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Wetland	
  Characteris6cs	
  

– Hydric	
  Soils	
  
– Water	
  tolerant	
  vegetaBon	
  

Organic	
  layer	
  

Mineral	
  layer	
  

Monmouth	
  County	
  

By	
  a	
  stream	
  (riparian)	
  



•  High	
  Biodiversity	
  
•  Flood	
  water	
  storage	
  
•  Nutrient	
  and	
  Contaminant	
  Removal	
  

– Filter	
  for	
  nutrients	
  
– Adsorp6on	
  of	
  contaminants	
  (Fe	
  complexes)	
  

Why	
  Wetlands	
  are	
  Important	
  

Eutrophica6on	
  



Research	
  QuesBon	
  

•  What	
  would	
  be	
  the	
  effects	
  of	
  nitrogen	
  
addiBon	
  and	
  vegetaBon	
  removal	
  on	
  the	
  
wetland	
  Iron	
  and	
  Nitrogen	
  Cycles?	
  
 Agriculture – Fertilizer Application –Urea 
 Development – Vegetation Removal 
 Iron Cycle – Major Redox Component 
 Nitrogen Cycle – Nutrient Cycling 



Effects	
  of	
  VegetaBon	
  Removal	
  and	
  Nitrogen	
  
AddiBon	
  

100m	
  



Changes	
  in	
  N-­‐Pool	
  

•  Individual	
  treatments	
  affected	
  inorganic	
  N	
  pool	
  
•  Combined	
  treatments	
  affected	
  both	
  the	
  organic	
  and	
  
inorganic	
  N	
  pool	
  



Effects	
  of	
  VegetaBon	
  Removal	
  and	
  Urea	
  
ApplicaBon	
  on	
  Fe	
  Cycle	
  

Method:	
  

Soil	
  from	
  different	
  treatment	
  plots	
  incubated	
  under	
  
anaerobic	
  condiBons	
  

SimulaBon	
  of	
  flooded	
  wetland	
  condiBons	
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IncubaBon	
  Results	
  

• Increase	
  in	
  HCl	
  extractable	
  Fe(III)	
  

Treatment	
  Effect	
  

Incuba6on	
  Effect	
  



Effects	
  of	
  VegetaBon	
  Removal	
  and	
  Nitrogen	
  
AddiBon	
  

•  Both	
  organic	
  and	
  inorganic	
  nitrogen	
  pools	
  can	
  be	
  
affected	
  depending	
  on	
  the	
  disturbance	
  

•  More	
  bioavailable	
  Fe	
  in	
  disturbed	
  soils	
  

Shrestha	
  et	
  al.	
  2010,	
  Water,	
  Air	
  and	
  Soil	
  PolluBon	
  	
  



Microcosm	
  Experiment	
  

• 	
  Flow	
  through	
  microcosm	
  system	
  
• 	
  Wetland	
  soil	
  
• 	
  20	
  mM	
  KCl	
  (Control)	
  
• 	
  20	
  mM	
  KCl	
  and	
  2	
  mM	
  Ammonium	
  



Porewater	
  Profile	
  (NO2
-­‐)	
  

Five	
  Months	
  a^er	
  the	
  microcosms	
  were	
  started	
  



Profile	
  Experiment	
  

•  Peepers	
  placed	
  in	
  saturated	
  field	
  soil	
  for	
  1	
  
month	
  

Peeper	
  1	
  

Peeper	
  2	
  
Peeper	
  3	
  

65
cm

	
  



Fe(II)	
  Profile	
  	
  



Nitrogen	
  Species	
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•  DemonstraBon	
  of	
  nitrite	
  in	
  anoxic	
  iron	
  
reducing	
  condiBons	
  without	
  any	
  iniBal	
  
presence	
  of	
  nitrate	
  

•  Adds	
  to	
  dentrificaBon	
  potenBal	
  of	
  wetlands	
  

Nitrite	
  in	
  Anoxic	
  CondiBons	
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Shrestha	
  et	
  al.	
  2009	
  	
  
Clement	
  et	
  al.	
  2005	
  



ConnecBons	
  

•  Provides	
  quanBtaBve	
  demonstraBon	
  of	
  how	
  
stressors	
  affect	
  wetland	
  processes	
  and	
  
services	
  

•  IdenBfies	
  pracBces	
  that	
  harm	
  ecosystems	
  

•  Demonstrates	
  the	
  need	
  to	
  understand	
  the	
  
processes	
  and	
  potenBal	
  of	
  ecosystems	
  and	
  
how	
  they	
  link	
  with	
  our	
  lives	
  



Outline	
  
•  Introduc6on	
  (Wetlands)	
  

–  Wetland	
  FuncBons	
  
–  Threats	
  

•  Effects	
  of	
  Stressors	
  
–  Experiments	
  of	
  Different	
  Scales	
  

•  Unknown	
  Poten6als	
  
–  Anaerobic	
  Ammonium	
  OxidaBon	
  

•  Mechanisms	
  for	
  Conserva6on	
  
–  MiBgaBon	
  Banking	
  -­‐	
  New	
  Jersey	
  
–  Reduced	
  Emissions	
  from	
  DegradaBon	
  and	
  DeforestaBon	
  (REDD)	
  –	
  

Guinea	
  Bissau	
  

•  Conclusions	
  



Natural	
  Ecosystems	
  and	
  OpportuniBes	
  

•  Natural	
  ecosystems	
  are	
  an	
  essenBal	
  part	
  of	
  
the	
  global	
  response	
  to	
  climate	
  change	
  

•  Natural	
  ecosystems	
  can	
  contribute	
  to	
  the	
  two	
  
main	
  responses	
  to	
  climate	
  change	
  through:	
  
 Mi6ga6on	
  

 Adapta6on	
  



Source:	
  Woods	
  Hole	
  InsBtute	
  (hdp://www.whrc.org/carbon/index.htm)	
  Petagrams	
  Carbon/Year 

Carbon	
  storage	
  in	
  and	
  fluxes	
  between	
  different	
  systems	
  



Figure	
  2.2:	
  Contribu6on	
  of	
  land	
  use	
  change	
  in	
  the	
  annual	
  carbon	
  emission	
  (Source:	
  The	
  
Woods	
  Hole	
  Ins6tute)	
  



MiBgaBon	
  
•  	
  SequestraBon	
  by	
  increasing	
  the	
  size	
  of	
  carbon	
  
pools	
  (e.g.	
  through	
  afforestaBon,	
  reforestaBon	
  
and	
  restoraBon	
  of	
  natural	
  habitats)	
  	
  

•  Maintaining	
  exisBng	
  carbon	
  stores	
  (for	
  
example,	
  avoided	
  deforestaBon	
  or	
  protecBng	
  
wetlands)	
  

•  Maintenance	
  of	
  the	
  ocean	
  carbon	
  sink;	
  	
  
•  SubsBtuBon	
  of	
  fossil	
  fuel	
  energy	
  by	
  cleaner	
  
technologies	
  including	
  biomass.	
  



Wetland	
  Trends	
  and	
  Threats	
  
in	
  New	
  Jersey	
  

•  SpaBal	
  analysis	
  (1986-­‐1995)	
  
•  Deciduous	
  forested	
  wetlands	
  most	
  threatened	
  

•  Net	
  loss	
  of	
  deciduous	
  forested	
  wetlands	
  8400	
  
acres	
  

•  Land	
  use	
  Change	
  (ResidenBal)	
  
•  Nutrient	
  Enrichment	
  (DegradaBon)	
  



Wetland	
  ConservaBon	
  Policy	
  Issues	
  

•  MiBgaBon	
  Banking	
  
– RestoraBon	
  
– CreaBon	
  
– Enhancement	
  
– PreservaBon	
  

•  Shortcomings	
  
– Based	
  on	
  acreage	
  system	
  
– Monitoring	
  period	
  



Carbon	
  Storage	
  in	
  Forested	
  Wetlands	
  

Adams,	
  2004	
  

Trees	
  

Soil	
  

Li]er	
  

Total Carbon Storage ~ 150tC/acre 



Carbon	
  Credits	
  in	
  MiBgaBon	
  Banking	
  

• 	
  New	
  Banks	
  
• 	
  Boost	
  Credits	
  in	
  exis6ng	
  banks	
  

• 	
  Represents	
  ecosystem	
  services	
  and	
  may	
  require	
  a	
  longer	
  monitoring	
  period	
  



Reducing	
  Emissions	
  from	
  
Deforesta6on	
  and	
  Degrada6on	
  

REDD	
  	
  
•  Management	
  and	
  protecBon	
  of	
  intact	
  forested	
  
areas.	
  

•  The	
  most	
  cost-­‐effecBve	
  ways	
  to	
  lower	
  
emissions.	
  	
  

•  Links	
  carbon	
  to	
  improved	
  conservaBon	
  and	
  
other	
  co-­‐benefits.	
  	
  



REDD	
  Project	
  Stages	
  
Methodologies	
  
BioCF	
  RED	
  Mosaic	
  DeforestaBon	
  Methodology	
  
AD	
  Partners	
  REDD	
  Methodology	
  

Board	
  
American	
  Carbon	
  Registry	
  
Voluntary	
  Carbon	
  Standard	
  

Project	
  Design	
  
Land	
  Use	
  and	
  Land	
  Use	
  Change	
  
Carbon	
  Assessment	
  
Field	
  VerificaBon	
  

Project	
  Valida6on	
  and	
  Registra6on	
  



Harnessing	
  the	
  carbon	
  market	
  to	
  sustain	
  
ecosystems	
  and	
  alleviate	
  poverty	
  

Community-­‐Based	
  Avoided	
  
Deforesta6on	
  in	
  Guinea-­‐Bissau	
  



Background	
  
•  GUINEA-­‐BISSAU:	
  One	
  of	
  the	
  ten	
  poorest	
  countries	
  in	
  the	
  world,	
  with	
  

roughly	
  75	
  percent	
  of	
  the	
  populaBon	
  living	
  in	
  rural	
  areas	
  directly	
  
dependent	
  on	
  the	
  natural	
  resources	
  for	
  their	
  livelihoods;	
  

•  Resource	
  rich	
  country,	
  specially	
  in	
  the	
  coastal	
  areas	
  with	
  important	
  
mangroves	
  forests;	
  

•  Mangroves	
  had	
  been	
  under	
  great	
  deforestaBon	
  pressures	
  caused	
  by	
  
unsustainable	
  land	
  use	
  pracBces	
  (N.B	
  subsistence	
  agriculture,	
  fuelwood	
  
collecBon,	
  	
  charcoal	
  producBon)	
  and	
  forest	
  exploitaBon	
  for	
  construcBon;	
  



NaBonal	
  Parks	
  of	
  Guinea	
  Bissau	
  

•  Cacheu	
  Mangrove	
  Forest	
  NaBonal	
  Park	
  
•  Catanhez	
  Forest	
  NaBonal	
  Park	
  
•  	
  Cufada	
  Lakes	
  NaBonal	
  Park	
  
•  	
  Joao	
  Vieira	
  and	
  Poilao	
  NaBonal	
  Marine	
  Park	
  

•  	
  Orango	
  NaBonal	
  Marine	
  Park	
  



Cufada	
  

Cantanhez	
  

Cacheu	
  



REDD	
  Sites	
  



The	
  REDD	
  Project	
  

•  REDD	
  Project	
  area	
  	
  includes	
  3	
  parks:	
  Cacheu	
  Mangrove	
  Forest	
  
NaBonal	
  Park,	
  Catanhez	
  Forest	
  NaBonal	
  Park,	
  Orango	
  NaBonal	
  
Park	
  (totaling	
  113,000	
  ha);	
  

•  Baseline	
  DeforestaBon	
  Rate	
  
•  Test	
  for	
  AddiBonality	
  
•  Possibility	
  for	
  Leakage	
  
•  Carbon	
  Assessment	
  



Different	
  Carbon	
  Pools	
  

Eligible	
  carbon	
  pools	
  under	
  the	
  VCS	
  include:	
  
•  Aboveground	
  live	
  tree	
  biomass	
  

•  Belowground	
  live	
  tree	
  biomass	
  

•  Non-­‐tree	
  live	
  biomass	
  

•  Dead	
  wood	
  
•  Forest	
  floor/lider	
  



Forest	
  Types	
  in	
  Guinea	
  Bissau	
  



IPCC	
  LU/LC	
  2010	
  map	
  for	
  Cantanhez	
  reference	
  region,	
  leakage	
  belt	
  and	
  project	
  area.	
  





Forest Type or Country  tC/ha Source 

Mangrove Forest 64 Twilley et al.(1992) 

Palm Grove Forest 91 Ardiansyah, F. (2007) 

Dry Forest 90 Gibbs et al. (2007) 

Guinea-Bissau 161 Archard et al. (2002, 2004) 

Emissions	
  Prevented:	
  Approximate	
  CalculaBons	
  

Area tCO2e.y-1 Estimated Carbon Revenues (USD) 

Cacheu 208,536.48 Cacheu $729,877.70 VER Price  $3.50  

Orango 10,463.73 Orango $36,623.07 Discounte Rate 12% 

Catanhez 79,126.08 Catanhez $276,941.28 Crediting Period (yr) 20 

TOTAL 298,126.30 TOTAL $1,043,442.05 Max Gross Income  $20,868,840.91  

2012 (Discounted)  $2,506,171.73  

2017 (Discounted)  $5,183,444.20  



ConnecBons	
  

• 	
  DeterminaBon	
  and	
  inclusion	
  of	
  important	
  carbon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
pools	
  
• 	
  Soil	
  carbon	
  not	
  included	
  	
  
• 	
  UnderesBmaBon	
  of	
  carbon	
  credits	
  
• 	
  Carbon	
  dynamics	
  in	
  estuaries	
  is	
  not	
  well	
  known	
  
• 	
  More	
  informaBon	
  regarding	
  soil	
  processes	
  would	
  	
  	
  	
  	
  
strengthen	
  the	
  methodologies	
  
• 	
  Expansion	
  of	
  carbon	
  market	
  



Conclusions	
  

•  Biogeochemistry	
  helps	
  quanBfy	
  effects	
  of	
  
stressors	
  on	
  provision	
  of	
  ecosystem	
  services.	
  

•  Natural	
  ecosystems	
  can	
  play	
  major	
  role	
  in	
  
climate	
  change	
  miBgaBon.	
  

•  Climate	
  change	
  policies	
  and	
  financial	
  schemes	
  
provide	
  mechanisms	
  for	
  effecBve	
  ecosystem	
  
conservaBon.	
  

•  ConservaBon	
  mechanisms	
  can	
  be	
  improved	
  
and	
  expanded	
  through	
  biogeochemistry	
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