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Model Validation


For the sample of 72 footprints, the Spearman rank correlations with GFC percent cover were r = 0.714 for tstric, r = 0.526 for b, and r = 0.764 for t. For simplicity, we focused on comparing variable t with GFC cover. reg 3 updated 20 aug 2019Although linear relationships between tree cover (t) and GFC cover could have been applied to the three physiographic regions (Region 1: r = 0.774, p = 0.00017, n = 18; Region 2: r = 0.900, p = p< 1*10-12, n = 38; and Region 3: r = 0.759, p = 0.00065, n = 16), reg 3 updated 20 aug 2019the non-linearity in the relationships led us to search for better models. Also, linear regression of tree cover based on GFC cover produced nonsensical results: estimated minimum tree cover percents were 16.8 % in Region 1, -4.2 % in Region 2, and –13.2 % in Region 3. need a good illustration of this for Shield either kt 1136 or 1094

Figure S1. The tendency of GFC to underestimate tree cover in the Northwest. On this footprint there was a large discrepancy between GFC tree cover (15 %) and our tree cover (61 %), west of Horton Lake. Locations for the low elevation imagery (A, D, and E) are plotted in B and C. A Oblique view of low density white spruce woodlands. B GFC forest cover for the footprint; C footprint from Google Earth (image center at 67° 30' 00" N, 123° 02' 00" W). D Oblique view of low density white spruce woodlands. E White spruce woodlands in the NE. Despite the extensive forest cover, most areas in panels A, D, and E were classified as treeless by GFC.  A, D, and E GNWT.
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panels a: 228b...jpg top, b and c: 228 ryan.png, d: 228...jpg, e: closeup in ne of 228.png (copied from geocortex site). panels bc are in folder\ryan gfc footprints\ (as: 228 ryan.png) and the other images are in folder kt228 in \treeline 2019 resample\

Table S1. The Northwest, relationship between tree cover and GFC cover: equation, parameter values, and significance.†For ANOVA result details see below. 
	Equation: t = (a * GFC) / (b + GFC); RMSE (root mean squared error) = 18.1, CV (RMSE/mean of t) = 0.40; n = 18 

	Parameter
	Estimate
	Standard Error
	t-value
	p > t-value

	a
	81.17
	10.88
	7.46
	1.35 * 10-6

	b
	9.13
	5.93
	1.54
	0.143

	Equation ANOVA: Residual SS 5213, F = 47.3, p > F-value = 3.70 * 10-6


† The ANOVA tests for the difference between the null hypothesis equation (composed of the intercept and a linear regression using GFC cover with a slope coefficient) and the derived equation.  
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Figure S2. Our tree cover estimates (y) in relation to GFC tree cover estimates (x) in the Northwest (n = 18).Fitted equation:

y = (a * x) / (b + x)

Model parameters:

  Estimate Std. Error t value Pr(>|t|)    

a   81.174     10.876   7.464 1.35e-06 ***

b    9.130      5.925   1.541    0.143    

Log likelihood:

-76.55697 (df=3)

Residual standard error (i.e., root mean squared error, RMSE):

18.05
Table S2. Precambrian Shield, relationship between tree cover and GFC cover: equation, parameter values, and significance. †  This equation and details are in doc: shield sigmoid model.doc
	Equation: t = a / (1+e^(b*GFC+c)); RMSE = 12.1, CV = 0.35; n = 38 

	Parameter
	Estimate
	Standard Error
	t-value
	p > t-value

	a
	71.42
	5.86
	12.18
	3.02 * 10-14

	b
	-0.095
	0.02
	-4.04
	0.000275

	c
	3.58
	0.74
	4.85
	2.52 * 10-5

	Equation ANOVA: Residual SS 5082, F = 85.63, p > F-value = 3.30 * 10-14


†  Within the Dubawnt subregion, Timoney et al. (2019) observed an exponential fit between their estimates and those of GFC (tree cover = 0.09479 x (GFC tree cover)^1.518) with a residual SS = 3376, RMSE = 5.1 and CV = 0.23, n = 129. for output, see: 21 sept 2019 check of dubawnt equation rmse.syo
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Model parameters (updated to sigmoid model):

  Estimate Std. Error t value Pr(>|t|)    
a 71.42124    5.86312  12.181 3.82e-14 ***

b -0.09461    0.02340  -4.044 0.000275 ***

c  3.58483    0.73908   4.850 2.52e-05 ***

Log likelihood:

-146.9393 (df=4)

Residual standard error (i.e., root mean squared error, RMSE):

12.05
Figure S3. Our tree cover estimates (y) in relation to GFC tree cover estimates (x) on the Shield (n = 38).
Table S3. The Great Wetlands, relationship between tree cover and GFC cover: equation, parameter values, and significance. see: region 3 models.doc; with difficulty, I updated these results on 19 august 2019 in R using modified treeline kt.R; 

, you can infer trawadj from your direct data from the 16 of the 61 photos in region3; you will omit tstricrawadj and bradj because redundant due to no burns
	Equation: t = a / (1+e^(b*GFC+c)); RMSE = 8.8, CV = 0.49; n = 16 

	Parameter
	Estimate
	Standard Error
	t-value
	p > t-value

	a
	37.30
	5.69
	6.56
	0.000018

	b
	-0.244
	0.12
	-1.99
	0.07

	c
	11.77
	5.68
	2.07
	0.06

	Equation ANOVA: Residual SS 997, F = 19.95, p > F-value = 0.00011


[image: image4.png]



Figure S4. Our tree cover estimates (y) in relation to GFC tree cover estimates (x) in the Great Wetlands (n = 16).

Table S4. Model validation for the Shield. see file: hi jeff and steve.doc, and output: 9 aug 2019.syo; uses both treeline1.syd and sigmoid dubawnt test.syd for input
	Model, Dataset
	Residual SS, RMSE, CV of t (observed) vs. t (estimated)
	Equation and Comments

	Sigmoid, n = 38 (original) trnewadj x = 34.23
	5085.9, 11.6, 0.34
	t estimated = 

71.42 / (1+e^(-0.095*GFC+3.58))

	Sigmoid, n= 129 (validation) trnewadj x = 21.96
	7169.5, 7.5, 0.34
	t estimated = 

71.42 / (1+e^(-0.095*GFC+3.58))

	Linear, n=38 (original) trnewadj x = 34.23
	5700.8, 12.2, 0.36
	t estimated = -4.22 + 1.03*GFC; 

for GFC cover <4.1 %, estimated tree cover is negative

	Linear, n=129 (validation) trnewadj x = 21.96
	5199.9, 6.4, 0.29
	t estimated = -4.22 + 1.03*GFC; 

for GFC cover <4.1 %, estimated tree cover is negative


need a good illustration of this for Shield either kt 1136 or 1094

ANOVA (compares model 2 with a null model that includes hansencov and the intercept)

Paleozoic:

Analysis of Variance Table

Model 1: trnewadj ~ baseline(Hansencov, a)

Model 2: trnewadj ~ paleoFunc1(Hansencov, a, b)

  Res.Df Res.Sum Sq Df Sum Sq F value    Pr(>F)    

1     17    20633.4                                

2     16     5212.6  1  15421  47.334 3.701*10-06 ***

Shield: nb: updated from doc: shield sigmoid model.doc

Analysis of Variance Table

Model 1: trnewadj ~ baseline(Hansencov, a)

Model 2: trnewadj ~ shieldFunc4(Hansencov, a, b, c)

  Res.Df Res.Sum Sq Df Sum Sq F value    Pr(>F)    
1     37    29946.4                                

2     35     5081.5  2  24865  85.632 3.302*10-14 ***
Wetlands:

Analysis of Variance Table

Model 1: trnewadj ~ baseline(Hansencov, a)

Model 2: trnewadj ~ wetlandsFunc2(Hansencov, a, b)

  Res.Df Res.Sum Sq Df Sum Sq F value    Pr(>F)    

1      9    2603.04                                

2      8     607.01  1   1996  26.306 0.0008972 ***
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Figure S5. A, C The dark green communities bordering these rapids south of Little Marten Lake support no trees; they are a shrub community of Betula (cf. B. occidentalis, B. glandulosa) and Salix (cf. S. planifolia, S. glauca, S. arbusculoides). No vegetation here reaches 5 m in ht and none are tree species. B These shrub communities were classified as trees by GFC. A Oblique GNWT image, center of rapids at 64° 34' 42.38" N, 113° 02' 45.11" W, 11 July 2006; B GFC year 2000 tree cover; C GWNT. images newx1 and newx pasted from doc:  

dogrib rock area gfc.doc top from dave gnwt: east of dogrib rock NWT2006-07-12DSC_0491.jpg; ; 

bottom right is crop of: rapids east of dogrib rock gwnt world image.png

bottom left is crop of: gfc tree cover rapids east of dogrib rock.png
Figure S6. GFC misclassification of non-tree vegetation south of the study region illustrates that classification errors may be widespread. A The dominant vegetation on the moist deltaic sediments here in the Twin Lakes area of the Peace-Athabasca Delta in northern Alberta is a willow mosaic dominated by Salix discolor, S. bebbiana, S. planifolia, and S. petiolaris. B Despite the area being mapped by Global Forest Change as forested, trees are absent. The area within western Twin Lake mapped as trees by GFC is a Phragmites australis emergent marsh. A GNWT; B GFC year 2000 tree cover. Center of the image at 58° 31' 14.49" N, 111° 36' 51.17" W. For ground truth, see Timoney (2013) and references therein.
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