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Figure D6. Tree-related data entry section for carbon storage project only (shaded area of 
[CarbonCalculatorNN.xls]CTCC). 
 

Figure D7. Output section of CTCC: carbon storage project only, CICA, year 40 
([CarbonCalculatorNN.xls]CTCC) 
 

Figure D8. Example output summary table for results from CTCC for carbon storage project only. 
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D.3.4. Determining Reduction in GHG Emissions from Tree Shade and 
Carbon Storage 

If carbon storage benefits AND energy conservation benefits should both be calculated, 
data are entered in the CTCC as indicated below. 

1. Enter tree and building data for one tree into the Carbon Calculator (Fig. D9). 
2. Record tree shade effects on building heating (kBtu/tree/year) and cooling 

(kWh/tree/year) from Fig. D10 in another location. For example, as in Fig. D11. Tree 
shade effects on energy are converted to mass of CO2 by multiplying energy units 
(kWh and KBtu) by utility-specific emission factors in the CTCC. 

3. Calculate emission reductions for all project trees by repeating steps 1 to 2 described 
above for each time interval, then recording the results into a summary table like that 
illustrated in Fig. D11, which facilitates totaling results over all trees for the project. 

 

Figure D9. Tree- and building-related data entry section for energy conservation project (shaded 
areas of [CarbonCalculatorNN.xls]CTCC. Data for carbon storage project are included as a 
subset. 
 

Figure D10. Output section of CTCC: energy conservation and carbon storage project 
([CarbonCalculatorNN.xls]CTCC) for tree in Table D9. 
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Figure D11. Example output summary table for results from CTCC for combined carbon 
storage/energy conservation project. 
 

D.4. Methods Used to Calculate Tree Shade Effects on Cooling 
and Heating 

 
Calculations of annual building energy use per residential unit (unit energy consumption 
[UEC]) were based on computer simulations that incorporated building, climate, and 
shading effects, following methods outlined by McPherson and Simpson (1999). Changes 
in UECs due to the effects of trees (ΔUECs) were calculated on a per-tree basis by 
comparing results before and after adding trees. Building characteristics (e.g., cooling 
and heating equipment saturations, floor area, number of stories, insulation, window area, 
etc.) are differentiated by a building’s vintage, or age of construction: pre-1950, 1950–
1980, and post-1980. For example, all houses from 1950–1980 vintage are assumed to 
have the same floor area, and other construction characteristics. Shading effects for 
approximately 20 of the most common tree species were simulated in each climate zone 
for three tree-to-building distances (0–20 ft, 20–40 ft, 40–60 ft), eight orientations 
(cardinal and intercardinal point of the compass) and for nine tree sizes. It was assumed 
that street trees greater than 60 ft from buildings provided no direct shade on walls and 
windows and hence no energy-related benefit. 
 

The shading coefficients of the trees in leaf (gaps in the crown as a percentage of total 
crown silhouette) were estimated using a photographic method that has been shown to 
produce good estimates (Wilkinson 1991). Crown areas were obtained using the method 
of Peper and McPherson (2003) from digital photographs of trees from which 
background features were digitally removed. Values for tree species that were not 
sampled, and leaf-off values for use in calculating winter shade, were based on published 
values where available (McPherson 1984; Hammond et al. 1980). Where published 
values were not available, visual densities were assigned based on taxonomic 
considerations (trees of the same genus were assigned the same value) or observed 
similarity to known species. Foliation periods for deciduous trees were obtained from the 
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literature (McPherson 1984; Hammond et al. 1980) and adjusted for each climate zone 
based on consultation with forestry supervisors and local nursery representatives.  
 

Prototype buildings were simulated to represent pre-1950, 1950–1980, and post-1980 
construction practices for each climate zone (Table D44). Building footprints were 
modeled as square, which was found to reflect average impacts for a large number of 
buildings (Simpson 2002). Buildings were simulated with 1.5-ft overhangs. Blinds had a 
visual density of 37%, and were assumed to be closed when the air conditioner was 
operating. Thermostat settings were 78°F for cooling and 68°F for heating, with a 60°F 
night setback in winter. Unit energy consumptions are adjusted in the CTCC to account 
for different types of heating and cooling equipment (Table 5) and efficiencies (Table 6).  
 
Table D4. Building data by climate zone (Ritschard et al. 1992). CFA is conditioned floor area, 
and SEER (Seasonal Energy Efficiency Ratio) and AFUE (Annual Fuel Utilization Efficiency) are 
measures of heating and cooling equipment efficiencies. 

    CFA Glazing Wall Foundation R Values Cooling Heating
Climate Region Vintage Stories (m2) (m2) panes Type Type Wall Ceiling Floor Found. SEER AFUE 
Mountains Pre 1950 1 90.6 16.4 2 Wood Basement 7 11 0 0 8 0.75
  1950 80 1 100.3 18.2 2 Brick Slab 7 11 0 0 8 0.75
  Post 1980 2 192.3 24.4 2 Wood Basement 13 31 11 0 10 0.78
North, Central Pre 1950 1 130.1 22.7 1 Wood Crawl 7 7 0 0 8 0.75
& south Coast 1950 80 1 129.1 22.5 1 Stucco Crawl 7 11 0 0 8 0.75
  Post 1980 2 192.3 30.2 2 Stucco Slab 11 25 0 0 10 0.78
Central Valley Pre 1950 1 90.6 16.4 2 Wood Basement 7 11 0 0 8 0.75
  1950 80 1 100.3 18.2 2 Brick Slab 7 11 0 0 8 0.75
  Post 1980 1 154.2 16.6 2 Stucco Slab 13 29 0 5 10 0.78
Desert  Pre 1950 1 90.6 16.4 2 Wood Basement 7 11 0 0 8 0.75
  1950 80 1 100.3 18.2 2 Brick Slab 7 11 0 0 8 0.75
  Post 1980 1 154.2 16.6 2 Stucco Slab 13 27 0 0 10 0.78

 
Weather data for typical meteorological years (TMY2) from each climate zone were used 
(National Solar Radiation Data Base 2006). 
 
Table D5. Cooling equipment factors. 

 Building vintage 
  pre-1950  1950-1980 post-1980 

Central air/heat pump 1 1 1
Evaporative cooler 0.33 0.33 0.33

Window/Wall unit 0.25 0.25 0.25
None 0 0 0
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Table D6. Heating and cooling equipment efficiencies. 

 Building vintage 
  pre-1950  1950-1980 post-1980 

Natural gas 1 1 1
Heat pump 0.110 0.115 0.098

Electric resistance 0.220 0.229 0.229
None 0 0 0

 

D.4.1. Single-Family Residence Adjustments 
 
Unit energy consumptions for simulated single-family residences were adjusted for type 
and saturation of heating and cooling equipment, and for various factors (F) that modify 
the effects of shade and climate on heating and cooling loads. For cooling we have: 
 
ΔUECc = ΔUECraw

c × Fc        [Eq.1] 
 
where  
Fc = Fc_equipment  ×  Fadjacent shade × Fmultiple tree  
F c_equipment = SatCAC + Satwindow × 0.25 + Satevap × 0.33   
 
For heating we have: 
ΔUECh = ΔUECraw

h × Fh       [Eq.2] 
 
where  
Fh

  = Fh_equipment ×  Fadjacent shade × Fmultiple tree 
F h_equipment = SatNG  
 
Total change in energy use for a particular land use is found by multiplying the change in 
UEC per tree by the number of trees (N): 
 
Total change = N ×ΔUECx       [Eq.3] 
 
Where subscript x refers to cooling or heating.  
 
Estimated shade savings for all residential structures could be adjusted to account for 
shading of neighboring buildings and for overlapping shade from trees adjacent to one 
another. Homes adjacent to those with shade trees may benefit from the trees on the 
neighboring properties. For example, 23% of the trees planted for the Sacramento Shade 
program shaded neighboring homes, resulting in an additional estimated energy savings 
equal to 15% of that found for program participants, which gives  Fadjacent shade ≈ 1.15. In 
addition, shade from multiple trees may overlap, resulting in less building shade from an 
added tree than would result if there were no existing trees. Simpson (2002) estimated 
that the fractional reductions in average cooling and heating energy use were 
approximately 6% and 5% percent per tree, respectively, for each tree added after the 
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first. Simpson (1998) also found an average of 2.5–3.4 existing trees per residence in 
Sacramento. A multiple tree reduction factor of 85% is equivalent to approximately three 
existing trees per residence. Since these factors are difficult to assess and approximately 
compensating, it was assumed in the analysis that Fadjacent shade × Fmultiple tree = 1.0. 
 
Cooling and heating effects are reduced based on the type of air conditioning or heating 
equipment and vintage. Equipment factors of 33 and 25% were assigned to homes with 
evaporative coolers and room air conditioners, respectively. These factors were combined 
with equipment saturations to account for reduced energy use and savings compared to 
those simulated for homes with central air conditioning (Fc_equipment).  
 
In addition to localized shade effects, which are assumed to accrue only to trees within 60 
ft of buildings, lowered air temperatures and wind speeds due to neighborhood tree cover 
(referred to as climate effects) produce a net decrease in demand for summer cooling and 
winter heating. Reduced wind speeds by themselves may increase or decrease cooling 
demand, depending on the circumstances. To estimate climate effects on energy use, air-
temperature and wind-speed reductions were estimated as a function of neighborhood 
canopy cover from published values following McPherson and Simpson (1999), then 
used as input for the building-energy-use simulations described earlier. Peak summer air 
temperatures were assumed to be reduced by 0.2°F for each percentage increase in 
canopy cover. Wind-speed reductions were based on the change in total tree plus building 
canopy cover resulting from the addition of the particular tree being simulated (Heisler 
1990). An effective lot size (actual lot size plus a portion of adjacent street and other 
rights-of-way) of 10,000 ft2 was assumed, and one tree on average was assumed per lot. 
 

D.5. Initial Uncertainty Analysis 
 
This initial uncertainty analysis estimates standard errors in CTCC’s estimates of CO2 
emission reductions due to uncertainty in the emissions factor, interpolation, and energy 
analysis (σe, σf, and σE). While a complete analysis of these errors is not possible here, 
preliminary estimates are given based on the following analysis.  
 
Greater uncertainty is involved with default emissions factors (σe) supplied by the CTCC 
than for locally derived values, since default factors are based on past data, and reflect 
only the largest utility service areas in the state. We assume a relative standard error 
(σe/e) of ±10% for default factors, and ±5% when locally derived data are utilized. 
 
Uncertainty related to interpolation (σf) results from differences between the functional 
form used for interpolation here (linear) and the unknown form, a function of DBH or 
time. Empirical curve fitting could be used to reduce interpolation error, tested with 
additional between-class simulation runs. For now it is assumed based on the observed 
curve shapes that this relative error is ±10%. Overall uncertainty is relatively insensitive 
to the value selected. 
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Due to the many inputs and complexities of the building energy simulation modeling, 
which includes tree and building factors, σE is the most difficult standard error to 
quantify. Some of these factors, such as occupant behavior, are extremely difficult to 
quantify or verify. That being said, studies have been reported that deal with this issue, 
including one that compares actual measurements with simulated results.   
 
We know of only one instance where simulations of energy savings effects of trees were 
compared to measurements. Akbari et al. (1997) made detailed measurements of two 
homes with and without 16 containerized trees ~2.4 to 6 m high shading south and west 
facing walls and windows. Measured savings were 47 and 26% over approximately 100 
day summer measurement periods in Sacramento, California. Computer simulations were 
found to consistently underestimate the measured savings by a factor of two. Complete 
calibration of the model was not one of the objectives of the study, so the exact cause(s) 
of the discrepancies were not elucidated. Initial indications based on the limited data 
available are that simulated energy savings from shade trees may be conservative 
estimates of actual savings.   
 
As a preliminary estimate of the relative error in the building energy simulation modeling 
we use the value from Hildebrandt and Sarkovich (1998) of ±25%, recognizing that 
additional analysis will be necessary for individual consideration of many factors 
involved.  
 
These preliminary estimates of relative standard error of σe/e = 10%, σf/f = 10%, and 
σE/E = 25% were substituted into an equation to calculate an initial estimate of the error 
in reduced CO2 emissions. This resulting error will depend on the relative size of terms in 
the equation, and particularly on the relative size of cooling savings compared to heating 
penalty. Typical errors appear to be ~30%, but can be larger if increased emissions from 
heating become similar in size to the reduced emissions from heating, e.g. e1En,1 ≈ e2En,2. 
Of course, in the latter case the net change in emissions becomes small, as does the 
magnitude of the error. 
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Annex E. Case Studies in Urban Forest Reporting 
To assist users of the Urban Forest Protocol understand how the protocol can be used to 
report urban forest projects, we have developed three case studies representing likely 
users of the protocol: campuses, utilities and municipalities. In each case, we develop a 
project scenario and walk the reader through the steps of the Protocol for the Initial 
Project Report. An example of an Annual Monitoring Report is included for the campus. 
These case studies are hypothetical examples. They are not intended to represent every 
possible scenario or to suggest ways in which projects might be developed; their purpose 
is to provide a framework for understanding the reporting process. 

E.1. Campus Case Study—University of California, Verde 
The University of California, Verde (UCV), is a 750-acre campus in southern 
California’s Inland Empire. In keeping with the university’s name, the students, faculty 
and staff support efforts to reduce and offset the university’s carbon emissions. A wealthy 
alumnus has provided funding for a new chemistry building and has included a trust to be 
used to plant 3,500 tree sites to offset the emissions created during the building’s 
construction.  
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UC Verde Initial Project Report 
E.1.1. Background Information 
Reporting Entity: University of California, Verde (UCV) 
Legal Standing: University 
Name of Reporter:: Jane Smith 
Initial Reporting Year: 2008 
Project Lifetime:: 100 years 
Geographic Scope:: California only 

E.1.2. Characterize Your Entity’s Existing Urban Tree Resource  
Tree numbers: The campus tree resource includes 9,004 trees planted along streets and in 
parks and lawns. A recent survey of potential tree planting spaces using aerial 
photography suggests that this represents about 25% full stocking, with about another 
27,000 spaces available for trees. 

Species composition: More than 200 species are represented and no species makes up 
more than 10% of the population. The predominant species are shown in Table E1 
below. 

 
Table E1. Predominant species 

Species % of Pop.
coast redwood 8.0
Chinese hackberry 7.5
cork oak 4.4
Chinese pistache 4.2
crape myrtle 3.9
ornamental pear 3.8
London plane 3.7
valley oak 3.4
olive 3.3
Canary Island pine 3.2
thornless honey locust 2.4
Italian cypress 2.2
Aleppo pine 2.1
coast live oak 1.8
magnolia 1.7
Other (194 spp.) 44.3
Total 100.0  
 
Age distribution: The age distribution of trees on campus is good. There has been steady 
planting of new species in recent years, a strong mid-aged population, and a good 
representation of older trees (Figure E1). This proportion suggests that the tree resource 
will remain relatively stable in the near future. 
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Figure E1. Relative age distribution of trees 

Disposition of removed tree biomass: 70% of the removed tree residue is chipped and 
used as mulch; 30% is sent directly to the landfill. Large stumps are incinerated.  

E.1.3. Describe Current Management Levels Of Service And 
Budgeting 

1. Tree maintenance, expenditures and trends: We report here average values for the 
last five years. 

a. Planting: 95 trees are planted each year. Current stocking level is 33% and 
planting/removal rates are even, therefore stocking level remains static. 

b. Small tree care: 900 small trees are pruned each year. The 
inspection/pruning cycle is 1.0 years. 

c. Large tree care: 1,350 large trees are inspected and pruned each year. 
Inspection/pruning cycle is 6.0 years.  

d. Tree removal: 95 trees are removed each year. Removal cycle is 1.0 year 
(all dead trees are removed annually). 

e. Administration/other: $2.85/tree 
2. Provide your annual tree maintenance expenditures for each program area 

a. Planting: $9,500  
b. Small tree care: $9,000 
c. Large tree care:$202,500 
d. Tree removal: $7,500 
e. Administration/other: $25,650 
f. Total program: $252,150 

3. Describe past impacts and anticipated future trends, including the following 

Relative age distribution of trees by DBH class
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a. Structure –A very diverse species mix and a good age distribution 
indicates a relatively small threat of catastrophic loss.  

b. Management – Support for the campus tree program is strong and is likely 
to continue to be so, resulting in high future levels of service. 

. 

E.1.4. Tree Maintenance Plan for Nonproject Trees 
This 10-year tree maintenance plan (TMP; Table E2) is for the years 2008–2017 and is 
based on UCV’s Campus Forest Resource Analysis, completed in 2007. 

Tree planting and removals: Historically, approximately 95 trees are planted and 
removed each year. To achieve a net tree gain (NTG) of 25 trees in the future, 
approximately 121–125 trees will have to be planted each year and 96–100 removed. 
Large species will be planted wherever possible and will account for at least 80% of 
plantings. The majority will be broadleaf deciduous trees. $100/tree is budgeted for 
planting. The average annual planting expenditure for the 10-year period is $12,100–
$12,500. $100/tree is budgeted for removals. The annual removal budget for the 10-year 
period is $9,600–$10,000. The stocking level will gradually increase from 33.4% to 
34.3%. 

Small tree care: Will remain at historic levels. All small trees (431 in 2008 increasing to 
540 in year 2017) will be inspected and pruned each year (inspection cycle 1.0 
year/tree).Budget = $10/tree/year, $4,310–$5,400 annually.  

Large tree care: Will remain at historic levels. Large trees will be pruned on a 6-year 
pruning cycle (1,433 trees in year 2008 increasing to 1,452 in 2017). Budget = 
$150/pruning, $214,950–$217,800 annually. 

Administration costs: $3/tree, $27,000-$27,760. 

Total budget: $268,048 – $273,460 

Baseline net tree gain: The baseline net tree gain for campuses is calculated as the 
number of acres of the campus multiplied by 0.03 net trees. For UCV, this is: 

750 acres × 0.03 net tree gain = 25 trees. 

No significant changes to maintenance actions are anticipated.  

Assumptions: Expenditures in this plan have not been adjusted for inflation. Nominal 
values show a slight increase in budget over time (~3.7% over 10 years). University 
administration has expressed its support of the GHG tree planting program and has 
committed to providing necessary funding, therefore we feel this assumption is valid. 
Uncertainties include changes in administration, extreme weather events, and or 
pest/disease infestations. 
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Table E2. Tree maintenance plan for nonproject trees for years 2008–2017.  

___Plant___ _____Remove_____ ____Small Tree____ _______Large Tree_____ Administration ($) 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per 

tree 

Total 
budget 

($) 

2008 121 12,100 96 9,600 1.0 9,029 33.4 431 4,310 1.0 1,433 214,950 6.0 27,088 3.00 268,048 
2009 121 12,100 96 9,600 1.0 9,054 33.5 456 4,560 1.0 1,433 214,950 6.0 27,162 3.00 268,372 
2010 122 12,200 97 9,700 1.0 9,079 33.6 476 4,760 1.0 1,434 215,100 6.0 27,237 3.00 268,997 
2011 122 12,200 97 9,700 1.0 9,104 33.7 491 4,910 1.0 1,435 215,250 6.0 27,311 3.00 269,371 
2012 123 12,300 98 9,800 1.0 9,129 33.8 504 5,040 1.0 1,437 215,550 6.0 27,386 3.00 270,076 
2013 123 12,300 98 9,800 1.0 9,153 33.9 514 5,140 1.0 1,440 216,000 6.0 27,460 3.00 270,700 
2014 124 12,400 99 9,900 1.0 9,179 34.0 523 5,230 1.0 1,443 216,450 6.0 27,536 3.00 271,516 
2015 124 12,400 99 9,900 1.0 9,204 34.1 530 5,300 1.0 1,446 216,900 6.0 27,611 3.00 272,111 
2016 124 12,400 99 9,900 1.0 9,228 34.2 535 5,350 1.0 1,449 217,350 6.0 27,684 3.00 272,684 
2017 125 12,500 100 10,000 1.0 9,253 34.3 540 5,400 1.0 1,452 217,800 6.0 27,760 3.00 273,460 
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E.1.5. Project Summary 
The UCV GHG tree project will increase tree canopy permanently by planting and 
replacing trees in 3,500 new tree sites to produce approximately 11,050 metric tons (t) of 
net GHG benefits over the 100-year program lifetime (12,000 t CO2 stored and 950 t of 
tree care-related emissions). All 3,500 sites will be planted in 2008. It is estimated that 
7,534 trees will be planted over the 100-year program lifetime to continuously maintain 
canopy cover on the 3,500 tree sites. Approximately half of the trees will be planted 
along campus streets around new buildings. The other half will be distributed in parks, 
lawns and along existing campus streets; areas with few or no trees will be targeted first. 

Trees will be selected to match the growing conditions at each site, and only located 
where space is adequate and no future conflicts will occur with buildings, pools, or 
hardscape. A diverse mix of species will be selected for their longevity and ability to 
provide other noncarbon benefits such as energy conservation, air quality improvement, 
stormwater amelioration, and habitat. The 100-year program will end in 2107, although 
GHG benefits will accrue beyond that time.  

Program costs are estimated to total $11.5 million for the 100-year period: 

• Trees and planting - $1.1 million ($150/tree, 7,534 trees)  
• Tree inspection/pruning - $8.3 million 
• Tree removal - $202,000 ($50/tree) 
• Administration/other - $1 million ($10,500/year) 
• Registering - $350,000 ($3,500/year) 
• Verification - $500,000 ($5,000/year) 
• Total cost - $11.5 million ($115,000/yr, $33/tree site/yr) 

The program’s cost per forecast CRT is $1,040. 

The program trees will provide other ecosystem services, with the value of these benefits 
totaling approximately $17.2 million ($49/tree site/yr). Most significant benefits include 
air pollutant uptake and energy conservation.  

Because tree species will be judiciously selected to exclude high water users, species that 
may contribute to ozone formation, and invasive species, no negative impacts are 
anticipated from this program.  

E.1.6. Geographic Boundaries  
UCV’s campus falls entirely within the state of California. Reporting, therefore, will be 
for California only. 

E.1.7. Project Operational Boundaries 
The following carbon pools will be calculated for this project: 
Stored carbon: Stored in tree boles, branches, and roots 
GHG emissions: Emissions from motor vehicles and equipment used for tree care will be 
accounted for. 
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E.1.8. Project Eligibility 
Geographic: Is the project within an Urban Cluster or Urban Area? Yes. A map showing 
campus and UC/UA boundaries is attached. 
Ownership: Will the trees be owned by the reporting entity? Yes. All trees will be 
planted on UCV property and will therefore be owned by the University. 
Structure: Will the trees be planted in maintained landscapes and spaced so as to be open 
growing? Yes, they will be in landscaped areas across the campus. 
Baseline: Will your entity’s net tree gain (not including the project trees) exceed that 
required by the project baseline each year? Yes. 
Legal requirements: Describe any tree planting requirements mandated by law and 
describe how your project will exceed them. No legal requirements pertain. 

E.1.9. Tree Maintenance Plan for Project Trees 
Table E3 presents the first ten years of the TMP for project trees and the total for the 
entire project. After ten years, the numbers of trees planted, removed, and pruned steadies 
off and remains approximately the same for the rest of the project. 

E.1.9.1 Tree Planting and Initial Care 
Numbers and Species: Initially, 3,500 1.5-in. trees (24” box) will be planted. A diverse 
mix of well-adapted species will be chosen, and undesirable species such as invasive non-
natives, high BVOC emitters, high water users, etc, will be avoided. Planting costs are 
estimated at $150/tree. Planting costs for project trees are slightly higher than for 
nonproject trees as larger trees will be planted. 

Each year any trees that have died will be replaced. $150/tree is budgeted for planting. 
The number of trees planted each year ranges from 3,500 in the first year to 38 annually 
after year 10. Annual costs range from $525,000 in the first year to $5,700. Total planting 
budget is $1.1 million. 

Identifying and Prioritizing Potential Tree Planting Sites: Approximately half of the trees 
will be planted along campus streets. The other half will be scattered in parks, lawns and 
along the edges of sports fields; areas with few trees will be targeted first. 

Planting specifications: Trees will have approximately a 1.5-in dbh. Only trees grown to 
California Quality Standards will be planted. This will ensure that trees have the proper 
crown structure, trunk taper, and root system, thereby reducing mortality rates and 
maintenance costs. The Grounds Division arborists and trained student members of the 
university horticulture club will perform the plantings. 

Establishment-Related Care: Newly planted trees will be inspected each year by the 
Grounds Division arborists and pruned as necessary. All trees will be planted in irrigated 
areas.  
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E.1.9.2 Removals and replacement 
Mortality: Anticipated mortality is 3% annually for the first 5 years and 1% thereafter. 
These rates are based on historic survival rates of the campus. 

Replacements: Trees will not be removed unless they are deemed “non-performing” or 
“risk.” Non-performing trees are identified as trees whose size falls outside the lower 
confidence intervals predicted for trees of the same species/type and age. Risk trees pose 
an unacceptable hazard that cannot be remedied by pruning, cabling, fencing-off, or 
removal of the target. Replacement planting will occur within four weeks of tree removal 
during planting season or within the first four weeks of the next planting season, 
whichever comes first.  

In the early years, approximately 105 trees will be removed each year. In later years the 
number will fall to about 38. Budget = $50/tree, $5,250 to $1,900 annually. Total 
removal budget is $202,000. Removal cycle will be 1.0 years (all dead trees removed in 
the first year). 

Tree Residue Disposition: Tree residue will be treated as it has been in the past. The 
majority will be chipped and used as mulch and the remainder will be sent directly to the 
landfill. 

E.1.9.3 Small tree care 
All trees will be inspected and pruned each year for the first five years of their lives 
(inspection cycle 1.0 years/tree).The maximum number of small trees inspected will fall 
from 3,500 in the first five years to 186 toward the end of the project. Budget = 
$10/tree/year, $35,000 to $1,860 annually. Total small tree care budget is $360,000. 

E.1.9.4 Large tree care 
Large trees will be inspected and pruned every 6 years. After the fifth year of the project 
the number of large trees pruned annually will grow from 511 to 552 (inspection cycle 
6.0 trees/year). Budget = $150/pruning, $76,700 to 82,850 annually. Total large tree care 
budget is $8 million. 

E.1.9.5 Administration  
Administration is budgeted at $10,500 annually ($3/tree). The Grounds Division will 
appoint a GHG program manager from the existing staff who will be responsible for 
seeing that the goals of the program are being met. The $10,500 for administration will 
be allocated to support this position. 
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Table E3. Tree maintenance plan for project trees for the years 2008–2018 and project totals. After year 2018, plantings, removals, and pruning 
become steady and remain consistent for the rest of the project. 

___Plant___ _______Remove_______ ______Small Tree______ _________Large Tree_______ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total 

budget ($) 

2008 3,500 525,000 - - 1.0 3,500 100 3500 35,000 1.0 - - - 10,500 3.00 570,500 
2009 105 15,750 105 5,250 1.0 3,500 100 3500 35,000 1.0 - - - 10,500 3.00 66,500 
2010 105 15,750 105 5,250 1.0 3,500 100 3500 35,000 1.0 - - - 10,500 3.00 66,500 
2011 105 15,750 105 5,250 1.0 3,500 100 3500 35,000 1.0 - - - 10,500 3.00 66,500 
2012 105 15,750 105 5,250 1.0 3,500 100 3500 35,000 1.0 - - - 10,500 3.00 66,500 
2013 43 6,454 43 2,151 1.0 3,500 100 432 4,320 1.0 511 76,700 6.0 10,500 3.00 100,126 
2014 42 6,269 42 2,090 1.0 3,500 100 371 3,710 1.0 522 78,225 6.0 10,500 3.00 100,793 
2015 41 6,084 41 2,028 1.0 3,500 100 310 3,100 1.0 532 79,750 6.0 10,500 3.00 101,463 
2016 39 5,902 39 1,967 1.0 3,500 100 250 2,500 1.0 542 81,250 6.0 10,500 3.00 102,120 
2017 38 5,722 38 1,907 1.0 3,500 100 191 1,910 1.0 552 82,725 6.0 10,500 3.00 102,764 
2018 38 5,700 38 1,900 1.0 3,500 100 186 1,860 1.0 552 82,850 6.0 10,500 3.00 102,810 

-- -- -- -- --  -- -- -- -- -- -- --  --  -- 
Total 7,534 1,130,100 4,034 201,700   100 35980 359,800 1.0 53,040 7,956,000  1,050,000  10,697,600 
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E.1.10. Monitoring 
Tree species, size, planting date, and GPS location will be recorded at the time of 
planting. Each tree will be monitored annually during first five years after planting when 
inspection/pruning occurs. Data will be recorded on tree size and condition at this time to 
assess whether growth is within confidence intervals.  

There will be two aspects to monitoring after the first five years. First, each project tree 
site will be visited annually to assess the general condition (healthy/unhealthy) of each 
tree. Trees found to be unhealthy will receive more intensive care and dead trees will be 
replaced promptly. Second, accurate on-the-ground measurements of each tree will be 
made at the time of inspection/pruning (each year for young trees, every six years for 
older trees). Grounds staff will be trained to collect data to the necessary standard. A 
sample of the measured data that is proportional to the tree population’s age distribution 
will be used each year to calculate current carbon stocks. 

E.1.11. Permanence 
Disturbance Potential (i.e., land use, human, natural): The risk of land use change is low 
because tree sites will not be located in areas slated for development in the campus long-
term master plan. Tree management practices are likely to stable over time, and response 
to threats such as pests/disease is likely to be swift due to presence of academic experts 
on campus. Winter wind storms that threaten trees have the highest return frequency, 
about ten years. Other types of natural disturbances have low probability. 

Project Resources (e.g.., management capacity, financial capacity, future income, project 
endorsement, and technologies/practices): UCV has the financial capacity to support this 
GHG tree project, as well as urban forestry expertise to successfully implement the 
program. The project has been endorsed by the Chancellor and other university officials 
as part of its larger commitment to reduce GHG emissions and increase sustainable 
practices on campus.  

Project Activities: The following activities will be undertaken to promote establishment, 
vigorous growth, and longevity of project trees: 

• Nursery stock – Nursery stock will be selected as described above in 
Planting Specifications. Planting will be done by trained staff arborists and 
trained members of the university horticulture club. 

• Small tree care – Young trees will be inspected annually by staff arborists 
and pruned according to ISA standards. 

• Large tree care – After the establishment period of five years, trees will be 
inspected and pruned as necessary according to ISA standards every six 
years.  

E.1.12. Potential Negative Impacts 
Urban Forest Biological Diversity: No species will account for more than 10% of all 
trees planted, and no genus will account for more than 20% of planted trees.  
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Threats From Invasive Plants/Pests/Disease: All tree species will be screened to ensure 
that none are invasive threats to existing ecosystems or harbor exotic insects or diseases 
that could threaten the existing population. 

Water Resources: Trees identified as high water use will not be planted, and plantings 
will be designed to reduce stormwater runoff where possible. 

Air Quality: Trees that are high emitters of biogenic volatile organic compounds will be 
planted in limited numbers to be determined after consultation with the local air quality 
management district. Also, planting of tree species that are widely recognized as major 
sources of aeroallergens will be limited. 

Infrastructure: Campus tree plantings will be designed to minimize root conflicts with 
sidewalks and curbs and gutters. Trees will not be planted that will grow into power lines, 
or located where they will obstruct signs. 

Energy: Trees will not be located where they will attenuate solar access to roof-top 
mounted solar systems. 

E.1.13. Potential Co-benefits 
Data from the Tree Guidelines for Inland Empire Communities indicate that, over the 50-
year lifetime of the project, the benefits of permanently increasing tree canopy by 3,500 
trees will total $17.2 million: 

• 614 tons of criteria air pollutants removed from atmosphere ($12.9 
million) 

• 783 million gals of rainfall intercepted and runoff avoided ($2.0 million) 
• 19,600 MWh of electricity conserved ($2.3 million) 

In addition, native species will be chosen when possible to support the habitat 
opportunities of local fauna. 

E.1.14. Forecasting the NTG Baseline  
Performance standards: The baseline standard for campuses is 0.03 net gain trees per 
acre annually. For UCV, this equals 750 acres × 0.03 trees = 23 trees net gain per year for 
the life of the project. We do not anticipate an increase in the size of the campus that 
would have an impact on the baseline number. 

Existing regulations: There are currently no municipal or state regulations in place 
requiring tree planting on campuses. 

E.1.15. Forecasting Future Project Activity 
Determine the initial project year and project lifetime. 

The project will begin in 2008 and continue through 2107. 

For each year of the project, model the number and size of standing trees. 
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In the first year, 3,500 trees will be planted. At the beginning of each planting season 
following that, dead trees will be inventoried using the remote sensing data and removed, 
and the sites will be replanted. It is estimated that 105 trees will be required in the first 
five years to replace heavier losses due to establishment-related mortality. In future years, 
approximately 38 trees will be needed to maintain the increased canopy cover of 3,500 
trees. Table E4 shows the number of trees to be planted over the project lifetime, 7,534. 
Table E5 shows the numbers of trees of each age for the first ten years of the project.  

Table E4. Number of trees planted initially and replacements for removed trees in the remaining 
years of the project.  

Year  
Project 
year 

Trees to 
plant 

2008 1 3,500
2009 2 105
2010 3 105
2011 4 105
2012 5 105
2013 6 43
2014 7 42
2015 8 41
2016 9 39
2017 10 38
2018 11 38
2019 12 38
2020 13 38
2021 14 38
2022 15 38

-- --   
2108 100 38

Total trees 7,534
 

Table E5. Tree distribution by age for the first ten years of the project. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 3,500 105 105 105 105 43 42 41 39 38
2  3,395 102 102 102 102 42 41 39 38
3   3,293 99 99 99 99 40 39 38
4    3,194 96 96 96 96 39 38
5     3,099 93 93 93 93 38
6      3,068 92 92 92 92
7       3,037 91 91 91
8        3,006 90 90
9         2,976 89

10          2,947
    3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500 3,500
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Model associated volume of biomass, carbon and CO2 annually for each size tree. 

The allometric equation using dbh (cm) and tree height (m) for sweetgum (Annex C) was 
used to calculate aboveground volume: 

Vol (m3) = 0.0283168466 × 0.01177 × dbh 2.31582 × ht 0.41571  
 
Data for dbh and height were taken from the CUFR Tree Carbon Calculator. 
Aboveground volume was then used to calculate biomass, carbon, and CO2 for each tree 
size (Table E6).  
 
Example: 20-year old sweetgum with dbh = 9.9 in and height = 41.6 ft 
 

 Calculate volume (m3) = 0.319 
 Convert volume to fresh weight (FW) biomass (kg) = 0.319 × 801 = 255.7 
 Add root biomass to calculate total FW biomass (kg) = 255.7 × 1.282 = 327.4 
 Convert FW biomass to dryweight (DW) biomass (kg) = 327.4 × 0.56 = 183.3 
 Convert DW biomass to carbon (C) (kg) = 183.3 × 0.5 = 91.7 
 Convert C to carbon dioxide (CO2) (kg) = 91.7 × 3.667 = 336.4 
 Divide by 1,000 to convert kilograms to metric tons = 336.4/1000 = 0.3364 

 
Table E6. Data for dbh and height from the CUFR Tree Carbon Calculator are used to calculate 
total CO2 stored in trees of each age (first ten years shown). 

Tree age 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.5 2.0 2.5 2.9 3.4 3.9 4.3 4.8 5.2 5.7
Height (ft) 12.8 15.8 18.5 20.8 22.9 24.8 26.6 28.2 29.7 31.1
kg CO2/tree 2.7 5.5 9.6 15.0 22.0 30.4 40.6 52.4 65.9 81.2
metric ton CO2/tree 0.00 0.01 0.01 0.02 0.02 0.03 0.04 0.05 0.07 0.08
 
The total amount of CO2 stored in all the project trees (Table E7) was calculated by 
multiplying the number of trees of each age (Table E5) by the amount of CO2 
(Table E6).  

Table E7. Total CO2 (t) stored in all project trees at the end of each project year (first ten years 
shown). 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 9.5 0.3 0.3 0.3 0.3 0.1 0.1 0.1 0.1 0.1
2  18.8 0.6 0.6 0.6 0.6 0.2 0.2 0.2 0.2
3    31.6 0.9 0.9 0.9 0.9 0.4 0.4 0.4
4      48.0 1.4 1.4 1.4 1.4 0.6 0.6
5        68.1 2.0 2.0 2.0 2.0 0.8
6          93.4 2.8 2.8 2.8 2.8
7            123.2 3.7 3.7 3.7
8              157.4 4.7 4.7
9                196.1 5.9

10                  239.3
Total 9.5 19.1 32.4 49.8 71.3 98.5 130.7 168.1 210.7 258.5
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The annual increment of CO2 sequestered each year was calculated by subtracting the 
total stored in a given year from the total stored in the previous year (Table E8). This is 
the annual project CO2 (Cproj).  

Table E8. Forecast annual amounts (t) of CO2 stored, sequestered (Cproj), and released (Cemis) by 
tree care activities for the 3,500 tree sites. Forecast carbon reduction tons (CRT) are calculated 
as (Cproj) − (Cemis). 

Year Stored CO2 Annual seq Emissions Net seq 
2008 9.5 9.5 9.2 0.3 
2009 19.1 9.6 9.2 0.4 
2010 32.4 13.4 9.2 4.2 
2011 49.8 17.4 9.2 8.2 
2012 71.3 21.4 9.2 12.3 
2013 98.5 27.2 9.2 18.0 
2014 130.7 32.2 9.2 23.1 
2015 168.1 37.4 9.2 28.2 
2016 210.7 42.6 9.2 33.4 
2017 258.5 47.8 9.2 38.6 
2018 311.5 53.0 9.2 43.9 

-- -- -- -- -- 
Total 11,962.5 11,962.5 917.0 11,045.5 
 

E.1.16. Estimating Future GHG Emissions 
GHG emissions associated with tree maintenance were estimated. Because this is a 
prediction into the future, the default value of 2.62 kg CO2 per tree per year (McPherson 
and Simpson 1999) was used. This value is Cemis. 

E.1.17. Forecasting Additionality 
Forecast carbon reduction units (CRT) were calculated as the difference between the CO2 
stored each year in the project trees (Cproj), and the CO2 emitted (Cemis) during tree care 
activities: 

Forecast CRT = Cproj – Cemis 

CO2 values were plotted for the project lifetime (Figure E2). 
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Figure E2. Forecast of CO2 sequestered each year minus estimated emissions due to tree care.  

E.1.18. Assessing Leakage  
Activity-shifting leakage is not expected to occur. 
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UC Verde Annual Monitoring Report (Tenth Year) 
E.1.19. Background information 

This information describes who, when, and what. Specific details are provided on: 

1. Name of the reporting entity: UC Verde (UCV) 
2. Legal standing of the entity: University 
3. Name of the reporter: Jane Smith 
4. Date of the initial reporting year: 2008 
5. Project year for this report: 2017 
6. Project duration: 100 years 

E.1.20. Document Compliance with Project Eligibility Requirements 
1. Geographic: Are all project tree sites within an Urban Cluster or Urban Area as 

defined by the U.S. Census?  Yes. If the boundaries of the project area have 
changed, provide an updated map. Boundaries have not changed. 

2. Ownership: Are the trees owned by the reporting entity? Yes.  
3. Structure: Have the trees been planted in maintained landscapes and spaced at 

least 5 m (16 ft) apart so as to be open growing? Yes. 
4. Legal requirements: Describe any tree planting requirements mandated by law as 

of the start date of the project and describe how your project will exceed them. No 
legal requirements pertain. 

 

E.1.21. Document Compliance with the TMP for Nonproject Trees 
Table E9 shows the comparison of predicted and actual values for the TMP for 
nonproject trees. All values were within 10% of predicted. 
 
Tree planting and removals: The TMP for nonproject trees requires net tree gain of 25 
trees. We expected to remove 100 trees and plant 125 for a net gain of 25. A severe 
winter storm, however, damaged several small trees and a total of 109 were removed. 
This year we planted 136, for a net gain of 27. The cost for planting was $13,600 
compared to $12,500 forecast. The cost for removals was $10,900 compared to $10,000 
forecast. Stocking levels reached 34.3%.  

Small tree care: The TMP requires all small trees to be inspected and pruned each year. 
The number of small trees in our population is currently 540. All 540 were inspected this 
year (pruning cycle = 1.0) at an average cost of $10 or $5,400 total. 

Large tree care: The TMP requires that large trees be inspected and pruned every 6 years. 
There are currently 8,712 large trees on campus. 1,446 trees were pruned this year 
compared to the expected number of 1,452. The pruning cycle remained the same at 6.0. 
The average cost was $150 or $216,900 total. 
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Administration and other expenses: The TMP requires that $3 be sent per tree. This 
objective was met.  

Net tree gain: The net tree gain was 27. 

E.1.22. Document Compliance with the TMP for Project Trees 
Table E10 shows a comparison of predicted and actual values for the TMP for project 
trees. 

Removals, planting & replacement: For 2017, it was projected that 38 trees would die and 
need to be replaced. Careful management decreased that number to 35. These 35 trees 
were removed and replaced in the fall of 2017. Removal costs were $50 as anticipated for 
a total cost of $1,750. Replacements included the following species:  

Species 
No. of 
trees 

Celtis sinensis 5
Fraxinus angustifolia 'Raywood' 5
Fraxinus velutina 'Modesto' 5
Gleditsia triacanthos 5
Liquidambar styraciflua 5
Platanus hybrida 5
Quercus ilex 5
Zelkova serrata 5
Total 35

  

Total planting costs were $5,250 or $150 per tree. 

Small tree pruning (first five years): The TMP requires that all small trees be pruned 
annually. This year there are 188 small trees in our inventory and all were pruned at an 
average cost of $10 per tree or $1,880 total. The pruning cycle for small trees was 1.0, as 
per the TMP.  

Large tree pruning (after five years): The TMP requires that large trees be pruned every 
6 year. This year there were 3,330 large trees in the inventory and 555 were pruned at an 
average cost of $150 per tree or $83,250 total. The pruning cycle is 6.0, as per the TMP. 

Disposition of tree residue: All tree waste was mulched for use on campus gardens. 

Administration and other expenses: Total administration costs for 2017 were $10,500 
total or $3/tree, as per the TMP. 
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Table E9. Comparison of predicted TMP for nonproject trees with actual results for the year 2017. In no category did the actual tree care for this 
year differ from the predicted by more than 10%. 

___Plant___ _____Remove_____ ______Small Tree______ _________Large Tree_______ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total 

budget ($) 

Forecast 125 12,500 100 10,000 1.0 9,253 34.3 540 5,400 1.0 1,452 217,800 6.0 27,760 3.00 273,460 
Actual 136 13,600 109 10,900 1.0 9,255 34.3 540 5,400 1.0 1,446 216,900 6.0 27,760 3.00 274,560 

Difference 11 1,100 9 900 1.0 2 - - - - -6 -900 - -  1,100 
Difference (%) 8.1 8.1 8.3 8.3 1.0 0.02 - - - - -0.4 -0.4 - -  0.4 

 

 

Table E10. Comparison of predicted TMP for project trees with actual results for the year 2017. In no category did the actual tree care for this year 
differ from the predicted by more than 10%. 

___Plant___ _______Remove_______ ______Small Tree______ _________Large Tree_______ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total 

budget ($) 

Forecast 38 5,700 38 1,900 1.0 3,500 100.0 191 1,910 1.0 552 82,800 6.0 10,500 3.00 102,810 
Actual 35 5,250 35 1,750 1.0 3,500 100.0 188 1,880 1.0 555 83,250 6.0 10,500 3.00 102,630 

Difference -3 -450.0 -3.0 -150.0 1.0 - - -3.0 -30.0 - 3 450 - -  -180 
Difference (%) -8.6 -8.6 -8.6 -8.6 1.0 - - -1.6 -1.6 - 0.5 0.5 - -  -0.2 
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E.1.23. Determine this year’s baseline and the running baseline for 
the project lifetime 

The performance standard for campuses is 0.03 trees/acre. In 2017 UCV’s campus size 
remained 750 ac. The baseline NTG for 2017 is 23 (750 × 0.03 = 23). The running 
baseline is shown in Table E11.  
 
Table E11. Baseline and actual net tree gain (NTG) values and their difference. The running total 
accrues when actual NTG is less than the baseline NTG. The Cdeduct values are the product of the 
running total deficit NTG and 66 kg/tree, the average annual sequestration rate. The Cdeduct 
amount must be subtracted from the amount sequestered by project trees when baseline carbon 
stocks are not maintained.  

 
 Baseline 

NTG 
Actual 
NTG 

Difference Running 
total 

Cdeduct 
(kg) 

2008 23 25 0 0 0 
2009 23 23 0 0 0 
2010 23 23 0 0 0 
2011 23 28 0 0 0 
2012 23 23 0 0 0 
2013 23 20 -3 -3 -198 
2014 23 26 0 0 0 
2015 23 20 -3 -3 -198 
2016 23 22 -1 -4 -330 
2017 23 27 0 0 0 

 
For 2017, the baseline has been achieved and previous deficits made up; therefore there is 
no Cdeduct.  

E.1.24. Quantify Project CO2 
Data for a representational sample of trees stratified according to age were entered into 
the CTCC and extrapolated to the entire population. The total CO2 stored in project trees 
was 256.0 t. Last year’s stored CO2 was 211 t. Cproj is the difference between the two or 
45.0 t.  

E.1.25. Quantify GHG Emissions 
Emissions related to tree care were calculated by tracking gallons of gasoline and diesel 
fuel consumed by motor vehicles and equipment for project-related activities. In 2017 the 
Grounds Division’s gasoline and diesel power vehicles consumed 645 and 150 gallons, 
respectively. Their gasoline-powered chain saws and chippers consumed 265 gal of 
gasoline. Using the emission factors for gasoline and diesel of 8.6 and 10.7 kg CO2 
released per gallon consumed, total annual Cemis in 2017 was 9.4 t. 

 Cemis = (910 gal gasoline × 8.6) + (150 gal diesel × 10.7) = 9.4 t  
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E.1.26. Calculate Additionality 
Reportable CRT were calculated as CRT = Cproj – Cdeduct – Cemis 

 CRT = 45.0 t – 0 – 9.4 t = 35.6 t 

Annual forecast and actual values are plotted in Fig. E3. 

 

 Figure E3. Forecast and actual project activity show relatively close agreement for the GHG tree 
project’s first 10 years.  

E.1.27. Describe anticipated or unanticipated changes in carbon 
stocks 

The projected level of CRT for this project was 38.6 metric tons. Our value (35.6 t) was 
3 t  (8%) lower than the projected value and within the accepted margin of error (+/- 
10%).  

E.1.28. Assess leakage  
UVC complied with the Tree Maintenance Plan for nonproject trees and no leakage has 
occurred. 

E.1.29. Document project monitoring 
Our annual analysis of each project tree site indicated that all 3,500 project tree sites 
remain treed and the crowns of all trees appear healthy. During regularly scheduled 
inspection/pruning the dbh and height were measured and recorded for 191 small trees 
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(first five years after planting) and 555 large trees by trained Grounds staff. A sample of 
these measured data proportional to the tree population’s age distribution was used to 
calculate current carbon stocks.  
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E.2. Utility Case Study—UtCo 
The Utility Company (UtCo) provides electricity and natural gas to customers in several 
counties in California’s Central Valley. As part of their corporate effort to reduce and 
offset greenhouse gas (GHG) emissions they would like to begin a GHG tree project that 
will consist of two components: planted trees will sequester carbon and they will be 
strategically located to conserve energy for heating and cooling residences, thereby 
reducing GHG emissions at their power plants. UtCo is aware that the Registry has 
chosen not to register emission reductions due to conserved energy, but they feel that 
reporting these benefits is worthwhile because it will document the added value of their 
trees. 
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UtCo Initial Project Report 
E.2.1. Background Information 
Reporting Entity:: Utility Company (UtCo) 
Legal Standing: Corporation 
Name of Reporter:: Jane Smith 
Initial Reporting Year: 2008 
Project Lifetime:: 100 years 
Geographic Scope:: California only 

E.2.2. Characterize Your Entity’s Existing Urban Tree Resource  
NA. UtCo is just beginning its tree planting project and currently has no existing tree 
resource. 

E.2.3. Describe Current Management Levels of Service and 
Budgeting 

NA. UtCo is just beginning its tree planting project and currently has no existing tree 
resource; therefore there is no existing management program. 

E.2.4. Tree Maintenance Plan for Nonproject Trees 
NA. There is no tree maintenance plan (TMP) for the existing trees because there are no 
existing trees. Project trees will be maintained as described below in the TMP for project 
trees. 

E.2.5. Project Summary 
The program will increase tree canopy permanently by planting and replacing trees in 
5,000 new tree sites to: 

• Produce approximately 49,000 metric tons (t) of GHG benefits over the 
100-year program lifetime (~7,750 t will be verifiable). 

• Reduce annual and peak demand for air conditioning. 
• Improve the environment, economy, and quality of life for customers in 

sparsely treed neighborhoods. 

UtCo will plant 5,000 tree sites in 2008 and replacements each year for trees that are 
removed. The 5,000 tree sites will be strategically located to shade the west walls of new 
residences with central air conditioning. Trees will be located 20 to 40 ft (6-12 m) from 
west walls. To maximize GHG benefits, large-stature trees will be the focus of planting. 
Trees will be selected to match the growing conditions at each site, and only located 
where space is adequate and no future conflicts will occur with buildings, pools, or 
hardscape. A diverse mix of species will be selected for their longevity and ability to 
maximize shade and carbon sequestration potential. The 100-year program will end in 
2107, although GHG benefits will accrue beyond that time.  
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UtCo will work with the local non-profit tree group TreeMax to implement the program, 
but UtCo will be responsible for program guidance, monitoring, and GHG reporting. 
Homeowners who wish to participate in the program will be required to contractually 
deed the rights to the carbon in the trees to UtCo and to allow access to the trees for data 
collection for the length of the project. 

All trees will be #24 box size and planted on private residential property. TreeMax will 
conduct site visits to meet the resident, confirm tree species selection and location, and 
obtain a signed commitment from the resident obligating them to: 

• Deed ownership of carbon in the tree(s) to UtCo in perpetuity 
• Obtain training in tree planting and maintenance as needed 
• Agree to provide regular watering, inspect/prune and to report tree health 

issues 
• Agree to plant the approved species in the designated location, as per 

specifications 
• Agree to permit access to the tree for monitoring or tree care activities 

During the first two years after planting, trained TreeMax professionals will visit each 
tree site at least once a year to assess tree growth and health. Pertinent tree care 
information will be shared with residents at this time. Thereafter, growth and health 
monitoring will be largely accomplished using high-resolution color infrared aerial 
photography and a geographic information system (GIS). Every year UtCo will conduct a 
full inventory using remote sensing imagery. UtCo personnel will field survey 250 sites 
annually to calibrate remotely sensed tree size and health data. 

It is estimated that 21,409 trees will be planted over the 100-year program lifetime to 
continuously maintain canopy cover on the 5,000 tree sites. It is conservatively estimated 
that by the end of the 100-year reporting period, all but 5% of the original 5,000 will have 
been replaced.  

Program costs are estimated to total $6.8 million for the 100-year period: 

• Trees and planting - $2.1 million ($100/tree, 21,409 trees)  
• Tree inspection/pruning - $420,000 ($10/tree site/yr for the first two years) 
• Tree removal - $410,000 ($25/tree) 
• Administration/other - $2.5 million ($5/tree site/yr) 
• Monitoring - $600,000 ($6,000/year) 
• Verification - $750,000 ($7,500/year) 
• Total cost - $6.8 million ($68,200/yr, $13.60/tree site/yr) 

 
The forecast total 100-year net GHG benefit from the program is 49,000 t, with net 
sequestration accounting for 7,750 t (~16%) (tree care related emissions were estimated 
at 1,300 t) of the total and reduced emissions accounting for 41,000 (~84%). The total 
cost per forecast CRT (carbon storage tons only minus emissions due to tree care) is 
$880. After including energy conservation GHG benefits the cost is $138 per ton. 
 



E-25 

The program trees will provide other ecosystem services with an estimated value of 
approximately $25 million ($49/tree site/yr) for the 100-year period. Most significant 
benefits include air pollutant uptake and conserved energy. Because tree species will be 
judiciously selected to exclude high water users, species that may contribute to ozone 
formation, and invasive, no negative impacts are anticipated from this program.  

E.2.6. Geographic Boundaries  
UtCo is responsible for 500 sq miles of territory in urban and rural areas in California’s 
Central Valley. Reporting will be for California only. 

E.2.7. Project Operational Boundaries 
The following carbon pools will be calculated for this project: 
Stored carbon: Sequestered in tree boles, branches, foliage, and roots 
GHG emissions: Emissions from tree-related care will be accounted for. 
Reduced GHG emissions: From trees strategically located for energy conservation (not 
registerable) 

E.2.8. Project Eligibility 
Geographic: Is the project within an Urban Cluster or Urban Area? Yes. 
A map showing the area where UtCo GHG tree project planting will occur and 
UC/UA boundaries is attached. 
Ownership: Will the trees be owned by the reporting entity? If not, how will contractual 
rights to the carbon and to access for collecting the necessary data be established? Trees 
will not be owned by UtCo. Ownership of carbon in trees will be transferred 
contractually from the property owner to UtCo. The transfer agreement will also 
guarantee access to UtCo for data collection purposes and will require the property 
owner to disclose the carbon transfer if the property is sold. 
Structure: Will the trees be planted in maintained landscapes and spaced so as to be open 
growing? Yes, they will be planted around homes. 
Baseline: Will your entity’s net tree gain (not including the project trees) exceed that 
required by the project baseline each year? There is no baseline net tree gain required 
for utilities. 
Legal requirements: Describe any tree planting requirements mandated by law and 
describe how your project will exceed them. No legal requirements pertain. 
Start date: This project is scheduled to begin after the January 1, 2001 mandate. 

 

E.2.9. Tree Maintenance Plan for Project Trees 
Table E12 presents the first ten years of the TMP for project trees and the total for the 
entire project. After ten years, the numbers of trees planted, removed, and pruned steadies 
off and remains approximately the same for the rest of the project. 
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E.2.9.1 Tree Planting and Initial Care 
Numbers and Species: 5,000 1.5-in dbh trees (24” box) will be planted in 2008. Twenty 
species will be available with no single species accounting for more than 10% of all trees. 
Nearly all species are large-stature, ultimately greater than 50-ft tall. None are high 
water-users, high BVOC emitters, or invasive non-natives. Species selection will be 
determined on-site by TreeMax professionals in consultation with resident, to best match 
tree with site conditions and customer’s needs. Planting costs are estimated at $100/tree. 

Each year, any trees that have died will be replaced. $100/tree is budgeted for planting. 
The number of trees for replacements will fall from 250 in the early years of the project 
to 162 later, for an annual budget ranging from $25,000 to $16,221. 

Identifying and Prioritizing Potential Tree Planting Sites: Trees will be distributed 6 to 
12 m (20 to 40 ft) from west-facing walls of newer single family homes (post-1980 
vintage) with central air conditioning. All trees are eligible energy conservation trees 
because buildings they will shade do not have more than one existing tree greater than 12 
m tall (40 ft), or capable of growing to this size, located within 18 m (60 ft) of the east-, 
south-, or west-facing walls. Tree location will be determined on-site by TreeMax 
professionals in consultation with residents, to best match the tree with site conditions 
and customers’ needs. 

Planting specifications: TreeMax will conduct site visits to meet the resident, confirm 
their interest in the program, determine tree species selection and location, and obtain a 
signed commitment from the resident committing them to: 

• Deed ownership of carbon in the tree(s) to UtCo in perpetuity and agree to 
disclose this contract to the purchaser prior to sale of the property. 

• Obtain training in tree planting and maintenance, if needed 
• Agree to provide regular watering, inspect/prune and to report tree health issues 
• Agree to plant the approved species in the designated location, as per 

specifications 
• Agree to permit access to the tree for monitoring or tree care activities 

Establishment-Related Care: TreeMax staff will visit each tree site at least once a year 
for two years after planting to promote tree survival and growth through proper irrigation, 
staking, and pruning for structure and form. These tree inspection/care costs are budgeted 
at $5 per tree site annually, $25,000 total annually.  

E.2.9.2 Removals and replacement 
 
Mortality: Mortality is estimated at 5% during the first three years after planting, and 3% 
thereafter. These mortality rates were obtained from data provided by other utility-
sponsored tree planting programs. 

Replacements: Replacement tree species will be selected using criteria outlined above, 
but species found to be poor-performers will not be replanted. If homeowners decline a 
replacement tree, the replacement will be planted at another property that meets the 
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original requirements. Replacement planting will occur within four weeks of tree removal 
during planting season or within the first four weeks of the next planting season, 
whichever comes first. 

In the early years, approximately 250 trees will be removed each year. In later years the 
number will fall to about 162. Budget = $25/tree, $6,250 to $4,055 annually. 

Tree Residue Disposition: Pruning clippings will be managed by residents, who will be 
encouraged to compost smaller material through TreeMax workshops and educational 
materials. TreeMax will provide free removal and replacement for project trees, and 
residue will be chipped and used as mulch for landscape purposes.  

E.2.9.3 Small tree care 
All trees will be inspected and pruned each year for the first two years of their lives 
(inspection cycle 1.0 years/tree). The maximum number of small trees inspected will fall 
from 5,000 in the first five year to 316 after the first ten years. Budget = $10/tree/year, 
$50,000 to $3,160 annually. 

E.2.9.4 Large tree care 
Large tree care will be the responsibility of the homeowner. 

E.2.9.5 Administration costs 
Administration costs are budgeted at $25,000 ($5/tree) annually. 
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Table E12. Tree maintenance plan for project trees for the years 2008–2018 and project totals. After year 2018, plantings, removals, and pruning 
become steady and remain consistent for the rest of the project. 

_____Plant_____ _______Remove_______ ______Small Tree______ _____Large Tree___ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total 

budget ($) 

2008 5,000 500,000 - - 1.0 5,000 100 5000 50,000 1.0 - - - 25,000 5.00 575,000 
2009 250 25,000 250 6,250 1.0 5,000 100 5000 50,000 1.0 - - - 25,000 5.00 106,250 
2010 250 25,000 250 6,250 1.0 5,000 100 488 4,880 1.0 - - - 25,000 5.00 61,130 
2011 250 25,000 250 6,250 1.0 5,000 100 488 4,880 1.0 - - - 25,000 5.00 61,130 
2012 250 25,000 250 6,250 1.0 5,000 100 488 4,880 1.0 - - - 25,000 5.00 61,130 
2013 169 16,855 169 4,214 1.0 5,000 100 406 4,060 1.0 - - - 25,000 5.00 50,129 
2014 167 16,692 167 4,173 1.0 5,000 100 327 3,270 1.0 - - - 25,000 5.00 49,135 
2015 165 16,534 165 4,134 1.0 5,000 100 324 3,240 1.0 - - - 25,000 5.00 48,908 
2016 164 16,381 164 4,095 1.0 5,000 100 321 3,210 1.0 - - - 25,000 5.00 48,686 
2017 162 16,232 162 4,058 1.0 5,000 100 318 3,180 1.0 - - - 25,000 5.00 48,470 
2018 162 16,221 162 4,055 1.0 5,000 100 316 3,160 1.0 - - - 25,000 5.00 48,436 

-- -- -- -- --  -- -- -- -- -- -- --  --  -- 
Total 21,409 2,140,900 16,409 410,225   100 41916 419,160 1.0    2,500,000  5,470,285 
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E.2.10. Monitoring 
During the first two years of the program TreeMax staff will visit each tree to: 

• Confirm that the correct species was properly planted in the designated 
location. 

• Confirm that information in the tree database is correct and complete. 
• Confirm that the tree is being watered and maintained as needed. 

UtCo will conduct annual monitoring, measurement, and reporting of GHG benefits from 
project trees using high-resolution color infrared aerial photography and GIS. 
Technicians will use GPS coordinates of planted tree sites in the GIS to locate tree 
crowns. Their software will measure tree crown area and detect stressed crowns. 
TreeMax staff will visit stressed trees to diagnose and treat problems.  

The conversion of measured tree crown area to dbh and tree height will be done with 
appropriate allometric equations to estimate biomass and carbon stored by each tree. 
Remotely sensed measurements of tree crown area are expected to be within 10% of field 
measured results. Annual overflights will provide imagery for these assessments and 
GHG reporting. UtCo is budgeting $5,750 for image acquisition and $250 ($0.05/site) for 
analysis and reporting costs, or $6,000 annually. Each year trained TreeMax staff will 
conduct a rolling sample and field measure 5% (250 sites) of the project trees to assess 
and calibrate the accuracy of remotely sensed measurements and tree size relationships. 

E.2.11. Permanence 
Disturbance Potential (i.e., land use, human, natural): The risk of land use change is 
relatively high due to resident’s removing trees to build additions, pools, decks, and other 
property modifications. UtCo will address this by conducting annual monitoring to detect 
tree removal, and continuing to plant 25 new “substitute” sites each year to serve as 
replacement sites. These sites will become part of the overall GHG project database. 
There is a relatively high risk of human disturbance because tree care practices are likely 
to be highly variable among residents. Although TreeMax will alert residents about the 
presence, detection and treatment of threats such as inadequate irrigation, pests/disease, 
the actual response will vary. The project will attempt to mitigate this threat through 
outreach (e.g., fliers, workshops, hot-line) and by selecting a diversity of trees that are 
highly tolerant of adverse growing conditions and minimal maintenance. The project area 
is susceptible to several types of natural disturbances, including earthquakes and drought 
that could threaten trees. No particular actions are proposed to mitigate the earthquake 
risk. All project trees will be “low water use,” meaning that they are naturally adapted to 
sustaining themselves with minimal irrigation after establishment.  
 
Project Resources (e.g., management capacity, financial capacity, future income, project 
endorsement, and technologies/practices): UtCo has the financial capacity and motivation 
to support this GHG tree project as part of its overall investment in demand-side 
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management programs. TreeMax has a solid record of urban forestry experience, and the 
staff required to successfully implement the program. The project has been endorsed by 
the UtCo Board of Directors, the local City Council, and the state Energy Commission.  

Project Activities: The following activities will be undertaken to promote establishment, 
vigorous growth, and longevity of project trees: 

 Nursery stock – will be purchased only from nurseries that have adopted quality 
standards for California. TreeMax staff will conduct on-site inspections of all 
trees to insure that root and crown structures will promote long-term survival. 

 Planting – the need for training will be assessed and training provided to promote 
proper tree planting, staking, mulching, and irrigation 

 Small tree care – for the first two years after planting, TreeMax staff will annually 
inspect and prune trees for structure and form, remove stakes, adjust irrigation, 
improve tree basins, and promote root and crown structure that will withstand 
storm damage and require less frequent pruning at maturity 

 Large tree care – TreeMax staff will provide regular training in large tree care and 
will send regular reminders timed to match the age of their tree and seasonal tree 
care requirements.  

 Tree care agreements – will be signed by customers, and pledge their willingness 
to conduct specified tree care and health reporting responsibilities. 

 

E.2.12. Potential Negative Impacts 
Urban Forest Biological Diversity: No species will account for more than 10% of all 
trees planted, and no genus will account for more than 20% of planted trees. Given the 
abundance of London plane and sweetgum in the local population, these species will not 
be planted. 

Threats From Invasive Plants/Pests/Disease: All tree species will be screened to insure 
that none are invasive threats to existing ecosystems or harbor exotic insects or diseases 
that could threaten the existing population 

Water Resources: Trees identified as high water use will not be planted, and plantings 
will be designed to reduce stormwater runoff where possible 

Air Quality: Because this area is in an ozone non-attainment region with a high NOx to 
VOC ratio, trees that are high emitters of biogenic volatile organic compounds, an ozone 
precursor, will not be planted unless approved by the local air quality management 
district. Also, no tree species will be planted that are widely recognized as major sources 
of aeroallergens. 

Infrastructure: Tree plantings will be designed to minimize root conflicts with buildings, 
lighting, sidewalks, and curb & gutter. Trees will not be planted that will grow into power 
lines, or located where they will obstruct signage visibility. 
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Energy: Trees will not be located where they will attenuate solar access to roof-top 
mounted solar systems. 

E.2.13. Potential Co-benefits 
Data from the San Joaquin Community Tree Guide indicate that the environmental 
benefits over 100 years from sustaining tree canopy in 5,000 planting sites will total 
approximately $25 million ($49/tree site/year):  

• 1,600 tons of criteria air pollutants removed from atmosphere ($14 
million) 

• 276 million gals of rainfall intercepted and runoff avoided ($2.2 million) 
• 69,500 MWh of electricity conserved ($8.4 million) 

E.2.14. Forecasting the Project NTG Baseline  
Performance standards: There is no performance standard baseline for utilities. 

Existing regulations: There are currently no municipal or state regulations in place 
requiring trees to be planted around residential buildings in any of the cities in UtCo’s 
territory.  

E.2.15. Forecasting Future Project Activity 
For each year of the project, model the number and size of standing trees. 

Initially, 5,000 tree sites will be planted. All dead trees are assumed to be removed and 
replaced at the start of planting season in the following year. Annual mortality rates of 
5% during the first three years after planting, and 3% thereafter were assumed. The total 
number of trees planted over the length of the project is estimated at 21,409. 

For each year of the project, the number of trees of each age was calculated based on the 
mortality estimates above. The first ten years of the project are shown in Table E13. 

Table E13. Tree distribution by age for the first ten years of the project. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 5,000 250 250 250 250 169 167 165 164 162
2 4,750 238 238 238 238 160 159 157 156
3  4,513 226 226 226 226 152 151 149
4   4,287 214 214 214 214 145 143
5    4,073 204 204 204 204 137
6     3,950 198 198 198 198
7      3,832 192 192 192
8       3,717 186 186
9        3,605 180

10                  3,497
Total  5,000   5,000   5,000   5,000  5,000  5,000  5,000  5,000  5,000   5,000 
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Model associated volume of biomass, carbon and CO2 annually for each size tree. 

The allometric equation using dbh (cm) and tree height (m) for Japanese zelkova 
(Annex C) was used to calculate aboveground volume: 

Vol (m3) = 0.0283168466 × 0.00666 × dbh 2.36318 × ht 0.55190 
 
Data for dbh and height were taken from the Center for Urban Forest Research’s Tree 
Carbon Calculator for trees in the Central Valley.  
 
Aboveground volume was then used to calculate biomass, carbon, and CO2 for each tree 
size (Table E14).  
 
Example: 20-year old zelkova with dbh =34.4 cm (13.5 in) and height = 10.5 m (34.5 ft) 
 

 Calculate volume (m3) using equation above = 0.623 
 Convert volume to fresh weight (FW) biomass (kg) = 0.623 × 865 = 539 
 Add root biomass to calculate total FW biomass (kg) = 539 × 1.282 = 689 
 Convert FW biomass to dryweight (DW) biomass (kg) = 689 × 0.56 = 386 
 Convert DW biomass to carbon (C) (kg) = 386 × 0.5 = 193 
 Convert C to carbon dioxide (CO2) (kg) = 193 × 3.667 = 709 

 
Table E14. Data for dbh and height from the CUFR Tree Carbon Calculator on tree growth are 
used to calculate total CO2 stored in trees of each age (first ten years shown). 

Tree age 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.8 2.4 3.1 3.9 4.7 5.5 6.2 6.9 7.6 8.2
Height (ft) 10.2 13.2 15.2 17.8 20.0 21.8 23.4 24.8 26.1 27.2
CO2/tree (kg) 3.1 7.1 13.8 26.6 44.0 65.8 91.9 121.9 155.6 192.7
CO2/tree (t) 0.0031 0.0071 0.0138 0.0266 0.0440 0.0658 0.0919 0.1219 0.1556 0.1927

 
 

The total amount of CO2 stored by all the project trees (Table E15) was calculated by 
multiplying the number of trees of each age (Table E13) by the amount of CO2 
(Table E14).  
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Table E15. Total CO2 (t) stored in all project trees at the end of each project year (first ten years 
shown).  

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 15.5 0.8 0.8 0.8 0.8 0.5 0.5 0.5 0.5 0.5
2 33.5 1.7 1.7 1.7 1.7 1.1 1.1 1.1 1.1
3  62.1 3.1 3.1 3.1 3.1 2.1 2.1 2.1
4   114.0 5.7 5.7 5.7 5.7 3.8 3.8
5    179.2 9.0 9.0 9.0 9.0 6.0
6     260.1 13.0 13.0 13.0 13.0
7      352.1 17.6 17.6 17.6
8       453.0 22.7 22.7
9        560.9 28.0

10         673.9
Total 15.5 34.3 64.6 119.6 190.5 280.1 384.5 502.0 630.7 768.7
 

The annual increment of CO2 sequestered each year was calculated by subtracting the 
total stored in any given year from the total stored in the previous year (Table E16). This 
is the annual project CO2 (Cproj).  

E.2.16. Estimating Future GHG Emissions 
GHG emissions associated with tree maintenance were estimated. Because this is a 
projection into the future, the default value of 2.62 kg CO2 per tree per year (McPherson 
and Simpson 1999) was used. This value is Cemis. 

E.2.17. Forecasting Additionality 
The forecast of this project’s carbon reduction tons (CRT) was calculated as the 
difference between the CO2 stored each year in the project trees (Cproj), and the CO2 
emitted (Cemis) during annual tree care activities: 

Forecast CRT = Cproj – Cemis 
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Table E16. Estimated CO2 stored, annual CO2 sequestered, estimated GHG emissions related to 
tree care, and annual additional (reportable) CO2 (t) for project trees in 5,000 sites. 

Year Stored 
CO2 

Annual seq 
(Cproj) 

Emissions 
(Cemis) 

CRTfor 

2008 16 16 13.1 2.4 
2009 34 19 13.1 5.7 
2010 65 30 13.1 17.2 
2011 120 55 13.1 41.9 
2012 190 71 13.1 57.8 
2013 280 90 13.1 76.5 
2014 385 104 13.1 91.3 
2015 502 118 13.1 104.4 
2016 631 129 13.1 115.5 
2017 769 138 13.1 125.0 
2018 915 146 13.1 132.9 
-- -- -- -- -- 
2103 8,964 26 13.1 13.0 
2104 8,989 25 13.1 12.2 
2105 9,014 25 13.1 11.5 
2106 9,037 24 13.1 10.8 
Total 9,061 9,061 1,310 7,751 

 

Annual CO2 values were plotted for the project lifetime (Figure E4). 

Figure E4. Forecast CRTs is shown as annual CO2 sequestered each year minus estimated 
emissions due to tree care activities. 
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E.2.18. Assessing Leakage 
Leakage is not expected to occur. 

E.2.19. Other GHG Benefits: Energy Conservation 
The effect of tree shade on energy conservation was calculated for the 5,000 project trees.  

E.2.19.1 Project Data 
Base Year and Project Lifetime: 2008 to 2107, 100 years 
Identify California Region: Inland Empire 
Assign Utility-Specific Emission Factors:  
870 lbs CO2

 / kWh (California average emissions) 
0.117 lbs CO2

 / kBtu for natural gas 

E.2.19.2 Tree Data 
Determine size and/or age and species of all eligible project trees: 
All 5,000 carbon storage tree sites are eligible. 

Record location of eligible trees:  
All trees will be 6-12 m (20-40 ft) from buildings. All will shade west-facing walls. 

Tree eligibility: 
All trees will be planted around residences where there are currently no trees; therefore, 
all trees will be eligible. 

E.2.19.3 Building Data 
Determine the vintage of each eligible residential building:  
New construction is targeted; buildings will be post-1980 vintage.  

Determine the heating and cooling equipment type for each eligible building: 
Air conditioning equipment: central air conditioning 

Heating equipment:  
Natural gas 

E.2.19.4  Determine tree effects on GHG emissions due to energy conservation using 
the CTCC  

 
The project, tree, and building data above were input into the CUFR Tree Carbon 
Calculator (CCC) as described in Annex D at 5-year intervals to determine electricity 
savings (kWh) and heating savings or costs (kBtu) per tree. Values between the 5-year 
intervals were interpolated in Excel. Effects of project trees on electricity for air 
conditioning (kilowatt-hours) and natural gas for heating (kBtu) were multiplied by the 
emission factors to derive the kg CO2/tree, which was then converted to metric tons 
(Table E17). Metric tons of CO2 conserved per tree was then multiplied by the total 
number of trees of each size to calculate the total amount of CO2 (t) conserved each year 



E-36 

(Table E18). Table E19 shows the forecast amount of carbon dioxide (t) emissions 
reduced each year. After 100 years, trees in the 5,000 project sites are estimated to reduce 
CO2 emissions by 18,875 t. 

 
Table E17. The third row shows dbh size (inches) for the Japanese zelkova. kWh/tree and 
kBtu/tree are values interpolated from CTCC output obtained at 5-year intervals. Kgs CO2/tree 
are calculated as the product of energy effects per tree and the utility emission factors for 
electricity and natural gas, respectively. 

Tree age 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.8 2.4 3.1 3.9 4.7 5.5 6.2 6.9 7.6 8.2 
kWh/tree 1.3 17.3 33.3 49.3 65.2 91.1 117.0 142.9 168.8 194.7 
kgs CO2/tree 0.5 6.8 13.2 19.5 25.8 36.0 46.3 56.5 66.8 77.0 
kBtu/tree 0.000 0.000 0.000 0.000 0.000 -0.014 -0.028 -0.042 -0.056 -0.100 
kgs CO2/tree 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total CO2/tree (t) 0.0004 0.0048 0.0092 0.0136 0.0181 0.0252 0.0324 0.0396 0.0467 0.0539 

 
 
Table E18. Carbon dioxide emission reduction values (t) are the product of total tree numbers 
(Table E13) and values in the bottom row of Table E17. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
1 1.8 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
2  22.8 1.1 1.1 1.1 1.1 0.8 0.8 0.8 0.7 
3   41.6 2.1 2.1 2.1 2.1 1.4 1.4 1.4 
4    58.5 2.9 2.9 2.9 2.9 2.0 2.0 
5     73.5 3.7 3.7 3.7 3.7 2.5 
6      99.7 5.0 5.0 5.0 5.0 
7       124.1 6.2 6.2 6.2 
8        147.1 7.4 7.4 
9         168.5 8.4 

10          188.5 
Total 1.8 22.8 42.8 61.8 79.8 109.5 138.6 167.1 194.9 222.1 
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Table E19. Forecast annual emission reductions due to energy conservation. Once the trees 
reach a certain size the energy benefits level off. For the entire 100 year-period, trees in the 
5,000 project sites are estimated to reduce CO2 emissions by 41,524 t. 

Year CO2 reduced (t) 
2008 1.8
2009  22.8 
2010  42.8 
2011  61.8 
2012  79.8 
2013  109.5 
2014  138.6 
2015  167.1 
2016  194.9 
2017  222.1 
2018  243.4 
-- --
2107  469.7 
Total 41,524 

 



E-38 

E.3. Municipal Case Study—Flamik Falls 
 
The City of Flamik Falls (pop. 112,000) is a hypothetical San Francisco Bay Area 
community that plants and maintains street and park trees for the benefit of its residents. 
The city would like to increase its municipal tree planting and replacement program to 
offset GHG emissions associated with its other operations. Also, it would like to begin 
salvaging tree residue for use as feedstock in its biomass power plant. This example 
illustrates how a protocol user might address issues associated with reporting a municipal 
GHG tree project. 
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Initial Project Report 
E.3.1. Background Information 
Reporting Entity: City of Flamik Falls 
Legal Standing: Incorporated Municipality 
Name of Reporter: Rowan Rowntree 
Initial Reporting Year: 2008 
Project Lifetime: 2008 to 2108, 100 years 
Geographic Scope: California 

E.3.2. Characterize Your Entity’s Existing Urban Tree Resource 
Tree numbers: The 2007 city tree inventory indicates that there are 30,779 street trees 
and 5,706 park trees, or 36,485 trees total. There are 540 dead trees. The stocking level is 
relatively high at 68% full stocking. There are about 13,000 empty street tree planting 
sites.  

Species composition: Overall, the population is diverse, with no species over 10% of the 
total population. The most abundant species are Bradford pear (9%), cherry plum and 
coast live oak (5%). Bradford pear accounts for 12% of total importance value.  

Age structure: The population differs from the ideal by having a relatively high 
proportion of young trees and fewer mature trees. This indicates high planting rates 
recently, and potential for increased benefits as trees mature. Overall, the population has 
relatively high stability. 

Disposition of tree wood residue: All residue is chipped and used for landscape mulch 
except large stumps, which are incinerated. 

E.3.3. Describe Current Management Levels Of Service And 
Budgeting 

Tree maintenance 
Planting: 1,045 planted, current stocking 67%, change in stocking from previous 

year is +0.02% 
Small tree care: 6,200 trees inspected/pruned per year, 1-year cycle  
Large tree care: 5,200 inspected/pruned per year, 6-year cycle 
Tree removal: 839 removed, 2.2 year removal cycle 
Admin/other: $2.75 per tree 

 
Annual expenditures 

Planting: $95,000 
Small tree care: $232,500 
Large tree care:$537,500 
Tree removal: $70,000 
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Admin/other: $100,000 
Total expenditures: $1,115,000 

 
Structure: There have been many trees planted during past 15 years, and a relatively large 
number of overmature ash greater than 30 in dbh (325) exist. Diverse species mix and 
good condition indicate relatively small threat of catastrophic loss. As population matures 
and stocking level increases, benefits should increase.  

Management: Highest priorities are intensive care of overmature ash and young tree care. 
Current high level of service for young trees will reduce pruning needs as trees mature. 
City support for the tree program has been strong and is likely to continue to be strong, 
resulting in relatively high future levels of service. 

Trends – historic and future: The city has historically supported its municipal program, 
as evidenced by 30 years recognition as a Tree City USA. The age structure is well 
balanced, except for an abundance of over-mature ash trees. Species composition is 
diverse. Future trends indicate increased expenditures for care, removal, and replacement 
of the aging ash trees.  

E.3.4. Quantify Carbon Stocks (optional) 
Using the existing tree inventory and the computer program i-Tree STRATUM, it was 
determined that 36,485 city trees store 39,200 t of CO2 (1.07 t/tree or 2,363 lb/tree). i-
Tree STRATUM output indicates that they sequester about 1,701 t (46.7 kg/tree/yr, 103 
lb/tree/yr) annually. 

The 100% tree inventory was conducted in 2007. i-Tree STRATUM uses biomass 
equations from urban trees where available, and equations from forest trees are adjusted.  

E.3.5. Tree Maintenance Plan for Nonproject Trees 
The City of Flamik Falls Tree Maintenance Plan (TMP; Table E20) for nonproject trees 
is based on the existing Urban Forest Management Plan and has a planning horizon of 10 
years, from 2008 to 2017.  
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Table E20. Tree maintenance plan for nonproject trees for years 2008–2017.  

_____Plant_____ _______Remove_______ ______Small Tree______ _____Large Tree___ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total budget 

($) 

2008 1,030 154,500 841 235,416 2.20 36,665 67.9 6,000 90,000 1.0 5,179 740,597 6.0 100,830 2.75 1,321,343 
2009 1,025 153,750 858 240,338 2.16 36,845 68.2 5,590 83,850 1.0 5,262 752,466 6.0 101,324 2.75 1,331,728 
2010 1,022 153,300 859 240,493 2.14 37,025 68.6 5,273 79,095 1.0 5,333 762,619 6.0 101,818 2.75 1,337,326 
2011 1,021 153,150 867 242,699 2.10 37,205 68.9 5,030 75,450 1.0 5,394 771,342 6.0 102,313 2.75 1,344,954 
2012 1,021 153,150 871 243,903 2.06 37,385 69.2 4,844 72,660 1.0 5,447 778,921 6.0 102,808 2.75 1,351,442 
2013 1,022 153,300 874 244,665 2.02 37,565 69.6 4,702 70,530 1.0 5,495 785,785 6.0 103,304 2.75 1,357,584 
2014 1,023 153,450 876 245,282 1.98 37,745 69.9 4,596 68,940 1.0 5,538 791,934 6.0 103,798 2.75 1,363,404 
2015 1,025 153,750 878 245,894 1.94 37,925 70.2 4,516 67,740 1.0 5,578 797,654 6.0 104,293 2.75 1,369,331 
2016 1,028 154,200 881 246,567 1.90 38,105 70.6 4,457 66,855 1.0 5,615 802,945 6.0 104,789 2.75 1,375,356 
2017 1,030 154,500 883 247,325 1.86 38,285 70.9 4,415 66,225 1.0 5,650 807,950 6.0 105,283 2.75 1,381,282 
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Tree planting: Approximately 1,030 nonproject trees will be planted annually at an 
average cost of $150/tree, $154,500–$153,150 annually. Percent full stocking will 
increase from 68% in 2007 to 71% in 2017. 

Small tree care (first five years): The number of small trees inspected/pruned annually 
will decrease from 6,000 to 4,415. Small trees will be inspected/pruned on a 1-year cycle, 
at an annual cost of $90,000 to $66,225. The average treatment cost is $15/tree for all 
trees. 

 Large tree care (after five years): The number of large trees inspected/pruned per year 
will be increase from 5,179 to 5,650. Large trees will be inspected/pruned on a 6-year 
cycle, at an average cost of $125 for trees 6-24” dbh and $175 for trees with dbh greater 
than 24”. Annual expenditures are estimated to range from $740,600 in 2008 to $808,000 
in 2017 as the population matures.  

Tree removal: The number of trees removed is estimated to range from 841 to 883, but 
may increase depending on mortality rates for the overmature ash. Our goal is to remove 
20-30 old ash trees per year and avoid a substantial loss of tree canopy during any one 
year. Because the nonproject tree population is mature and fairly stable, trees of all ages 
are being removed. The average removal cost is $280. Total annual removal costs will 
average about $235,400 to $247,325. Removal rate will improve from 2.2 to 1.86 years. 

Administration/other costs: Annual expenditures for program administration are 
estimated to remain $2.75/tree for the planning period, ranging from $100,800 in 2008 to 
$105,300 in 2017 as tree numbers gradually increase over time.  

Net tree gain: Baseline net tree gain will remain 180 for the planning period, with 1,021 
to 1,030 trees planted annually and 841 to 883 removed.  

Summary: There may be a significant change to carbon stocks of the existing urban forest 
(nonproject trees) if a large number of the overmature ash have to be removed during a 
couple years. Trees are being managed to reduce this threat.  

Assumptions: This plan assumes continued increases in funding levels that match or 
slightly exceed increases in the cost of living. Uncertainties include the municipality’s 
continued support for its urban forestry program, extreme weather events, and or 
pest/disease infestations. 

E.3.6. Project Summary 
Flamik Falls will plant 6,500 new tree sites in 2008 and replacements for each year that 
trees are removed over the 100-year project lifetime. This will require planting of an 
estimated 21,751 trees to sustain new tree canopy and carbon stocks in the 6,500 sites. 
All tree wood residue will be salvaged and used as fuel for the municipal biomass plant. 

One-half of the tree sites (3,250) will be located in existing parks, where energy 
conservation effects are minimal. The remaining 3,250 project tree sites will be located 
along streets, where tree shade will provide energy conservation. Approximately 1,625 
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street tree sites will be located to shade west-facing walls of residences (post-1980 
construction) at a distance of 20-40 feet, and 1,625 sites will shade east-facing walls.  

Street tree sites will be located only where property owners or current residents sign a 
Tree Care Agreement, whereby they agree to care for the tree during the first three years 
and report declining health to the city forester. Trees will be selected following guidelines 
in the Flamik Falls Urban Forest Management Plan to ensure a diverse mix of well-
adapted species and ages, and to avoid planting undesirable species such as invasive 
nonnatives, high BVOC emitters, and high water users. Because all project tree sites are 
located on city property, Flamik Falls retains right to the carbon in project trees. 

The Tree Division will work with a local nonprofit group to enlist and train local 
volunteers in several tree planting events. During these events, a certified tree worker, 
arborist, citizen forester, master gardener, or landscape professional will supervise 
planting of each 15-gal tree. Only trees grown to California Quality Standards will be 
planted. This will ensure that trees have the proper crown structure, trunk taper, and root 
system. 

Newly planted trees will be inspected/pruned annually for the first three years by city 
staff and trained volunteers. Thereafter, project trees will be pruned on a six-year cycle 
by city staff. Removed trees will be promptly replaced. The removed tree biomass will be 
used as feedstock for the biopower plant. 

 Tree species, size, planting date, and GPS location will be recorded at the time of 
planting. Each tree will be monitored annually during first three years after planting. Hi-
resolution color infrared aerial photography will be obtained for the city every 5th year to 
conduct a full inventory of GHG project trees. Beginning at the fourth year (2011), 325 
(5%) project tree sites will be inspected annually to assess survival, growth, and 
performance. These data will be used to ground-truth remotely-sensed data.  

Program costs are estimated to total $18.5 million for the 100-year period: 
 Trees and planting - $1.6 million ($75/tree, 21,751 trees)  
 Small tree care - $489,000 ($10/tree, 1-yr cycle) 
 Large tree care - $13.9 million ($150/tree, 6-yr cycle) 
 Tree removal - $381,000 ($25/tree, 15,251 trees) 
 Administration/other - $650,000 ($1/tree site/yr) 
 Monitoring - $600,000 ($6,000/year) 
 Verification - $750,000 ($7,500/year) 
 Total cost - $18.5 million ($185,000/yr, $37/tree site/ yr) 

 
The total 100-year net GHG benefit from carbon storage is 10,980 t, with a cost of $1,682 
per CRT (total storage 12,680 t, tree care-related emissions 1,700 t). Energy conservation 
(12,730 t) and bioenergy (10,820 t) are other GHG benefits totaling 23,530 t. When all 
GHG benefits are tallied, the project cost is $535/t.  

The GHG project trees will provide other ecosystem services, with the value of these 
benefits totaling approximately $32 million ($49/tree site/yr). Because tree species will 
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be judiciously selected to exclude high water users, species that may contribute to ozone 
formation, and invasive species, no negative impacts are anticipated from this program.  

E.3.7. Geographic Boundaries 
The City of Flamik Falls is located within the state of California. Reporting will be for 
California only.  

E.3.8. Project Operational Boundaries 
The following carbon pools will be calculated for this project: 
Stored carbon: Sequestered in tree boles, branches, and roots (mandatory) 
GHG emissions: Emissions from motor vehicles and equipment used in project tree care 
activities (mandatory). 
Energy conservation: Reduced GHG emissions due to effects of trees on building energy 
use (optional) 
Bioenergy: Tree residue burned as fuel (optional). 

E.3.9. Project Eligibility 
Geographic: The City of Flamik Falls occupies 15 sq miles and project tree sites will be 
located in parks and on streets throughout the city. The attached map shows that Flamik 
Falls is within the U.S. Census designated Urbanized Areas. Project boundaries coincide 
with the city limits.  

Ownership: All trees will be planted within public rights-of-way and will belong to the 
City of Flamik Falls. 

Structure: The trees will be planted in maintained landscapes and spaced at least 5m apart 
so as to be open growing. 6,500 tree sites will be planted and permanently sustained . 

Baseline: Flamik Falls will continue sustaining a net tree gain in excess of its municipal 
performance standard.  

Legal requirements: No laws or statutes require tree planting in parks. Since the Tree 
Ordinance was adopted in 1990, developers are required to plant one street tree per lot in 
residential development. This program will plant trees where street trees no longer exist 
or were never planted because development pre-dated the ordinance. 

E.3.10. Tree Maintenance Plan for Project Trees 
Table E21 presents the first ten years of the TMP for project trees and the total for the 
entire project. After ten years, the numbers of trees planted, removed, and pruned steadies 
off and remains approximately the same for the rest of the project. 

E.3.10.1 Tree Planting and Initial Care 
Numbers, Species and Cost: Flamik Falls will plant 6,500 tree sites in 2008. All trees will 
be 15-gal size and will comprise fifteen species with no single species accounting for 
more than 10% of all trees. All are low water-users and none are high BVOC emitters, or 
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invasive non-natives. Species selection will be determined on-site by the city forester in 
accordance with the Flamik Falls Urban Forest Management Plan.  

Each year any trees that have died will be replaced. $75/tree is budgeted for 
replacements. The number of replacements will fall from 325 in 2009 to 146 later in the 
project. The annual budget after the first year will range from $24,375 to $11,000. Total 
planting budget: $1.6 million. 

Identifying and Prioritizing Potential Tree Planting Sites: Priority planting areas are 
listed in the Flamik Falls Urban Forest Management Plan and include several parks that 
are understocked, as well as poorly stocked residential streets in neighborhoods with 
relatively low tree canopy cover.  

Tree Division staff will conduct site visits to each site to select the appropriate tree 
species and determine site preparation required. During visits to street tree sites, they will 
explain the project to adjacent residents and obtain a signed Tree Care Agreement from 
the resident committing them to: 

• Provide regular watering and to report tree health issues 
• Permit access to the tree for monitoring and tree care activities 

Project trees will not be planted at sites unless the adjacent residents sign the Tree Care 
Agreement. Although non-binding on future residents, these agreements promote initial 
establishment of trees, and timely reports of health problems that will reduce replacement 
rates. 

The 3,250 street trees will be planted 6m to 12m (20 to 40-ft) distance from east and west 
facing walls of newly constructed single family homes (post-1980 vintage) with central 
air conditioning. All these trees are eligible energy conservation trees because buildings 
they will shade do not have more than one existing tree greater than 12 m tall (40 ft), or 
capable of growing to this size, located within 18 m (60 ft) of the east-, south-, or west-
facing walls. Tree location and species will be determined on-site by Tree Division staff 
to best match tree with site conditions. 

Planting specifications: Tree Division will work with a local nonprofit group to enlist 
and train local volunteers in several tree planting events. During these events, a certified 
tree worker, arborist, citizen forester, master gardener, or landscape professional will 
supervise planting of each tree as per city specifications. Other trees will be planted by 
certified tree workers and arborists on city staff. Only trees grown to California Quality 
Standards will be planted. This will ensure that trees have the proper crown structure, 
trunk taper, and root system, thereby reducing mortality rates and future maintenance 
costs. 
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Table E21. Tree maintenance plan for project trees for the years 2008–2018 and project totals. After year 2018, plantings, removals, and pruning 
become steady and remain consistent for the rest of the project. 

_____Plant_____ _______Remove_______ ______Small Tree______ _____Large Tree___ _Administration ($)_ 
Year 

No. Cost No. Cost Removal 
cycle 

Total 
no. of 
trees 

Stocking 
level No. Cost Pruning 

cycle No. Cost Pruning 
cycle Total Per tree Total 

budget ($) 

2008 6,500 487,500 - - 1.0 6,500 100 6500 32,500 1.0 - - - 6,500 1.00 526,500 
2009 325 24,375 325 8,125 1.0 6,500 100 6500 32,500 1.0 - - - 6,500 1.00 71,500 
2010 325 24,375 325 8,125 1.0 6,500 100 6500 32,500 1.0 - - - 6,500 1.00 71,500 
2011 325 24,375 325 8,125 1.0 6,500 100 6500 32,500 1.0 - - - 6,500 1.00 71,500 
2012 325 24,375 325 8,125 1.0 6,500 100 6500 32,500 1.0 - - - 6,500 1.00 71,500 
2013 166 12,463 166 4,154 1.0 6,500 100 1312 6,560 1.0 865 129,700 6.0 6,500 1.00 159,377 
2014 161 12,105 161 4,035 1.0 6,500 100 1,156 5,780 1.0 891 133,600 6.0 6,500 1.00 162,021 
2015 157 11,755 157 3,918 1.0 6,500 100 1,003 5,015 1.0 916 137,425 6.0 6,500 1.00 164,614 
2016 152 11,412 152 3,804 1.0 6,500 100 854 4,270 1.0 941 141,150 6.0 6,500 1.00 167,136 
2017 148 11,076 148 3,692 1.0 6,500 100 707 3,535 1.0 966 144,825 6.0 6,500 1.00 169,628 
2018 38 2,850 38 950 1.0 6,500 100 691 3,455 1.0 968 145,225 6.0 6,500 1.00 158,980 
-- -- -- -- --  -- -- -- -- -- -- --  --  -- 
Total 21,751 1,631,325 15,251 381,275   100 97803 489,015 1.0 93,116 13,967,425  650,000  17,119,040 
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E.3.10.2 Removals and replacement 
Mortality: Mortality is estimated at 5% for the first five years and 2% after, based on 
historic records. 

Removals: Mortality is estimated at 5% for the first five years and 2% after. 
Approximately 15,250 replacement trees will be removed over the project’s lifetime. In 
the early years, approximately 325 trees will be removed each year. In later years the 
number will fall to about 38. Because most trees will be small when removed, costs for 
removal and disposal are budgeted at $25 per tree, and the total cost is $381,500. The 
removal cycle is 1 year, i.e., all dead project trees are removed each year. Total removal 
budget: $381,000. 

Replacements: Each year, any trees that have died will be replaced. Replacement tree 
species will be selected using criteria outlined above, but species found to be poor-
performers will not be replanted.  

E.3.10.3 Small tree care 
Small tree care: Trees will be inspected each year for the first five years and pruned if 
necessary. The number of small trees needing inspection will range from 6,500 in the 
early years of the project to 691 towards the end. If 50% of trees are inspected by trained 
volunteers and the remainder cost the city $10 each, the small tree care budget will range 
from $32,500 to $6,500. Total small tree care budget: $489,000. 

Trees will be watered regularly by irrigation systems in parks and medians. Trees planted 
in street sites will include in-ground irrigation as much as possible. Trees without 
irrigation will be watered by residents, as per signed Tree Care Agreements. Also, city 
watering trucks will water these trees as needed during the first three years of 
establishment and thereafter.  

E.3.10.4 Large tree care 
Large tree care: The Tree Division will inspect and prune trees over the age of 5 years on 
a 6-year cycle. The number of trees requiring inspection and pruning annually will 
increase from 865 to 968 in the final years of the project. At $150/tree, annual costs will 
range from $129,700 to $145,225. Total large tree care budget: $13.9 million 

Trees will be watered regularly by irrigation systems in parks and medians. Trees planted 
in street sites will include in-ground irrigation as much as possible. Trees without 
irrigation will be watered by residents, as per signed Tree Care Agreements. Also, city 
watering trucks will water these trees as needed during the first three years of 
establishment and thereafter.  

E.3.10.5 Administration 
The City of Flamik Falls Tree Division will oversee the program with existing staff at a 
cost of approximately $1.00 per tree per year or $6,500 total. Responsibilities will include 
supervising/training of staff and volunteers, customer outreach, monitoring, and project 
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management. The City of Flamik Falls Climate Action coordinator will be responsible for 
GHG reporting, and will work with the Tree Division and Public Works staff. Total 
admin budget: $650,000. 

E.3.11. Monitoring  
Tree species, size, planting date, and GPS location will be recorded at the time of 
planting. Each tree will be monitored annually during first three years after planting when 
inspection/pruning occurs. Data will be recorded on tree size and condition at this time to 
assess whether growth is within confidence intervals. Beginning at the fourth year (2011), 
325 (5%) project tree sites will be inspected annually in a rolling sample. Field data will 
be recorded on tree survival, size and condition at this time to assess survival, growth, 
and performance. These data will be used to verify the accuracy of remotely-sensed data 
by comparing estimates of carbon stocks.  

High-resolution color infrared aerial photography will be obtained for the city every 5th 
year. In a GIS each project tree will be located, survival confirmed, crown area measured, 
and crown condition assessed. Crown area will be evaluated to determine if it is within 
confidence intervals for trees of the same species and age. CUFR’s crown area to dbh 
relations will be used to estimate dbh and height for each tree, and these data will be used 
with biomass equations in the CTCC to report carbon storage and energy conservation 
effects. Hence, every fifth year each project tree site will be inventoried via remote 
sensing. Monitoring and reporting costs are included in the Project Administration 
budget.  

E.3.12. Permanence 
Disturbance Potential (i.e., land use, human, natural): The risk of land use change is 
relatively low because tree sites are in city-owned parks and street rights-of-way (ROW). 
Street widening and realignment pose the greatest threat. This threat will be mitigated by 
selecting sites in residential areas where changes in ROW configuration are infrequent. If 
GHG tree project sites are lost, “substitute” sites will be designated in public parks and 
ROW, as appropriate. Human disturbance poses a relatively low risk of reversibility 
because tree care practices are likely to be consistently high due to the professionalism of 
the city tree staff. Moreover, residents are required to obtain permits from the city before 
pruning or removing ROW trees. City staff and trained volunteers can respond quickly to 
threats from pests and disease. The city is susceptible to several types of natural 
disturbances that could threaten trees including winter storm winds, earthquakes, and 
drought. No particular actions are proposed to mitigate the earthquake and storm risks. 
All project trees will be “low water use,” meaning that they are naturally adapted to 
sustaining themselves with minimal irrigation after establishment.  
 
Project Resources (e.g., management capacity, financial capacity, future income, project 
endorsement, and technologies/practices):The City of Flamik Falls has the financial 
capacity to support this GHG tree project as part of its overall effort to reduce its GHG 
emissions. The urban forestry staff have the experience and knowledge required to 
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successfully implement the program. The project has been endorsed by the local City 
Council, and CalFire.  

Project Activities: The following activities will be undertaken to promote establishment, 
vigorous growth, and longevity of project trees: 

 Nursery stock – will be purchased only from nurseries that have adopted quality 
standards for California. Tree Division staff will conduct on-site inspections of all 
trees to insure that root and crown structures will promote long-term survival. 

 Planting – all volunteers will be trained and supervised to promote proper tree 
planting, staking, mulching, and irrigation 

 Small tree care – all volunteers will be trained in inspection and pruning of small 
trees for structure and form. Tree Division staff and trained volunteers will 
annually inspect and prune trees for structure and form, remove stakes, adjust 
irrigation, improve tree basins, and promote root and crown structure that will 
withstand storm damage and require less frequent pruning at maturity 

 Large tree care – Tree Division staff will receive regular training in large tree care 
and inspect/prune project trees on a regular basis.  

 Tree care agreements – will be signed by residents adjacent to street tree sites, and 
pledge their willingness to conduct specified tree care and health reporting 
responsibilities. 

E.3.13. Potential Negative Impacts 
Urban Forest Biological Diversity: No species will account for more than 10% of all 
trees planted, and no genus will account for more than 20% of planted trees. Given the 
abundance of Callery pear in the local population, this species will not be planted. 

Threats From Invasive Plants/Pests/Disease: All tree species will be screened to ensure 
that none are invasive threats to existing ecosystems or harbor exotic insects or diseases 
that could threaten the existing population 

Water Resources: Only trees identified as low water use will be planted, and plantings 
will be designed to reduce stormwater runoff where possible 

Air Quality: Because this area is in an ozone nonattainment region with a high NOx to 
VOC ratio, trees that are high emitters of biogenic volatile organic compounds, a ozone 
precursor, will not be planted unless approved by the local air quality management 
district. Also, no trees species will be planted that are widely recognized as major sources 
of aeroallergens. 

Infrastructure: Tree plantings will be designed to minimize root conflicts with buildings, 
lighting, sidewalks, and curb & gutter. Trees will not be planted that will grow into power 
lines, or located where they will obstruct the visibility of signage 

Energy: Trees will not be located where they will attenuate solar access to roof-top 
mounted solar systems. 
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E.3.14. Potential Co-benefits 
The GHG project trees will provide other ecosystem services, with the value of these 
benefits totaling approximately $32 million ($49/tree site/yr). Data from the Bay Area 
Tree Guide indicate that the benefits for 100 years after sustaining tree canopy in 6,500 
planting sites will total (includes mortality) will be: 

• 2,100 tons of criteria air pollutants removed from atmosphere ($18.4 
million) 

• 359 million gals of rainfall intercepted and runoff avoided ($2.9 million) 
• 10,860 MWh of electricity conserved ($10.8 million) 

E.3.15. Forecasting the NTG Baseline 
Select the appropriate performance standard: The municipal standard of 0.001 net tree 
gain (NTG) per capita 

Obtain estimates of annual population change: Flamik Falls population estimates are 
based 2000 Census data updated by city planning staff and assume 1% annual population 
growth. 

Calculate the number of net gain trees required for each year: Table E22 presents the 
future population growth of Flamik Falls and the baseline NTG required. 

Table E22. Population estimates for Flamik Falls for the project period and annual baseline net 
tree gain (NTG). 

Year Population NTG Year Population NTG 
2008 112,000 112 2058 184,199 184 
2009 113,120 113 2059 186,041 186 
2010 114,251 114 2060 187,901 188 
2011 115,394 115 2061 189,780 190 
2012 116,548 117 2062 191,678 192 
2013 117,713 118 2063 193,595 194 
2014 118,890 119 2064 195,531 196 
2015 120,079 120 2065 197,486 197 
2016 121,280 121 2066 199,461 199 
2017 122,493 122 2067 201,455 201 
2018 123,718 124 2068 203,470 203 
2019 124,955 125 2069 205,505 206 
2020 126,204 126 2070 207,560 208 
2021 127,466 127 2071 209,635 210 
2022 128,741 129 2072 211,732 212 
2023 130,029 130 2073 213,849 214 
2024 131,329 131 2074 215,988 216 
2025 132,642 133 2075 218,147 218 
2026 133,969 134 2076 220,329 220 
2027 135,308 135 2077 222,532 223 
2028 136,661 137 2078 224,757 225 
2029 138,028 138 2079 227,005 227 
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Year Population NTG Year Population NTG 
2030 139,408 139 2080 229,275 229 
2031 140,802 141 2081 231,568 232 
2032 142,210 142 2082 233,884 234 
2033 143,632 144 2083 236,222 236 
2034 145,069 145 2084 238,585 239 
2035 146,519 147 2085 240,970 241 
2036 147,985 148 2086 243,380 243 
2037 149,464 149 2087 245,814 246 
2038 150,959 151 2088 248,272 248 
2039 152,469 152 2089 250,755 251 
2040 153,993 154 2090 253,262 253 
2041 155,533 156 2091 255,795 256 
2042 157,089 157 2092 258,353 258 
2043 158,660 159 2093 260,936 261 
2044 160,246 160 2094 263,546 264 
2045 161,849 162 2095 266,181 266 
2046 163,467 163 2096 268,843 269 
2047 165,102 165 2097 271,532 272 
2048 166,753 167 2098 274,247 274 
2049 168,420 168 2099 276,989 277 
2050 170,104 170 2100 279,759 280 
2051 171,806 172 2101 282,557 283 
2052 173,524 174 2102 285,382 285 
2053 175,259 175 2103 288,236 288 
2054 177,011 177 2104 291,119 291 
2055 178,782 179 2105 294,030 294 
2056 180,569 181 2106 296,970 297 
2057 182,375 182 2107 299,940 300 

 
Existing regulations 

No laws or statutes require tree planting in parks. Since the Tree Ordinance was adopted 
in 1990, developers are required to plant one street tree per lot in residential development. 
This program will plant trees where street trees no longer exist or were never planted 
because development pre-dated the ordinance. 

E.3.16. Forecasting the Future Project Activity 
In this section, the amount of carbon stored in the project trees over the project lifetime is 
estimated and tree-care-related emissions are estimated and deducted. 

For each year of the project, model the number and size of standing trees. 

Initially, 6,500 tree sites will be planted. All dead trees are assumed to be removed and 
replaced at the start of planting season in the following year. Annual mortality rates of 
5% during the first five years after planting, and 2% thereafter were assumed. The total 
number of trees planted over the length of the project is estimated at 21,751 (Table E23). 
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Table E23. Number of trees planted initially and replacements for removed trees in the remaining 
years of the project. 

Year Project year Original planting Replacements 
2008 1 6,500  
2009 2  325 
2010 3  325 
2011 4  325 
2012 5  325 
2013 6  166 
2014 7  161 
2015 8  157 
2016 9  152 
2017 10  148 
2018 11  147 
2019 12  147 
2020 13  147 
2021 14  146 
2022 15  146 
2023 16  146 
2024 17  146 
2025 18  146 
2026 19  146 
2027 20  146 
-- -- -- -- 
2107 100  146 

Total   21,751 
 

For each year of the project, the number of trees of each age was calculated based on 
mortality rates described above. The first ten years of the project are shown in 
Table E24. 

Table E24. Tree distribution by age for the first ten years of the project. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
1 6,500 325 325 325 325 166 161 157 152 148 
2  6,175 309 309 309 309 158 153 149 145 
3   5,866 293 293 293 293 150 146 141 
4    5,573 279 279 279 279 142 138 
5     5,294 265 265 265 265 135 
6      5,188 259 259 259 259 
7       5,085 254 254 254 
8        4,983 249 249 
9         4,883 244 
10          4,786 

Total 6,500 6,500 6,500 6,500 6,500 6,500 6,500 6,500 6,500 6,500 
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Model associated volume of biomass, carbon and CO2 annually for each size tree. 

Using the CUFR Tree Carbon Calculator, the annual amount of CO2 stored (kg CO2/tree) 
was calculated at five-year intervals. Values in between were interpolated linearly using 
Excel (Table E25). 

Table E25. The CUFR Tree Carbon Calculator was used to determine DBH, height, and stored 
CO2 for trees of each age (first ten years shown). 

Tree age 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.1 1.6 2.2 2.7 3.3 3.8 4.3 4.8 5.3 5.8
Height (ft) 11.2 14.6 17.3 19.6 21.5 23.2 24.6 25.9 27.1 28.1
CO2/tree (kg) 1.4 4.0 8.6 15.3 24.2 35.5 49.1 65.0 83.1 103.4
CO2/tree (t) 0.001 0.004 0.009 0.015 0.024 0.036 0.049 0.065 0.083 0.103

 
The total amount of CO2 stored by all the project trees (Table E26) was calculated by 
multiplying the number of trees of each age (Table E24) by the associated amount of 
CO2 stored (Table E25).  

Table E26. Forecast total CO2 (t) stored in all project tree sites at the end of each project year 
(first ten years shown). 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 9.1 0.5 0.5 0.5 0.5 0.2 0.2 0.2 0.2 0.2
2 24.9 1.2 1.2 1.2 1.2 0.6 0.6 0.6 0.6
3 50.3 2.5 2.5 2.5 2.5 1.3 1.2 1.2
4 85.1 4.3 4.3 4.3 4.3 2.2 2.1
5 128.4 6.4 6.4 6.4 6.4 3.3
6 184.4 9.2 9.2 9.2 9.2
7 249.8 12.5 12.5 12.5
8 324.0 16.2 16.2
9 405.9 20.3
10 494.7
Total 9.1 25.3 52.0 89.3 136.8 199.0 273.1 358.5 454.5 560.3

 
The annual increment of CO2 sequestered each year was calculated by subtracting the 
total stored in any given year from the total stored in the previous year (Table E27). This 
is the annual project CO2 (Cproj).  

E.3.17. Estimating Future GHG Emissions 
GHG emissions associated with tree maintenance were estimated. Because this is a 
prediction into the future, the default value of 2.62 kg CO2 per tree per year (McPherson 
and Simpson 1999) was used. This value is Cemis. 

E.3.18. Forecasting Additionality 
Forecast carbon reduction units (CRT) were calculated as the difference between the CO2 
stored each year in the project trees (Cproj), and the CO2 emitted (Cemis) during tree care 
activities: 
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Forecast CRT = Cproj – Cemis 

Table E27. Forecast annual CO2 stored, sequestered, and released due to tree care activities. 
CRTfor is the annual amount sequestered minus emissions released (t) for project trees in the 
6,500 sites. 

Year Stored CO2 Annual seq(Cproj) Emissions (Cemis) CRTfor 
2008 9.1 9 17.0 -8.0 
2009 25.3 16 17.0 -0.8 
2010 52.0 27 17.0 9.6 
2011 89.3 37 17.0 20.3 
2012 136.8 48 17.0 30.5 
2013 199.0 62 17.0 45.2 
2014 273.1 74 17.0 57.1 
2015 358.5 85 17.0 68.3 
2016 454.5 96 17.0 79.0 
2017 560.3 106 17.0 88.8 
2018 675 115 17.0 97.9 

-- -- -- -- -- 
2104 12,462 75 17.0 58.3 
2105 12,536 74 17.0 57.0 
2106 12,609 73 17.0 55.7 
2107 12,680 71 17.0 54.4 
Total 12,680.4 12,680.4 1,703.0 10,977 

 

CO2 values were plotted for the project lifetime (Figure E5). 

Figure E5. Forecast annual CO2 sequestered and emissions due to tree care activities. 
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E.3.19. Assessing Leakage  
1. Do you expect your organization’s biological carbon stocks, excluding project 

trees, to change as a result of the project? If yes, please explain. No. 
 
2. Do you expect your organization’s investment in tree maintenance and removal, 

excluding project trees, to change as a result of the project? Will your investment 
in the project adversely affect the level of service provided to non-project trees? If 
yes, please explain. No. 

E.3.20. Other GHG Benefits: Energy Conservation 
The effect of tree shade on energy conservation was calculated for the 5,000 project trees 
using the CTCC according to the methods in Annex D.  

E.3.20.1 Project Data 
Base Year and Project Lifetime: 2008 to 2107, 100 years 
Identify California Region: North and Central Coast 
Assign Utility-Specific Emission Factors:  
870 lbs CO2

 / kWh (California average emissions) 
0.117 lbs CO2

 / kBtu for natural gas 

E.3.20.2 Tree Data 
Determine size and/or age and species of all eligible project trees: 
Half of the project trees (3,250) will be planted strategically for energy conservation. 

Record location of eligible trees: 
All trees will be 6-12 m (20-40 ft) from buildings. Half (1,625) will shade west-facing 
walls and half will shade east-facing walls. 

Tree eligibility: 
All trees will be planted around residences where there are currently no trees; therefore, 
all trees will be eligible. 

E.3.20.3 Building Data 
Determine the vintage of each eligible residential building:  
New construction is targeted; buildings will be post-1980 vintage.  

Determine the heating and cooling equipment type for each eligible building: 
Air conditioning equipment: central air conditioning 

Heating equipment: natural gas 

E.3.20.4  Determine tree effects due to energy conservation on GHG emissions using 
the CTCC  

 
The project, tree, and building data above were input into the CUFR Tree Carbon 
Calculator (CTCC) as described in Annex D at 5-year intervals to determine electricity 
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savings (kWh) and heating savings or costs (kBtu) per tree. Values between the 5-year 
intervals were interpolated in Excel. Effects of project trees on electricity for air 
conditioning (kilowatt-hours) and natural gas for heating (kBtu) were multiplied by the 
emission factors to derive the kg CO2/tree, which was then converted to metric tons 
(Table E28). Metric tons of CO2 conserved per tree was then multiplied by the total 
number of trees of each size (Table E24) to calculate the total amount of CO2 (t) 
conserved each year (Table E29). Table E30 shows the forecast amount of carbon 
dioxide (t) emissions reduced each year. After 100 years, trees in the 3,250 project sites 
are estimated to reduce CO2 emissions by 12,727 t. 
 
Table E28. The third row shows dbh size (inches) for the Chinese elm. kWh/tree and kBtu/tree 
are values from CTCC output obtained at 5-year intervals and interpolated between. CO2/tree 
(kg) is calculated as the product of energy effects per tree and the utility emission factors for 
electricity and natural gas, respectively. 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Project year 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.1 1.6 2.2 2.7 3.3 3.8 4.3 4.8 5.3 5.8 
kWh cons/tree 1.2 8.6 15.9 23.3 30.7 46.5 62.3 78.1 93.9 109.8 
kgs CO2/tree 0.5 3.4 6.3 9.2 12.1 18.4 24.6 30.9 37.1 43.4 
kBtu cons 1.5 3.8 6.0 8.3 10.5 9.0 7.5 6.0 4.5 3.0 
kgs CO2/tree 0.1 0.2 0.3 0.4 0.6 0.5 0.4 0.3 0.2 0.2 
Total CO2/tree (t) 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.03 

 
 
Table E29. Carbon dioxide emission reduction values (t) are the product of total tree numbers 
(Table E24) and values in the bottom row of Table E28. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1 1.3 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 
2  7.7 0.4 0.4 0.4 0.4 0.2 0.2 0.2 0.2 
3   13.6 0.7 0.7 0.7 0.7 0.3 0.3 0.3 
4    18.8 0.9 0.9 0.9 0.9 0.5 0.5 
5     23.5 1.2 1.2 1.2 1.2 0.6 
6      34.2 1.7 1.7 1.7 1.7 
7       44.5 2.2 2.2 2.2 
8        54.4 2.7 2.7 
9         63.8 3.2 

10          72.9 
Total 1.3 7.8 14.0 19.9 25.5 37.4 49.2 61.0 72.7 84.3 
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Table E30. Forecast annual emission reductions due to energy conservation. Once the trees 
reach a certain size the energy benefits level off. For the entire 100 year-period, trees in the 
3,250 program trees are estimated to reduce CO2 emissions by 12,727 t. 

Year CO2 reduced (t) 
2008 1.3 
2009  7.8 
2010  14.0 
2011  19.9 
2012  25.5 
2013  37.4 
2014  49.2 
2015  61.0 
2016  72.7 
2017  84.3 
2018  95.0 
2019  105.5 
2020  115.7 
2021  125.7 
2022  135.5 
2023  136.7 
2024  137.5 
2025  138.1 
2026  138.4 
2027  138.5 
2028  138.5 
2029  138.6 
2030  138.6 
-- -- 
2107  138.6 
Total 12,727 
  

E.3.21. Other GHG Benefits: Bioenergy 
Estimate mortality and the number and size of trees that will be removed each year. 
Initially, 6,500 tree sites will be planted. All dead trees are assumed to be removed and 
replaced at the start of planting season in the following year. Annual mortality rates of 
5% during the first five years after planting, and 2% thereafter were assumed. The total 
number of trees removed over the length of the project is estimated at 15,251 
(Table E31). For each year of the project, the number of trees of each age that were 
removed was calculated based on the mortality estimates above. The first ten years of the 
project are shown in Table E31. 
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Table E31. Forecast number of trees of each age removed in the first ten years of the project. 

Tree age 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
1 325 16 16 16 16 8 8 8 8 7
2  309 15 15 15 15 8 8 7 7
3   293 15 15 15 15 7 7 7
4   279 14 14 14 14 7 7
5   106 5 5 5 5 3
6   104 5 5 5 5
7   102 5 5 5
8   100 5 5
9    98 5
10    96
Total 325 325 325 166 161 157 152 148 147 147
 
Determine the dryweight biomass of the dead trees.  

1. For each age of trees, the aboveground volume of wood biomass was calculated 
based on dbh and height taken from the CTCC and using the allometric equations 
in Annex C.  

2. Volume was converted into freshweight biomass which was converted into 
dryweight (DW) biomass. The values for dbh, height, and DW biomass for the 
first ten years of the tree’s life are shown in Table E32.  

3. The DW biomass was converted into Btu by multiplying the heating value of 
hardwoods (18,960 Btu/kg) by the total biomass.  

4. The Btu of biomass was divided by the heat rate of the bioenergy plant (16,000 
Btu/kWh) to yield the electricity generated. kWh of electricity was divided by 
1,000 to convert to MWh. 

5. The average annual emission factor for the regional utility (0.629 t/MWh) was 
multiplied by the electricity generated by burning the wood biomass to calculate 
the CO2 emissions displaced by the biomass (Table E33). 

 
Table E32. Forecast annual tree dbh and height, dryweight biomass per tree, energy stored in 
wood, electricity generated by burning, and displaced CO2 emissions using allometric equations 
for a Chinese elm. 

Tree age 1 2 3 4 5 6 7 8 9 10 
DBH (in) 1.1 1.6 2.2 2.7 3.3 3.8 4.3 4.8 5.3 5.8 
Height (ft) 11.2 14.6 17.3 19.6 21.5 23.2 24.6 25.9 27.1 28.1 
DW biomass per tree (kg) 0.6 1.7 3.7 6.5 10.3 15.1 20.9 27.7 35.4 44.0 
Heat energy per tree (kBtu) 11,275 32,523 69,209 123,276 195,702 286,841 396,650 524,840 670,970 834,512 
Electricity generated per tree (kWh) 0.70 2 4 8 12 18 25 33 42 52 
CO2 displaced per tree (t) 0.000 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 
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Table E33. The dryweight biomass of all removed trees in each year, energy in wood, electricity 
produced from the biomass, and CO2 emissions displaced. 

Year Dryweight 
biomass (t) 

Energy in wood 
(MBtu) 

Electricity 
produced (MWh) CO2 displaced (t) 

2008 0.2 3.7 0.2 0.4 
2009 0.5 10.2 0.6 1.0 
2010 1.1 21.0 1.3 2.1 
2011 1.9 36.1 2.3 3.6 
2012 1.3 24.1 1.5 2.4 
2013 1.8 34.1 2.1 3.4 
2014 2.4 45.9 2.9 4.6 
2015 3.1 59.4 3.7 5.9 
2016 3.9 74.4 4.6 7.4 
2017 4.8 91.5 5.7 9.1 
2018 5.8 110.0 6.9 10.9 
-- -- -- -- -- 
Total 5,741.4 108,857.5 6,803.6 10,816.5 
 

Figure E6. Forecast total reduced emissions due to energy conservation and displaced 
emissions due to use of removed biomass for bioenergy. 
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Table 34 shows a summary of all GHG benefits provided by the project trees over the 
100-year project lifetime.  

Table E34. All GHG tree project benefits on an annual basis and the project totals. 

Year 
Annual seq of 
CO (Cproj) (t) 

CO2 
emissions 

(Cemis) CRT (t) 

CO2 reduced 
by energy cons 

(t) 

CO2 
displaced by 
bioenergy (t) Total 

2008 9 17.0 -8.0 1.3 0.36 -6.3 
2009 16 17.0 -0.8 7.8 1.02 8.0 
2010 27 17.0 9.6 14.0 2.09 25.7 
2011 37 17.0 20.3 19.9 3.58 43.8 
2012 48 17.0 30.5 25.5 2.40 58.4 
2013 62 17.0 45.2 37.4 3.39 86.0 
2014 74 17.0 57.1 49.2 4.56 110.8 
2015 85 17.0 68.3 61.0 5.90 135.2 
2016 96 17.0 79.0 72.7 7.39 159.0 
2017 106 17.0 88.8 84.3 9.09 182.3 
2018 115 17.0 97.9 95.0 10.93 203.8 
2019 123 17.0 106.2 105.5 12.90 224.6 
2020 131 17.0 113.7 115.7 15.00 244.4 
2021 138 17.0 120.5 125.7 17.21 263.5 
2022 144 17.0 126.7 135.5 19.51 281.7 
2023 149 17.0 132.2 136.7 21.90 290.7 
2024 154 17.0 137.1 137.5 24.38 299.0 
2025 158 17.0 141.4 138.1 26.92 306.5 
2026 162 17.0 145.3 138.4 29.52 313.2 
2027 166 17.0 148.6 138.5 32.18 319.3 
2028 169 17.0 151.6 138.5 34.88 325.0 
2029 171 17.0 154.1 138.6 37.63 330.3 
2030 173 17.0 156.2 138.6 40.41 335.2 
2031 175 17.0 158.0 138.6 43.21 339.8 
2032 176 17.0 159.4 138.6 46.04 344.0 
2033 178 17.0 160.5 138.6 48.89 348.0 
2034 178 17.0 161.4 138.6 51.76 351.8 
2035 179 17.0 162.0 138.6 54.63 355.2 
2036 179 17.0 162.4 138.6 57.51 358.5 
2037 180 17.0 162.5 138.6 60.39 361.5 
2038 180 17.0 162.5 138.6 63.27 364.4 
2039 179 17.0 162.3 138.6 66.14 367.0 
2040 179 17.0 161.9 138.6 69.01 369.5 
2041 178 17.0 161.3 138.6 71.87 371.8 
2042 178 17.0 160.6 138.6 74.72 373.9 
2043 177 17.0 159.8 138.6 77.56 375.9 
2044 176 17.0 158.8 138.6 80.38 377.8 
2045 175 17.0 157.8 138.6 83.19 379.6 
2046 174 17.0 156.6 138.6 85.97 381.2 
2047 172 17.0 155.4 138.6 88.74 382.7 
2048 171 17.0 154.0 138.6 91.48 384.1 
2049 170 17.0 152.6 138.6 94.20 385.4 
2050 168 17.0 151.1 138.6 96.90 386.6 
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Year 
Annual seq of 
CO (Cproj) (t) 

CO2 
emissions 

(Cemis) CRT (t) 

CO2 reduced 
by energy cons 

(t) 

CO2 
displaced by 
bioenergy (t) Total 

2051 167 17.0 149.6 138.6 99.57 387.8 
2052 165 17.0 148.0 138.6 102.22 388.8 
2053 163 17.0 146.4 138.6 104.84 389.8 
2054 162 17.0 144.7 138.6 107.44 390.7 
2055 160 17.0 142.9 138.6 110.00 391.5 
2056 158 17.0 141.2 138.6 112.54 392.3 
2057 156 17.0 139.4 138.6 115.05 393.0 
2058 155 17.0 137.6 138.6 117.53 393.7 
2059 153 17.0 135.7 138.6 119.98 394.3 
2060 151 17.0 133.8 138.6 122.40 394.8 
2061 149 17.0 132.0 138.6 124.79 395.3 
2062 147 17.0 130.1 138.6 127.15 395.8 
2063 145 17.0 128.2 138.6 129.48 396.2 
2064 143 17.0 126.2 138.6 131.78 396.6 
2065 141 17.0 124.3 138.6 134.05 397.0 
2066 139 17.0 122.4 138.6 136.28 397.3 
2067 138 17.0 120.5 138.6 138.49 397.6 
2068 136 17.0 118.6 138.6 140.66 397.8 
2069 134 17.0 116.6 138.6 142.81 398.0 
2070 132 17.0 114.7 138.6 144.92 398.2 
2071 130 17.0 112.8 138.6 147.00 398.4 
2072 128 17.0 110.9 138.6 149.06 398.6 
2073 126 17.0 109.0 138.6 151.08 398.7 
2074 124 17.0 107.1 138.6 153.07 398.8 
2075 122 17.0 105.3 138.6 155.03 398.9 
2076 120 17.0 103.4 138.6 156.96 399.0 
2077 119 17.0 101.6 138.6 158.87 399.0 
2078 117 17.0 99.7 138.6 160.74 399.0 
2079 115 17.0 97.9 138.6 162.58 399.1 
2080 113 17.0 96.1 138.6 164.40 399.1 
2081 111 17.0 94.3 138.6 166.18 399.1 
2082 110 17.0 92.5 138.6 167.94 399.1 
2083 108 17.0 90.8 138.6 169.67 399.0 
2084 106 17.0 89.0 138.6 171.37 399.0 
2085 104 17.0 87.3 138.6 173.04 398.9 
2086 103 17.0 85.6 138.6 174.69 398.9 
2087 101 17.0 83.9 138.6 176.31 398.8 
2088 99 17.0 82.3 138.6 177.90 398.8 
2089 98 17.0 80.6 138.6 179.47 398.7 
2090 96 17.0 79.0 138.6 181.01 398.6 
2091 94 17.0 77.4 138.6 182.52 398.5 
2092 93 17.0 75.8 138.6 184.01 398.4 
2093 91 17.0 74.2 138.6 185.48 398.3 
2094 90 17.0 72.7 138.6 186.92 398.2 
2095 88 17.0 71.1 138.6 188.33 398.1 
2096 87 17.0 69.6 138.6 189.72 397.9 
2097 85 17.0 68.1 138.6 191.09 397.8 
2098 84 17.0 66.7 138.6 192.43 397.7 
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Year 
Annual seq of 
CO (Cproj) (t) 

CO2 
emissions 

(Cemis) CRT (t) 

CO2 reduced 
by energy cons 

(t) 

CO2 
displaced by 
bioenergy (t) Total 

2099 82 17.0 65.2 138.6 193.75 397.6 
2100 81 17.0 63.8 138.6 195.05 397.4 
2101 79 17.0 62.4 138.6 196.32 397.3 
2102 78 17.0 61.0 138.6 197.57 397.2 
2103 77 17.0 59.6 138.6 198.80 397.0 
2104 75 17.0 58.3 138.6 200.01 396.9 
2105 74 17.0 57.0 138.6 201.20 396.8 
2106 73 17.0 55.7 138.6 202.36 396.6 
2107 71 17.0 54.4 138.6 203.58 396.5 
Total 12,680.4 1,703.0 10,977 12,727.2 10,816.5 34,521.2 
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Annex F. Glossary 

Activity-shifting leakage: Shifting of activities or resources from other parts of the 
entity to the project, which does not result in additionality. 

Additionality: Greenhouse gas emission reductions that exceed the baseline and any 
applicable laws and regulations. A project must demonstrate additionality to be reported. 

Baseline: Quantifies the minimum threshold of carbon stocks for nonproject trees that 
must occur each year for a project to be registered. The baseline is based on performance 
standards that reflect annual rates of net tree gain (planted minus removed). 

Bioenergy project: A project undertaken to use tree wood residue as fuel, replacing 
fossil fuel sources of power. Currently, bioenergy projects can not be registered with the 
Registry, but can be reported.  

Biomass: The amount of living matter comprising, in this case, a tree. 

Carbon pools: A reservoir that has the ability to accumulate and store carbon or release 
carbon. In the case of forests, a carbon pool is the forest biomass, which can be  
subdivided into smaller pools. These pools may include aboveground or below-ground  
biomass or roots, litter, soil, bole, branches and leaves, among others.  

Carbon reduction tons (CRT): One metric ton of verified CO2-equivalent emission 
reduction or sequestration (pronounced “carrot”). 

Carbon stock: A pool of stored carbon. Forest carbon stocks include living and standing 
dead vegetation, woody debris and litter, and organic matter in the soil, and harvested 
stocks such as wood for wood products and fuel. 

Cdeduct: The amount of CO2 that must be deducted from your project carbon if your entity 
fails to meet the running total NTG baseline. 

Cemis: CO2 and other greenhouse gases from project tree-care-related emissions, for 
example, due to vehicular or equipment use. 

Cproj: Project carbon, i.e., carbon stored annually in project trees, reported as CO2.  

Direct emissions: Greenhouse gas emissions from sources that are owned or controlled 
by the reporting entity, e.g., diesel or gasoline use for tree maintenance on city trees by 
the municipal arborists. 

Dry weight (DW) biomass: The weight of aboveground tree biomass when dried to 0% 
moisture content. Also known as oven-dry and bone-dry biomass. Convert from green 
biomass to dry weight biomass by multiplying by 0.56 for hardwoods or 0.48 for 
softwoods. 
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Energy conservation project: A project undertaken to reduce energy consumption, and 
therefore carbon dioxide emissions, by planting trees strategically to shade residential 
structures. Currently, energy conservation projects can not be registered with the 
Registry, but can be reported. 

Entity: The individual, corporation, nonprofit, municipality, or other body that owns, 
controls, or manages urban trees. 

Global warming potential (GWP): Indices used to convert emissions from GHGs other 
than carbon dioxide to their equivalent carbon dioxide emissions. Their values are 23 for 
methane and 296 for nitrous oxide. 

Greenhouse gases (GHG): Any of the gases whose absorption of solar radiation is 
responsible for the greenhouse effect. Greenhouse gases covered by California’s Global 
Warming Solutions Act (AB32) are carbon dioxide, methane, nitrous oxide, 
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. 

Greenhouse gas tree project: A tree planting activity undertaken to reduce emissions of 
GHGs or increase sequestration of carbon in accordance with international principles. 
The reductions must be real, permanent, verifiable and additional.  

Freshweight (or green) biomass: The weight of aboveground tree biomass when fresh 
(or green), which includes the moisture present at the time the tree was cut. The moisture 
content of green timber varies greatly among different species. We assume that the 
moisture content of freshweight biomass is 30%. 

Heat rate: Each bioenergy power plant has a heat rate, which expresses the efficiency of 
conversion from wood fuel to electricity and depends on the type of technology and size 
of the facility. Heat rate is measured as the number of Btus required to produce a kWh of 
electricity. 

Heating value: The amount of energy released when a fuel is burned completely, 
measured in Btu/kg dryweight biomass. 

Indirect emissions: GHG emissions that are consequence of the reporting company’s 
operations but occur at sources owned or controlled by another company (Source: WRI).  

Inherent uncertainty: The scientific uncertainty associated with calculating carbon 
stocks and greenhouse gas emissions.  

Leakage:  According to the International Panel on Climate Change: “the unanticipated 
decrease or increase in greenhouse gas benefits outside of the project's accounting 
boundary as a result of project activities.” 

Net tree gain (NTG): Number of nonproject trees planted minus the number removed 
annually by an entity.  
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Net tree gain baseline: The NTG baseline describes the number of nonproject trees an 
entity must plant in excess of trees it removes. It is determined annually by multiplying 
the performance standard by either the city population or campus area of the entity. By 
meeting the NTG baseline, an entity ensures that it is planting more nonproject trees than 
it removes and therefore is increasing its existing carbon stocks. 

Nonbiological emissions: Greenhouse gas emissions that are not directly released from 
biomass. For example, GHGs from fossil fuel combustion qualify as nonbiological 
emissions. 

Operational boundaries: The carbon pools that will be reported by the entity. Examples 
include carbon storage, wood product carbon, and GHG emissions related to tree care. 

Organizational boundaries: The boundaries that determine project participants and their 
roles and responsibilities. These roles need to be defined for each participant and for each 
aspect of the project: a) project planning, b) tree planting, c) tree maintenance & salvage, 
c) financing, d) reporting, and e) verification). 

Performance standards: The basic standard that is used to define a baseline measured in 
terms of net tree gain (planted minus removed, NTG). Performance standards have been 
set for municipalities and campuses, and normalized to reflect NTG per capita and acre, 
respectively.  

Project activity: The carbon storage, emission reductions and emissions due to a GHG 
tree project. 

Project developer: The person, company, or organization developing a GHG project. 

Project tree site: A tree site that is planted and maintained in tree canopy cover as a 
result of project activity. 

Registered project: A GHG tree project is “registered” if and when it is successfully 
verified, and the verification report is accepted by the Registry. 

Reporting uncertainty: The level of uncertainty associated with an entity’s chosen 
method of sampling and/or inventorying carbon stock and calculation methodologies. 
Contrast with inherent uncertainty. 

Reporting year: The year for which an entity is reporting its project activity. Project 
activity is calculated as of December 31 of the reporting year. Reports for a reporting 
year are due August 31 of the following year. 

Sequestration: The process by which trees remove carbon dioxide from the atmosphere 
and transform it into biomass. 

Tree maintenance plan (TMP): Describes future annual tree maintenance levels of 
service and associated expenditures. TMPs are developed for the entity’s urban forest 
resource (TMP for nonproject trees) and the GHG tree project (TMP for project trees).  
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Tree residue: Aboveground biomass from urban trees (as distinguished from 
construction debris) that can be salvaged for reuse, such as mulch, wood products, fuel 
for biomass power plant.  

Tree resource: All trees planted and maintained by an entity. 

Verification: The process by which California Registry accredited third party verification 
firms independently review records, data, equipment, and activities to ensure compliance 
with the eligibility requirements and calculation methodologies laid out by California 
Registry’s project protocols. At the end of the process, the verifiers are the ones who 
determine the number of GHG emission reductions attributable to the project. 
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