  and gas  extract ion.   A number of  
studies  looking specif ica l ly  at  the U.S.  have found that  actual  methane emiss ions,  part icu lar ly  
from the o i l  and natura l  gas  sector ,  may be s ignif icant ly  h igher than publ ished est imates and some 
emiss ions sources may be miss ing from inventor ies .  

A comprehensive rev iew of  est imates of  g lobal  methane emiss ions in  the per iod 1980 to 2009 
us ing results  from both top-down inverse models  and bottom-up emiss ion inventor ies  indicates 
that  g lobal  est imates of  bottom-up emiss ion inventor ies  tend to be lower than the est imates 
fo l lowing from top-down inverse model  results  us ing d irect  measurements of  the methane 
concentrat ion in  the atmosphere.x iv The agreement between top-down and bottom-up est imates 
improves for  the years  after  2000.xv  Despite  re lat ive ly  good agreement on tota l  g lobal  emiss ions 
from year  2000 onwards,  there remain considerable  d ifferences in  emiss ion est imates at  the 
sector  leve l  between inventor ies .  There are re lat ive ly  few bottom-up g lobal  inventor ies  of  
anthropogenic  methane and considerably  more data and d irect  measurements are needed to 
improve ex ist ing emiss ion inventor ies  in  order  to  expla in  the current d ivergence between top-
down and bottom-up est imates of  g lobal  methane emiss ions.xvi xvi i 
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Brandt et  a l .  (2014),  in  a  survey of  natura l  gas  emiss ion measurements  publ ished for  the U.S.  
over  the past  20 years ,  found that  actual  emiss ions may be 1 .5  t imes h igher than the nat ional  
inventory compi led by the U.S.  EPA.xvi i i  They a lso found that  when adding up s ite-specif ic  
measurements,  tota l  emiss ions are often dominated by a  few “super-emitters .”  Schneis ing et  a l .  
showed that  methane emiss ions from the o i l  and gas  sector  can be detected from space and that  
corresponding regional  emiss ions can be constra ined us ing sate l l i te  observat ions.  On the bas is  of  
a  mass-balance approach,  they est imated that  methane emiss ions for  two of  the fastest  growing 
product ion regions in  the U.S. ,  the Bakken and Eagle  Ford formations,  increased by 990   ±   650 
ktCH 4 yr−1 and 530   ±   330 ktCH 4 yr−1 between the per iods 2006–2008 and 2009–2011.  Relat ive  
to  the respect ive increases in  o i l  and gas  product ion,  these emiss ion est imates correspond to 
leakages of  10.1%   ±   7.3% and 9.1%   ±   6.2% in  terms of  energy content,  ind icat ing that  current 
inventor ies  l ike ly  underest imate the fugit ive  emiss ions from these formations. x ix 

Another study us ing ground and sate l l i te  measurements over  the Four Corners  area in  the South 
Western U.S.  showed that  large local  reg ional  emiss ions sources are miss ing in  current EPA 
inventor ies ,  l ike ly  from fugit ive  leaks from coal  bed methane product ion.xx A study of  sha le  gas  
wel ls  in  southwestern Pennsylvania  found a  s ignif icant reg ional  f lux  of  methane over  a  large area 
of  sha le  gas  pads ident if ied as  in  the dr i l l ing process,  a  preproduct ion stage not prev ious ly  
associated with h igh methane emiss ions,  suggest ing a  poss ib le  miss ing contr ibut ion to current 
bottom-up methane emiss ion inventor ies .xx i 

HEALTH & SLCPs 
In  2014,  the World  Health Organizat ion (WHO) re leased new est imates of  the g lobal  d isease 
burden attr ibutable  to  outdoor (OAP) and household (HAP) a ir  pol lut ion.  These est imates 
indicated that  household a ir  pol lut ion from the use of  so l id  fuels  for  cooking and heat ing was 
responsib le  for  4.3 mi l l ion deaths per  year  in  2012 (7.7  % of  the g lobal  tota l)  w ith a  further  3.7  
mi l l ion deaths per  year  (6.7% of  the g lobal  tota l)  attr ibutable  to  outdoor a ir  pol lut ion. xx i i 

A lmost  a l l  of  the deaths attr ibutable  to  household a ir  pol lut ion were in  low and middle-income 
countr ies ,  especia l ly  in  South East  Asia  (1 .7  mi l l ion)  and the Western Pacif ic  (1 .6  mi l l ion)  (Figure 
1) .  These est imates for  household a ir  pol lut ion are substant ia l ly  larger  than those prev ious ly  
reported by WHO (2 mi l l ion deaths per  year  from household a ir  pol lut ion reported in  2004) as  
they incorporated new methodology developed for  the Global  Burden of  Disease 2010 and due to 
increases in  basel ine rates  of  severa l  non-communicable  d iseases ( ischemic heart  d isease,  stroke,  
chronic  obstruct ive pulmonary d isease and lung cancer)  that  are  impacted by a ir  pol lut ion. xx i i i The 
new methodology for  the f i rst  t ime a lso inc luded addit ional  health  outcomes such as  ischemic 
heart  d isease and stroke as  being impacted by household a ir  pol lut ion exposure.  
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F igure 1 .  Premature deaths per year  attr ibutable to a ir  pol lut ion by type and region.  Amr:  America,  Emr:  Eastern 
Mediterranean,  Sear:  South-East Asia ,  Wpr:  Western Pacif ic ,  LMI:  Low- and Middle-income; HI:  High-income.xx iv 

Near ly  90% of the deaths attr ibutable  to  outdoor a ir  pol lut ion occur in  low- and middle-income 
(LMI) countr ies ,  w ith  the Western Pacif ic  and South East  Asian regions account ing for  1 .7  and 
0.9 mi l l ion deaths,  respect ive ly .  These est imates for  outdoor a ir  pol lut ion are substant ia l ly  larger  
than those prev ious ly  reported by WHO (1 .3 mi l l ion deaths per  year  from outdoor a ir  pol lut ion 
reported in  2008) as  they incorporated new methodology developed for  the Global  Burden of  
Disease 2010 xxv and due to increases in  basel ine rates  of  the non-communicable  d iseases 
( ischemic heart  d isease,  stroke,  chronic  obstruct ive pulmonary d isease and lung cancer)  that  are 
specif ica l ly  impacted by a ir  pol lut ion.  The new methodology for  the f i rst  t ime inc luded the ent ire  
g lobal  populat ion (prev ious ly  only  urban populat ions had been inc luded),  incorporated substant ia l  
addit ional  ev idence on the magnitude and shape of  the re lat ionship  between exposure to a ir  
pol lut ion and health outcomes and the appl icat ion of  a  lower basel ine exposure against  which the 
impact of  a ir  pol lut ion is  compared.  

In  addit ion to the current ly  ava i lab le  est imates of  attr ibutable  morta l i ty  and d isease burden for  a ir  
pol lut ion and numerous other modif iab le  r isk  factors  at  the country-level  for  2010, updates for  
the year  2013 and,  beginning in  2015,  annual ly  wi l l  soon be publ ished as  part  of  the Global  
Burden of  Disease.  

WHO Indoor Air Quality Guideline for Household Fuel Combustion 
In  2014 the WHO also re leased indoor a ir  qual i ty  guidel ines for  household fuel  combust ion.xxvi In  
addit ion to prov id ing deta i led ev idence rev iews on household a ir  pol lut ion emiss ions,  the scope of  
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exposures and d isease burden due to household fuel  use,  the guidel ines inc lude 5 deta i led 
recommendat ions:   

1)  Emiss ion rate targets:  Specif ica l ly ,  in  order  to  meet ex ist ing WHO air  qual i ty  guidel ines for  
f ine part ic le  a ir  pol lut ion (PM2.5) and carbon monoxide,  maximum emiss ion rates  for  household 
fuel  combust ion (with separate va lues for  vented and unvented appl iance) were specif ied,  based 
on the specif ied va lues for  k itchen volume, a ir  exchange and durat ion of  dev ice use per  day which 
are representat ive of  condit ions in  low- and middle-income countr ies .   

2)  Pol icy dur ing trans it ion to technologies  and fuels  that  meet WHO air  qual i ty  guidel ines:  
Specif ica l ly  the guidel ines recommend that  governments and their  implementing partners  develop 
strategies  to  accelerate efforts  to  meet the emiss ion rate targets  and that  trans it ion fuels  and 
technologies  that  offer  substant ia l  health benef its  should be pr ior it ized in  cases where 
intermediate steps are necessary.  

3)  Household use of  coal :  Unprocessed coal  should not be used as  a  household fuel .  Th is  
recommendat ion is  supported by an ev idence rev iew descr ib ing intr ins ic  hazardous substances 
re leased dur ing coal  combust ion and their  health  impacts .   

4)  The household use of  kerosene is  d iscouraged whi le  further  research into i ts  health impacts  is  
conducted.  Note that  the CCAC SAP produced a  br ief ing report  on kerosene in  2014 descr ib ing 
in  deta i l  the ev idence re lated to health  and c l imate impacts  as  wel l  as  mit igat ion strategies .xxvi i The 
WHO guidel ines a lso  inc lude a  deta i led ev idence rev iew descr ib ing r isks  of  burns and poisoning 
re lated to kerosene use.   

5)  Good pract ice:  secur ing health and c l imate co-benef its :  This  recommendat ion is  of  d irect  
re levance to the CCAC as i t  h ighl ights  the opportunit ies  for  synergy between c l imate and health 
act ions and specif ies  that  “governments and other agencies  developing and implementing pol icy 
on c l imate change mit igat ion consider  act ion on household energy and carry  out re levant 
assessments to  maximize health and c l imate ga ins .”  

The accompanying ev idence rev iews a lso inc lude specif ic  chapters  descr ib ing the model ing used 
to support  the emiss ion rate targets ,  the impacts  of  intervent ion strategies  on a ir  pol lut ion 
concentrat ions and personal  exposures,  factors  inf luencing the adopt ion and susta ined use of  
lower emiss ion cookstoves and d iscuss ion of  the f inancing opt ions for  adopt ion of  lower emiss ions 
technologies  at  large sca le .  

CLIMATE IMPACT OF SLCPs 
Our bas ic  understanding of  the c l imate impact of  SLCPs was not  fundamental ly  changed in  2014.  
Addit ional  ev idence re inforced our understanding of  the strong g lobal  and regional  c l imate 
impacts  of  SLCPs.  In  part icu lar ,  one analys is  showed that  h istor ica l  aerosol  and tropospher ic  
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ozone changes have had an outs ized impact on g lobal  c l imate change re lat ive to  their  g lobal  mean 
radiat ive  forc ing.xxvi i i Th is  is  due to their  hav ing taken p lace largely  over  the Northern Hemisphere 
extratropics  where c l imate sens it iv ity  is  especia l ly  large,  and they have thus contr ibuted great ly  
to  reg ional  c l imate changes in  that  reg ion.  Complementary analyses showed that  pro jected 
changes in  aerosols  over  the coming decades,  which again  are l ike ly  to  be greatest  over  the 
Northern Hemisphere mid-lat itudes,  w i l l  have large impacts  on regional  c l imate in  that  area.xx ix 
Specif ica l ly ,  by a lter ing the Northern Hemisphere wester ly  jet  stream, they may have substant ia l  
effects  on regional  temperatures,  precip itat ion,  and extreme weather events .  Both studies  
buttress  the sc ient if ic  case for  reducing SLCP emiss ions in  order  to  mit igate near-term cl imate 
change at  g lobal  and regional  sca les .  

AGRICULTURE AND ECOSYSTEM IMPACTS OF SLCPs 
Scient ists  have known for  a  long t ime that  ozone exposure reduces crop y ie lds  s ignif icant ly  in  a l l  
parts  of  the g lobe and can a lso decrease terrestr ia l  ecosystem carbon sequestrat ion.  The 
UNEP/WMO report  made the f i rst  assessment of  impact of  SLCP mit igat ion on g lobal  crop y ie lds  
and concluded that  reducing SLCPs,  through corre lat ive  reduct ions in  ozone,  would avoid  crop 
y ie ld  losses of  about 51  mi l l ion metr ic  tons per  year .  Two new studies  were publ ished recent ly  
focusing on the impact of  SLCPs on crop y ie lds  in  India .  The f i rst  one,  led by the Indian Inst itute 
of  Tropica l  Meteorology,  is  a  bottom-up regional  h igh-resolut ion model ing study.xxx Gudhe et  a l .  
concluded that  anthropogenic  ozone induced destruct ion of  wheat  and r ice in  the Indo-Ganget ic  
p la ins  reduced y ie lds  by an amount that  would be suff ic ient  to  feed 95 mi l l ion people  l iv ing below 
the poverty  l ine in  India .  The other study is  a  stat ist ica l-dynamical  study that  considered 
emiss ions of  NO X, VOCs and other  SLCPs and arr ived at  the f inding that  the combinat ion of  
c l imate change and increase in  SLCPs emiss ions has reduced wheat y ie lds  in  India  (most ly  the 
northern states)  by as  much 36%, and about 90% of  that  reduct ion is  due to the d irect  effect  of  
SLCPs.xxx i The impl icat ion is  that  mit igat ion of  SLCPs could boost  India ’s  crop y ie lds  by up to a  
b it  more than 30%. Both these independent studies,  conf irm the UNEP/WMO findings reported 
in  Shindel l  et  a l .  (2012). xxx i i 

SLCP POLICY 
Only a  few studies  in  the peer-rev iewed l i terature expl ic it ly  examined the effects  of  measures or  
pol ic ies  des igned to reduce SLCP emiss ions.  One showed that,  as  expected,  i f  there were to  be a  
mass ive,  wor ldwide sh ift  to  a  very low carbon society combined with large increases in  the wealth 
of  the poorest  parts  of  society,  SLCP reduct ions would be very large (e.g .  there would be no more 
petro l-powered vehic les  or  use of  so l id  b iomass fuels)  and hence there would be l i tt le  effect  of  
addit ional  SLCP measures. xxx i i i The study explored other scenar ios  as  wel l ,  and in  part icu lar ,  found 
that  compared to a  basel ine case with re lat ive ly  h igh SLCP emiss ion (fo l lowing current leg is lat ion 
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as in  the UNEP/WMO Integrated Assessment of  Black Carbon and Tropospher ic  Ozone),  the 
benef its  of  SLCP reduct ions would be quite  large.  This  result  is  consistent with the UNEP/WMO 
Integrated Assessment of  Black Carbon and Tropospher ic  Ozone and contradicts  a  2013 study 
suggest ing that  the Assessment had overest imated the benef its  of  SLCP reduct ions.xxx iv 

Another study examined the effects  of  Russ ian pol icy on methane emiss ions in  the o i l  and gas  
sector. xxxv Russ ia  is  one of  the few countr ies  in  the wor ld  with pol icy specif ica l ly  a imed at  
reducing methane emiss ions economy-wide.  They h ighl ight  how the ex istence of  f inancia l  
incent ives  to  reduce methane emiss ions a lone is  not  enough to ensure their  impact,  which a lso 
depends on their  transparency and access ib i l i ty ,  as  wel l  as  issues such as  inaccurate percept ions 
of  costs  and fear  that  f inding prev ious ly  undetected emiss ions wi l l  increase regulat ion.  They a lso 
conclude that  based on Russ ian exper ience,  measurement of  emiss ions and common report ing 
ru les  should be integra l  parts  of  a  comprehensive pol icy strategy.  F ina l ly ,  they point  out  that  
Russ ia  has  conducted s ignif icant  sc ient if ic  research on methane emiss ions in  the o i l  and gas  
sector  in  prepar ing i ts  emiss ion methodologies .  Other countr ies  would l ike ly  benef it  from this  
research and more ser ious rev iew of  the Russ ian methodologies  as  they assess  their  own 
emiss ions.  

Last ly ,  a  rev iewed Commentary in  Nature argued for  stronger coordinated act ion that  jo int ly  
considers  c l imate and a ir  qual i ty  benef its  of  emiss ions reduct ion strategies . xxxvi Th is  h ighl ights  the 
va lue of  an act iv ity  such as  the CCAC. 
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