
Supplemental Information 

Additional Information and Results for Pseudoinvariant Feature (PIF) Analysis
PIF Selection and Image Normalization
Though it is possible to automate the PIF selection criteria using thresholds or a rule-based approach, Hong and Zhang (2008) found that when using automated procedures with high spatial resolution data, small objects or surfaces (e.g., boats, floating debris) were often included in the reflectance calculation for some dates and not others. This resulted in PIFs that were not constant/consistent between image dates and the normalization performed poorly until those cases were remedied. In the analysis of images at the CBAWO, the changes in ocean ice distribution in each image meant that dark PIFs had to be carefully selected manually to ensure that pixels were ice free in both the base image and the image being normalized.
Evaluation of the PIF Method
        The average NDVI of the top-of-atmosphere (TOA) reflectance (i.e., pre-normalization) and the normalized NDVI values of random pixels (n = 224) selected from the areas classified as rock or bare ground in 2008 are presented in Figure S1 (Gregory 2011; Edwards and Treitz, 2017). Field observations in 2017 confirm that it is valid to assume that areas classified as rock or bare ground in the 2008 classification remain non-vegetated throughout the study period. Thus, the variation observed in the pre-normalized NDVI trend can be attributed to factors other than vegetation growth (e.g., differences in sensor type, atmospheric condition and illumination). The reduction in the variation over time of the rock/bare ground pixels (that have not undergone any change over the study period) after normalization suggests that the normalization procedure was able to successfully compensate for some of these differences.
[insert Figure S1 here]
The average NDVI of the TOA reflectance values (i.e., pre-normalization) for the same random pixels displayed in Figure 4 are presented in Figure S2. When comparing Figures 4 and S2, the trend over time differs but the rock / bare ground pixels (which can be assumed to be unchanging) change in a similar manner to the rest of the vegetation types. This demonstrates that normalization was necessary to remove the effects of sensor type and acquisition conditions so that changes in vegetation could be analysed.
[insert Figure S2 here]
To more thoroughly examine the success of the normalization procedure, the TOA red and near infrared (NIR) reflectance data for the bright PIFs common to each image date before and after normalization were extracted. The TOA reflectance for each PIF before and after normalization are displayed in Figure S3. As these PIFs are for targets whose reflectance is assumed to be constant over time, the reflectance and NDVI data for any given PIF should be very similar in all images after normalization. As expected, the values of reflectance and NDVI were more similar to the base image (2016) in most years after normalization. This again suggests that the normalization procedure was effective and achieved the desired outcome. 
[insert Figure S3 here]


Additional Climate Analysis
Sensitivity of growing degree days (GDDs) Analysis to Base Temperature
	In the analysis for this paper, a base temperature of 5 °C was used for the GDD calculations. In addition to being used as a base temperature in Arctic research (e.g., Carter et al., 1998; Førland et al., 2004; Weijer et al., 2013), 5 °C was chosen because it allowed for comparison to a previous time series analysis at the CBAWO (Edwards and Treitz, 2017). However, more recent research suggests that the adoption of 5 °C as the base temperature in High Arctic environments may be too high to properly capture vegetation growth by cold-adapted vegetation. First, the temperatures at the ground surface (where the vegetation are growing) are often warmer than the air temperature measured at 1.5 m above the ground surface (i.e., the height standard for meteorological air temperature measurements) (Graae et al., 2012). Second, High Arctic plants are adapted to colder temperatures and the metabolic processes for growth in some species can start at low temperatures (Barrett et al., 2015). Thus, there has been a shift to using lower temperatures as a base for Arctic vegetation with some studies using 0 °C as the base temperature (e.g., Mikola et al. (2018) in the Siberian Arctic and Mulder et al. (2017) in the Canadian Subarctic). 
	To determine if the analysis was sensitive to the base temperature for this study, GDD0 and GDD3 were derived. Then, as for the GDD5 analysis, the timing of image acquisition relative to accumulated GDDs and the strength of the relationship of NDVI with GDD at the day of image acquisition were examined. The cumulative GDDs in relation to the day of image acquisition for each base temperature in each year (as in Figure 2) are presented in Figure S4. As expected, the lower base temperatures allow for an earlier start and later end in accumulation of GDDs. 
[insert Figure S4 here]
	Figure S5 shows the average NDVI of each vegetation type plotted against GDD at each of the base temperatures (as in Figure 7c). The lower the base temperature, the smaller the difference in GDDs between the exceptionally warm 2012 and all other years (i.e., elevating the base temperature minimizes the accumulation of GDDs in cold and average years disproportionally while having a smaller relative effect on very warm years (i.e., 2012)). However, for all three base temperatures (i.e., GDD0, GDD3 and GDD5), 2012 remains an outlier and the difference between the average GDD value and the 2012 value for each base temperature is approximately 1.3, 1.7, 1.9 units of standard deviation respectively. This again highlights the impact that the presence or absence of extreme years can have on trends when the sample sizes are relatively small. 
[insert Figure S5 here]
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Figures with Captions

Figure S1: NDVI trend over the study period for the rock/bare ground pixels in the normalized and pre-normalized images with standard error bars.
 
Figure S2: Time series of average NDVI for random pixels by vegetation type for the 2 m analysis prior to radiometric normalization (i.e., TOA only). The normalized data are presented in Figure 4.

Figure S3: Comparison of the 25 common bright PIFs across all years: a) pre-normalized red reflectance; b) normalized red reflectance; c) pre-normalized NIR reflectance; and d) normalized NIR reflectance.


Figure S4: Cumulative growing degree days (GDD) by year through the growing season (Day of Year) with image acquisition dates at base temperature a) 0°C, b) 3 °C, and c) 5 °C. 

Figure S5: Average NDVI by vegetation type with standard deviation against cumulative GDD to the day of image acquisition for base temperature a) 0 °C, b) 3 °C and, c) 5 °C. 

