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Since t his is a complex but  very int erest ing paper, we’ve put  t oget her a more 
det ailed summary and explanat ion of  t he paper’s approach and f indings, t oget her 
wit h some comment s in t his document  here.  Our summary and comment ary draws 
upon some very helpful insight s f rom Professor Pet e Smit h at  t he Universit y of  
Aberdeen and includes some useful comment ary f rom Dr Marco Springmann at  t he 
Universit y of  Oxford – t hanks t o bot h. 
 
 
SUMMARY  
 
This paper looks at  t he growt h in ruminant  product ion worldwide and at  t he 
emissions arising f rom t hat  growt h, under a range of  dif ferent  scenarios. It  does not  
look at  monogast ric syst ems (pigs and poult ry) . 
 
Under all scenarios livest ock emissions grow – t he scenarios t herefore model t he 
reduct ions in growt h pot ent ially achievable ( ie. a reduced overall level of  growt h) . 
The most  ‘pessimist ic’ scenario (FIX)  assumes t hat  t he st ruct ure of  t he ruminant  
sect or remains t he same as it  is t oday, but  t hat  it  increases in out put  in line wit h 
t he FAO’s project ed increases in demand. 
 
An alt ernat ive scenario (DYN) also assumes t he same project ed increase in out put  
but  assumes t hat  market  forces work t o improve t he ef f iciency product ion.  Hence 
emissions are 9% lower t han under t he FIX scenario (alt hough t hey are st ill great er 
t han t hey are t oday) . 
 
Third, it  models f ive scenarios. 
 
Four scenarios are focused on t he supply side and in t hese cases an emissons price 
is int roduced ($10  t onne/ carbon and $100 t onne carbon) .  One scenario t arget s 
just  livest ock non-CO2 emissions (CH4  and N2O); one t arget s all agricult ural non CO2 
emissions; a t hird t arget s CO2 f rom land use change and t he fourt h t arget s all 
emissions, f rom all agricult ural sources.  These scenarios f ind t he following: 

• That  scenario t hat  t arget s all gases f rom all sources delivers higher 
reduct ions t han t hose t hat  just  t arget  non CO2 gases, or just  land use change 
CO2 – alt hough t arget t ing land use change CO2 is more ef fect ive t han just  
t arget ing t he non CO2 gases.     

• Under all scenarios t he bulk of  t he emissions reduct ion (not e – t he reduct ion 
in overall increase in emissions)  comes f rom land use change avoidance ( ie 
f rom land sparing and avoided CO2 release)  even when t he non CO2 gases are 
t arget ed (since t hese focus on livest ock and lead t o changes in syst ems of  
livest ock product ion) . 



• Trade plays an import ant  role in t he mit igat ion st ory – t he assumpt ion is t hat  
t he int roduct ion of  a carbon price will relocat e product ion t o areas where 
livest ock can be reared more ef f iciency.  An increase in t he feeding of  grains 
rat her t han a reliance on past ure fed only is also an import ant  element . 

• Under all scenarios, t hese supply side measures have an ef fect  on t he growt h 
in demand.  This ef fect  is great er and act ually quit e signif icant  when just  t he 
non CO2 gases are t arget ed since t hey have such an impact  on livest ock.  
Not e – t hat  under t hese scenarios consumpt ion is not  specif ically  t arget ed 
but  is a consequence of  t he carbon price t hat  is t arget ed at  producers. 

 
This f igure illust rat es t hese point s. 
 

 
 
A f if t h scenario t arget s consumpt ion.  It  assumes an int ervent ion aimed at  carbon 
price t hat  impact s on consumers rat her t han producers, t hat  has an ef fect  of  
moderat ing livest ock consumpt ion.  Consumpt ion is moderat ed but  t here is no 
impact  on product ion side ef f iciencies (more lat er) . 
 
The paper t hen looks at  all f ive scenarios and assesses t heir mit igat ion ef fect  in 
relat ion t o t he ef fect  t hey have on overall per capit a calorie availabilit y.  In ot her 
words it  looks at  what  t he calorie ‘cost ’ of  t hese mit igat ion scenarios might  be, 
arguing t hat  t his is crit ical given t he prevalence of  malnut rit ion worldwide. 
 
It  f inds t he following:  
 

• The higher t he carbon price, t he great er t he mit igat ion pot ent ial but  also t he 
higher t he calorie cost . 

• Target ing just  land use change emissions achieves more mit igat ion per unit  of  
calorie cost  t han t arget ing t he non CO2 emissions.  However, f rom a food 
securit y point  of  view, t arget ing t he non CO2 gases ( ie. largely t he livest ock 
sect or)  may be more ef f icient  since livest ock const it ut e a smaller overall 
share of  calories t han ot her foods – in ot her words, it  doesn’t  hit  t he non 
livest ock food groups so badly 

• However – and t his is t he point  t hat  has been highlight ed in all t he media 
publicit y surrounding t his paper – measures t hat  address consumpt ion and 
demand direct ly ( rat her t han supply)  deliver less mit igat ion pot ent ial at  
higher calorie cost . 

• The paper t herefore concludes t hat  a focus on consumpt ion is inef f icient  and 
less ef fect ive t han addressing t he product ion side.  

 
COMMENTS  
 



If  one were looking at  t he short  t erm global warming impact s of  t he dif ferent  gases 
( ie. bet ween now and 2030) , t hen t he GWP of  met hane might  arguably be great er 
t han used here ( ie. 78  rat her t han 21) .  This would increase t he signif icance of  
t arget ing t he non CO2 gases and would also suggest  a signif icant ly great er role for 
reducing livest ock consumpt ion (NB – a reduct ion in t he growt h of  livest ock 
consumpt ion) .  This said t he paper follows IPCC prot ocol in t his respect .  
 
Arguably, if  you really want ed t o maint ain project ed livest ock out put  while reducing 
t he rat e of  growt h in emissions t hen an addit ional scenario t hat  might  have been 
modelled would be a swit ch out  of  ruminant  product ion and over t o int ensive pig, 
poult ry and aquacult ure product ion.  This is likely t o be a bad idea for all sort s of  
reasons but  in t erms of  it s land sparing and GHG  mit igat ion pot ent ial such a 
scenario is in a sense a logical conclusion of  what  t he paper is modelling.  
 
The demand side scenario is perhaps t he least  developed aspect  of  t he paper.  This 
is what  t he paper says: “ Under an exogenously prescribed consumpt ion reduct ion 
scenario of  40  kcal per capit a per day wit hout  carbon prices, t he emission reduct ion 
is predict ed t o be only 1 ,948  Mt CO2e· y−1, and t he result ing unit  calorie cost  would 
increase t o 21  kcal per capit a per day per Gt CO2e· y−1.”  Not e t hat  adopt s t his 
scenario since it  is equivalent , in t erms of  daily calorie cost  t o t he scenario  in which 
a $10  / t onne carbon price t arget ing t he product ion side is modelled, and in which 
t he unit  cost  ( impact  per unit  of  mit igat ion)  is only 12  calories/ day. 
 
However, t he appendix (available here)  in fact  makes t he following point :  
 
 “ Our demand funct ion has t he virt ue of  being easy t o linearize which allows us t o 
solve GLOBIOM as a linear program. This is current ly necessary because of  t he size 
of  t he model and t he current  performance of  non-linear solvers. However, t his 
demand funct ion has alt hough some limit at ions which need t o be kept  in mind when 
considering t he result s obt ained wit h respect  t o climat e change mit igat ion and food 
availabilit y. One of  t hem is t hat  we do not  consider direct  subst it ut ion ef fect s on 
t he consumer side which could be capt ured t hrough cross price demand elast icit ies. 
Such a demand represent at ion could lead t o increased consumpt ion of  some 
product s like legumes or cereals when prices of  GHG int ensive product s like rice or 
beef  would go up as a consequence of  a carbon price t arget ing emissions for t he 
agricult ural sect or. Neglect ing t he direct  subst it ut ion ef fect s may lead t o an 
overest imat ion of  t he negat ive impact  of  such mit igat ion policies on t ot al food 
consumpt ion. However, t he ef fect  on emissions would be only of  second order, 
because consumpt ion would increase for commodit ies t he least  af fect ed by t he 
carbon price, and hence t he least  emission int ensive. Alt hough we do not  represent  
t he direct  subst it ut ion ef fect s on t he demand side, subst it ut ion can st ill occur due 
t o changes in prices on t he supply side and can in some caseslead t o a part ial 
compensat ion of  t he decreased demand for commodit ies af fect ed t he most  by a 
mit igat ion policy. This phenomenon can be observed in our result s for mit igat ion 
policies t arget ing t he livest ock sect or only (Fig. 4 . In t he main t ext ) .”  
 
In ot her words, it  raises t he possibilit y t hat  t he negat ive impact s on food securit y of  
moderat ing consumpt ion are overplayed (under all scenarios)  . 
 
Signif icant ly, t he paper focuses on food securit y and def ines t he problem as one of  
hunger and malnut rit ion.  It  does not  acknowledge t he rising burden of  
overconsumpt ion and associat ed chronic diseases in developing and low in come 
count ries (see for example t his report  f rom t he Overseas Development  Inst it ut e) . 
 



Finally, t he way t he paper’s f indings have been represent ed in t he press (and t o a 
cert ain ext ent  in t he paper it self )  might  lead one t o suppose t hat  t here is no role for 
consumpt ion side measures.  However t his would be misleading for t he following 
reasons: 
 

• Given t he nat ure of  t he climat e and environment al problems we face, we do 
not  have t he luxury of  adopt ing an eit her-or posit ion.  Most  comment at ors 
who highlight  t he need t o address consumpt ion also emphasise t he need for 
product ion side approaches (eg. see t he paper by Hedenus et  al)  

• Following on f rom t his, rat her t han have a polarised discussion about  t he 
merit s of  product ion versus consumpt ion side approaches, a more int erest ing 
approach might  be t o examine how policies might  be more ef fect ively 
t arget ed at  opt imising and synergising product ion and consumpt ion changes 
so as t o deliver environment al (not  just  climat e)  improvement s while also 
enhancing nut rit ional out comes ( including over as well as under consumpt ion 
relat ed issues) .  Approaches here will need t o go beyond simplist ically 
considering ‘t he meat  quest ion’ t o look at  t he role, bot h posit ive and 
negat ive, of  ot her foods as well. 

• Under all scenarios ( t hose focusing on t he supply side as well as t he 
specif ically consumpt ion side scenario)  consumpt ion is moderat ed.  In ot her 
words, even in t he supply side scenarios, t he mit igat ion achieved is not  just  a 
consequence of  product ion ef f iciencies. 

• As not ed, t he paper’s demand side scenario is perhaps least  invest igat ed and 
art iculat ed in t his paper – so t here is a great  deal more work t o do here. 

• To emphasise, t he paper does not  consider obesit y and overconsumpt ion 
relat ed dimension of  t he food securit y challenge  

• On a very minor point , it  st at es at  t he beginning t hat  livest ock cont ribut e t o 
12% of  global emissions when t he lat est  FAO est imat e put s t he f igure at  
14 .5% - alt hough all est imat es are subject  t o major uncert aint ies. 

• In t he conclusions it  t ouches upon some of  t he pract ical policy challenges 
inherent  in any of  t he scenarios.  And it  not es, somewhat  in passing, t hese 
point s: “ t here are considerable challenges associat ed wit h t he int ensif icat ion 
of  livest ock product ion, such as sanit ary issues and animal well-being 
concerns, as well as social impact s relat ed t o t he role of  smallholders in 
livest ock product ion and t o t he various cobenef it s of  livest ock in rural areas, 
such as draf t  power and subsist ence income.”  

 
Here are some addit ional comment s provided by Marco Springmann:  
 
Havlik et  al const ruct  an “ exogenously prescribed consumpt ion scenario”  t hat  
result s in t he same GHG emissions reduct ion as t he supply-side f lexibilit ies analysed 
in t heir main scenarios. On t he basis of  comparing t he consumpt ion scenario wit h 
t he associat ed supply-side scenario, t hey conclude t hat  demand-side measures are 
less ef f icient  t han supply-side ones (assessed in t erms of  abat ement  cost s and food 
availabilit y) . While port rayed as indicat ing t hat  diet ary changes are unnecessary, it  is 
well known in economics t hat  regulat ing t he source of  emissions is more ef f icient  
t han regulat ing f inal demand. The idea behind t his is t hat  put t ing a price on GHG 
emissions at  t he source int ernalizes t he environment al ext ernalit ies of  t hose 
emissions t hroughout  t he whole product ion chain, whilst  demand-side measures do 
not  lead t o t he same kind of  st ruct ural changes. 
 
I t hink ext ending t his basic argument  t o crit icize papers focussing on diet ary 
changes (as in t he passage referred t o above)  is somewhat  short -sight ed. Eit her 
diet ary changes occur as an endogenous development , such as t he food t ransit ion 



t o more meat -based diet s, or t hey are induced by policies, such as dedicat ed t axes. 
In t he f irst  case, diet ary shif t s are part  of  fut ure project ions against  which scenarios 
and pot ent ial savings can be assessed - fair enough. In t he second case, diet ary 
changes can be brought  about  by supply-side policies. Thus, equat ing diet ary 
changes or t he associat ed policies wit h demand-side measures is somewhat  
misleading. The result s of  Havlik et  al’s supply-side scenarios act ually show a big 
ef fect  on consumpt ion, which is exact ly what  one would be af t er when designing 
policies t hat  are meant  t o af fect  t he demand side. So what  t heir analysis really 
shows is t hat  supply-side measures change diet s and t he associat ed GHGs ef f icient ly 
(and t hat  diet ary changes are inef f icient  in changing t he whole supply side and t he 
associat ed emissions) . Their analysis does not  show t hat  it  is not  import ant  t o 
change diet s t o address GHG emissions, rat her it  shows t hat  diet s will indeed 
change. 
 
Now t o t he main part  of  t he paper. The set -up of  t he paper is fairly simple: t he 
aut hors compare t wo livest ock t raject ories wit h each ot her, one which keeps t he 
relat ive dist ribut ion of  ( ruminant )  animals across livest ock-product ion syst ems f ixed 
at  base-year values, t he ot her one doesn’t . Bot h scenarios are unrealist ic in t he 
sense t hat  t he f irst  one is t oo const raining (pessimist ic in some sense)  and t he 
ot her one is t oo dynamic (or opt imist ic) . However, t he scenarios are well suit ed t o 
span a wide st at e space in which act ual development s may t ake place in t he fut ure. 
Thus, t he cont ribut ion of  t his paper is a sensit ivit y analysis of  dif ferent  livest ock-
syst em responses ( t o prices and environment al const raint s)  and t heir implicat ions 
for GHG emissions. This part  of  t he paper, I t hink, is very well done, and t he aut hors 
deserve credit  for t heir model development s. 
 
What  I f ind again a bit  misleading t hough is how t he result s are communicat ed. The 
aut hors f requent ly st at e t hat  LPSTs ( livest ock product ion syst em t ransit ion, i.e., 
dynamic responses t o t he const raint s ment ioned above)  lead t o GHG emissions 
reduct ions, a decrease in grass consumpt ion, and so on. Then, somewhere in t he 
paragraph t hat  follows, we learn t hat  croplands st ill expand globally (main t ext )  and 
t hat  absolut e GHG emissions are higher in t he LPST scenario t han in t he base year 
(appendix) . So what  t he LPST scenario is compared t o in t he beginning of  each 
paragraph is t he f ixed scenario wit hout  LPST, but  not  t he condit ions in t he base 
year. That  by it self  is t ot ally f ine, but  I would wish it  would have been st ressed 
explicit ly. The omission of  what  t he out come of  t he LPST scenario is compared t o 
makes one believe t hat  t he livest ock sect or const it ut es no problem at  all (and 
indeed might  be benef icial)  if  it  can just  respond dynamically t o price signals. 
However, I t hink it  would be fair t o say t hat  t he livest ock sect or st ill carries a long 
(and act ually longer)  shadow when looking at  t he absolut e numbers in 2030 even 
af t er all t hose dynamic responses have t aken place 
 
I end by not ing t hat  t he paper ut t erly ignores t he healt h implicat ions of  diet s high in 
livest ock product s. The aut hors focus on caloric availabilit y and highlight  t he danger 
of  undernut rit ion (which t hey wrongly equat e wit h malnut rit ion) . Livest ock 
product s, according t o t his reasoning, are benef icial because t hey are more calorie-
dense t han, e.g., plant -based product s. The problem of  overconsumpt ion is 
ment ioned, but  only as a problem for developed count ries. I have t o say t hat  I f ind 
t he aut hors’ disregard for a broader and more balanced view of  nut rit ion quit e 
alarming. Alt hough undernut rit ion is st ill a big problem which deserves at t ent ion, 
almost  any developing count ry nowadays faces a double burden of  undernut rit ion in 
t erms of  calories and micronut rient s on t he one hand, and of  overnut rit ion, in 
part icular in t erms of  livest ock product s, on t he ot her hand. The lat t er is associat ed 
wit h (and in many cases t hought  t o be causally linked t o)  a broad range of  non-
communicable diseases, such as heart  diseases, st roke, cancers, et c, which cause 



more deat hs and disabilit ies worldwide t han undernut rit ion does. The failure t o at  
least  ment ion t his broader dimension t hat  is direct ly associat ed wit h t he livest ock 
sect or is what  I f ind most  disconcert ing wit h t he paper. Indeed, I t hink t he economic 
and healt h communit y could have easily agreed t hat  it  is import ant  t o consider bot h, 
t echnological improvement s in t he livest ock sect or, and diet ary changes. Alt hough 
t he paper broadens t he det ail wit h which t he livest ock sect or is represent ed in 
economic models, it s conclusions also show why we need t o cont inue working on 
more comprehensively int egrat ed models of  environment al sust ainabilit y, economic 
development , and healt h."  
 
 


