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Abstract 

 

Indices of green-up, productivity and senescence of vegetation, derived from multispectral 

remote sensing data, are used to track global carbon cycles, estimate primary productivity, 

and assess the impacts of climate change. Such indices may, however, lack precision or may 

be biased due to cloud cover, effects of snow and water, landcover, and vegetation types. 

Here, we compare remotely sensed green-up dates with 57,000 leaf-out and flowering 

observations from the Alberta PlantWatch citizen science network. We evaluate EVI and 

NDVI based products from NASA, a regional MODIS-based NDVI product specifically 

designed for forest landcover, and a MODIS derived NDVI product with multi-angle 

implementation of atmospheric correction (MAIAC). In general, we find that green-up 

estimates for deciduous forests are most precise and unbiased, followed by mixed and 

coniferous forests. The NASA products tend to detect green-up before canopy leaf-out, while 

the regional MODIS product developed for forests, and the MODIS-MAIAC were most 

accurate in estimating the onset of major vegetation activity. All remote sensing products, 

except MODIS-MAIAC significantly underestimated the interannual variability of 

phenology, which may lead to underestimating impacts of climate change effects. However, 

both bias in the overall timing of phenology and bias in interannual variability can be 

corrected for specific regions and land cover types if ground phenology data are available. 

 

(Selected Figures and Tables provided below, for more information, contact the author)  

 



      

 

Table 1. Number of Alberta PlantWatch records from six different ecoregions by phenophase 

for the nine species used in this analysis. 
  

Species     Bloom-phase   

 Leaf-out 

  

Common name Scientific name   First Mid Full Total 

Saskatoon Amelanchier alnifolia 
 

2,044 1,818 1,577 
 

5,439 

Early blue violet Viola adunca 
 

1,608 1,420 1,291 
 

4,319 

Prairie crocus Anemone patens 
 

1,550 1,285 1,112 
 

3,947 

Aspen poplar Populus tremuloides 
 

1,320 1,126    819      601 3,866 

Chokecherry Prunus virginiana 
 

1,419 1,226 1,009 
 

3,654 

Northern bedstraw Galium boreale 
 

1,344 1,219 1,025 
 

3,588 

Golden bean Thermopsis rhombifolia 
 

1,357 1,203 1,004 
 

3,564 

Yarrow Achillea millefolium 
 

1,370 1,171       948 
 

3,489 

Solomon's seal Maianthemum stellatum   1,310 1,089    852   3,251 

 

 

 

Table 2. Statistics for the accuracy and precision of the green-up estimate relative to the 

mean date of aspen leaf-out in each ecoregion-landcover combination. The root mean squared 

error (RMSE) is used as a measure of bias, and the Pearson correlation coefficient (r) is 

reported as a measure of precision for the relationship between the remotely sensed sensing 

green-up and observed phenology (* denotes statistical significance of correlations for 

p<0.05, and ** for p<0.01). 

 

Ecoregion/landcover 

  

AVHRR-

NDVI   

MODIS-

NDVI   

Pickell's 

NDVI   MAIAC-NDVI 

  RMSE r   RMSE r   RMSE r   RMSE r 

Central Parkland                         

  Deciduous    20.6 0.37   30.9 0.30   5.8 0.75** 10.2 0.67** 

  Cropland   12.2 0.16   21.1 0.32   16.9 0.46* 24.5 0.61** 

  Grassland   23.0 0.40   33.2 0.18   13.7 0.37   12.6 0.62** 

Dry Mixedwood                         

  Deciduous    15.2 0.29   28.9 0.50*   4.0 0.86** 10.8 0.64** 

  Cropland   11.0 0.56* 23.1 0.52* 13.7 0.63** 19.6 0.55* 

Foothills Parkland                         

  Cropland   21.2 0.75** 26.8 0.66** 12.1 0.47* 10.3 0.78** 

  Grassland   19.1 0.89** 22.3 0.64** 12.5 0.33   12.2 0.76** 

Grasslands                         

  Cropland   13.1 0.55* 17.9 0.02   24.2 0.06   32.9 0.70** 

  Grassland   32.2 0.56* 38.8 -0.05 16.0 0.17   11.8 0.73** 

Central Mixedwood                         

  Mixed forest 25.8 0.29   38.2 0.30   16.1 0.63** 13.6 0.68** 

Montane                         

  Conifer forest 17.5 0.08   27.6 0.62** 26.0 0.52* 9.8 0.78** 



      

 

 

 

Fig. 1. (a) PlantWatch sampling locations in Alberta by Natural Subregion (series length is the 

number of years from 1987-2016 for which phenology observations have been reported at each 

location); (b) random sampling points created for extracting the land surface phenology green-up 

dates by ecoregion and landcover type. The Grasslands region in this study is a combination of the 

Dry Mixedgrass, Mixedgrass, and Foothills Fescue Natural Subregions. 

 

  



      

 

 

 

 

Fig. 2. Phenology sequence of the mean date estimate for first 

bloom of 9 plant species, plus aspen leaf-out, in the Central 

Parkland region of Alberta. The legend is ordered from the 

latest (Yarrow) to earliest (Aspen bloom) phenological event. 

 

 



      

 

 

 

 

 

Fig. 3.  Time series showing the remote sensing green-up dates for the three different remote sensing 

datasets in each ecoregion by landcover type (colour coded). The black line is the estimated date for aspen 

leaf-out in each ecoregion. The vertical dashed line is the year when the NASA data switched from AVHRR 

to MODIS sensors (2000). 

  

  



      

 

 

 

 

 

Fig. 4.  Scatter plots of the remote sensing green-up date in relation to the estimated ground phenology date 

for the strongest correlated land surface phenology data for each landcover type by ecoregion (black line is 

the 1:1 line, coloured lines are the linear regression, the linear regression equation are also included) 


