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Introduction 

This City Forest Cred its  Afforesta tion  and  Reforesta tion  Protocol Appendix A on  

Quantifica tion  for Afforesta tion  and  Reforesta tion  Projects consists of th ree  parts.  

Part One  se ts ou t the  th ree  quantifica tion  m e thods based  on  the  design  of each  p lan ting 

project and  describe s the  requirem ents for each  quantifica tion  m e thod .  

Part Two conta ins a  descrip tion  of the  scien tific basis and  m e thods underlying 

quantifica tion  of CO2 and  co-bene fits in  city trees.  

Part Three  conta ins a  Sum m ary of Quantifica tion  Steps, which  is a  m ore  de ta iled  walk-

though  of quantifica tion  m e thods using exam ples.  

The  principa l au thors of th is Appendix A on  Quantifica tion  a re  Dr. E.G. McPherson  and  Dr. 

Gordon  Sm ith . Dr. McPherson  a lso  led  the  science  team s tha t deve loped  quantifica tion  

m e thods for the  Sta te  of Ca liforn ia  Air Resources Board  Urban  Fore st Carbon  Protocol in  

2011 and  the  Clim ate  Action  Rese rve  Urban  Forest Protocols in  2014. Dr. Sm ith  has ove r 

two decades of expe rience  in  forest ca rbon , ca rbon  protocol, and  ve rifica tion  standards for 

forest ca rbon  projects. 
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Part One - Quantification Methods and Project Operator Requirements  

1.  Summary 

Project Opera tors m ust use  one  of th ree  d iffe ren t m e thods for quantifying ca rbon  d ioxide  

(CO2) storage  in  urban  forest ca rbon  projects. Se lection  of the  quantifica tion  m e thod  

depends on  the  p lan ting project design : 

• Single  Tree  Method  - trees p lan ted  in  a  d ispe rsed  or sca tte red  design  and  tha t a re  

p lan ted  a t least 10 fee t apart (i.e . stree t trees). This m e thod  require s tracking of 

ind ividua l trees and  tree  surviva l for sam pling and  quantifica tion . 

• Cluste red  Method  - trees p lan ted  a t least 10 fee t apart bu t a re  re la tive ly contiguous 

and  designed  to  crea te  canopy ove r an  a rea  (i.e  park-like  se ttings). This m e thod  

require s tracking change  in  canopy, not ind ividua l tree  surviva l. 

• Area  Reforesta tion  Method  – trees p lan ted  in  a reas grea te r than  5 acres and  whe re  

m any trees a re  p lan ted  close r than  10 fee t. Highe r tree  m orta lity is expected  and  

the  goa ls a re  to  crea te  canopy and  a  forest ecosystem . Project Opera tors have  

seve ra l quantifica tion  m ode ls to  choose  from , a ll of which  produce  a  ca rbon  index 

on  a  pe r-acre  basis. 

In  a ll case s, the  e stim ated  am ount of CO2 stored  26-years a fte r p lan ting is ca lcu la ted . The  

forecasted  am ount of CO2 stored  during th is tim e  is the  va lue  from  which  the  Registry 

issues ex an te  Carbon  Forward  Rem oval Cred its.TM   

The  Registry and  the  Protocol Drafting Group  a re  both  aware  tha t som e  ex an te  cred its in  

ru ra l forestry projects have  fa iled  and  tha t ex an te  cred iting is d isfavored . Not on ly a re  

the re  strong pub lic policy and  practica l reasons for an  a fforesta tion /re foresta tion  ca rbon  

protocol for u rban  forestry, bu t the  pe rform ance  of these  cred its en ta il le ss risk tha t ru ra l 

forestry p rojects.  

• Ex an te  cred iting for city forests en ta ils sign ifican tly le ss risk than  rura l forest ca rbon  

projects. City forests a re  p lan ted  for the  so le  purpose  of p rovid ing socia l and  

environm enta l bene fits th rough  tree  surviva l. They a re  not p lan ted  for harvest or 

p rofit. No city forest p roject owner will face  the  econom ic tem pta tion  partway 

th rough  a  p roject to  cu t the  trees down to  reap  a  harvest p rofit. No city forest 

p roject will increase  a  harvest ro ta tion  to  ea rn  cred its. 

• Carbon  cred iting is the  on ly way to  m one tize  city trees. City forests a re  a ligned  with  

ca rbon  cred iting, and  risks of ex an te  cred iting a re  reduced  – both  the  projects and  

the  cred iting seek long-te rm  surviva l of the  trees and  forest. 
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• Urban  forest p lan ting p rojects cannot wait for 26 years to  rece ive  revenue . They 

need  the  revenue  ea rlie r to  he lp  m ain ta in  project trees. 

• Given  the  tree  loss and  inequitab le  d istribu tion  of trees in  citie s and  given  tha t these  

a fforesta tion  projects a re  executed  by non-profit organ iza tions and  loca l 

governm ents p rim arily on  public land , public policy reasons strongly support a  

ca rbon  protocol for these  va luab le  urban  forest p rojects. 

 To ensure  pe rform ance  of the  cred its, the  Registry issues Carbon  Forward  Rem oval Cred its  

a t five  tim es during the  26-year Project Dura tion : 

• 10% afte r p lan ting  

• 30% in  Year 4, a fte r sam pling and  m orta lity check or im aging and  ca lcu la ting canopy   

• 30% in  Year 6, a fte r sam pling and  m orta lity check or im aging and  ca lcu la ting canopy   

• 10% in  Year 14, a fte r m easuring sam pled  trees or im aging and  ca lcu la ting canopy 

and  

• “True -up” cred its a t the  end  of the  in itia l Project Dura tion  in  Year 26, when  CO2e  is 

quantified  from  tree  m easurem ent and  fina l cred its a re  issued  for CO2e  stored  

m inus cred its a lready issued .  

The  m orta lity checks a t Years 4 and  6 corre spond  to  na tiona lity m orta lity da ta  tha t shows 

increased  surviva l ra te s a fte r th ree  years and  six years. 

The  Registry will issue  95% of Project Cred its ea rned  and  will ho ld  5% of to ta l cred its in  the  

Registry’s Reversa l Pool Account. This 5% Reversa l Pool Account deduction  is app lied  in  a ll 

th ree  quantifica tion  m e thods be fore  ca lcu la tion  of any cred iting, with  these  funds going 

in to  a  p rogram -wide  pool to  insure  aga inst unavoidab le  reve rsa ls due  to  ca tastrophic loss 

of trees.  

All ex an te  Carbon  Forward  Rem oval Cred its convert to  ex post City Forest Carbon+ Cred its  

a t Year 26 and  a re  m arked  in  the  registry of cred its. 

 

2.  Requirements for Each Quantification Method 
 

2.1  Single  Tree  Quantifica tion  Method 

In  the  Single  Tree  Method , the  am ount of CO2 stored  in  p roject trees 26-years a fte r p lan ting 

is ca lcu la ted  as the  product of tree  num bers and  the  26-year CO2 index (kg/tree ) for each  

tree -type  (e .g., Broadleaf Deciduous Large  = BDL).  
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Registry scien tists have  deve loped  a  spreadshee t tool tha t Project Opera tors m ust 

com ple te . The  Single  Tree  Quantifica tion  Tool require s the  Project Opera tor to  input the  

fo llowing da ta  in to  the  Tool: 

• Specie s  

• Num ber of each  specie s  

• A defau lt, in itia l, top-line  m orta lity deduction  of 20%, un less the  Project Opera tor 

p rovides h istorica l da ta  justifying a  d iffe ren t m orta lity deduction  

• Data  collection  for trees, includ ing specie s, loca tion  via  GPS or address, and  da te  

p lan ted  

The  Single  Tree  Quantifica tion  Tool conta ins equa tions for each  clim ate  zone  tha t ca lcu la te  

CO2 stored  and  co-bene fits in  Resource  Units and  Avoided  Costs for ra infa ll in te rcep tion , 

a ir qua lity, and  ene rgy savings.  

 

2.1.1 Single  Tree  Quantifica tion  Requirem ents Afte r Plan ting and  a t Years 4, 

6, 14, and  26 

A.  Afte r Plan ting 

The  Single  Tree  Quantifica tion  Tool for each  project con ta ins a  workshee t ca lled  “Data  

Collection” for use  in  tracking each  tree . In  tha t file , Project Opera tors m ust docum ent the  

GPS coord ina te s for each  tree  p lan ted . Project Opera tors m ay a lso  use  anothe r tree  

inventory system , approved  by the  Registry. 

In  addition , The  Single  Tree  Quantifica tion  Tool require s the  Project Opera tor to  input the  

fo llowing da ta  in to  the  Tool: 

• Specie s p lan ted  

• Num ber of each  specie s p lan ted  

• A defau lt, in itia l, top-line  m orta lity deduction  of 20%, un less the  Project Opera tor 

p rovides h istorica l da ta  justifying a  d iffe ren t m orta lity deduction  

Project Opera tors m ust a lso  docum ent the  p lan ting th rough  the  fo llowing tem pla te s 

p rovided  by the  Registry: 

• Project Design  Docum ent, includ ing m aps or o the r item s to  m ee t e ligib ility 

requirem ents 

• Ownersh ip  or Eligib ility to  Rece ive  Poten tia l Cred its  

• Attesta tion  of Plan ting, with  supporting docum enta ry evidence  of p lan ting such  as 

invoices and  event photos 

• Attesta tion  of Plan ting Affirm ation , signed  by a  participa ting organiza tion  a tte sting 

to  the  p lan ting 
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• Single  Tree  Quantifica tion  Tool, includ ing “Data  Collection” for use  in  tracking each  

tree  

• Attesta tion  of Additiona lity 

• Attesta tion  of No Double  Counting and  No Ne t Harm  

This cred it issuance  require s va lida tion  by the  Registry and  th ird -party ve rifica tion . 

B.  Year 4 

Project Opera tors m ust gene ra te  a  random  sam ple  of p roject tree  site s using the  Single  

Tree  Quantifica tion  Tool. Project Opera tors m ust visit those  sam pled  tree  site s and  collect 

da ta  on  whe the r the  sam ple  conta ins a  live  tree , standing dead  tree , or no  tree .  

Project Opera tors m ust subm it geocoded  photos or im aging of the  sam pled  trees. The  

Single  Tree  Quantifica tion  Tool includes a  colum n where  each  tree  is assigned  a  un ique  

se ria l num ber to  he lp  with  tracking each  coord ina te  and  tree  p icture  or im age . Project 

Opera tors m ay a lso  use  the ir own inventory software , as approved  by the  Registry. 

Based  on  th is da ta , the  num ber and  specie s of p roject trees is ad justed  and  a  new CO2 

projected  am ount by Year 26 is gene ra ted . Cred its m ay be  issued  based  on  th is ad justed  

am ount. Th is cred it issuance  requ ire s va lida tion  by the  Registry and  th ird-party ve rifica tion . 

C.  Year 6 

Project Opera tors m ust gene ra te  a  random  sam ple  of p roject tree  site s using the  Single  

Tree  Quantifica tion  Tool. Project Opera tors m ust visit those  sam pled  tree  site s and  collect 

da ta  on  whe the r the  sam ple  conta ins a  live  tree , standing dead  tree , or no  tree .  

Project Opera tors m ust subm it geocoded  photos or im aging of the  sam pled  trees. The  

Single  Tree  Quantifica tion  Tool includes a  colum n where  each  tree  is assigned  a  un ique  

se ria l num ber to  he lp  with  tracking each  coord ina te  and  tree  p icture  or im age . Project 

Opera tors m ay a lso  use  the ir own inventory software , as approved  by the  Registry. 

Based  on  th is da ta , the  num ber and  specie s of p roject trees is ad justed  and  a  new CO2 

projected  am ount by Year 26 is gene ra ted . Cred its m ay be  issued  based  on  th is ad justed  

am ount. Th is cred it issuance  requ ire s va lida tion  by the  Registry and  th ird-party ve rifica tion . 

D.  Year 14 

Project Opera tors m ust fo llow the  sam e  process as sta ted  above  for Years 4 and  6, excep t 

they m ust a lso  m easure  DBH on  the  sam ple  of trees. The  DBH will be  used  to  ensure  

growth  curve  consisten t with  the  projected  CO2 storage  a t Year 26. If the  actua l growth  

curves of p roject trees a re  le ss than  was projected , the  num ber of cred its issued  a t Year 14 

will be  ad justed  downward . 
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E.  Year 26 

Project Opera tors m ust gene ra te  a  random  sam ple  of p roject trees and  m easure  DBH on  

the  sam ple  of trees. The  DBH will be  used  to  ca lcu la te  CO2 storage  a t tha t tim e . Project 

ope ra tors m ust a lso  subm it geocoded  photos of the  sam pled  trees. Cred its m ay be  issued   

based  on  the  actua l CO2 storage  a t th is Year 16 tim e , m inus cred its a lready issued . This 

cred it issuance  require s va lida tion  by the  Registry and  th ird-party ve rifica tion . 

 

2.2.  Cluste red  Quantifica tion  Method 

In  the  Cluste red  Plan ting Method , Registry scien tists have  deve loped  a  spreadshee t tool 

tha t Project Opera tors m ust com ple te . The  Cluste red  Quantifica tion  Tool require s the  

Project Opera tor to  input the  fo llowing da ta  in to  the  Tool: 

• Specie s p lan ted  

• Num ber of each  specie s p lan ted  

• A defau lt, in itia l, top-line  deduction  of 30%, to  account conse rva tive ly for variab ility 

am ong projects, un le ss the  Project Opera tor p rovides h istorica l da ta  justifying a  

d iffe ren t deduction  

• Mapping and  boundarie s for the  area  p lan ted  (the  Project Area) 

The  Cluste red  Quantifica tion  Tool conta ins equa tions for each  clim ate  zone  tha t ca lcu la te  

CO2 stored  and  co-bene fits in  Resource  Units and  Avoided  Costs for ra infa ll in te rcep tion , 

a ir qua lity, and  ene rgy savings.  

2.2.1  Cluste red  Quantifica tion  Requirem ents Afte r Plan ting and  a t Years 4, 6, 

14, and  26 

A.  Afte r Plan ting 

In  the  Cluste red  Plan ting Method , Registry scien tists have  deve loped  a  spreadshee t tool 

tha t Project Opera tors m ust com ple te . The  Cluste red  Quantifica tion  Tool require s the  

Project Opera tor to  input the  fo llowing da ta  in to  the  Tool: 

• Specie s p lan ted  

• Num ber of each  specie s p lan ted  

• A defau lt, in itia l, top-line  m orta lity deduction  of 30%, un less the  Project Opera tor 

p rovides h istorica l da ta  justifying a  d iffe ren t m orta lity deduction  

In  addition , Project Opera tors m ust p rovide  m aps of the  site , with  boundarie s, a s we ll as a  

m ap  showing the  site  with in  a  la rge r context of land  a rea , such  as with in  a  ne ighborhood , 

city, or region . 
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Project Opera tors m ust a lso  docum ent the  p lan ting th rough  the  fo llowing tem pla te s 

p rovided  by the  Registry: 

• Project Design  Docum ent, includ ing m aps or o the r item s to  m ee t e ligib ility 

requirem ents 

• Ownersh ip  or Eligib ility to  Rece ive  Poten tia l Cred its  

• Attesta tion  of Plan ting, with  supporting docum enta ry evidence  of p lan ting such  as 

invoices and  event photos 

• Attesta tion  of Plan ting Affirm ation , signed  by a  participa ting organiza tion  a tte sting 

to  the  p lan ting 

• Single  Tree  Quantifica tion  Tool, includ ing “Data  Collection” for use  in  tracking each  

tree  

• Attesta tion  of Additiona lity 

• Attesta tion  of No Double  Counting and  No Ne t Harm  

• Im aging of the  Project Area  showing trees p lan ted  

Here  is gu idance  for the  im aging required  a fte r p lan ting: 

 

Projects m ust docum ent the  p lan ting th rough  photos or im aging. Se lect poin ts and  take  

geo-coded  photos tha t when  taken  toge the r cap ture  the  newly p lan ted  trees in  the  project 

a rea . If site  is rectilinea r, take  a  photo  a t each  of the  corne rs. If the  site  is la rge , take  photos 

a t poin ts a long the  pe rim e te r looking in to  the  project a rea . If necessa ry to  cap ture  the  

trees, take  photos facing each  of the  ca rd ina l d irections while  stand ing in  the  m iddle  of the  

project a rea . If site  is  nonrectilinear, iden tify critica l poin ts a long prope rty boundarie s and  

take  photographs a t each  poin t facing in  towards the  m iddle  of the  site . Next, take  

photographs from  the  m iddle  of the  project a rea  facing ou t a t each  ca rd ina l d irection . 

This cred it issuance  require s va lida tion  by the  Registry and  th ird-party ve rifica tion . 

B.  Year 4 

 

Project Opera tors p rovide  im ages of the  Project Area  from  any te lem e try, im aging, rem ote  

sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  e stim ate  the  a rea  in  tree  

canopy cover (acres).  

• Im aging from  Google  Earth  with  le a f-on  m ay be  used . Project Opera tors will 

ca lcu la te  the  pe rcen t of canopy cover from  the  Google  Earth  im aging 

• Projects can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  canopy cover. Using 

i-Tree  Canopy, continue  adding po in ts un til the  standard  e rror of the  e stim ate  for 

both  the  tree  and  non-tree  cove r is le ss than  5%. i-Tree  Canopy will supply you  with  

the  standard  e rrors. 

• If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll as the  

QA/QC m easures tha t were  used . A tree  cover classifica tion  accuracy assessm ent 
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shou ld  be  conducted , a s with  random ly p laced  poin ts, and  the  pe rcen tage  tree  

cove r classifica tion  accuracy reported .  

If the  canopy coverage  equa ls or exceeds 2.8% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 3.14 square  fee t pe r tree  (2-foot d iam ete r of canopy) is 2.8% of an  acre ), then  the  

cred its p rojected  in  the  Cluste red  Quantifica tion  Tool m ay be  issued . If canopy coverage  is 

be low 2.8%, then  the  num ber of cred its issued  is reduced  by the  sam e  pe rcen tage  as the  

canopy coverage  fa lls be low 2.8%. This cred it issuance  require s va lida tion  by the  Registry 

and  th ird-party ve rifica tion . 

C.  Year 6 

 

Project Opera tors p rovide  im ages of the  Project Area  from  any te lem e try, im aging, rem ote  

sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  e stim ate  the  a rea  in  tree  

canopy cover (acres).  

• Im aging from  Google  Earth  with  le a f-on  m ay be  used . Project Opera tors will 

ca lcu la te  the  pe rcen t of canopy cover from  the  Google  Earth  im aging 

• Projects can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  canopy cover. Using 

i-Tree  Canopy, continue  adding po in ts un til the  standard  e rror of the  e stim ate  for 

both  the  tree  and  non-tree  cove r is le ss than  5%. i-Tree  Canopy will supply you  with  

the  standard  e rrors. 

• If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll as the  

QA/QC m easures tha t were  used . A tree  cover classifica tion  accuracy assessm ent 

shou ld  be  conducted , a s with  random ly p laced  poin ts, and  the  pe rcen tage  tree  

cove r classifica tion  accuracy reported .  

If the  canopy coverage  equa ls or exceeds 11.5% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 12.56 square  fee t pe r tree  (4-foot d iam ete r of canopy) is 11.5% of an  acre ), then  the  

cred its p rojected  in  the  Cluste red  Parks Quan tifica tion  Tool m ay be  issued . If canopy 

coverage  is be low 11.5%, then  the  num ber of cred its issued  is reduced  by the  sam e  

pe rcen tage  as the  canopy coverage  fa lls be low 11.5%. This cred it issuance  requ ire s 

va lida tion  by the  Registry and  th ird -party ve rifica tion . 

D.  Year 14 

 

Project Opera tors p rovide  im ages of the  Project Area  from  any te lem e try, im aging, rem ote  

sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  e stim ate  the  a rea  in  tree  

canopy cover (acres).  

• Im aging from  Google  Earth  with  le a f-on  m ay be  used . Project Opera tors will 

ca lcu la te  the  pe rcen t of canopy cover from  the  Google  Earth  im aging 

• Projects can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  canopy cover. Using 

i-Tree  Canopy, continue  adding po in ts un til the  standard  e rror of the  e stim ate  for 
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both  the  tree  and  non-tree  cove r is le ss than  5%. i-Tree  Canopy will supply you  with  

the  standard  e rrors. 

• If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll as the  

QA/QC m easures tha t were  used . A tree  cover classifica tion  accuracy assessm ent 

shou ld  be  conducted , a s with  random ly p laced  poin ts, and  the  pe rcen tage  tree  

cove r classifica tion  accuracy reported .  

If the  canopy coverage  equa ls or exceeds 46% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 50 square  fee t pe r tree  (8-foot d iam ete r of canopy) is 46% of an  acre ), then  the  

cred its p rojected  in  the  Cluste red  Quantifica tion  Tool m ay be  issued . If canopy coverage  is 

be low 46%, then  the  num ber of cred its issued  is reduced  by the  sam e  pe rcen tage  as the  

canopy coverage  fa lls be low 46%. This cred it issuance  require s va lida tion  by the  Registry 

and  th ird-party ve rifica tion . 

E.  Year 26 

 

Project Opera tors p rovide  im ages of the  Project Area  from  any te lem e try, im aging, rem ote  

sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  e stim ate  the  a rea  in  tree  

canopy cover (acres).  

• Im aging from  Google  Earth  with  le a f-on  m ay be  used . Project Opera tors will 

ca lcu la te  the  pe rcen t of canopy cover from  the  Google  Earth  im aging 

• Projects can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  canopy cover. Using 

i-Tree  Canopy, continue  adding po in ts un til the  standard  e rror of the  e stim ate  for 

both  the  tree  and  non-tree  cove r is le ss than  5%. i-Tree  Canopy will supply you  with  

the  standard  e rrors. 

• If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll a s the  

QA/QC m easures tha t were  used . A tree  cover classifica tion  accuracy assessm ent 

shou ld  be  conducted , a s with  random ly p laced  poin ts, and  the  pe rcen tage  tree  

cove r classifica tion  accuracy reported .  

If the  canopy coverage  equa ls 100% of the  Project Area  a t p roject outse t, the  cred its 

p rojected  in  the  Cluste red  Quantifica tion  Tool m ay be  issued . If canopy coverage  is be low 

100% of the  Project Area , then  the  num ber of cred its issued  is reduced  by the  sam e  

pe rcen tage  as the  canopy coverage  fa lls be low 100%. This cred it issuance  require s 

va lida tion  by the  Registry and  th ird -party ve rifica tion . 
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2.3.  Area  Reforesta tion  Quantifica tion  Method  

We provide  first an  ove rview of Project Opera tor requirem ents for using the  Area  

Reforesta tion  Quantifica tion  Method . This is fo llowed by a  de ta iled  descrip tion  of the  Area  

Reforesta tion  Quantifica tion  Method , includ ing gu idance . 

2.3.1  Overview  

To quantify the  CO2 for a rea  re foresta tion  projects, Project Opera tors m ay choose  one  of 

two m e thods – loca l da ta  or a  forest ecosystem  approach  using the  USDA Forest Se rvice  

Genera l Technica l Report (GTR), with  its b iom etric da ta  and  a llom etrics for 51 forest 

ecosystem s in  regions of the  U.S. (Sm ith  e t a l., 2006). In  th is GTR m ethod , the  forecasted  

am ount of CO2 stored  a t 26-years is the  product of the  am ount of TC and  the  CO2 Index (CI, 

t CO2 per acre ).  

More  de ta il on  both  of these  m e thods – use  of loca l da ta  or use  of the  U.S. Forest Se rvice  

GTR tab le s – fo llows th is sum m ary. 

A. Afte r Plan ting 

Project Opera tors m ust use  loca l da ta  or the  GTR tab les to  dem onstra te  p rojected  ca rbon  

storage  by Year 26. In  addition , Project Opera tors m ust p rovide  m aps of the  site , with  

boundarie s, a s we ll a s a  m ap  showing the  site  with in  a  la rge r context of land  a rea , such  as 

with in  a  ne ighborhood , city, or region . 

Project Opera tors m ust a lso  docum ent the  p lan ting th rough  the  fo llowing tem pla te s 

p rovided  by the  Registry: 

• Project Design  Docum ent, includ ing m aps or o the r item s to  m ee t e ligib ility 

requirem ents 

• Ownersh ip  or Eligib ility to  Rece ive  Poten tia l Cred its  

• Attesta tion  of Plan ting, with  supporting docum enta ry evidence  of p lan ting such  as 

invoices and  event photos 

• Attesta tion  of Plan ting Affirm ation , signed  by a  participa ting organiza tion  a tte sting 

to  the  p lan ting 

• Attesta tion  of Additiona lity 

• Attesta tion  of No Double  Counting and  No Ne t Harm  

• Im aging of the  Project Area  showing trees p lan ted  

 

Here  is gu idance  for the  im aging required  a fte r p lan ting: 

 

Projects m ust docum ent the  p lan ting th rough  photos or im aging. Se lect poin ts and  take  

geo-coded  photos tha t when  taken  toge the r cap ture  the  newly p lan ted  trees in  the  project 

a rea . If site  is rectilinea r, take  a  photo  a t each  of the  corne rs. If the  site  is la rge , take  photos 
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a t poin ts a long the  pe rim e te r looking in to  the  project a rea . If necessa ry to  cap ture  the  

trees, take  photos facing each  of the  ca rd ina l d irections while  stand ing in  the  m iddle  of the  

project a rea . If site  is nonrectilinear, iden tify critica l poin ts a long prope rty boundarie s and  

take  photographs a t each  poin t facing in  towards the  m iddle  of the  site . Next, take  

photographs from  the  m iddle  of the  project a rea  facing ou t a t each  ca rd ina l d irection . 

This cred it issuance  require s va lida tion  by the  Registry and  th ird -party ve rifica tion . 

B. At Year 4 

Project Opera tors m ust e ithe r conduct a  physica l tree  count using p lo ts or use  im aging to  

de te rm ine  canopy coverage  a t Year 4. More  de ta il is con ta ined  on  both  of these  fo llowing 

th is sum m ary. 

If the  canopy coverage  equa ls or exceeds 2.8% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 3.14 square  fee t pe r tree  (2-foot d iam ete r of canopy) is 2.8% of an  acre ), then  the  

cred its p rojected  in  the  Area  Reforesta tion  Quantifica tion  Tool m ay be  issued . If canopy 

coverage  is be low 2.8%, then  the  num ber of cred its issued  is reduced  by the  sam e  

pe rcen tage  as the  canopy coverage  fa lls be low 2.8%. This cred it issuance  require s 

va lida tion  by the  Registry and  th ird -party ve rifica tion . 

C. At Year 6 

Project Opera tors m ust e ithe r conduct a  physica l tree  count using p lo ts or use  im aging to  

de te rm ine  canopy coverage  a t Year 6. More  de ta il is con ta ined  on  both  of these  fo llowing 

th is sum m ary. 

If the  canopy coverage  equa ls or exceeds 11.5% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 12.56 square  fee t pe r tree  (4-foot d iam ete r of canopy) is 11.5% of an  acre ), then  the  

cred its p rojected  in  the  Area  Reforesta tion  Quantifica tion  Tool m ay be  issued . If canopy 

coverage  is be low 11.5%, then  the  num ber of cred its issued  is reduced  by the  sam e  

pe rcen tage  as the  canopy coverage  fa lls be low 11.5%. This cred it issuance  requ ire s 

va lida tion  by the  Registry and  th ird -party ve rifica tion . 

D. Year 14 

Project Opera tors m ust e ithe r conduct a  physica l tree  count using p lo ts or use  im aging to  

de te rm ine  canopy coverage  a t Year 6. More  de ta il is con ta ined  on  both  of these  fo llowing 

th is sum m ary. 

If the  canopy coverage  equa ls or exceeds 46% (400 trees pe r acre  with  an  ave rage  canopy 

a rea  of 50 square  fee t pe r tree  (8-foot d iam ete r of canopy) is 46% of an  acre ), then  the  

cred its p rojected  in  the  Area  Reforesta tion  Quantifica tion  Tool m ay be  issued . If canopy 

coverage  is be low 46%, then  the  num ber of cred its issued  is reduced  by the  sam e  
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percen tage  as the  canopy coverage  fa lls be low 46%. This cred it issuance  require s va lida tion  

by the  Registry and  th ird -party ve rifica tion . 

E. Year 26 

Project Opera tors m ust e ithe r conduct a  physica l tree  count using p lo ts or use  im aging to  

de te rm ine  canopy coverage  a t Year 26. More  de ta il is con ta ined  on  both  of these  fo llowing 

th is sum m ary. 

If the  canopy coverage  equa ls 100% of the  Project Area  a t p roject outse t, the  cred its 

p rojected  in  the  Cluste red  Quantifica tion  Tool m ay be  issued . If canopy coverage  is be low 

100% of the  Project Area , then  the  num ber of cred its issued  is reduced  by the  sam e  

pe rcen tage  as the  canopy coverage  fa lls be low 100%. This cred it issuance  require s 

va lida tion  by the  Registry and  th ird -party ve rifica tion . 

 

2.3.2  Fu ll Descrip tion  of Area  Reforesta tion  Quantifica tion  Method 

The Area  Reforesta tion  m e thod  seeks to  accom plish  two m ain  goa ls – crea te  a  dynam ic 

forest ecosystem  and  gene ra te  canopy ove r parce ls or p rope rtie s grea te r than  5 acres and  

som e  cases ove r dozens or hundreds of acres. Exam ple s a re  p rojects to  convert 

agricu ltu ra l land  to  forest or re foresta tion  of na tura l a reas.  

To accom plish  these  goa ls, the  a rea  re foresta tion  m e thod  require s tha t trees a re  p lan ted  

close ly toge the r, using a  d ive rse  pa le tte  of specie s and  size , with  re la tive ly h igh  expected  

m orta lity. Morta lity is not the  cen tra l m easure  of success of a rea  re foresta tion , because  

ce rta in  specie s and  trees a re  expected  to  ou t-com pe te  o the rs. Recru itm ent often  occurs 

tha t re su lts in  m ature  trees tha t were  not p lan ted  by the  Project Opera tor.  

The  am ount of CO2 stored  a fte r 26-years by p lan ted  project trees is based  on  the  

an ticipa ted  am ount of tree  canopy a rea  (TC). The  forecasted  am ount of CO2 stored  a t 26-

years is the  product of the  am ount of tree  canopy (TC) and  the  CO2 Index (CI, t CO2 per 

acre ). This approach  recognizes tha t forest dynam ics for a rea  re foresta tion  projects a re  

d iffe ren t than  for stree t trees or parks p rojects. In  m any cases, na tive  specie s a re  p lan ted  

close  toge the r and  early com pe tition  re su lts in  h igh  m orta lity and  rap id  canopy closure . 

The  Single  Tree  Method  and  the  Cluste red  Me thod , which  a re  based  on  the  b iom etrics of 

open-growing urban  trees, do  not adequa te ly describe  b iom ass d istribu tion  am ong close ly 

spaced  trees and  the  dynam ic changes in  CO2 stored  in  dead  wood and  understory 

vege ta tion  as a  forest stand  m atu res.  

 

City Forest Cred its (re fe rred  to  as the  Registry) issues cred its a t five  tim es during a  26-year 

a rea  re foresta tion  project. Assum ing com pliance  with  a ll Protocol requirem ents and  th ird -

party ve rifica tion , the  Registry issues cred its based  on  projected  CO2 storage  over the  26-

year p roject dura tion . The  Registry issues 10% of p rojected  cred its a fte r p lan ting, 30% of 
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projected  cred its a t Year 4, and  30% of p rojected  cred its a t Year 6 a fte r p lan ting, and  10% 

of p rojected  cred its a t Year 14 a fte r p lan ting. At the  end  of the  project, in  year 26, the  

Project Opera tor will rece ive  cred its for a ll CO2 stored , m inus cred its a lready issued . A 5% 

Reversa l Pool Account deduction  is app lied  a t each  issuance  of cred its, with  the se  funds 

going in to  a  p rogram -wide  pool to  insure  aga inst ca tastrophic loss of trees (unavoidab le  

reve rsa ls).  

 

To quantify the  CO2 for these  kinds of a rea  re foresta tion  projects, Project Opera tors m ay 

choose  one  of two m e thods – loca l da ta  or a  forest ecosystem  approach  using the  USDA 

Forest Se rvice  Genera l Technica l Report (GTR), with  its b iom etric da ta  and  a llom etrics for 

51 forest ecosystem s in  regions of the  U.S. (Sm ith  e t a l., 2006). In  th is GTR m ethod , the  

forecasted  am ount of CO2 stored  a t 26-years is the  product of the  am ount of TC and  the  

CO2 Index (CI, t CO2 per acre ).  

 
 

A.  Loca l Data  

 

A Project Opera tor m ay apply to  the  Registry to  quantify the  projected  CO2 storage  from  

loca l da ta  for tree  growth  tha t m ore  accura te ly re flects CO2 storage  than  the  GTR tab les. If 

a  Project Opera tor has loca l da ta  for 26-year-o ld  stands like  those  p lan ted , it can  subm it 

tha t da ta  to  the  Registry. The  Registry re ta ins so le  d iscre tion  to  de te rm ine  the  applicab ility 

of tha t da ta  to  the  p lan ting project of the  Project Opera tor. 

 

 

B.  USDA Forest Se rvice  Genera l Techn ica l Report (GTR) Tab les 

 

A Project Opera tor m ay a lte rna tive ly choose  to  use  the  USDA Forest Se rvice  Genera l 

Technica l Report (GTR), with  its b iom etric da ta  and  a llom etrics for 51 forest ecosystem s in  

regions of the  U.S. (Sm ith  e t a l., 2006). The  GTR tab les p rovide  ca rbon  stored  pe r hecta re  

for each  of six pools as a  function  of stand  age . We  used  va lues for 25-year o ld  stands for 

a fforesta tion  projects, because  the  site s conta in  little  ca rbon  in  down dead  wood and  

forest floor m ate ria l a t the  tim e  of p lan ting. Da ta  used  to  de rive  the  51 forest ecosystem  

tab les cam e  from  U.S. Forest Inventory and  Assessm ent p lo ts. More  in form ation  on  

m e thods used  to  p repare  the  tab les can  be  found  in  Sm ith  e t a l. (2006). The  va lue  from  the  

applicab le  tab le , for to ta l non-soil ca rbon  stock for age  25 (or o the r source  approved  by the  

registry) is the  CO2 Index (CI).   

 

Project Opera tors de te rm ine  the ir forest type  and  se lect the  type  from  the ir region  in  the  

GTR tab le s. Project Opera tors then  u tilize  the  ca rbon  to ta ls for year 25 from  the  tab le s. If a  

p roject is p lan ted  on  an  a rea  tha t has been  tilled  to  grow crops for a t least th ree  of ten  

years be fore  tree  p lan ting, then  soil ca rbon  m ay be  cla im ed.  
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C. Soil Carbon  Sequestra tion  

• If a  p roject converts land  from  tillage , the  project m ay rece ive  cred it for increasing 

soil ca rbon  sequestra tion . If a  p roject does not convert land  from  tillage , the  p roject 

sha ll not rece ive  cred it for so il ca rbon  sequestra tion . To rece ive  soil ca rbon  cred its, 

the  p roject m ust docum ent a  h istory of cropping in  a t least th ree  of the  10 years 

p reced ing in itia tion  of the  project. Options for docum enting tillage  include  cropp ing 

records, crop  subsidy paym ent rece ip ts, and  h istorica l ae ria l photos showing 

cropping. 

  

• Following the  United  Nations Fram ework Convention  on  Clim ate  Change , 

In te rgovernm enta l Pane l on  Clim ate  Change  (IPCC) a fforesta tion /re foresta tion  

m e thodologica l tool “Tool for e stim ation  of change  in  so il organic ca rbon  stocks due  

to  the  im plem enta tion  of A/R CDM project activitie s, Version  01,” p rojects tha t a re  

on  site s tha t a re  p roductive  enough  to  grow trees and  tha t stop  tillage  a re  assum ed 

to  ga in  m ore  than  the  IPCC’s m axim um  cred itab le  am ount of so il ca rbon  of 16 tC/ha , 

which  is 23.7 tCO2e /acre  ove r the  25 year life  of the  sequestra tion  project. 

 

• When a  project converts agricu ltu ra l land  to  forest and  m akes no  change  in  the  

dem and for agricu ltu ra l p roducts, the  p roject crea te s p ressure  to  b ring o the r lands 

in to  agricu ltu re . Econom ists ca ll the  ra te  tha t o the r re sources a re  increased  to  se rve  

a  supp ly the  “price  e lasticity of supply.” The  ave rage  price  e lasticity of supp ly of 

agricu ltu ra l land  in  the  U.S. is ca lcu la ted  by Barr e t a l. (2010) to  be  0.018, which  is 

1.8%. To account for th is expected  conversion  of som e  othe r land  to  agricu ltu re , and  

assum ing tha t land  brought in to  agricu ltu re  loses the  sam e  am ount of ca rbon  tha t 

so il taken  ou t of agricu ltu re  rega ins, the  Registry deducts 1.8% of the  IPCC cred itab le  

am ount of ca rbon  ga in . As a  re su lt, p ro jects tha t convert land  from  tillage  to  trees 

m ay count 23.3 tCO2e  pe r acre  of so il ca rbon  ga in  as a  re su lt of the  project ove r the  

25-year life  of the  project. 

 

Afte r conversions from  Carbon  to  CO2, t h e  CO2 In d e x (CI) is  t on s  CO2 p e r  a cre  o f t r e e  

ca n op y (TC) a n d  t h e  fo re ca s t e d  a m ou n t  o f CO2 s t o re d  a ft e r  26-ye a r s  is  t h e  CI x TC. 

This is the  va lue  from  which  the  Registry will issue  cred its. 

 

If a  Project Opera tor fee ls tha t the  GTR tab le  app licab le  to  its p roject does not re flect 

accura te  CO2 storage  for tha t p roject, they m ay apply to  the  Registry for use  of a  d iffe ren t 

GTR tab le  in  a  m ore  accura te  way. Here  is a  non-exhaustive  list of factors the  Registry will 

conside r in  any requests to  devia te  from  the  GTR va lues: 

• Soils 

• Precip ita tion  

• Clim ate  in form ation  for the  a rea  

• Site  p roductivity 

• Loca l m easurem ents o f growth  
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• Proxim ity to  the  border of anothe r region  

 

D. Guidance  on  Num bers of Trees pe r Acre  to  Plan t  

 

To de te rm ine  how m any trees to  p lan t, the  Project Opera tor m ust e stim ate  what m orta lity 

of p lan ted  seed lings it will have . With  professiona l tree  p lan te rs, qua lity p lan ting stock, 

growing conditions conducive  to  growth , and  little  an im al dam age , p lan ting a t 10’ by 10’ 

spacing (436 trees pe r acre ) often  re su lts in  m ore  than  400 trees pe r acre  surviving a t Year 

6.  

 

In  harsh  site  conditions, or p lan ting a t the  wrong tim e  of year, or not keep ing seed lings cool 

and  m oist, or not p lan ting with  good  contact be tween  roots and  soil, m orta lity of 30-50% is 

com m on. Plan ting by volun tee r p lan te rs, or in  site s with  h igh  an im al b rowsing, can  re su lt in  

m orta lity grea te r than  80-90%. The  Registry recom m ends having som eone  with  tree  

p lan ting expe rtise  m anage  the  acquisition  of p lan ting stock and  m anage  the  p lan ting 

process. 

 

E. Methods for De te rm in ing Canopy Cover Growth  or Tree  Surviva l, and  Progress 

Standards for Issuance  of Cred its a t Years 4 and  6 

Project Opera tors m ay choose  one  of two m e thods for de te rm in ing canopy or tree  surviva l 

– the  Canopy Cover Growth  Method  or the  Trees Pe r Acre  Method  

i. Canopy Cover Growth  Method  

• Project Opera tor p rovides im ages of the  Project Area  from  any te lem e try, im aging, 

rem ote  sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  e stim ate  

the  a rea  in  tree  canopy cover (acres).  

o Im aging from  Google  Earth  with  le a f-on  m ay be  used . Project Opera tors will 

ca lcu la te  the  pe rcen t of canopy cover from  the  Google  Earth  im aging 

o Project Opera tor can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  

canopy cover. Using i-Tree  Canopy, continue  adding poin ts un til the  standard  

e rror of the  e stim ate  for both  the  tree  and  non-tree  cover is le ss than  5%. i-

Tree  Canopy will supply you  with  the  standard  e rrors. 

o If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll 

a s the  QA/QC m easures tha t were  used . A tree  cove r classifica tion  accuracy 

assessm ent should  be  conducted , as with  random ly p laced  poin ts, and  the  

pe rcen tage  tree  cover classifica tion  accuracy reported . 
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• Progress Requirem ents for Issuance  of Cred its in  Years 4, 6, and  14: 

o At Year 4, projects m ust show canopy coverage  of a t least 2.8% of the  Project 

Area  (400 trees pe r acre  with  an  ave rage  canopy a rea  of 3.14 square  fee t pe r 

tree  (2-foot d iam ete r of canopy) is 2.8% of an  acre ) 

o At Year 6, projects m ust show canopy coverage  of a t least 11.5% of the  

Project Area  (400 trees pe r acre  with  an  ave rage  canopy a rea  of 12.56 square  

fee t pe r tree  (4-foot d iam ete r of canopy) is 11.5% of an  acre ) 

o At Year 14, p rojects m ust show canopy coverage  of a t least 46% of the  

Project Area  (400 trees pe r acre  with  an  ave rage  canopy a rea  of 50 square  

fee t pe r tree  (8-foot d iam ete r of canopy) is 46% of an  acre )  

Note , if p rojects exceed  these  Progress Requ irem ents, they will not rece ive  cred its ea rly or 

ou t of schedule . If p rojects fa il to  m ee t the  Progress Requirem ents, they will e ithe r not be  

e ligib le  to  request cred its un til they m ee t the  Progress Requirem ents or they will rece ive  

cred its reduced  by the  sam e  pe rcen tage  as the ir canopy coverage  is be low the  Progress 

Requirem ent pe rcen tages above . 

 

ii. Trees Per Acre  Method 

 

• Se lect 60 p lo ts with in  the  Project Area . This can  be  done  using i-Tree  Canopy and  

downloading p lo t cen te r coord ina te s, or by trave lling to  the  Project Area , choosing a  

random  sta rting poin t, and  walk a  grid  tha t loca te s a t least 60 p lo ts with in  the  

project a rea , we ll d istribu ted  across the  Project Area . If loca ting the  p lo ts in  the  fie ld , 

record  the  coord ina te s of each  p lo t cen te r. The  Registry can  provide  exam ples of 

m e thods for de te rm in ing the  grid  spacing and  doing a  random  sta rt. 

• Mark each  p lo t cen te r with  flagging, with  the  p lo t num ber written  on  the  flagging. 

For a  circu la r p lo t with  11.78’ rad ius m easured  horizonta lly from  p lot cen te r (not 

slope  d istance ). Th is 11.78’ rad ius m akes a  1/100 acre  p lo t. 

• Count the  num ber of live  trees on  the  p lo t, counting on ly tree  specie s tha t typ ica lly 

will reach  6” DBH by age  26 under the  conditions presen t with in  the  p roject a rea . 

• Calcu la te  the  ave rage  num ber of trees pe r p lo t. Multip ly the  ave rage  num ber of 

trees pe r p lo t by 100. This is the  ave rage  num ber of trees pe r acre  p resen t on  the  

project. 

• Divide  the  num ber of trees pe r acre  on  the  Project Area  by 400. This is the  fraction  

canopy cover expected  to  be  ach ieved  by age  26. 

• Multip ly the  fraction  canopy cover expected  to  be  ach ieved  by age  26 by the  live  tree  

ca rbon  stock (in  m e tric tons of ca rbon  pe r acre ) a t age  26 from  the  appropria te  

a fforesta tion  tab le  in  US Forest Se rvice  GTR NE-343. This is  the  ca rbon  stock 

expected  to  be  presen t a t age  26. Multip ly th is expected  ca rbon  stock by 3.67 to  

ca lcu la te  the  expected  ca rbon  stock in  m e tric tons CO2e  pe r acre . 
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• Report to  the  Registry: 

o The  m e thod  used  to  loca te  p lo t cen te rs. 

o Plot cen te r coord ina te s. 

o Plot da ta , specifica lly the  num ber of trees on  each  p lo t, by p lo t. 

o The  ave rage  num ber of trees pe r acre  ca lcu la ted  from  p lot da ta . 

 

To count as fu lly stocked , a t Year 6 (a fte r five  years of growth  since  p lan ting) the  project 

m ust have  400 surviving trees pe r acre  of specie s tha t typ ica lly will reach  6” DBH by age  26 

under the  conditions p resen t with in  the  project a rea . 

 

If 200-400 trees pe r acre  a re  surviving a t Year 6, p red icted  ca rbon  sequestra tion  is ad justed  

by m ultip lying the  pred icted  ca rbon  stock for fu ll stocking a t age  26 tim es the  fraction  (live  

trees pe r acre  d ivided  by 400). If the  p roject has fewer than  200 trees pe r acre  a t Year 6, the  

CFC “single  tree” quantifica tion  tool should  be  used . 

 

F. Quantifica tion  a t Year 26  

 

• Project Opera tor m ay ca lcu la te  Trees Pe r Acre  as described  in  Section  2.3.2E above ,  

or 

• Project Opera tor m ay provide  im ages of the  Project Area  from  any te lem e try, 

im aging, rem ote  sensing, i-Tree  Canopy, or UAV se rvice , such  as Google  Earth  and  

e stim ate  the  a rea  in  tree  canopy cover (acres).  

o Projects can  use  i-Tree  Canopy and  poin t sam pling to  ca lcu la te  canopy cover. 

Using i-Tree  Canopy, continue  adding poin ts un til the  standard  e rror of the  

e stim ate  for both  the  tree  and  non-tree  cover is le ss than  5%. I-Tree  Canopy 

will supply you  with  the  standard  e rrors. 

o If tree  canopy cover is de te rm ined  using anothe r approach , such  as im age  

classifica tion , a  short descrip tion  of the  approach  should  be  provided , as we ll 

a s the  QA/QC m easures tha t were  used . A tree  cove r classifica tion  accuracy 

assessm ent should  be  conducted , as with  random ly p laced  poin ts, and  the  

pe rcen tage  tree  cover classifica tion  accuracy reported .   

o Project Opera tor ca lcu la te s to ta l CO2 storage  a t Year 26 as fo llows:  

o Multip ly the  CI (ca rbon  index tim es the  acres of TC (tree  canopy) in  the  

Project Area . 
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Part Two - Scientific Basis for Carbon and Co-Benefit Quantification and Source 

Materials  

 

Ecose rvices p rovided  by trees to  hum an bene ficia rie s a re  classified  accord ing to  the ir 

spa tia l sca le  as globa l and  loca l (Costanza  2008) (cita tions for Part Two a re  listed  in  

Refe rences). Rem oval of ca rbon  d ioxide  (CO2) from  the  a tm osphere  by urban  forests is 

globa l because  the  a tm osphere  is so  we ll-m ixed  it does not m atte r where  the  trees a re  

loca ted . The  e ffects of u rban  forests on  bu ild ing ene rgy use  is a  loca l-sca le  se rvice  because  

it depends on  the  proxim ity of trees to  bu ild ings.  

 

To quantify these  and  o the r ecose rvices City Forest Cred its (CFC) has re lied  on  pee r-

reviewed re search  tha t has com bined  m easurem ents and  m ode ling of u rban  tree  b iom ass, 

and  e ffects of trees on  bu ild ing ene rgy use , ra infa ll in te rcep tion , and  a ir qua lity. CFC has 

used  the  m ost curren t science  ava ilab le  on  urban  tree  growth  in  its e stim ates of CO2 

storage  (McPherson  e t a l., 2016a). CFC’s quantifica tion  tools p rovide  e stim ates of co-

bene fits a fte r 25 years in  Resource  Units (i.e ., kWh of e lectricity saved) and  dolla rs pe r year. 

Va lues for co-bene fits a re  first-orde r approxim ations extracted  from  the  i-Tree  Stree ts (i-

Tree  Eco) da tase ts for each  of the  16 U.S. re fe rence  citie s/clim ate  zones 

(h ttps:/ /www.itree tools.org/tools/i-tree -eco) (Maco and  McPherson , 2003). Mode ling 

approaches and  e rror estim ates associa ted  with  quantifica tion  of CO2 storage  and  co-

bene fits have  been  docum ented  in  num erous pub lica tions (see  Refe rences be low) and  a re  

sum m arized  he re .   

 

1.  Scientific Basis for Carbon Dioxide Quantification 

 

Estim ates of stored  (am ount accum ula ted  ove r m any years) and  sequeste red  CO2 (i.e ., ne t 

am ount stored  by tree  growth  ove r one  year) a re  based  on  the  U.S. Forest Se rvice ’s 

recen tly published  technica l m anua l and  the  extensive  Urban  Tree  Database  (UTD), which  

ca ta logs urban  trees with  the ir p rojected  growth  ta ilored  to  specific geographic regions 

(McPherson  e t a l. 2016a , b ). The  products a re  a  cu lm ina tion  of 14 years of work, ana lyzing 

m ore  than  14,000 trees across the  United  Sta te s. Whereas p rior growth  m ode ls typ ica lly 

fea tured  on ly a  few specie s specific to  a  given  city or region , the  newly re leased  da tabase  

fea tures 171 d istinct specie s across 16 U.S. clim ate  zones. The  trees stud ied  a lso  spanned  a  

range  of ages with  da ta  collected  from  a  consisten t se t of m easurem ents. Advances in  

sta tistica l m ode ling have  given  the  projected  growth  d im ensions a  leve l of accuracy neve r 

be fore  seen . Moving beyond  just ca lcu la ting a  tree ’s d iam e te r or age  to  de te rm ine  

expected  growth , the  re search  incorpora te s 365 se ts of tree  growth  equa tions to  p roject 

growth .  

 

https://www.itreetools.org/tools/i-tree-eco
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Users se lect the ir clim a te  zone  from  the  16 U.S. clim ate  zones (Fig. 1). Ca lcu la tions of CO2 

stored  a re  for a  represen ta tive  specie s for each  tree -type  tha t was one  of the  predom inant 

stree t tree  specie s pe r re fe rence  city (Pepe r e t a l., 2001). The  “Refe rence  city” re fe rs to  the  

city se lected  for in tensive  study with in  each  clim ate  zone  (McPherson , 2010). About 20 of 

the  m ost abundant specie s were  se lected  for sam pling in  each  re fe rence  city. The  sam ple  

was stra tified  in to  n ine  d iam ete r a t b reast he igh t (DBH) classes (0 to  7.6, 7.6 to  15.2, 15.2 to  

30.5, 30.5 to  45.7, 45.7 to  61.0, 61.0 to  76.2, 76.2 to  91.4, 91.4 to  106.7, and  >106.7 cm ). 

Typ ica lly 10 to  15 trees pe r DBH cla ss were  random ly chosen . Data  were  collected  for 16 to  

74 trees in  to ta l from  each  specie s. Measurem ents included: specie s nam e , age , DBH [to  

the  nearest 0.1 cm  (0.39 in )], tree  he igh t [to  the  nearest 0.5 m  (1.64 ft.)], crown he igh t [to  

the  nearest 0.5 m  (1.64 ft.)], and  crown d iam ete r in  two d irections [pa ra lle l and  

pe rpendicu la r to  nearest stree t to  the  nearest 0.5 m  (1.64 ft.)]. Tree  age  was de te rm ined  

from  loca l re siden ts, the  city’s u rban  foreste r, stree t and  hom e  construction  da te s, 

h istorica l p lan ting records, and  ae ria l and  h istorica l photos.   

 
 

Figure  1. Clim ate  zones of the  United  Sta tes and  Puerto  Rico were  aggrega ted  from  45 Sunse t 

clim ate  zones in to  16 zones. Each  zone  has a  re fe rence  city where  tree  da ta  were  collected . 

Sacram ento, Ca liforn ia  was added  as a  second re fe rence  city (with  Modesto) to  the  In land  Valleys 

zone . Zones for Alaska , Pue rto  Rico and  Hawaii a re  shown in  the  inse ts (m ap courtesy of Pacific 

Sou thwest Research  Sta tion).  



City Forest Credits – Afforesta tion Protocol Appendices Februa ry 2023 

 26 

1.1  Species Assignm ent by Tree -Type  

Represen ta tive  specie s for each  tree -type  in  the  South  clim ate  zone  (re fe rence  city is 

Charlo tte , NC) a re  shown in  Table  1. They were  chosen  because  extensive  m easurem ents 

were  taken  on  them  to  gene ra te  growth  equa tions, and  the ir m ature  size  and  form  was 

deem ed typ ica l of o the r trees in  tha t tree -type . Represen ta tive  specie s were  not ava ilab le  

for som e  tree -types because  none  were  m easured . In  tha t case , a  specie s of sim ila r m ature  

size  and  form  from  the  sam e  clim a te  zone  was se lected , or one  from  anothe r clim ate  zone  

was se lected . For exam ple , no  Broadleaf Evergreen  Large  (BEL) specie s was m easured  in  

the  South  re fe rence  city. Because  of its la rge  m ature  size , Quercus nigra  was se lected  to  

represen t the  BEL tree -type , a lthough  it is deciduous for a  short tim e . Pinus contorta , which  

was m easured  in  the  PNW clim ate  zone , was se lected  for the  CES tree -type , because  no 

CES specie s was m easured  in  the  South .  

 

Table  1. Nine  tree -types and  abbrevia tions. Represen ta tive  specie s assigned  to  each  tree-type  in  the  

Sou th  clim ate  zone  a re  listed . The  b iom ass equations (specie s, u rban  gene ra l b roadleaf [UGB], 

u rban  gene ra l con ife r [UGC]) and  dry we igh t density (kg/m 3) used  to  ca lcu la te  b iom ass are  listed  for 

each  tree -type .  

 

Tree -Type  
Tree -Type  

Abbrevia tion  

Specie s 

Assigned  

DW 

Density 

Biom ass 

Equa tions 

Brdlf Decid  Large  (>50 ft) BDL Quercus phellos 

600 

Quercus 

macroca rpa  1. 

Brdlf Decid  Med (30-50 ft) BDM Pyrus ca lleryana  600 UGB 2. 

Brd lf Decid  Sm all (<30 ft) BDS Cornus florida  545 UGB 2. 

Brd lf Evgrn  Large  (>50 ft) BEL Quercus nigra  797 UGB 2. 

Brd lf Evgrn  Med  (30-50 ft) BEM Magnolia  grandiflora  523 UGB 2. 

Brd lf Evgrn  Sm all (<30 ft) BES Ilex opaca  580 UGB 2. 

Con if Evgrn  Large  (>50 ft) CEL Pinus taeda  389 UGC 2. 

Con if Evgrn  Med (30-50 ft) CEM Juniperus virginiana  393 UGC 2. 

Con if Evgrn  Sm all (<30 ft) CES Pinus contorta  397 UGC 2. 
1.from  Lefsky, M., & McHale , M.,2008. 
2 from  Aguaron , E., & McPherson , E. G., 2012 

 

1.2  Calcu la ting Biom ass and  Carbon Dioxide  Stored   

To estim ate  CO2 stored , the  b iom ass for each  tree -type  was ca lcu la ted  using urban-based  

a llom etric equa tions because  open-growing city trees partition  ca rbon  d iffe ren tly than  

forest trees (McPherson  e t a l., 2017a). Input variab le s included  clim ate  zone , specie s, and  

DBH. To project tree  size  a t 25-years a fte r p lan ting, we  used  DBH obta ined  from  UTD 

growth  curves for each  represen ta tive  specie s. 

  

Biom ass equa tions were  com piled  for 26 open-grown urban  trees specie s from  lite ra ture  

sources (Aguaron  and  McPherson , 2012).  Genera l equa tions (Urban  Gen Broadleaf and  
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Urban  Gen Conife r) were  deve loped  from  the  26 urban-based  equa tions tha t were  specie s 

specific (McPherson  e t a l., 2016a). These  equa tions were  used  if the  specie s of in te re st 

cou ld  not be  m atched  taxonom ica lly or th rough  wood form  to  one  of the  urban  specie s 

with  a  b iom ass equa tion . Hence , u rban  gene ra l equa tions were  an  a lte rna tive  to  app lying 

specie s-specific equa tions because  m any specie s d id  not have  an  equa tion .  

 

These  a llom etric equa tions yie lded  aboveground  wood volum e . Species-specific d ry we igh t 

(DW) density factors (Table  1) were  used  to  convert green  volum e  in to  dry we ight (7a). The  

urban  gene ra l equa tions requ ired  looking up  a  d ry we igh t density factor (in  Jenkins e t a l. 

2004 first, bu t if not ava ilab le  then  the  Globa l Wood Density Database ). The  am ount of 

be lowground  b iom ass in  roots of u rban  trees is not we ll re searched . This work assum ed 

tha t root b iom ass was 28% of to ta l tree  b iom ass (Ca irns e t a l., 1997; Husch  e t a l., 2003; 

Wenger, 1984). Wood volum e  (dry we ight) was converted  to  C by m ultip lying by the  

constan t 0.50 (Le ith , 1975), and  C was converted  to  CO2 by m ultip lying by 3.667.  

 

1.2.1 Error Estim ates and  Lim ita tions 

 

The  lack of b iom etric da ta  from  the  fie ld  rem ains a  se rious lim ita tion  to  our ab ility to  

ca lib ra te  b iom ass equa tions and  assign  e rror e stim ates for u rban  trees. Diffe rences 

be tween  m ode led  and  actua l tree  growth  adds unce rta in ty to  CO2 sequestra tion  e stim ates. 

Specie s assignm ent e rrors re su lt from  m atch ing specie s p lan ted  with  the  tree -type  used  for 

b iom ass and  growth  ca lcu la tions. The  m agn itude  of th is e rror depends on  the  goodness of 

fit in  te rm s of m atch ing size  and  growth  ra te . In  p revious urban  stud ies the  pred iction  b ias 

for e stim ates of CO2 storage  ranged  from  -9% to  +15%, with  inaccuracie s as m uch  as 51% 

RMSE (Tim ilsina  e t a l., 2014). Hence , a  conse rva tive  e stim ate  of e rror of ± 20% can  be  

applied  to  estim ates of to ta l CO2 stored  as an  ind ica tor of p recision . 

 

2.  Scientific Bases for Co-Benefit Calculations 

 

2.1 Co-Benefit: Energy Savings 

Trees and  forests can  offe r ene rgy savings in  two im portan t ways. In  warm er clim ates or 

hotte r m onths, trees can  reduce  a ir condition ing b ills by keep ing bu ild ings coole r th rough  

reducing regiona l a ir tem pera tures and  offe ring shade . In  colde r clim ates or coole r 

m onths, trees can  confe r savings on  the  fue l needed  to  hea t bu ild ings by reducing the  

am ount of cold  winds tha t can  strip  away hea t.   

Ene rgy conse rva tion  by trees is im portan t because  bu ild ing ene rgy use  is a  m ajor 

contribu tor to  greenhouse  gas em issions. Oil or gas furnaces and  m ost form s of e lectricity 

gene ra tion  produce  CO2 and  othe r pollu tan ts as by-products. Reducing the  am ount of 

ene rgy consum ed by bu ild ings in  u rban  a reas is one  of the  m ost e ffective  m e thods of 
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com batting clim ate  change . Energy consum ption  is a lso  a  costly burden  on  m any low-

incom e  fam ilie s, e specia lly during m id-sum m er or m id-win te r. Furthe rm ore , e lectricity 

consum ption  during m id-sum m er can  som etim es ove r-extend  loca l power grids lead ing to  

ro lling brownouts and  o the r p rob lem s.   

Ene rgy savings a re  ca lcu la ted  th rough  num erica l m ode ls and  sim ula tions bu ilt from  

obse rva tiona l da ta  on  proxim ity of trees to  bu ild ings, tree  shapes, tree  sizes, bu ild ing age  

classes, and  m e teorologica l da ta  from  McPherson  e t a l. (2017) and  McPherson  and  

Sim pson  (2003). The  m ain  param e te rs a ffecting the  ove ra ll am ount of ene rgy savings a re  

crown shape , bu ild ing proxim ity, azim uth , loca l clim ate , and  season . Shad ing e ffects a re  

based  on  the  d istribu tion  of stree t trees with  re spect to  bu ild ings recorded  from  ae ria l 

photographs for each  re fe rence  city (McPherson  and  Sim pson , 2003). If a  sam pled  tree  was 

loca ted  with in  18 m  of a  conditioned  bu ild ing, in form ation  on  its d istance  and  com pass 

bearing re la tive  to  a  bu ild ing, bu ild ing age  cla ss (which  in fluences ene rgy use ) and  types of 

hea ting and  cooling equipm ent we re  collected  and  used  a s inputs to  ca lcu la te  e ffects of 

shade  on  annua l hea ting and  cooling ene rgy e ffects. Because  these  d istribu tions were  

un ique  to  each  city, ene rgy va lues a re  conside red  first-orde r approxim ations.  

In  addition  to  loca lized  shade  e ffects, which  were  assum ed to  accrue  on ly to  trees with in  18 

m  of a  bu ild ing, lowered  a ir tem pera tures and  windspeeds from  increased  ne ighborhood  

tree  cover (re fe rred  to  as clim ate  e ffects) can  produce  a  ne t decrease  in  dem and for win te r 

hea ting and  sum m er cooling (reduced  wind  speeds by them se lves m ay increase  or 

decrease  cooling dem and, depending on  the  circum stances). Clim ate  e ffects on  ene rgy use , 

a ir tem pera ture , and  wind  speed , a s a  function  of ne ighborhood  canopy cover, were  

e stim ated  from  published  va lues for each  re fe rence  city. The  pe rcen tages of canopy cover 

increase  we re  ca lcu la ted  for 20-year-o ld  la rge , m edium , and  sm all trees, based  on  the ir 

crown projection  a reas and  e ffective  lo t size  (actua l lo t size  p lus a  portion  of ad jacen t stree t 

and  o the r righ ts-of-way) of 10,000 ft2 (929 m 2), and  one  tree  on  ave rage  was assum ed pe r 

lo t. Clim ate  e ffects were  e stim ated  by sim ula ting e ffects of wind  and  a ir-tem pera ture  

reductions on  bu ild ing ene rgy use .  

In  the  case  of u rban  Tree  Prese rva tion  Projects, trees m ay not be  close  enough  to  bu ild ings 

to  p rovide  shading e ffects, bu t they m ay in fluence  ne ighborhood  clim ate . Because  these  

e ffects a re  h igh ly site -specific, we  conse rva tive ly apply an  80% reduction  to  the  ene rgy 

e ffects of trees for Prese rva tion  Projects. 

Ene rgy savings a re  ca lcu la ted  as a  rea l-dolla r am ount.  This is ca lcu la ted  by applying ove ra ll 

reductions in  o il and  gas usage  or e lectricity usage  to  the  regiona l cost of o il and  gas or 

e lectricity for re siden tia l custom ers. Colde r regions tend  to  see  la rge r savings in  hea ting 

and  warm er regions tend  to  see  la rge r savings in  cooling.    
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2.1.1 Error Estim ates and  Lim ita tions 

Form ula ic e rrors occur in  m ode ling of ene rgy e ffects. For exam ple , re la tions be tween  

d iffe ren t leve ls of tree  canopy cover and  sum m ertim e  a ir tem pera ture s a re  not we ll-

re searched . Anothe r source  of e rror stem s from  d iffe rences be tween  the  a irport clim ate  

da ta  (i.e ., Los Ange les In te rna tiona l Airport) used  to  m odel ene rgy e ffects and  the  actua l 

clim ate  of the  study a rea  (i.e ., Los Ange les u rban  a rea). Because  of the  unce rta in ty 

associa ted  with  m ode ling e ffects of trees on  bu ild ing ene rgy use , ene rgy e stim ates m ay be  

accura te  with in  ± 25 pe rcen t (Hildebrandt & Sarkovich , 1998).  

 

2.2 Co-Benefit: Ra infa ll In te rcep tion  

Forest canopies norm ally in te rcep t 10-40% of ra infa ll be fore  it h its the  ground , the reby 

reducing storm wate r runoff. The  la rge  am ount of wate r tha t a  tree  crown can  cap ture  

during a  ra infa ll event m akes tree  p lan ting a  best m anagem ent p ractice  for u rban  

storm wate r contro l.  

City Forest Cred its use s a  num erica l in te rcep tion  m ode l to  ca lcu la te  the  am ount of annua l 

ra infa ll in te rcep ted  by trees, a s we ll as th roughfa ll and  stem  flow (Xiao e t a l., 2000). This 

m ode l use s specie s-specific lea f surface  a reas and  o the r param ete rs from  the  Urban  Tree  

Database . For exam ple , deciduous trees in  clim ate  zones with  longer “in-lea f” seasons will 

tend  to  in te rcep t m ore  ra infa ll than  sim ila r specie s in  colde r a reas shorte r fo lia tion  pe riods. 

Mode l re su lts were  com pared  to  obse rved  pa tte rns of ra infa ll in te rcep tion  and  found  to  be  

accura te . This m e thod  quantifie s on ly the  am ount of ra infa ll in te rcep ted  by the  tree  crown 

and  does not incorpora te  surface  and  subsurface  e ffects on  ove rland  flow. 

The  ra infa ll in te rcep tion  bene fit was priced  by e stim ating costs of contro lling storm wate r 

runoff. Wate r qua lity and/or flood  contro l costs were  ca lcu la ted  pe r un it volum e  of runoff 

contro lled  and  th is p rice  was m ultip lied  by the  am ount of ra infa ll in te rcep ted  annua lly.  

2.2.1 Error Estim ates and  Lim ita tions 

Estim ates of ra infa ll in te rcep tion  a re  sensitive  to  unce rta in tie s regard ing ra infa ll pa tte rns, 

tree  lea f a rea  and  surface  storage  capacitie s. Ra infa ll am ount, in tensity and  dura tion  can  

vary conside rab ly with in  a  clim ate  zone , a  factor not conside red  by the  m ode l. Although  

tree  lea f a rea  e stim ates were  de rived  from  extensive  m easurem ents on  ove r 14,000 stree t 

trees across the  U.S. (McPherson  e t a l., 2016a), actua l lea f a rea  m ay d iffe r because  of 

d iffe rences in  tree  hea lth  and  m anagem ent. Leaf surface  storage  capacity, the  dep th  of 

wate r tha t fo liage  can  cap ture , was recen tly found  to  vary th ree fold  am ong 20 tree  specie s 

(Xiao & McPherson , 2016). A shortcom ing is tha t th is m ode l used  the  sam e  va lue  (1 m m ) for 

a ll specie s. Given  these  lim ita tions, in te rcep tion  e stim ates m ay have  unce rta in ty as grea t as 
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± 20 pe rcent. 

 

2.3  Co-Benefit: Air Quality 

The  up take  of a ir pollu tan ts by urban  forests can  lower concentra tions and  a ffect hum an 

hea lth  (Derkzen  e t a l., 2015; Nowak e t a l., 2014). However, pollu tan t concentra tions can  be  

increased  if the  tree  canopy re stricts pollu ted  a ir from  m ixing with  the  surround ing 

a tm osphere  (Vos e t a l., 2013). Urban  forests a re  capable  of im proving a ir qua lity by 

lowering pollu tan t concentra tions enough  to  sign ifican tly a ffect hum an hea lth . Genera lly, 

trees a re  able  to  reduce  ozone , n itric oxides, and  particu la te  m atte r. Som e  trees can  reduce  

ne t vola tile  organic com pounds (VOCs), bu t o the rs can  increase  them  through  na tura l 

p rocesses. Regard less of the  ne t VOC production , u rban  forests usua lly confe r a  ne t 

positive  bene fit to  a ir qua lity. Urban  forests reduce  pollu tan ts th rough  dry deposition  on  

surfaces and  up take  of pollu tan ts in to  lea f stom ata .   

A num erica l m ode l ca lcu la ted  hourly pollu tan t d ry deposition  pe r tree  a t the  regiona l sca le  

using deposition  ve locitie s, hourly m e teorologica l da ta  and  pollu tan t concentra tions from  

loca l m onitoring sta tions (Scott e t a l., 1998). The  m one ta ry va lue  of tree  e ffects on  a ir 

qua lity re flects the  va lue  tha t socie ty p laces on  clean  a ir, a s ind ica ted  by willingness to  pay 

for pollu tan t reductions. The  m one ta ry va lue  of a ir qua lity e ffects were  de rived  from  

m ode ls tha t ca lcu la ted  the  m argina l dam age  contro l costs of d iffe ren t pollu tan ts to  m ee t 

a ir qua lity standards (Wang and  Santin i 1995). Highe r costs were  associa ted  with  h ighe r 

pollu tan t concentra tions and  la rge r popula tions exposed  to  these  contam inants. 

2.3.1  Error Estim ates and  Lim ita tions 

Pollu tan t deposition  e stim ates a re  sensitive  to  unce rta in tie s associa ted  with  canopy 

re sistance , re suspension  ra te s and  the  spa tia l d istribu tion  of a ir pollu tan ts and  trees. For 

exam ple , deposition  to  urban  forests during warm  pe riods m ay be  underestim ated  if the  

stom ata  of we ll-wate red  trees rem ain  open . In  the  m ode l, hourly m e teorologica l da ta  from  

a  single  sta tion  for each  clim ate  zone  m ay not be  spa tia lly represen ta tive  of conditions in  

loca l a tm ospheric surface  laye rs. Estim ates of a ir pollu tan t up take  m ay be  accura te  with in  ± 

25 pe rcen t. 

 

2.4  Conclusion  

Our e stim ates of ca rbon  d ioxide  storage  and  co-bene fits re flect an  incom ple te  

understand ing of the  processes by which  ecose rvices a re  gene ra ted  and  va lued  (Schu lp  e t 

a l., 2014). Our choice  of co-bene fits  to  quantify was lim ited  to  those  for which  num erica l 

m ode ls were  ava ilab le . The re  a re  m any im portan t bene fits p roduced  by trees tha t a re  not 

quantified  and  m one tized . These  include  e ffects of u rban  forests on  loca l econom ies, 

wild life , b iod ive rsity and  hum an hea lth  and  we ll-be ing. For instance , e ffects of u rban  trees 
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on increased  prope rty va lues have  proven  to  be  substan tia l (Anderson  & Corde ll, 1988). 

Previous ana lyses m ode led  these  “othe r” bene fits of trees by applying the  contribu tion  to  

re siden tia l sa le s p rices of a  la rge  fron t yard  tree  (0.88%) (McPherson  e t a l., 2005). We  have  

not incorpora ted  th is bene fit because  prope rty va lues a re  h igh ly variab le . It is like ly tha t co-

bene fits reported  he re  a re  conse rva tive  e stim ates of the  actua l ecose rvices re su lting from  

loca l tree  p lan ting projects.   
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Part Three - Illustrative Summary of Quantification Steps using the Single Tree 

Quantification Tools 

This section  sum m arizes the  steps in  th ree  Single  Tree  Tools used  to  quantify ca rbon  

storage  in  tree  p lan ting projects. These  steps a re  se t ou t in  instructions on  each  shee t of 

the  Single  Tree  Quantifica tion  Tools. The  steps will be  m uch  clea re r to  m any reade rs when  

viewed with in  the  spreadshee ts ra the r than  read  he re  without tab le s, fie lds, and  inputs. 

The  next section  of th is Appendix – en titled  Quantifica tion  Methods and  Exam ples – gives 

screen  shots of the  spreadshee ts with  explana tory text. 

 

1. Steps for Single Tree Initial Credit Quantification after Planting 

1) For each  p lan ting site , co llect th is in form ation  

a . Unique  site  num ber 

b . Unique  tree  num ber (m ay be  seve ra l tree  num bers a t sam e  site  if rem ove  & 

rep lace ) 

i. Tree  specie s p lan ted  

ii. Date  p lan ted  

c. Tree  num ber rem oved 

i. Date  rem oved  

d . GPS coord ina te s (la t/ long) 

e . Notes 

2) Photograph  tree  site  or p rovide  im aging of sufficien t re solu tion  to  d isce rn  ind ividua l 

trees 

a . If using photographs, take  photos a t the  four ou te r corners of each  site , and  a lso  

a t 50 foot in te rva ls on  d iagona l lines runn ing be tween  corne rs 

b . Include  tim e  stam p and  GPS coord ina te s 

3) The  Tool will deduct 20% for m orta lity and  5% for the  program -wide  Reversa l Pool 

Account and  then  show projected  CO2e  storage  and  Cred its  

a . The  Project Opera tor can  request to  use  an  a lte rna tive  va lue  for the  20% 

m orta lity reduction . Justifica tion  for the  va lue  m ust be  provided  to  the  Registry 

based  on  h istoric m orta lity da ta  for p rojects with  sim ila r specie s, p lan ting stock, 

site  qua lity and  m anagem ent regim e . 

2. Steps for the Single Tree Management Credit Quantification Used at Years 4 and 6   

1) Collect the  p lan ting da ta  described  in  in itia l cred it quantifica tion  above , specifica lly, 

a . Unique  site  num ber 

b . Unique  tree  num ber (m ay be  seve ra l tree  num bers a t sam e  site  if rem ove  & 

rep lace ) 

i. Tree  specie s p lan ted  

ii. Date  p lan ted  
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c. GPS coord ina te s (la t/ long) 

d . Notes 

2) Use  the  Sam ple  Size  Ca lcu la tor tha t we  provide  and  the  Stored  CO2 pe r Tree  Look-

Up Tab le  to  de te rm ine  the  num ber of tree  sites to  sam ple . We  de fine  a  “tree  site” as 

the  loca tion  where  a  p roject tree  was p lan ted  and  use  the  te rm  “site” instead  of 

“tree” because  som e  p lan ted  trees m ay no longer be  presen t in  the  site s where  they 

were  p lan ted . 

3) Random ly sam ple  tree  site s collecting da ta  on  specie s, sta tus (a live , dead , rem oved , 

rep laced). 

4) With  th is sam pled  da ta , the  Tool will then  ca lcu la te  p rojected  CO2 storage  and  

cred its and  will se t those  ou t for Years 4 and  6, a long with  quantified  Co-Benefits . 

3. Steps for the Single Tree Quantification Used at Years 14 and 26   

1) Collect the  p lan ting da ta  described  in  in itia l cred it quantifica tion  above , or use  the  

da ta  a lready collected , specifica lly, 

a . Unique  site  num ber 

b . Unique  tree  num ber (m ay be  seve ra l tree  num bers a t sam e  site  if rem ove  & 

rep lace ) 

i. Tree  specie s p lan ted  

ii. Date  p lan ted  

c. GPS coord ina te s (la t/ long) 

d . Notes 

2) Use  the  Sam ple  Size  Ca lcu la tor tha t we  provide  and  the  Stored  CO2 pe r Tree  Look-

Up Tab le  to  de te rm ine  the  num ber of tree  sites to  sam ple . We  de fine  a  “tree  site” as 

the  loca tion  where  a  p roject tree  was p lan ted  and  use  the  te rm  “site” instead  of 

“tree” because  som e  p lan ted  trees m ay no longer be  presen t in  the  site s where  they 

were  p lan ted . 

3) Random ly sam ple  tree  site s collecting da ta  on  specie s, sta tus (a live , dead , rem oved , 

rep laced), d iam e te r a t b reast he igh t (dbh) (to  nearest inch), and  photo  of tree  site  

(m ay be  with  or withou t the  tree  p lan ted) with  geocoded  loca tion  and  da te . 

4) Fill in  the  tab le  p rovided  showing the  num ber of live  trees sam pled  in  each  1” dbh  

class by tree -type .    

5) Com bine  da ta  from  the  step  5 table  with  the  CO2 Stored  by DBH Look-Up Tab le  for 

your clim ate  zone  to  ca lcu la te  CO2 stored  by sam pled  trees for each  tree -type . 

6) Fill in  the  tab le  p rovided  showing num ber of site s p lan ted , site s sam pled  and  sta tus 

of sam pled  tree  site s by tree -type . This tab le  ca lcu la te s Extrapola tion  Factors.  

7) Com bine  da ta  from  tab les in  step  7 (Extrapola tion  Factors) and  step  6 to  sca le -up  

CO2 stored  from  the  sam ple  to  the  popula tion  of trees p lan ted . 

8) Fill in  the  tab le  p rovided  to  incorpora te  e rror e stim ates of ±15% to  CO2 stored  by the  

en tire  tree  popula tion . 

9) Fill in  the  tab le  p rovided  to  incorpora te  e stim ates of co-bene fits. 
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4. Quantification Examples 

 

4.1 Data  Collection  for a ll Single  Tree  Quantifica tion  and  Tools 

At p lan ting, Project Opera tors m ust collect the  da ta  listed  be low. Project Opera tors can  

upda te  tha t da ta  as the  Project p roceeds. 

 

 
 

4.2 Single  Tree  In itia l Cred it Quan tifica tion  and  Tool 

The  Registry will p rovide  the  Tools tha t con ta ins look-up  tab le s and  ca lcu la tions bu ilt in to  

the  spreadshee t so  tha t Project Opera tors can  en te r the ir p roject da ta  and  then  walk 

th rough  the  shee ts to  quantify CO2 and  co-bene fits. 
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4.2.1 Plan ting List 

 
 

 

4.2.2 In itia l Cred its – Tota l CO2 

This shee t ca lcu la te s the  Cred its tha t can  be  issued  in  Year 1. It uses a  de fau lt m orta lity of 

20%. Project Opera tors m ay ad just tha t m orta lity deduction  if they dem onstra te  to  the  

Registry justifica tion  based  on  h istoric m orta lity da ta  for p rojects with  sim ila r specie s, 

p lan ting stock, site  qua lity and  m anagem ent regim e . Cred its issued  in  Years 4 and  6 will 

depend  on  m orta lity based  on  sam pling of trees in  those  years. 
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4.2.3  Co-Benefits 

 
 

4.3  Resources 

The  look-up  tab le s in  both  exam ples were  crea ted  from  a llom etric equa tions in  the  Urban  

Tree  Database , now ava ilab le  on-line  a t: h ttp ://www.fs.usda .gov/rds/a rch ive /Product/RDS-

2016-0005/. A US Forest Se rvice  Genera l Techn ica l Report p rovides de ta ils on  the  m e thods 

and  exam ples of app lica tion  of the  equa tions and  is ava ilab le  on line  a t: 

h ttp :/ /www.fs.fed .us/psw/publica tions/docum ents/psw_gtr253/psw_gtr253.pdf.  

The  cita tions for the  a rch ived  UTD and  the  publica tion  a re  as fo llows. 

McPherson , E. Gregory; van  Doorn , Nata lie  S.; Pepe r, Pau la  J. 2016. Urban  tree  da tabase . 

Fort Collins, CO: Forest Se rvice  Research  Data  Arch ive . h ttp ://dx.doi.o rg/10.2737/RDS-2016-

0005 

 

McPherson , E. Gregory; van  Doorn , Nata lie  S.; Pepe r, Pau la  J. 2016. Urban  tree  da tabase  

and  a llom etric equa tions. Genera l Techn ica l Report PSW-253. U.S. Departm ent of 

Agricu ltu re , Forest Se rvice , Pacific Southwest Research  Sta tion , Albany, CA. 

h ttp ://www.fs.fed .us/psw/publica tions/docum ents/psw_gtr253/psw_gtr253.pdf 

http://www.fs.usda.gov/rds/archive/Product/RDS-2016-0005/
http://www.fs.usda.gov/rds/archive/Product/RDS-2016-0005/
http://www.fs.fed.us/psw/publications/documents/psw_gtr253/psw_gtr253.pdf
http://dx.doi.org/10.2737/RDS-2016-0005
http://dx.doi.org/10.2737/RDS-2016-0005
http://www.fs.fed.us/psw/publications/documents/psw_gtr253/psw_gtr253.pdf
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The  i-Tree  Canopy Tools is ava ilab le  on line  a t: h ttp :/ /www.itree tools.org/canopy/.  

 

Fea tures of ten  software  packages for tree  inventory and  m onitoring a re  eva lua ted  in  th is 

com prehensive  report from  Azavea : h ttps:/ /www.azavea .com /reports/u rban-tree -

m onitoring/ . 

 

4.4  Error Estim ates in  Carbon  Accounting 

Our e stim ates of e rror include  3 com ponents tha t a re  additive  and  applied  to  e stim ates of 

to ta l CO2 stored : 

Form ula ic Error (± 10%) + Sam pling Error (± 3%) + Measurem ent Error (± 2%) 

We take  th is gene ra l approach  based  on  da ta  from  the  lite ra ture , recognizing tha t the  

actua l e rror will va ry for each  project and  is extrem ely d ifficu lt to  accura te ly quan tify. We  

lim it the  am ount of sam pling e rror by provid ing gu idance  on  the  m in im um  num ber of trees 

to  sam ple  in  the  single -tree  approach  and  the  m in im um  num ber of poin ts to  sam ple  using 

i-Tree  Canopy. If sam ple  sizes a re  sm alle r than  recom m ended  these  e rror pe rcen tages m ay 

not be  va lid . Project Opera tors a re  encouraged  to  p rovide  adequa te  tra in ing to  those  

taking m easurem ents, and  to  double -check the  accuracy of a  subsam ple  of tree  dbh  

m easurem ents and  tree  canopy cover classifica tion . A synopsis of the  lite ra ture  and  

re levant sources a re  listed  be low.        

4.4.1  Form ula ic Error  

A study of 17 destructive ly sam pled  urban  oak trees in  Florida  reported  tha t the  

aboveground  b iom ass ave raged  1201 kg. Loca lly-de rived  b iom ass equa tions pred icted  

1208 kg with  RMSE of 427 kg. Tree  b iom ass e stim ates using the  UFORE-ACE (Version  6.5) 

m ode l sp lined  equa tions were  14% highe r (1368 kg) with  an  RMSE tha t was m ore  than  35% 

highe r than  tha t of the  loca l equa tion  (614 kg or 51%). Mean  to ta l ca rbon  (C) storage  in  the  

sam pled  urban  oaks was 423 kg, while  i-Tree  ECO over-pred icted  storage  by 14% (483 kg C) 

with  a  RMSE of 51% (217 kg C). The  CTCC under-pred icted  to ta l C storage  by 9% and  had  a  

RMSE of 611 kg (39%) 

Resu lt: Pred iction  b ias for ca rbon  storage  ranged  from  -9% to  14% 

Source : Tim ilsina , N., Staudham m er, C.L., Escobedo, F.J., Lawrence , A. 2014. Tree  b iom ass, 

wood waste  yie ld  and  carbon  storage  changes in  an  urban  forest. Landscape  and  Urban  

Planning. 127: 18-27. 

The  study found  a  m axim um  29% diffe rence  in  p lo t-leve l CO2 storage  am ong 4 se ts of 

b iom ass equa tions app lied  to  the  sam e  trees in  Sacram ento , CA. i-Tree  Eco produced  the  

http://www.itreetools.org/canopy/
https://www.azavea.com/reports/urban-tree-monitoring/
https://www.azavea.com/reports/urban-tree-monitoring/
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lowest e stim ate  (458 t), Urban  Genera l Equa tions were  in te rm edia te  (470 t, and  i-Tree  

Stree ts was h ighest (590 t).   

Source : Aguaron , E., McPherson , E.G.  Com parison  of m e thods for e stim ating ca rbon  

d ioxide  storage  by Sacram ento’s u rban  forest. pp . 43-71. In  La l, R. and  Augustin , B. (Eds.) 

Carbon  Sequestra tion  in  Urban  Ecosystem s. New York. Springe r.  

4.4.2  Sam pling Error 

This e rror te rm  depends prim arily on  sam ple  size  and  variance  of CO2 stored  pe r tree . If 

sam ple  size  is on  the  orde r of 80-100 site s for p lan tings of up  to  1,000 trees, and  m ost of 

the  trees were  p lan ted  a t the  sam e  tim e , so  the  standard  devia tion  in  CO2 stored  is on  the  

orde r of 30% or le ss of the  m ean , then  the  e rror is sm all, about 2-4%. 

Source : US Forest Se rvice , PSW Sta tion  Sta tistician  Jim  Baldwin’s pe rsona l com m unica tion  

and  sam ple  size  ca lcu la tor (Sep t. 6, 2016) 

4.4.3 Measurem ent Error 

In  th is study the  m ean  sam pling e rrors in  dbh  m easurem ents with  a  tape  were  2.3 m m  

(voluntee rs) and  1.4 m m  (experts). This e rror had  sm a ll e ffect on  b iom ass e stim ates: 1.7% 

change  (from  2.3 m m  dbh) in  b iom ass ca lcu la ted  from  a llom etric equa tions.  

Source : Butt, N., Slade , E., Thom pson , J., Malh l, Y., Routta , T. 2013. Quantifying the  sam pling 

e rror in  tree  census m easurem ents by volun tee rs and  its  e ffect on  ca rbon  stock e stim ates. 

Ecologica l Applica tions. 23(4): 936-943. 
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Appendix B – Validation and Verification 
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1. Validation 

The  Registry sha ll conduct va lida tion  activitie s a t th ree  tim es. The  Registry sha ll docum ent 

its va lida tion  activitie s in  a  written  report tha t sha ll be  posted  publicly with  o the r p roject 

docum ents. 

A. Pre -Applica tion  

Before  reviewing an  applica tion , the  Registry conducts a  va lida tion  screen ing:  

 

• Valida te  e ligib ility under the  Protocol e ligib ility requirem ents 

• Valida te  the  Project Opera tor’s understanding of the  com m itm ents it m ust 

m ake  if it p roceeds with  the  Project: 

o Com plying with  the  Protocol 

o Subm itting project docum ents, includ ing a  Project Im plem enta tion  

Agreem ent with  Registry  

o Quantifying ca rbon  d ioxide  and  ecosystem  co-bene fits accord ing to  

the  appropria te  m e thodology 

o Conducting m onitoring and  reporting for the  Project Dura tion  

B. Before  Third-Party Verifica tion  

Upon subm itta l of a  fina l Project Design  Docum ent (PDD) and  be fore  th ird -party 

ve rifica tion , the  Registry will:  

• Review the  PDD and  its  supporting docum ents for: 

o Com pliance  with  Protocol PDD requirem ents 

o Dem onstra tion  tha t the  Project m ee ts the  Protocol e ligib ility 

requirem ents  

C. Afte r Rece iving the  Verifica tion  Report 

When the  th ird-party ve rifie r p roduces its Verifica tion  Report, the  Registry then  

reviews tha t Report to  ensure  the  fo llowing:  

• The  Verifica tion  Report accura te ly re flects the  docum enta tion  conta ined  in  

the  PDD and  supporting docum ents 
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2. Verification 

The  Registry will conduct va lida tion  of a ll p rojects and  will docum ent its va lida tion  in  a  

Valida tion  Report. See  Section  1 above . 

The  Registry will re ta in  a  qua lified  and  approved  Valida tion  and  Verifica tion  Body (VVB) to  

ve rify com pliance  with  th is Protocol pe r the  requirem ents se t forth  in  Protocol Section  12 

and  pe r In te rna tiona l Standards Organiza tion  14064-3. The  Registry re ta ins the  th ird -party 

VVB, ra the r than  a llowing projects to  do  so , in  orde r to  avoid  conflicts  of in te re st or 

situa tions where  the  financia l in te re sts of the  VVB are  a ligned  with  the  Project ra the r than  

with  the  standards body. 

Specifica lly, the  Registry adopts and  u tilizes the  fo llowing standards from  ISO 14064-3: 

• Upon rece iving a  com ple ted  Project Design  Docum ent with  da ta  on  e ligib ility, 

quantifica tion  of ca rbon , and  a  request for cred its, the  Registry will re ta in  a  

VVB to  ve rify the  project’s com pliance  with  th is Protocol. The  Registry will be  

independent of specific p roject activitie s.   

• Verifica tion  by a  VVB is described  in  m ore  de ta il be low. Urban  forest p rojects, 

un like  m any othe r types of ca rbon  offse t p rojects, will be  conducted  in  and  

a round  urban  a reas, by de fin ition . The  trees in  u rban  forest p rojects will be  

visib le  to  virtua lly any re siden t of tha t u rban  a rea , and  to  anyone  who cares 

to  exam ine  project trees. 

• The  Registry will m ain ta in  independence  from  the  activitie s of p rojects and  

will trea t a ll p rojects equa lly with  regard  to  verifica tion . 

• The  Registry require s a  reasonable  leve l of assurance  in  the  accuracy the  

asse rted  GHG rem ovals.  

• The  ve rifica tion  item s iden tified  in  th is and  the  fo llowing sections a re  a ll 

m ate ria l e lem ents, and  any asse rted  GHG rem ovals m ust be  free  of m ate ria l 

e rrors, m issta tem ents, or om issions regard ing those  e lem ents.  

• The  Registry will record , store , and  track a ll quantifica tion  and  ve rifica tion  

da ta  and  e ithe r d isp lay it for public review or m ake  it ava ilab le  for public 

review upon  request. 

• The  Registry will fo llow a  process for fo llow-up  and  m ain tenance  for 

consistency and  continu ity. Th is p rocess will consist of a  va lida tion  by the  

Registry to  ensure  tha t the  Verifica tion  Report for each  Project is consisten t 

with  the  Project Docum ents subm itted  by the  Project Opera tor. 

• Project Opera tors m ay use  da ta  from  m anagem ent or m ain tenance  activitie s 

regula rly conducted  if the  da ta  was collected  with in  12 m onths of the  

project’s request for cred its. 
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Credits issued  prior to  com ple tion  of the  26-year p roject pe riod  will be  sub ject to  the  

Reversa l Requirem ents se t forth  in  Protocol Section  8. 

A ve rifica tion  report m ust be  com ple ted  by a  qua lified  and  approved  Valida tion  and  

Verifica tion  Body in  orde r for cred its to  be  issued . Tha t report and  sta tem ent m ust include : 

• Findings by the  Valida tion  and  Verifica tion  Body as to  each  e lem ent in  Table  C.1, 

C.2, or C.3. 

• A verifica tion  sta tem ent tha t supports the  GHG asse rtion  conta ined  in  the  

Project Opera tor’s appropria te  spreadshee t and  tha t sta te s the  num ber of 

cred its tha t can  be  issued . 

3. Verification for Issuance of Credits – Single Tree Quantification Method 

Table  C.1 d isp lays the  ve rifica tion  requirem ents to  be  pe rform ed by an  approved  Valida tion  

and  Verifica tion  Body upon  request by a  Project Opera tor for cred its under Section  10 of 

the  Afforesta tion  and  Reforesta tion  Protocol using the  Single  Tree  Quantifica tion  Method . 

Ta b le  C.1 

It e m  Ele m e n t s  t o  Ve r ify Pro t oco l 

Se ct ion  

Docu m e n t a t ion  

1 Project Opera tor Iden tity 1.1 Sta te /loca l records, lega l 

iden tity docum ents 

subm itted  by Project 

Opera tor 

2 Project Im plem enta tion  Agreem ent  1.3 Signed/rece ived  

3 Loca tion  1.4 Geospa tia l da ta , m aps 

4 Ownersh ip  or Eligib ility to  Rece ive   

Poten tia l Cred its  

1.7 Signed  Atte sta tion  of Land  

Ownersh ip  or Agreem ent to  

Transfe r Cred its  

5 Lega l Requ irem ents Test 1.8 Signed  Project 

Im plem enta tion  Agreem ent, 

ord inances, and  Project 

docum enta tion  

6 Com m encem ent 2.4 Signed  Atte sta tion  of Plan ting 

includ ing da te  of last tree  

p lan ted , Project Applica tion  

7 Project Docum enta tion  3 Confirm  a ll docum ents 

subm itted  and  com ple ted  

8  Project Dura tion  2.2 Signed  Project 

Im plem enta tion  Agreem ent 
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9 Additiona lity 4 Atte sta tion  of Additiona lity, 

Lega l Requ irem ents Test, 

Project-Specific or 

Pe rform ance  Standard  

Base line , Project 

Im plem enta tion  Agreem ent, 

loca l ord inances, o the r 

supporting docum enta tion  

10 Project-specific Base line  or 

Pe rform ance  Standard  Base line  

Standard  

Section  4.9 

Attachm ent to  Project Design  

Docum ent 

11 No Double  Counting and  No Ne t 

Harm   

5 Atte sta tion  of No Double  

Counting and  No Ne t Harm , 

geospa tia l da ta  

12 Cred it Quantifica tion  10,  

Append ix A 

 

 After Planting:   

 A. In itia l quantifica tion  tool 

includ ing da ta  collection  for 

trees with  specie s, loca tion  via  

GPS or address, and  da te  

p lan ted  

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 B. Attesta tion  of Plan ting  Signed  Atte sta tion  of 

Plan ting, includ ing invoices 

and  im ages 

 C. Attesta tion  of Plan ting 

Affirm ation  

 Signed  Atte sta tion  of Plan ting 

Affirm ation  

 At Year 4 and 6:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 
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 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Data  from  sam pled  trees  Geocoded  photos or im aging 

of sam pled  trees, geospa tia l 

da ta  

 2. Data  input accuracy  Check inputs 

 At Year 14:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Data  from  sam pled  trees, 

m easure  DBH 

 Geocoded  photos or im aging 

of sam pled  trees, geospa tia l 

da ta  

 2. Data  input accuracy  Check inputs 
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 At Year 26:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Updated  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Data  from  sam pled  trees, 

m easure  DBH 

 Geocoded  photos or im aging 

of sam pled  trees, geospa tia l 

da ta  

 2. Data  input accuracy  Check inputs 

13 Co-Benefit Quantifica tion  10,  

Append ix A 

Check appropria te  

quantifica tion  tool 

14 Reversa l Pool Account Deduction  8 Ensure  Reversa l Pool Account 

Deduction  be fore  Project 

Opera tor’s GHG m itiga tion  

asse rtion  
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4. Verification for Issuance of Credits – Clustered Quantification Method 

Table  C.2 d isp lays the  ve rifica tion  requirem ents to  be  pe rform ed by an  approved  Valida tion  

and  Verifica tion  Body upon  request by a  Project Opera tor for cred its under Section  10 of 

the  Afforesta tion  and  Reforesta tion  Protocol using the  Cluste red  Quantifica tion  Method . 

Ta b le  C.2 

It e m  Ele m e n t s  t o  Ve r ify Pro t oco l 

Se ct ion  

How  

1 Project Opera tor Iden tity 1.1 Sta te /loca l records, lega l 

iden tity docum ents 

subm itted  by Project 

Opera tor 

2 Project Im plem enta tion  Agreem ent  1.3 Signed/rece ived  

3 Loca tion  1.4 Geospa tia l da ta , m aps 

4 Ownersh ip  or Eligib ility to  Rece ive   

Poten tia l Cred its  

1.7 Signed  Atte sta tion  of Land  

Ownersh ip  or Agreem ent to  

Transfe r Cred its  

5 Lega l Requ irem ents Test 1.8 Signed  Project 

Im plem enta tion  Agreem ent, 

ord inances, and  Project 

docum enta tion  

6 Com m encem ent 2.4 Signed  Atte sta tion  of 

Plan ting, Project Applica tion  

7 Project Docum enta tion  3 Confirm  a ll docum ents 

subm itted  and  com ple ted  

8  Project Dura tion  2.2 Signed  Project 

Im plem enta tion  Agreem ent 

9 Additiona lity 4 Atte sta tion  of Additiona lity, 

Lega l Requ irem ents Test, 

Project-Specific or 

Pe rform ance  Standard  

Base line , Project 

Im plem enta tion  Agreem ent, 

loca l ord inances, o the r 

supporting docum enta tion  

10 Project-specific Base line  or 

Pe rform ance  Standard  Base line  

Standard  

Section  4.9 

Attachm ent to  Project Design  

Docum ent 

11 No Double  Counting and  No Ne t 

Harm   

5 Atte sta tion  of No Double  

Counting and  No Ne t Harm , 

geospa tia l da ta  
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12 Cred it Quantifica tion  10,  

Append ix A 

 

 After Planting:   

 A. In itia l quantifica tion  tool includ ing 

da ta  collection  for trees with  

specie s, loca tion  via  GPS or 

address, and  da te  p lan ted  

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 B. Mapping and  boundarie s for the  

a rea  p lan ted  

 Check m ap and  boundarie s 

of Project Area  showing trees 

p lan ted  

 C. Attesta tion  of Plan ting  Signed  Atte sta tion  of 

Plan ting, includ ing invoices 

and  geocoded  im ages 

 D. Attesta tion  of Plan ting Affirm ation   Signed  Atte sta tion  of Plan ting 

Affirm ation  

 At Year 4:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  

with  lea f-on  to  ca lcu la te  

pe rcen t of tree  canopy 

 Confirm  canopy coverage  

equa ls or exceeds 2.8% (400 

trees pe r acre  with  an  ave rage  
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cover canopy a rea  of 3.14 square  

fee t pe r tree  (2-foot d iam ete r 

of canopy) , based  on  iTree  

Canopy report and  source  

da ta  (or equiva len t), ae ria l 

im agery 

 At Year 6:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 

 

3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  

lea f-on  to  ca lcu la te  pe rcen t 

of tree  canopy cover 

 Confirm  canopy coverage  

equa ls or exceeds 11.5% (400 

trees pe r acre  with  an  

ave rage  canopy a rea  of 12.56 

square  fee t pe r tree  (4-foot 

d iam ete r of canopy, based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery 

 At Year 14:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check  

appropria te  quantifica tion  

tool 
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 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  

lea f-on  to  ca lcu la te  pe rcen t of 

tree  canopy cover 

 Confirm  canopy coverage  

equa ls or exceeds 46% (400 

trees pe r acre  with  an  

ave rage  canopy a rea  of 50 

square  fee t pe r tree  (8-foot 

d iam ete r of canopy) , based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery 

 At Year 26:   

 

 

A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 

 

3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 
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 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  lea f-

on  to  ca lcu la te  pe rcen t of tree  

canopy cover 

 Confirm  canopy coverage  

equa ls 100% of the  Project 

Area  a t p roject ou tse t, based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery 

13 Co-Benefit Quantifica tion  10,  

Append ix A 

Check appropria te  

quantifica tion  tool 

14 Reversa l Pool Account Deduction  8 Ensure  Reversa l Pool Account 

Deduction  be fore  Project 

Opera tor’s GHG m itiga tion  

asse rtion  

5. Verification for Issuance of Credits – Area Reforestation Quantification 

Method 

Table  C.3 d isp lays the  ve rifica tion  requirem ents to  be  pe rform ed by an  approved  Valida tion  

and  Verifica tion  Body upon  request by a  Project Opera tor for cred its under Section  10 of 

the  Afforesta tion  and  Reforesta tion  Protocol using the  Area  Reforesta tion  Quantifica tion  

Method . 

Ta b le  C.3 

It e m  Ele m e n t s  t o  Ve r ify Pro t oco l 

Se ct ion  

Docu m e n t a t ion  

1 Project Opera tor Iden tity 1.1 Sta te /loca l records, lega l 

iden tity docum ents 

subm itted  by Project 

Opera tor 

2 Project Im plem enta tion  Agreem ent 1.3 Signed/rece ived  

3 Loca tion  1.4 Geospa tia l da ta , m aps 

4 Ownersh ip  or Eligib ility to  Rece ive   

Poten tia l Cred its  

1.7 Signed  Atte sta tion  of Land  

Ownersh ip  or Agreem ent to  

Transfe r Cred its  

5 Lega l Requ irem ents Test 1.8 Signed  Project 

Im plem enta tion  Agreem ent, 

ord inances, and  Project 
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docum enta tion  

6 Com m encem ent 2.4 Signed  Atte sta tion  of 

Plan ting, Project Applica tion  

7 Project Docum enta tion  3 Confirm  a ll docum ents 

subm itted  and  com ple ted  

8  Project Dura tion  2.2 Signed  Project 

Im plem enta tion  Agreem ent 

9 Additiona lity 4 Atte sta tion  of Additiona lity, 

Lega l Requ irem ents Test, 

Project-Specific or 

Pe rform ance  Standard  

Base line , Project 

Im plem enta tion  Agreem ent, 

loca l ord inances, o the r 

supporting docum enta tion  

10 Project-specific Base line  or 

Pe rform ance  Standard  Base line  

Standard  

Section  4.9 

Attachm ent to  Project Design  

Docum ent 

11 No Double  Counting and  No Ne t 

Harm   

5 Atte sta tion  of No Double  

Counting and  No Ne t Harm , 

geospa tia l da ta  

14 Cred it Quantifica tion  10,  

Append ix A 

Project Design  Docum ent, 

see  Append ix A for de ta ils  

 After Planting:   

 In itia l quantifica tion  tool includ ing 

loca l da ta  or GTR tab le s used  to  

gene ra te  CO2 Index 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 Mapp ing and  boundarie s for the  area  

p lan ted  

 Check m ap and  boundarie s 

of Project Area  showing trees 

p lan ted , geocoded  im agery 

of Project Area  and  trees 

p lan ted  

 Atte sta tion  of Plan ting 3 Signed  Atte sta tion  of 

Plan ting, includ ing invoices 

and  geocoded  im ages 

 Atte sta tion  of Plan ting Affirm ation  3 Signed  Atte sta tion  of Plan ting 

Affirm ation  
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 At Year 4:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  lea f-

on  to  ca lcu la te  pe rcen t of tree  

canopy cover, or physica l tree  

count p lo t da ta  

 Confirm  canopy coverage  

equa ls or exceeds 2.8% (400 

trees pe r acre  with  an  

ave rage  canopy a rea  of 3.14 

square  fee t pe r tree  (2-foot 

d iam ete r of canopy), based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery, or physica l 

tree  count p lo t da ta  

 At Year 6:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 
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 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  

lea f-on  to  ca lcu la te  pe rcen t 

of tree  canopy cover or 

physica l tree  count p lo t da ta  

 Confirm  canopy coverage  

equa ls or exceeds 11.5% (400 

trees pe r acre  with  an  

ave rage  canopy a rea  of 12.56 

square  fee t pe r tree  (4-foot 

d iam ete r of canopy, based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery, or physica l 

tree  count p lo t da ta  

 At Year 14:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check  

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 
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 1. Im aging of Project Area  with  lea f-

on  to  ca lcu la te  pe rcen t of tree  

canopy cover or physica l tree  

count p lo t da ta  

 Confirm  canopy coverage  

equa ls or exceeds 46% (400 

trees pe r acre  with  an  

ave rage  canopy a rea  of 50 

square  fee t pe r tree  (8-foot 

d iam ete r of canopy), based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery, or physica l 

tree  count p lo t da ta  

 At Year 26:   

 A. Accuracy of Process and  

Quantifica tion  Docum ents: 

 Upda ted  Project Design  

Docum ent, check 

appropria te  quantifica tion  

tool 

 1. Sam ple  size  ca lcu la tions  Check appropria te  

quantifica tion  tool 

 2. Random iza tion  of sam ple   Check appropria te  

quantifica tion  tool 

 3. Calcu la tions  Check appropria te  

quantifica tion  tool 

 4. In tegrity of spreadshee t  Check appropria te  

quantifica tion  tool 

 B. Fie ld  Data  and  Inputs in to  

Spreadshee ts: 

  

 1. Im aging of Project Area  with  lea f-

on  to  ca lcu la te  pe rcen t of tree  

canopy cover or physica l tree  

count p lo t da ta  

 Confirm  canopy coverage  

equa ls 100% of the  Project 

Area  a t p roject ou tse t, based  

on  iTree  Canopy report and  

source  da ta  (or equiva len t), 

ae ria l im agery, or physica l 

tree  count p lo t da ta  
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