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Histograms and maps of age, disturbed height and undisturbed height are provided in 17 
figures 1-5.   18 

Maps of site index and errors and per-pixel space-for-time substitution samples of Site 19 
Index (SI) curves from Landsat stand age (x-domain) and ICESat-2 ATL08 hcan stand 20 
height (y-domain), for 10 of 527 available latitude plot transects organized by 0.5° 21 
longitude increments are provided in figures 6-15.  22 

Histograms of the growth gap, change hotspots, and growth gap hotspots by country 23 
are provided in figure 16. 24 

Maps of Landsat scene counts and the process for estimating tree canopy cover, forest 25 
probability, change and age are provided in figures 17 and 18.     26 

Formulation of forest growth models is provided in Supplementary Table 1. 27 



 28 
Supplementary Figure 1. Histograms of age (A), disturbed height (B), and undisturbed height (C) by country. 29 



 30 

 31 

Supplementary Figure 2. ICESat-2 hcan 20 m geo-segment height median values at 0.5° × 0.5° for (A) all the boreal 32 
forest, (B) undisturbed, and (C) disturbed.  33 



 34 

Supplementary Figure 3. (A) Landsat 30 [m] 1984 to 2020 age fraction of 0.5° × 0.5° grid, (B) number of disturbed 35 
samples, and (C) Landsat age coefficient of variation. 36 



 37 

Supplementary Figure 4. (A) Number of Landsat age and ICESat-2 segment samples 38 
resolved at a 0.5° × 0.5° grid. (B) Site Index (SI) growth model applied from supplement 39 
table 1., (C) fraction of samples excluded in growth formulation, and (D) SI sum squared 40 
error.41 



 42 

Supplementary Figure 5. Site Index (SI) calculated at 0.5° × 0.5° from the 90th percentile for year 35 (A) and year 50 (B) 43 
for all the boreal forest, and the root mean square error (RMSE) of the selected growth model (C).44 



 45 

Supplementary Figure 6. Per-pixel latitude transects from -164° to -163.5° longitude indicated by the red North arrow of 46 
SI year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible.  Dark gray plots did 47 
not meet RMSE and SSE thresholds and were excluded from SI analysis.    48 



 49 

Supplementary Figure 7. Per-pixel latitude transects from -139.5° to -139° longitude indicated by the red North arrow of 50 
SI year 35 curves. Red dashed lines indicate 95% confidence bounds.  51 



 52 

Supplementary Figure 8. Per-pixel latitude transects from -89.5° to -89° longitude 53 
indicated by the red North arrow of SI year 35 curves. Red dashed lines indicate 95% 54 
confidence bounds when calculation was possible. Dark gray plots did not meet RMSE 55 
and SSE thresholds and were excluded from SI analysis.    56 



 57 

Supplementary Figure 9. Per-pixel latitude transects from -64.5° to -64° longitude indicated by the red North arrow of SI 58 
year 35 curves. Red dashed lines indicate 95% confidence bounds when calculation was possible. Dark gray plots did not 59 
meet RMSE and SSE thresholds and were excluded from SI analysis.      60 



 61 

Supplementary Figure 10. Per-pixel latitude transects from 19° to 19.5° longitude indicated by the red North arrow of SI 62 
year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible.  Dark gray plots did 63 
not meet RMSE and SSE thresholds and were excluded from SI analysis.  64 



 65 

Supplementary Figure 11. Per-pixel latitude transects from 44° to 44.5° longitude indicated by the red North arrow of SI 66 
year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible. 67 



 68 

Supplementary Figure 12.  Per-pixel latitude transects from 69° to 69.5° longitude indicated by the red North arrow of SI 69 
year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible.  Dark gray plots did 70 
not meet RMSE and SSE thresholds and were excluded from SI analysis.    71 



 72 

Supplementary Figure 13.  Per-pixel latitude transects from 94° to 94.5° longitude indicated by the red North arrow of SI 73 
year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible.74 



 75 

Supplementary Figure 14.  Per-pixel latitude transects from 119° to 119.5° longitude 76 
indicated by the red North arrow of SI year 35 curves.  Red dashed lines indicate 95% 77 
confidence bounds when calculation was possible.  Dark gray plots did not meet RMSE 78 
and SSE thresholds and were excluded from SI analysis. 79 
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 81 

Supplementary Figure 15. Per-pixel latitude transects from 145.5° to 146° longitude indicated by the red North arrow of 82 
SI year 35 curves.  Red dashed lines indicate 95% confidence bounds when calculation was possible.83 



 84 

Supplementary Figure 16. Histograms of the growth gap (A), change hotspots (B), 85 
and growth gap hotspots (C). Growth gaps defined as predicted minus observed, 86 
change hotspots defined as greater than the third quartile of the z-score of disturbance 87 
per gridcell, and growth gap hotspots are the combination of the growth gap and change 88 
hotspots. 89 

 90 
Supplementary Figure 17.   Spatial distribution of sampling density of Landsat images 91 
across the study region from 1984 - 2020. 92 



 93 
Supplementary Figure 18.  Process for estimating tree-canopy cover (TCC) and forest 94 
probability, change and age.   95 



Supplementary Table 1. 96 

Formulation of the various growth models tested: 97 
(1) 𝑤(𝑥) = 𝑎 + 𝑏 ∗ log (𝑥)          Assman 1943; Prodan 1951; Schmidt 1967 98 
(2) 𝑤(𝑥) = 𝑎 ∗ (1 − exp (−𝑏 ∗ 𝑥))   Chapman-Richards polymorphic  Pretzsch2009, Perin2013 99 
(3) 𝑤(𝑥) = 𝑏 ∗ (1 − exp ቀ

ି௫


ቁ)    Mitscherlich    Perin2013 100 

(4) 𝑤(𝑥) = 𝑏 ∗ 𝑒𝑥𝑝(− exp ቀ
ି௫


ቁ)    Gompertz    Perin2013 101 

(5) 𝑤(𝑥) = exp (𝑎 + 𝑏 ∗ (
ଵ

௫
))    Baily and Clutter polymorphic  Perin2013 102 

(6) 𝑤(𝑥) = 𝑏/(1 + (
୶

ୟ
)ି)    log-logistic    Perin2013 103 

(7) 𝑤(𝑥) = ቀ


గ
ቁ ∗ (

గ

ଶ
+ atan ቀ

௫ି


ቁ)   Arc tangent    Perin2013 104 

(8) 𝑤(𝑥) = 𝑎 ∗ (1 − exp(−𝑏 ∗ 𝑥)) + 𝑐   Negative exponential   Fekedulegn1999, Philip1994 105 
(9) 𝑤(𝑥) = (𝑎 ∗ 𝑥 + 𝑏) ∗ (1 − exp (−(

୶

ୡ
)ௗ)   Duplat and Tran-Ha 1   Perin2013 106 

(10) 𝑤(𝑥) = 𝑎 ∗ (1 − 𝑏 ∗ exp(−𝑐 ∗ 𝑥)) + 𝑑   Monomolecular    Fekedulegn1999, Drapper and Smith 1981 107 
(11)  𝑤(𝑥) = (𝑎 ∗ log(𝑥) + 𝑏) ∗ (1 − exp ቀ−(

୶

ୡ
)ௗቁ)  Duplat and Tran-Ha 4   Perin2013 108 

(12)  𝑤(𝑥) = (𝑎ଵି − 𝑐 ∗ exp(−𝑑 ∗ 𝑥))
భ

భష + 𝑓  von Bertalanffy    Fededulegun1999, Bertalanffy1957 109 
(13) 𝑤(𝑥) = (𝑎 ∗ 𝑥 + 𝑏) ∗ ቀ1 − exp ቀ−(

୶

ୡ
)ௗቁቁ + 𝑓 ∗ 𝑥   Duplat and Tran-Ha 2   Perin2013 110 

(14) 𝑤(𝑥) = (𝑎 ∗ log(𝑥) + 𝑏) ∗ ቀ1 − exp ቀ−(
୶

ୡ
)ௗቁቁ + 𝑓 ∗ 𝑥  Duplat and Tan-Ha 5   Perin2013 111 

(15) 𝑤(𝑥) = (𝑎 ∗ x + 𝑏) ∗ ቀ1 − exp ቀ−(
୶

ୡ
)ௗቁቁ


+ 𝑓 ∗ 𝑥 Duplat and Tran-Ha 3   Perin2013 112 

Equations ordered by the number of coefficient shape parameters. 113 
 114 


