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Forest	
  carbon	
  &	
  forestry	
  services	
  
•  Protocol	
  development	
  	
  &	
  ARB	
  tools	
  
•  Project	
  feasibility	
  assessments	
  
•  Soup-­‐to-­‐nuts	
  project	
  development	
  

–  Inventory	
  design	
  &	
  onsite	
  inventory	
  
–  GIS	
  &	
  mapping	
  
–  Growth	
  &	
  yield	
  modeling	
  
–  Harvest	
  schedules	
  
–  Linear	
  op.miza.on	
  modeling	
  
–  Verifica.on	
  guidance	
  
–  Offset	
  Project	
  Data	
  Report	
  (OPDR)	
  

•  Forest	
  biometrics	
  
•  Applica.ons	
  for	
  GGRF	
  
•  Valua.on	
  &	
  financial	
  analysis	
  –	
  cash	
  flow	
  &	
  NPV/IRR	
  calcs	
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How	
  many	
  forest	
  carbon	
  projects	
  has	
  SIG	
  
developed?	
  

	
  Market/Standard	
  
Number	
  of	
  projects	
  
as	
  of	
  12/15/2014	
  

Ini=al	
  Credits	
  at	
  
Registra=on	
  

Annual	
  Credits	
   Acres	
  

Regulatory	
  -­‐	
  Air	
  Resources	
  Board	
   6	
   7,460,000	
   350,000	
   455,674	
  

Pre-­‐compliance-­‐	
  Climate	
  Ac=on	
  Reserve	
  v.
3.2	
  

6	
   406,815	
   21,100	
   25,988	
  

Voluntary	
  -­‐	
  Verified	
  Carbon	
  Standard	
  and	
  
Plan	
  Vivo	
  

3	
   60,000	
   42,000	
   23,500	
  

TOTAL	
   15	
   7,926,815	
   430,100	
   505,162	
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Conserva.on	
  easement	
  
•  Conserva.on	
  easements	
  that	
  demonstrate	
  GHG	
  
reduc.ons	
  qualify	
  for	
  the	
  GGRF.	
  

•  Types	
  of	
  easements	
  
–  1.	
  	
  Avoided	
  Conversion	
  

•  An	
  easement	
  places	
  an	
  encumbrance	
  on	
  a	
  property	
  to	
  
maintain	
  it	
  as	
  woodlands	
  and	
  avoid	
  conversion	
  to	
  residen.al	
  
development,	
  agricultural	
  conversion,	
  mining,	
  or	
  golf	
  
course.	
  

–  2.	
  Improved	
  Forest	
  Management	
  (IFM)	
  
•  Easements	
  that	
  dedicate	
  a	
  property	
  to	
  increased	
  carbon	
  
reten.on	
  above	
  legal	
  requirements	
  via	
  sustainable	
  forest	
  
management	
  or	
  passive	
  management.	
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Quan.fying	
  GHG	
  reduc.ons	
  

•  Baseline	
  
–  Business-­‐as-­‐usual	
  scenario:	
  What	
  could	
  happen	
  if	
  
there	
  was	
  no	
  easement?	
  

	
  
– Avoided	
  Conversion	
  	
  

•  Residen.al	
  development	
  or	
  golf	
  course?	
  
	
  

–  IFM	
  
•  What	
  is	
  the	
  lowest	
  stocking	
  a	
  property	
  can	
  reach	
  while	
  
adhering	
  to	
  local,	
  state	
  and	
  federal	
  forestry	
  regula.ons.	
  
How	
  much	
  can	
  be	
  harvested	
  while	
  s.ll	
  mee.ng	
  the	
  
requirements	
  of	
  the	
  forest	
  prac.ce	
  rules	
  of	
  California?	
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Where	
  does	
  my	
  data	
  come	
  from?	
  

Property	
  owner	
  has	
  no	
  inventory	
  data	
  
•  Carbon	
  On	
  Line	
  Es.mator	
  
•  Based	
  on	
  FIA	
  inventory	
  
•  May	
  not	
  be	
  representa.ve	
  of	
  individual’s	
  land	
  
•  Can	
  not	
  simulate	
  harves.ng	
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COLE	
  carbon	
  report	
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Forest	
  Inventory	
  
Plots Systematic Sampling  

Carbon Pools QA/QC 
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Example	
  of	
  treelist	
  

Stand_ID Plot_ID Plot	
  type Species DBH Live/Dead Total	
  height 4"	
  D.O.B.
E 45202 1 PIPO 14.38 1 0

E 45202 1 PIPO 12.88 1 0
E 45202 1 PIPO 11.38 1 0
E 45202 1 PIPO 6.78 1 0
E 45202 1 PIPO 16.48 1 0
E 45202 1 PIPO 9.28 1 0
E 45202 1 PIPO 18.07 1 0
E 45202 1 PIPO 17.48 1 0
E 45202 1 PIPO 5.58 1 0
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Avoided	
  Conversion	
  
•  Carbon	
  accoun.ng	
  is	
  10	
  years	
  

•  Can	
  get	
  annual	
  credits	
  ajer	
  10	
  years,	
  but	
  
majority	
  of	
  GHG	
  reduc.ons	
  claimed	
  within	
  10	
  
years	
  because	
  of	
  demonstrated	
  conversion	
  
rate.	
  

	
  
•  (hkp://www.arb.ca.gov/regact/2014/
capandtrade14/capandtrade14addtldoc2.pdf)	
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Avoided	
  Conversion	
  
•  Based	
  on	
  ARB	
  Forest	
  Offset	
  Protocol	
  
	
  
•  Highest	
  and	
  Best	
  Use	
  (HBU)	
  should	
  be	
  conversion	
  to	
  agriculture,	
  

residen.al	
  development,	
  mining,	
  golf	
  courses	
  etc.	
  
•  Follow	
  guidelines	
  in	
  ARB’s	
  Forest	
  Offset	
  Protocol	
  

–  >	
  40%	
  greater	
  than	
  the	
  value	
  of	
  the	
  current	
  forested	
  land	
  use;	
  80%	
  
reduc.on	
  to	
  avoid	
  deduc.on	
  in	
  net	
  GHG	
  reduc.on	
  claimed.	
  

–  must	
  indicate	
  that	
  the	
  slope	
  of	
  Project	
  Area	
  does	
  not	
  exceed	
  40	
  percent.	
  
	
  

•  Where	
  conversion	
  to	
  residen.al,	
  commercial,	
  or	
  recrea.onal	
  land	
  
uses	
  is	
  an.cipated,	
  the	
  appraisal	
  must	
  also	
  describe	
  the	
  following	
  
informa.on:	
  
–  1.	
  The	
  proximity	
  of	
  the	
  Project	
  Area	
  to	
  metropolitan	
  areas.	
  
–  2.	
  The	
  proximity	
  of	
  the	
  Project	
  Area	
  to	
  grocery	
  and	
  fuel	
  services	
  and	
  

accessibility	
  of	
  those	
  services.	
  
–  3.	
  Popula.on	
  growth	
  within	
  180	
  miles	
  of	
  the	
  Project	
  Area.	
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Avoided	
  Conversion	
  -­‐	
  Quan.fica.on	
  

•  Spectrum	
  of	
  op.ons	
  
	
  
•  Op.on	
  1.	
  Look-­‐up	
  tables	
  and	
  stand	
  table	
  

–  Less	
  .me	
  consuming,	
  but	
  less	
  accurate	
  
–  Create	
  harvest	
  schedule	
  with	
  board	
  feet	
  and	
  convert	
  to	
  
metric	
  tonnes	
  carbon	
  dioxide	
  equivalent	
  (MTCO2e).	
  

•  Op.on	
  2.	
  Growth	
  and	
  yield	
  modeling	
  
– More	
  .me	
  consuming,	
  more	
  accurate	
  
– Use	
  FVS	
  or	
  other	
  growth-­‐and-­‐yield	
  model	
  
–  Considers	
  regenera.on,	
  stand	
  density,	
  models	
  mortality,	
  etc.	
  
– Use	
  model’s	
  internal	
  equa.ons	
  to	
  generate	
  CO2e	
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Avoided	
  Conversion	
  

•  Op.on	
  1.	
  Look-­‐up	
  tables	
  and	
  stock	
  and	
  stand	
  tables.	
  
– Create	
  harvest	
  schedule	
  of	
  board	
  feet	
  for	
  project	
  
scenario	
  and	
  baseline	
  (net	
  growth	
  is	
  zero)	
  

– 10	
  MBF/acre	
  
	
  
	
  

Year MBF/acre
MBF	
  
harvested/acre MT	
  CO2e/acre

MTCO2e	
  
harvested/acre

1 10 1.5 48.3 -­‐5.6
2 8.85 1.5 42.7 -­‐5.6
3 7.7 1.5 37.2 -­‐5.6
4 6.55 1.5 31.6 -­‐5.6
5 5.4 1.5 26.1 -­‐5.6
6 4.25 1.5 20.5 -­‐5.6
7 3.1 1.5 15.0 -­‐5.6
8 1.95 1.5 9.4 -­‐5.6
9 0.8 1.5 3.9 -­‐3.9
10 0.0 1.5 0 -­‐5.0
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Conversion	
  bdj	
  to	
  merch	
  cubic	
  vol	
  

•  10	
  MBF	
  
•  1.	
  Convert	
  to	
  merchantable	
  cubic	
  volume	
  
•  2.	
  10	
  MBF	
  x	
  222	
  (Doyle)=2,220	
  merch	
  cubic	
  
vol.	
  
Car	
  mul.pliers	
  to	
  Merch	
  cubic	
  vol	
   	
  	
  
Green	
  tons 31.5	
  
MBF-­‐Doyle 222	
  
MBF-­‐Interna.onal	
  1/4" 146	
  
MBF-­‐Scribner	
  ("C"	
  or	
  "Small") 165	
  
MBF-­‐Scribner	
  ("Large"	
  or	
  "Long") 145	
  
MCF-­‐Thousand	
  Cubic	
  Feet 1000	
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Carbon	
  in	
  bark	
  and	
  round	
  wood	
  

•  2,220	
  j3	
  

•  87%	
  of	
  volume	
  in	
  round	
  wood.	
  
•  13%	
  of	
  volume	
  in	
  bark.	
  

– 1,914	
  j3	
  in	
  roundwood	
  
– 306	
  j3	
  in	
  bark	
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Conversion	
  volume	
  to	
  dry	
  biomass	
  	
  
•  Weight	
  =	
  (volume)	
  *	
  (specific	
  gravity)	
  *	
  (density	
  
of	
  H2O)	
  *	
  (1+MCod/100).	
  
– Miles	
  and	
  Smith	
  (2009,	
  USDA	
  Forest	
  Service	
  Research	
  
Note	
  	
  NRS	
  -­‐38).	
  	
  

–  Round	
  wood:	
  1,914	
  j3*0.40	
  *	
  62.4	
  lb	
  j3	
  *	
  (1+0/100)	
  
equals	
  47,773.4	
  lb	
  or	
  21.7	
  MT	
  dry	
  

–  Bark:	
  288.6	
  j3*0.56	
  *	
  62.4	
  lb	
  j3	
  *	
  (1+0/100)	
  equals	
  
10,084.8	
  lb	
  or	
  4.6	
  MT	
  dry	
  

	
  
–  Total:	
  26.3	
  MT	
  dry	
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Convert	
  to	
  CO2e	
  

•  26.3	
  MT	
  biomass	
  
	
  
•  Convert	
  to	
  carbon	
  26.3*.5=	
  13.15	
  
	
  
•  Convert	
  to	
  metric	
  tons	
  carbon	
  (MTCO2e)=	
  
13.15	
  *(44/12)=	
  48.3	
  MTCO2e	
  
– Of	
  the	
  bole	
  only!	
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Net	
  GHG	
  reduc.ons	
  
Year MBF/acre

MBF	
  
harvested/acre MT	
  CO2e/acre

MTCO2e	
  
harvested/acre

1 10 1.5 48.3 -­‐5.6
2 8.85 1.5 42.7 -­‐5.6
3 7.7 1.5 37.2 -­‐5.6
4 6.55 1.5 31.6 -­‐5.6
5 5.4 1.5 26.1 -­‐5.6
6 4.25 1.5 20.5 -­‐5.6
7 3.1 1.5 15.0 -­‐5.6
8 1.95 1.5 9.4 -­‐5.6
9 0.8 1.5 3.9 -­‐3.9
10 0.0 1.5 0 -­‐5.0

GHG	
  reductions
Add	
  other	
  baseline	
  
carbon	
  pools 0.0

Baseline	
  harvested	
  
wood	
  products 2.5

Project	
  harvested	
  
wood	
  products 0.5

10	
  year	
  Net	
  MT	
  GHG	
  
reductions	
  per	
  acre 46.3
1,000	
  acre	
  net	
  MT	
  
GHG	
  reductions 46,300
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Avoided	
  Conversion	
  

•  Op.on	
  2.	
  Growth	
  and	
  yield	
  modeling	
  
•  Use	
  FVS	
  or	
  other	
  growth-­‐and-­‐yield	
  model	
  
•  Using	
  FVS	
  as	
  an	
  example:	
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FVS	
  
•  Equa.ons	
  are	
  not	
  same	
  as	
  FIA	
  equa.ons	
  (Hence	
  not	
  the	
  same	
  as	
  ARB’s	
  

Forest	
  Offset	
  Protocol)	
  
•  Carbon	
  equa.ons	
  are	
  from	
  Jenkins	
  (2003)	
  and	
  Fire	
  and	
  Fuels	
  Extension	
  
•  Includes	
  all	
  carbon	
  pools	
  
•  Tree	
  Init	
  Access	
  Table	
  in	
  FVS	
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Calculates	
  all	
  carbon	
  pools	
  
automa.cally	
  

Stratum	
   StandID	
   Year	
  

Aboveground_
Total_Live	
  
Carbon	
  
	
  

Aboveground
_Merch_Live	
  
Carbon	
  

Belowground_
Live	
  Carbon	
  

Belowground
_Dead	
  Carbon	
  

Standing_Dead	
  
Carbon	
  

1	
   1_1	
   2013	
   28	
   16	
   5	
   0	
   0	
  

1	
   1_1	
   2018	
   31	
   18	
   6	
   0	
   1	
  

1	
   1_1	
   2023	
   34	
   20	
   7	
   0	
   1	
  

1	
   1_1	
   2028	
   37	
   22	
   7	
   0	
   2	
  

1	
   1_10	
   2013	
   31	
   18	
   6	
   0	
   0	
  

1	
   1_10	
   2018	
   34	
   20	
   7	
   0	
   2	
  

1	
   1_10	
   2023	
   36	
   21	
   7	
   1	
   4	
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Improved	
  Forest	
  Management	
  
•  	
  Baseline	
  

–  Harvest	
  maximum	
  volume,	
  but	
  in	
  compliance	
  with	
  local,	
  
state,	
  and	
  federal	
  laws.	
  

–  Compliance	
  with	
  forest	
  prac.ce	
  rules	
  of	
  California	
  

•  	
  Spectrum	
  of	
  quan.fica.on	
  op.ons	
  
–  Op.on	
  1.	
  Look-­‐up	
  tables	
  and	
  stand	
  stock	
  and	
  stand	
  tables	
  

•  Less	
  .me	
  consuming,	
  but	
  less	
  accurate	
  
•  Create	
  harvest	
  schedule	
  with	
  board	
  feet	
  and	
  convert	
  to	
  metric	
  
tonnes	
  carbon	
  dioxide	
  equivalent	
  (MTCO2e).	
  

–  Op.on	
  2.	
  Growth	
  and	
  yield	
  modeling	
  
•  More	
  .me	
  consuming,	
  more	
  accurate	
  
•  Use	
  FVS	
  or	
  other	
  growth-­‐and-­‐yield	
  model	
  
•  Considers	
  regenera.on,	
  stand	
  density,	
  models	
  mortality,	
  etc.	
  
•  Use	
  model’s	
  internal	
  equa.ons	
  to	
  generate	
  CO2e	
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Baseline-­‐	
  stock	
  and	
  stand	
  table	
  

Year MBF MBF	
  harvested MT	
  CO2e MTCO2e	
  harvested
2015 10 48.3
2025 13.5 65.2
2035 9 8 43.5 -­‐21.7
2045 12.5 60.4
2055 7 9 33.8 -­‐26.6
2065 10.5 50.7
2075 2 12 9.7 -­‐41.1
2085 5.5 26.6
2095 -­‐6 15 -­‐29.0 -­‐55.5
2105 -­‐2.5 -­‐12.1
2115 1 4.8

100	
  yr	
  average 5.7 11.0 27.4 -­‐36.2
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Baseline-­‐Growth	
  and	
  yield	
  modeling	
  

Nunery	
  &	
  Keeton,	
  2010	
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  GHG	
  reduc.ons	
  is	
  difference	
  between	
  project	
  scenario	
  and	
  baseline	
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Growth	
  GHG	
  reduc.ons:	
  
Example	
  of	
  all	
  required	
  carbon	
  pools	
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Thank	
  you!	
  
Charles	
  Kerchner,	
  Ph.D.	
  

Web:	
  sig-­‐gis.com	
  
Email:	
  ckerchner@sig-­‐gis.com	
  
Phone:	
  802-­‐999-­‐6986	
  


