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How should adaptation be incorporated into climate change 
mitigation schemes? 
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Forest Carbon 

•  Carbon	
  is	
  major	
  component	
  of	
  biomass,	
  =	
  
50%	
  in	
  living	
  biomass	
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Climate change 

•  Climate	
  change	
  trends:	
  increase	
  in	
  air	
  T	
  and	
  
decrease	
  in	
  precipita.on	
  

•  Human-­‐induced	
  climate	
  change:	
  emission	
  of	
  
greenhouse	
  gases	
  (mainly	
  CO2	
  from	
  fossil	
  fuel	
  
and	
  land	
  use	
  changes),	
  aerosols,	
  etc	
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Forest Functions 

SFM	
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Forest influence on climate  

•  Forest	
  reflect	
  less	
  heat	
  back	
  into	
  atmosphere	
  
•  Play	
  very	
  significant	
  role	
  in	
  global	
  carbon	
  cycle	
  
•  Provide	
  shade	
  and	
  absorb	
  heat	
  energy,	
  
producing	
  cooling	
  effect	
  

•  Reduce	
  wind	
  velocity	
  and	
  evapora.ve	
  losses	
  
of	
  water,	
  modera.ng	
  soil	
  temperature	
  and	
  
reducing	
  RH	
  

•  Forest	
  sustain	
  hydrologic	
  cycle	
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Potential Pre-agricultural Forest Cover 

Tropical and subtropical moist broadleaf forest 
Tropical and subtropical dry broadleaf forest 
Temperate broadleaf and mixed forest 
Temperate conifer forest 
Tropical and subtropical conifer forest 
Boreal forest/Taiga 
Non-forest ecoregions    



World’s forest 
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Forest area changes in 2000-2005 
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•  Area of natural forest decreased 5 Mha per year 
•  Forested area affected by insects and other disturbances       
   was 1.1 Mha per year 
•  4.5 Mha per year decrease in productive forest 

Deforestation in 
tropical regions 



Deforestation causes and consequences 

•  Agricultural	
  extension,	
  agriculture	
  is	
  major	
  livelihood	
  
ac.vity, Increasing demand of food, cash crops  

•  Increasing demand of forest goods (e.g. fibre, 
fuel wood) and services (e.g. carbon storage)	
  

•  Forest	
  is	
  major	
  source	
  of	
  cooking	
  energy	
  
•  Loss	
  of	
  biodiversity, species composition and 

productivity are likely to change 	
  
•  Emission	
  of	
  greenhouse	
  gases	
  &	
  Climate	
  change	
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Area and carbon stocks in major 
forest biomes (Malhi et al, 1999) 
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Area change and C emission 



Publications 
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Publications 

WCS,	
  Gashora	
  workshop,	
  22-­‐25th	
  Feb	
  2011	
  



Net ecosystem exchange (NEE) 

Root  
respiration 
(Rr) Heterotrophic  

respiration (Rh) 
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Litterfall 

Soil C 
storage 
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Tropical Forest Carbon Fluxes Studies 

Vegetation  
C storage 

Photosynthesis 
(GPP) 

Root litter and 
carbohydrates 



Tropical	
  Forest	
  Carbon	
  Stock	
  and	
  Fluxes	
  Studies	
  
	
  

•  Tropical	
  forest	
  biomass	
  well	
  
studied	
  in	
  Tropical	
  America,	
  less	
  
studies	
  in	
  Africa	
  and	
  Tropical	
  Asia	
  

•  Carbon	
  fluxes	
  are	
  less	
  studied	
  
•  Consequence:	
  es.ma.ng	
  carbon	
  
balance	
  and	
  emissions	
  in	
  rela.on	
  
to	
  climate	
  change	
  is	
  linked	
  with	
  
large	
  uncertain.es	
  

•  Climate	
  predicted	
  with	
  climate	
  
sta.ons	
  from	
  outside	
  forested	
  
areas	
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Climate change reduces plant production and soil 
carbon stock and cause net CO2 release but 
fertilization effect of increasing atm CO2 on 
photosynthesis reverses the reduction  



Plant species response to climate 
change 

•  Species	
  physiological	
  response	
  to	
  dryer	
  
climate	
  is	
  not	
  well	
  known	
  

•  Plant	
  phenology	
  will	
  be	
  modified	
  and	
  carbon	
  
alloca.on	
  into	
  soil,	
  li^er,	
  biomass	
  will	
  change	
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Photosynthe8c	
  capacity	
  of	
  tree	
  species	
  in	
  
rela8on	
  to	
  climate	
  change 
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Rate	
  of	
  carboxyla.on	
  efficiency	
  (Jmax)	
  by	
  different	
  tree	
  
species	
  in	
  Nyungwe:	
  Entandrophragma	
  e,	
  Makaranga	
  k,	
  
Sizigium	
  guinense,	
  podocarpus	
  falcatus,	
  Hagenia	
  a,	
  
Carapa	
  grandiflora 
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Native vs planted forests: source or 
sink of Carbon? 
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Carbon	
  emission	
  from	
  planted	
  forest	
  and	
  
Nyungwe	
  forest	
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MITIGATION	
  AND	
  ADAPTATION	
  
TO	
  CLIMATE	
  CHANGE 



Concept 

•  Mitigation: all human interventions that reduce the 
sources or enhance the sinks of greenhouse gases  

•  Adaptation: response to actual or expected climatic 
conditions 

•  Adaptation and Mitigation initiatives can be at policy, 
legal, institutional or farmers levels. 



Interna8onal	
  ini8a8ves 

•  UNFCC,	
   Kyoto	
   protocol,	
   repor.ng	
   na.onal	
  
greenhouse	
   gases,	
   Clean	
   development	
  
mechanisms,	
   REDD+,	
   carbon	
   market,	
  
afforesta.on	
   and	
   reforesta.on	
   projects,	
  
emission	
  reduc.on,	
  	
  

	
  
Ref.:	
  h^p://unfccc.inte/ 



Afforesta8on	
  and	
  reforesta8on 
•  Increase	
  wood	
  produc.on	
  for	
  energy	
  and	
  service	
  needs	
  
•  Control	
  soil	
  erosion,	
  protect	
  hydrological	
  regime	
  
•  Mi.gate	
  climate	
  change	
  
•  Reforesta.on	
  must	
   use	
   species	
   with	
   high	
   growth	
   rate,	
   with	
  

minor	
  ecological	
  impacts:	
  na.ve	
  and	
  exo.c	
  species	
   

Opportunity for carbon market: 10 USD per T of C stored 

Issue: limited availability of land for reforestation, price 
of carbon is low, competition with arable land 



Natural	
  Forest	
  Conserva8on	
  	
  
	
  

•  Agriculture is major threat to natural forests 
•  Natural forests are major Carbon stocks and major carbon 

sinks, thus mitigate climate change.   
•  Conservation of natural forests reduce emission of C when 

these forest are burned or cut 

Issues: Overpopulation around protected areas, fragmentation, fires,    



Agroforestry 

•  Agroforestry	
   restores	
   soil	
   fer.lity,	
   increase	
   agricultural	
  
produc.vity,	
   increase	
   honey	
   produc.on,	
   provide	
   fuel	
   wood	
  
and	
   poles,	
   influence	
   microclimate,	
   and	
   provide	
   fodder	
   to	
  
livestock.	
  	
  

•  These	
   benefits	
   help	
   farmers	
   adapt	
   to	
   effects	
   of	
   climate	
  
change.	
  	
  

•  Agroforestry	
   prac.ces	
   also	
   provide	
   mi.ga.on	
   to	
   effects	
   of	
  
climate	
  change	
  by	
  carbon	
  sequestra.on.	
  	
  



	
  
Agriculture	
  Intensifica8on	
  

 
•  Radical	
  terraces,	
  and	
  other	
  soil	
  conserva8on	
  prac8ces	
  
•  Improved	
   agricultural	
   technology,	
   fer8lizer	
   use,	
  

mechaniza8on,	
  

	
  



Land	
  use	
  consolida8on 

•  Land	
   use	
   consolida.on,	
   with	
   one	
   crop	
   on	
   larger	
   area	
   will	
  
increase	
   crop	
   produc.on,	
   provide	
   food	
   for	
   livestock,	
  
increase	
   livestock	
   produc.on,	
   maximize	
   carbon	
   storage,	
  
mi.gate	
  climate	
  change	
  

	
  



Alterna8ve	
  source	
  of	
  energy 

•  The use of solar energy, biogas, improved 
cooking stoves and micro hydropower 
generation help people especially those in 
rural areas to cook and light, reduce 
deforestation.  

•  This will in turn reduce release of green 
house gases into the atmosphere, hence 
mitigating effects of climate change.  

	
  

	
  



Conclusions 

•  Forest ecosystems are important for the global 
carbon balance. 

•  Forest ecosystems are under pressure, mainly in 
the tropics, large carbon source to atmosphere. 

•  Small number of Carbon balance studies in the 
Tropics 

•  Mitigation and adaptation projects need to be 
multiplied and strengthened. 

•  Mitigation and adaption activities accessible to 
lower income population  
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