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ABSTRACT:
“Snow gone” (SGN) stage is one of the spring phenological variables over the forested regions as it influences various forestry
related activities. The objective here is to evaluate the potential of two MODIS-based indices in determining the SGN stage over the
5 forest-dominant natural subregions in the Canadian Province of Alberta for the period 2006-08. The indices of interest were
normalized difference water index using shortwave infrared (SWIR) spectral band centred at 1.64 µm (NDWI1.64µm) and 2.13 µm
(NDWI2.13µm); and were calculated at 8-day intervals with resolution of 500 m using MODIS-based composites of surface reflectance
data. Temporal trends were generated by averaging the results of these indices over each of the natural subregions. In a similar way,
we also calculated the average SGN days using ground-based lookout tower data obtained from the Department of Alberta
Sustainable Resource Development. We then compared these ground-based average SGN days with the temporal trends of the both
indices. The predictions from NDWI1.64µm were found in the range of 0 to +3 periods (i.e., 0 to +24 days); on the other hand
NDWI2.13µm were found in the range of ±1 period or ±8 days in comparison to the ground-based SGN stages.

1. INTRODUCTION
The knowledge about early spring phenology over forested
regions plays a critical role in understanding of the forest
related activities, such as tree growth dynamics, carbon
sequestration, forest fire, and many more (Linkosalo et al.,
2006; Westerling et al., 2006; Richardson et al., 2009). The
focus here is to understand the spring phenological event of
snow gone stage (SGN: defined as the date when 25% or less of
the surrounding area is covered by snow; Anonymous, 1999)
over the boreal forested regions in the Canadian Province of
Alberta. At present, there is an existing network of about 130
lookout towers, which are used to monitor our variable of
interest among others. However, this dataset is point-specific
and fails to capture the spatial variability. This limitation
potentially could be addressed by using remote sensing-based
techniques, as it has been a proven tool to delineate the spatial
variability over forested regions (Hassan et al., 2006; Hassan
and Bourque, 2010).
Among various remote sensing-based indices, the normalized
difference wetness index [NDWI: a function of near infrared
(NIR) and short wave infrared (SWIR); (Gao, 1996)] has shown
relatively better significance in understanding various
vegetation phenological stages (Picard et al. 2005; Delbart et
al., 2008). In literature, it is found that three different SWIR
spectral bands are used in the calculations of NDWI. Those
include: (i) 1.24 µm (Gao, 1996), (ii) 1.64 µm (Wilson and
Sader, 2002; Frenshholt and Sandholt, 2003; Yilmaz, 2008),
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and (iii) 2.13 µm (Chen et al., 2005; Gu et al., 2007; Yi et al.,
2008).
In this paper, our objectives are: (i) calculating two indices of
NDWI1.64µm and NDWI2.13µm using MODIS data for the period
2006-08 at 8-day intervals with 500 m resolution; (ii) averaging
the indices of interest over each of the 5 forest-dominant natural
subregions (as shown in Figure 1 with * mark beside the
legend), and generating the temporal trends; (iii) calculating
natural subregion-specific average SGN day over the natural
subregions of interest; and (iv) comparing the MODIS-based
indices with the SGN ground-based observations from lookout
tower sites located across the natural subregions of interest (as
shown in the Figure 1 with black hollow circles).
2. METHODS
2.1 General description of study area and data requirement
The Province of Alberta lies in between 49-60 oN latitude and
110-120 oW longitude. It experiences a continental climate;
which is relatively humid climate, with cold winters and
moderately warm summers. The range of mean annual
temperature is from -3.6°C to 4.4°C; while the range of summer
mean temperatures is from 8.7 °C to 18.5 °C, whereas the range
of winter mean temperatures is from -25.1°C to -9.6°C (Natural
Regions Committee, 2006). The average annual precipitation
ranges between 333-989 mm (Natural Regions Committee,
2006). The Province is divided into 21 natural subregions on the
basis of climatic variables, soil formation and type, topography,

and vegetation (Natural Regions Committee, 2006). Out of 21,
the 5 forest-dominant natural subregions have been considered,
that occupy about 46% of the total land area in the province (see
Figure 1 and Table 1 for greater details).
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Figure 1. Study area, the Province of Alberta, showing 21
natural subregions. The locations of the “lookout towers” are
also shown (black hollow circles). The forest-dominant
subregions over which MODIS based NDWI were evaluated are
marked with *.

In this study, we used MODIS-based 8-day composite surface
reflectance data with a spatial resolution of 500 m for the period
2006-08 freely available from NASA. These data were used to
calculate MODIS-based NDWI’s as discussed in the next subsection. We also acquired SGN observations made at ground
level from the lookout tower sites from forest-dominant natural
subregions of interest during the period 2006-08.
2.2 Data Processing
We re-projected the obtained surface reflectance images from
SIN format into UTM Zone 12 NAD 83 projection system. The
MODIS-based NDWI1.64µm (Wilson and Sader, 2002) and
NDWI2.13µm (Chen et al., 2005) were then computed using the
following equations:

ρ NIR − ρ SWIR at 1.64 µm
ρ NIR + ρ SWIR at 1.64 µm

(1)

ρ − ρ SWIR at 2.13 µm
= NIR
ρ NIR + ρ SWIR at 2.13 µm

(2)

NDWI 1.64 µm =

NDWI 2.13 µm

Where ρ is the surface reflectance for the spectral band in the
suffix.
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Table 1. Description of 5 forested natural subregions (modified
after Natural Regions Committee, 2006) over which potential of
both NDWI were evaluated.
We then calculated regional-average for both indices over each
of the 5 forest-dominant natural subregions. We calculated
natural subregion-specific average SGN day for the year of
interest by averaging the data from all the lookout towers within
the subregion. We assumed that the natural subregion-specific
average SGN would be representative for the region of interest.
In order to compare the SGN day with MODIS-based indices,
we transformed these days into respective 8 day period of the
year in which the observed day was falling.
3. RESULTS AND DISCUSSION
We analyzed temporal trends for both of the indices that were
averaged over each of the natural subregions for the period
2006-2008 at each 8 day intervals. Examples of such trends
over the natural subregions of central mixedwood and lower
foothills are illustrated in Figures 2-3 as a function of day of
year (DOY).
The NDWI values maintained a high platform during the winter
in the year beginning (between 1 to 73 DOY). The values then
started to decrease (around 81 DOY). This decrease might be
associated with the snow melt, as the melting away snow causes
a decrease in the moisture content of the canopy (Delbart et al.,
2005; Delbart et al., 2006). NDWI were observed to reach to a
minimum value or a platform (about 109 to 135 DOY); and
then started to increase again. The similar trends were also
observed by others (Delbart et al., 2005; Delbart et al., 2006).

Figure 2. Temporal trends of regional-averaged values of NDWI1.64µm and NDWI2.13µm for the natural subregion of central
mixedwood (i.e., occupies ~25.5% of the province, see Figure 1) for period of 2006-08. The ground-based observations of SGN
periods for the same region are also shown by dotted line running vertically.

Figure 3. Temporal trends of regional-averaged values of NDWI1.64µm and NDWI2.13µm for the natural subregion of lower foothills
(i.e., occupies ~6.9% of the province, see Figure 1) for period of 2006-08. The ground-based observations of SGN periods for the
same region are also shown by dotted line running vertically

The rises in NDWI trends might be associated with greening up
(Delbart et al., 2005; Delbart et al., 2006). As NDWI depicts
the snow melting and greening up in opposite directions; the
minimum values of NDWI might be
considered as
corresponding SGN stage (or onset of the growing season as
well).

Due to the fact that both of the NDWI’s showed distinct
temporal pattern (i.e., the lowest values found in the early
spring as shown as Figures 2-3) with the ground-based SGN
periods, we opted to analyze it further by assuming that these
values were the period of SGN. As such, Figures 4-5 shows the
comparison between SGN periods measured at ground and also
determined using both NDWI1.64µm and NWDI2.13µm. It revealed

that the deviation was in the range of 0 to +3 periods (i.e., 0 to
+24 days) in case of NDWI1.64µm-based calculations; and ±1
period (i.e., ±8 days) in case of NDWI2.13µm-based calculations.
The negative and positive deviations mean the early and
delayed predictions respectively with compare to the ground
observations.

4.

CONCLUDING REMARKS

In this paper we evaluated the potential of two MODIS-based
indices (i.e., NDWI1.64µm and NDWI2.13µm) in determining SGN
stages over the 5 forest-dominant natural subregions of Alberta
for the period 2006-08. Temporal dynamics of the natural
subregion-specific values of the indices were compared with the
similar ground-based SGN data. Our analysis revealed that the
best performances were observed by use of NDWI2.13µm.

REFERENCES
Anonymous, 1999. Forest fire management terms. Alberta Land
and
Forest
Service,
Forest
Protection
Division,
http://www.srd.alberta.ca/MapsFormsPublications/Publications/
documents/ForestFireManagementTerms-AbbrevGlossary1999.pdf (accessed 28 Mar. 2010)
Chen, D., Huang, J., Jackson, T.J., 2005. Vegetation water
content estimation for corn and soybeans using spectral indices
derived from MODIS near- and short-wave infrared bands.
Remote Sens. Environ., 98(2), 225–236.
Delbart, N., Kergoats, L., Toan, T.L., Lhermitte, J., Picard, G.,
2005. Determination of phenological dates in boreal regions
using normalized difference water index. Remote Sens.
Environ., 97(1), 26-38.
Figure 4. Comparison between the ground-based observations
of SGN period and NWDI1.64µm-based SGN period. The
negative and positive deviation corresponds to the early and
delayed prediction respectively.

Delbart, N., Toan, T.L., Kergoats, L., Fedotava, V., 2006.
Remote sensing of spring phenology in boreal regions: a free of
snow effect method using NOAA-AVHRR and SPOT-VGT
data (1982-2004). Remote Sens. Environ., 101(1), 52-62.
Delbart, N., Picard G., Toan, T.L., Kergoats, L., Quengan, S.,
Woodwand, I., Dye, D., Fedotava, V., 2008. Spring phenology
in Boreal Eurasia over a nearly century time scale. Global
Change Bio., 14(3), 603-614.
Fensholt, R., Sandholt, I., 2003. Derivation of a shortwave
infrared water stress index from MODIS near- and shortwave
infrared data in a semiarid environment. Remote Sens. Environ.,
87(1), 111–121.
Gao, B.C., 1996. NDWI A Normalized Difference Water Index
for Remote Sensing of Vegetation Liquid Water From Space.
Remote Sens. Environ., 58(3), 257-266.
Gu, Y., Brown, J.F., Verdin, J.P., Wardlow, B. 2007. A fiveyear analysis of MODIS NDVI and NDWI for grassland
drought assessment over the central Great Plains of the United
States. Geophys. Res. Lett., 34, L06407:1- L06407:6.

Figure 5. Comparison between the ground-based observations
of SGN period and NWDI2.13µm-based SGN period. The
negative and positive deviation corresponds to the early and
delayed prediction respectively.

Hassan, Q.K., Bourque, C.P.-A., Meng, F.-R. 2006. Estimation
of daytime net ecosystem CO2 exchange over balsam fir forests
in eastern Canada: combining averaged tower-based flux
measurements with remotely sensed MODIS data. Can. J.
Remote Sens., 32(6), 405-416.
Hassan, Q.K., Bourque, C.P.-A. 2010 Spatial enhancement of
MODIS-based images of leaf area index: application to the
boreal forest region of northern Alberta, Canada. Remote Sens.,
2(1), 278-289.

Linkosalo, T., Hakkinen, R., Hanninen, H. 2006. Models of the
spring phenology of boreal and temperate trees: is there
something missing? Tree Physiology, 26(9), 1165-1172.
Natural Regions Committee, 2006. Natural regions and
subregions of Alberta. Downing, D.J. and Pettapiece, W.W.,
Government of Alberta, Pub. No. T/852.
Picard, G., Quegan, S., Delbart, N., Lomes, M.R., Toan, T.L.,
Woodward, F.I. 2005. Bud-burst modelling in Siberia and its
impact on quantifying the carbon budget. Global Change Bio.,
11(12), 2164-2176.
Richardson, A.D., Hollinger, D.Y., Dail, D.B., Lee, J.T.,
Munger, J.W., O'Keefe, J. 2009. Influence of spring phenology
on seasonal and annual carbon balance in two contrasting New
England forests. Tree Physiology, 29(3), 321-331.
Westerling, A.L., Hidalgo, H.G., Cayan, D.R., Swetnam, T.W.
2006. Warming and earlier spring increase western U.S. forest
wildfire activity. Science, 313(5789), 940-943.
Wilson, E.H., Sader, SA. 2002. Detection of forest harvest type
using multiple dates of Landsat TM imagery. Remote Sens.
Environ., 80(3), 385–396.
Yi, Y., Yang, D., Huang, J., Chen, D. 2008. Evaluation of
MODIS surface reflectance products for wheat leaf area index
(LAI) retrieval. ISPRS J. Photogram. Remote Sens., 63(6), 661–
677.
Yilmaz, M.T., Hunt Jr., E.R., Jackson, T.J. 2008. Remote
sensing of vegetation water content from equivalent water
thickness using satellite imagery. Remote Sens. Environ.,
112(5), 2514–2522.
ACKNOWLEDGEMENTS
This study was partially funded by (i) University Research
Grants Committee (URGC) Research Grant from University of
Calgary; and (ii) start-up research grants from Department of
Geomatics Engineering and Schulich School of Engineering at
the University of Calgary; to Dr. Q. Hassan. We would like to
acknowledge funding to N. Sekhon from (i) University of
Calgary for a Faculty of Graduate Studies Scholarship, and (ii)
Province of Alberta for a Queen Elizabeth II Graduate
Scholarship administered by the University of Calgary. The
authors would also like to acknowledge (i) NASA for providing
the MODIS data free of charge; and (ii) Alberta Department of
Sustainable Resource Development for providing ground data.

