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Introduction 
Street trees are an important nature-based climate solution, providing many benefits in 
mitigating and adapting to climate change. They provide shade and cooling, lessening the urban 
heat island effect; take up stormwater, reducing flood risk; and sequester carbon through 
photosynthesis as they grow, compensating for some of the emissions released in the city.    

In 2021, the City of Barrie completed a project to redevelop the downtown Dunlop corridor to 
replace aging infrastructure, accommodate future growth, increase accessibility and improve 
aesthetics. As part of this project, the trees installed along the sidewalks were planted within 
Silva Cells (Figure 1.). Silva Cells are a modular suspended pavement system that prevents soil 
compaction while supporting traffic loads and accommodating surrounding utilities, improving 
conditions for tree root growth (Urban & Marritz, 2016). Additionally, Silva Cells are combined 
with stormwater management initiatives to direct stormwater runoff through the cell, thereby 
increasing water availability to the tree while also reducing surface flow and improving the 
quality of runoff (Urban & Marritz, 2016). 

 

Figure 1. Silva cell installation and tree planting (Source: STEP, 2020) 
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Due to these improved conditions, it is expected that trees planted within Silva Cells will grow 
faster and live longer compared to traditionally planted street trees, and therefore should 
sequester more carbon over their lifespans. To test this hypothesis, the Lake Simcoe 
Conservation Authority (the Conservation Authority) collaborated with the City of Barrie to 
develop a pilot study to assess the health of street trees planted in Silva Cells and to determine 
whether they have increased carbon sequestration potential. 

Methods 
In order to compare between the two planting methods, Conservation Authority staff identified 
29 honey locust (Gleditsia triacanthos) and Freeman maple (Acer x fremanii) trees planted 
within Silva Cells along Dunlop Street (treatment), as well as 29 traditionally planted street 
trees within the city (control). However, once on site, staff determined that some of the 
originally planted trees had been replaced by Kentucky coffee trees (Gymnocladus dioicus), 
American elms (Ulmus americana), or Norway maples (Acer platanoides). 

In 2023, Conservation Authority staff measured each tree and assessed its health condition. 
Staff surveyed the trees again in 2025, as well as an additional 10 traditionally planted Kentucky 
coffee trees in an effort to balance the sample sizes. Table 1 shows the number of each tree 
species sampled per year for each planting type. 

Table 1. Summary of trees sampled 

Tree Species Scientific Name Traditionally 
Planted (Control) 

Sample Size 

 Silva Cell 
(Treatment) 
Sample Size 

 

  2023 2025 2023 2025 

Honey locust Gleditsia triacanthos 14 14 15 15 

Freeman maple Acer x fremanii 12 14 5 5 

Kentucky coffee Gymnocladus dioicus 0 10 9 9 

American elm Ulmus americana 1 1 0 0 

Norway maple Acer platanoides 2 2 0 0 

To assess growth rate, each tree’s diameter was measured at breast height (DBH). When knots 
or branches in the trunk were encountered, DBH was taken directly below that point for 
consistency. Each tree’s health was also assessed using a Tree Health Grading Tool developed 
by the Conservation Authority, based on the percentage of the tree showing signs of canopy 
dieback, pests / diseases, and damage (Table 2). Evidence of canopy dieback includes dead 



 

Carbon sequestration of street trees: traditional planting vs. Silva Cells (May 2026) Page 3 of 11 

branches, bare branches, or large gaps in the canopy that matched with a stump from a 
removed branch. Evidence of pests and / or disease may include chewed or warped foliage, 
yellow, orange, black or brown foliage, holes in the bark, cotton-like masses, visible fungus, or 
oozing. Physical damage was considered separate from any damage caused by pests or 
diseases, although they could overlap, and included damage from anthropogenic sources such 
as unhealed wounds from cut branches, line trimmers, lawn mowers, carvings in the trunk etc. 
Categories were not mutually exclusive and may overlap.  

Table 2. Tree health grading tool 

Evidence Grade Points Canopy 
Dieback 

Pests / 
Diseases 

Damage Final 
Score 

Null (0-5% of tree) 0     

Slight (6-35%) 10     

Moderate (36-64%) 20     

Severe (65-94%) 30     

Dead / Dying (95-100%) 40     

Final score: 

Excellent: 0-20 points 

Good: 10-40 points 

Fair: 41-60 points 

Poor: 61-80 points 

Dead / Dying: 81+ points 

Each tree planted in a Silva Cell was also assessed for planting quality based on the presence or 
absence of three factors: soil erosion, incorrect soil level, and tree tilt / unstable (Table 3). 
Evidence of soil erosion included any visible holes, microrills or otherwise missing areas of soil 
that could be attributed to rainfall. Incorrect soil level was noted as too much soil if it was 
spilling onto the sidewalk, or too little soil if it was below the edge of the concrete/pavement. 
Tree tilt included any angle other than straight upwards, and a tree was deemed unstable if the 
base of the tree visibly moved when shook. Categories were not mutually exclusive and may 
overlap. 
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Table 3. Silva Cell planting grading tool 

 Soil Erosion Incorrect Soil 
Level 

Tree 
Tilt/Unstable 

Final Planting Score:  

Excellent = 0 yes 

Fair = 1 yes 

Poor = 2 yes 

Very Poor= 3 yes 

Yes    

 

No      

Data analysis 

Tree biomass was calculated using allometric equations from McPherson et al. (2016) (Table 4). 
Biomass was calculated for trees in 2023 and 2025 and converted to kg of carbon by multiplying 
biomass by 0.5. Carbon sequestered was calculated by subtracting carbon weight of trees in 
2023 from carbon weight of trees in 2025. A Shapiro-Wilk test was run on the response variable 
(carbon sequestered) and revealed the data is non-normally distributed (W = 0.82909, p-value = 
3.13 x 10-6). For this reason, a Wilcoxon signed-rank test was used to compare carbon 
sequestered by trees in Silva Cells and regular street trees. To evaluate whether the treatment 
effect was consistent across species, we fit a linear model with an interaction term using carbon 
sequestered as the response variable and Treatment, Species, and their interaction as 
predictors. Because Freeman maple and honey locust were the only species represented in 
both the treatment and control, the model was run using only these species. 

Table 41: McPherson et al. 2016 allometric equations. Y is the dry weight biomass in kg, and X 
is the diameter at breast height in cm.  

Species Equation 

Honey locust (Gleditsia tricanthos) Y = (aXb) *600  
a = 0.0005055 

b= 2.22 
Kentucky coffee (Gymnocladus dioicus) Y = (aXb) *530  

a = 0.0004159 
b = 2.059 

Freeman maple (Acer × freemanii) 
*Average of Red and Silver maple equations 

Y = (aXb)  
a = 0.17836 
b = 2.24265 

Norway maple (Acer platanoides) Y = (aXb) * 520  
a = 0.0019421 

b = 1.785 
American elm (Ulmus americana) Y = (aXb) *460  

a = 0.0018 
b = 1.869 
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Tree health 

Since the expected count in certain cells of the contingency table of tree health vs treatment 
type (Table 5) are under 5, a Fisher’s exact test was used to determine if trees planted in Silva 
Cells are healthier than regularly planted street trees. The Kentucky coffee trees added in 2025 
were not included in this analysis to keep the sample size equal in the control and treatment 
groups. A Fisher’s exact test was then used on each species individually to determine if trees 
planted in Silva Cells are healthier than regular street trees. The test was run on Freeman 
maples, Kentucky coffee trees and honey locust trees using the 2025 health condition. 

Table 5: Number of regular street trees (control) and Silva Cell trees (treatment) in different 
health categories for 2025. This count does not include newly added Kentucky coffee trees. 

Type Dead Poor Fair Good Excellent Total 

Control 0 0 6 4 19 29 

Treatment 1 1 1 7 19 29 

Results 
Carbon Sequestration 

Carbon sequestered by trees planted in Silva Cells was significantly higher compared to regular 
street trees (w = 279.5, p= 0.044). On average, the trees in Silva Cells sequestered 3.77 kg of 
carbon while the traditionally planted street trees sequestered 2.22 kg of carbon over two 
years (August 14th, 2023, to August 20th, 2025) (Figure 2).  
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Figure 2. Carbon sequestered (kg C) from 2023 to 2025 by regular street trees (control) and 
trees planted in Silva Cells (treatment). Black lines represent the medians. 

Among honey locusts, trees planted in Silva Cells sequestered significantly (p = 0.0019) more 
carbon than traditionally planted honey locusts (Figure 3). For Freeman maple, trees planted in 
Silva Cells also sequestered more carbon on average, although this effect was not statistically 
significant (p = 0.110). The interaction between species and treatment groups was not 
significant (p = 0.58), indicating the magnitude of the treatment effect does not differ between 
species (Table 6). In other words, both species show a similar response to Silva Cell planting, 
even though the effect reaches statistical significance only for honey locust. 
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Figure 31: Carbon sequestered by regular street trees (control) and trees planted in Silva Cells 
(treatment) between 2023 and 2025. Black lines represent the medians. 

Table 62: Summary of linear model (with interaction term) results testing the effect of 
treatment (Silva cell) on carbon sequestration while accounting for differences among 
species. This model only includes Freeman maples and honey locusts. 

Predictor Estimate Standard 
error 

t-value p-value 

Intercept (honey locust, Control) 1.896 0.839 2.260 0.02906 

Treatment effect for Freeman maple 2.7248 1.6709 1.631 0.110427 

Treatment effect for honey locust 3.861 1.167 3.309 0.00193 

Interaction: Species (Freeman maple x 
Treatment) 

-1.136 2.038 -0.557 0.58028 

Tree health 

There was no significant difference (p = 0.1265) in tree health distribution between control and 
treatment groups in 2025 when grouping all species (Figure 4). However, when separating the 
data by species, honey locust trees planted in Silva Cells were significantly (p = 0.01919) 
healthier than regular street trees (Figure 5). In addition, Kentucky coffee trees planted in silva 
cells were significantly (p = 0.0002) healthier than regular street trees (Figure 6). On the other 
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hand, there was no significant difference (p = 0.05252) in tree health between regularly planted 
Freeman maples and Freeman maples planted in Silva cells (Figure 7). 

 

Figure 42: The 2025 health of trees resampled from 2023, planted in Silva Cells (treatment) 
and regular street trees (control). This does not include the newly added Kentucky coffee 
trees from 2025. 

 

 

Figure 53: The 2025 health condition of honey locust trees planted in Silva Cells (treatment) 
and regular street trees (control). 
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Figure 64: The 2025 health condition of Kentucky coffee trees planted in in Silva Cells 
(treatment) and regular street trees (control). 

 

Figure 75: The 2025 health condition of Freeman maples planted in Silva Cells (treatment) and 
regular street trees (control). 
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Discussion  
Overall, trees planted in Silva Cells grow faster and therefore sequester more carbon than 
regularly planted street trees. Additionally, some tree species planted in Silva Cells, including 
honey locust and Kentucky coffee, are significantly healthier than their traditionally planted 
counterparts. This is likely due to the better growing conditions provided by Silva Cells, 
including reduced soil and root compaction as well as increased water availability.  

These results are similar to those found by STEP (2020), where street trees planted within Silva 
Cells in Toronto were larger (height and diameter) and healthier (measured as crown volume 
and leaf area index) than those planted in standard trenches. This was largely attributed to the 
increased irrigation provided by stormwater within the planting cells.  

The results for Freeman maples were less conclusive than the other species, but this may be 
due to the uneven sample size. For this reason, it is important to equalize the number of 
species in the control and treatment group for future sampling. Due to a lack of time, the effect 
of planting quality on tree health and carbon sequestration was not assessed in this report but 
should be completed in future years. 

Conclusions and Recommendations 
Based on the results of this study, it is recommended that: 

• Trees are planted within Silva Cells whenever possible, in order to increase their growth 
rate, overall health, and increase their carbon sequestration potential; 

• These trees continue to be monitored to assess the long-term impacts of Silva Cells on 
tree health, growth, and longevity; 

• The impact of planting quality on tree health and carbon sequestration be assessed; 
and, 

• Where possible, the sequestration rate of American elms within Silva Cells should be 
further examined to confirm the higher than average rate observed in this study. 
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