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What is the “Red Edge”? 

 Traditionally refers to a sharp contrast in the 
reflection of red and infrared wavelengths by 
photosynthesizing organisms (Vegetation 1 
and 2).  

 In marine environments, the reflection of IR 
decreases as these wavelengths are 
absorbed by the water. Overall, the 
reflection of light decreases as the depth of 
the water increases. In the presence of 
algae, there is a slight increase in IR 
reflection compared to the surrounding 
water, but the difference between Red and 
IR reflectance is still less than that of land 
vegetation. 

(Richardson 1996) 
(Liew 2001) 



Why should we study this? 

 We have the MODIS satellite 
taking daily images for the 
reflectance of 36 wavelengths 
at 1 Km, and but there are only 
2 with a resolution of 250 m 

 We can monitor PS with these 
2 bands at this enhanced 
resolution 

 We hope to connect 
photosynthesizing algae to 
these bands, Red 620-670 nm 
and Infrared 841-876 nm 

Red reflectance (left) and infrared 

reflectance (right) as measured by 

the satellite. 

(Modis 2006) 



Project Goals 

Inventory 

 2003 – 2005: May – Sept Image data catalog of cloud free MODIS (LAC) 
images 

 Daily mapping of NDVI 

 

Characterization 

 Descriptive statistics in the distribution of NDVI by Oceanographic basins of 
Puget Sound (mean, mode, st.d., range - weekly, monthly, seasonally) 

 Validate remotely sensed presence/absence of blooms with Chl-a estimates 
from ORCA buoy network 

 

Analysis 

 Derive the normalized ratio of Red to Near Infrared wavelengths for Puget 
Sound using MODIS satellite images 

 Compare the satellite data to in situ light measurements 

 Compare the satellite data to ORCA Buoy florescence measurements 



Acquiring Satellite Images 
 Identify “Clear Days” using Ocean Color Sea Surface 

Temperature (SST) on a Level 1 & 2 Browser from May 
to September for 2003-2005 

   oceancolor.gsfc.nasa.gov 

 

 

 

 

 

 

 Downloaded surface reflectance files from Terra Aqua 
at 250 m resolution with bands of 620-670 nm and 841-
876 nm for Module 9 from the EOS Data Gateway 

   edcimsunw.cr.usgs.gov 

(Feldman) 



Clear Day Chart 

 Unmarked days were 
cloudy 

 Yellow days were clear 
and have processed 
images 

 Green days were 
processed but are not as 
clear 

 For processed images 
both the normal date and 
Julian date are provided. 
Image files were saved 
under their Julian date. 



Clear Day Chart Cont. 



Calculating Red Edge Ratios 

 Georegistration of the 

satellite images (134 

images) 

 Reprojection to UTM Zone 

10 WGS 84 

 Derive the Ratio (NDVI): 
(IRband-Redband)/(IRband+Redband) 

Classified ratio values into 

6 classes 
 



Validation with In Situ 

Measurements 
 Went out on Hood Canal in a 

small boat helping with ORCA 
buoy maintenance 3 times 

 4 stations in Northern Hood 
Canal from North Buoy to Hood 
Canal Bridge, 10 stations in 
Southern Hood Canal from the 
Hoodsport Buoy to the Twanoh 
Buoy 

 Took PAR, solar radiation, 
temperature, humidity, and 
spectrometer measurements 

 Made and used a light 
attenuation instrument APhID 
(Aquatic Photometric Intensity 
Detector) 

 Pictures of hand held 
spectrometer being used by me 

The APhID 

South Hood Canal APhID Intensity Measurements
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Validation with ORCA Buoy Data 
 Used ORCA Buoy website 

to find prior locations of 
buoys and some uploaded 
data 

 Downloaded cast data from 
website and Wendi Ruef for 
casts from 12 pm to 2 pm 
made on days for which I 
had satellite data or in situ 
data. 

Point Wells 

Buoy data 

used for blue 

highlighted 

days, and 

Twanoh Buoy 

data used for 

orange. North 

Buoy data was 

used on July 

26, 2006, 

Hoodsport 

buoy data on 

Aug 3, 2006, 

and Twanoh 

buoy data on 

Aug 3, 2006. 

This profile 

from Point 

Wells 

Buoy 
(ORCA Buoy) 

(ORCA Data) 



Analytical Approach 

 Compared in situ spectrometer data from other two 
days to satellite ratio using the average reflectance 
within the Red and Near Infrared bands from the 
spectrometer and then calculating the normalized 
difference ratio for each station 

 Correlation between the satellite ratio to the ORCA 
Buoy florescence using the maximum reflectance in 
the top 5 m on the basis that most infrared is absorbed 
at lower depths 

 Describing Spatial Pattern 



Results: 

In situ comparison with Satellite 

derived red edge ratio 
 While the satellite measured 

ratios of red to infrared 
reflectance was not identical to 
in situ measurements, there 
was a clear correlation between 
the two. 

 A comparison of the satellite 
versus in situ NDVI show that 
the two values varied inversely 
and parabolically? With an 
equation of: 

 
y= -5.488x2+2.8054x–0.4476 

 

 And an R2 value of 0.8562. 

 

 For in situ data, the measured 
infrared reflectance was lower 
than red reflectance leading to 
negative values of NDVI.  

Satellite NDVI versus In situ NDVI

y = -5.488x2 + 2.8054x - 0.4476

R2 = 0.8562
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Results: 

Orca buoy Florescence 

Satellite NDVI vs ORCA Buoy Florescence
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Florescence)

 Based on the measured 
florescence and satellite 
derived NDVI, values of NDVI 
near 0 are more closely 
associated with high 
florescence. 

 The first graph has all data 
points comparing the 
florescence measured by the 
ORCA Buoys to the satellite 
measured NDVI. The second 
has thrown out values greater 
than 1 or less than -1 for NDVI 
since those are invalid. The 
first has a parabolic 
correlation, while the second 
has an exponential correlation. 

Satellite NDVI vs ORCA Buoy Florescence
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Results: 

Spatial Pattern 
 For 5 sequential days in 

2005: 

 Statistics? For each 
picture? Number of 
patches, things like that 

Aug 2, 214 Aug 3, 215 Aug 4, 216 Aug 5, 217 Aug 6, 218 



Summary and Conclusions 

 There are spatial patterns in the satellite 
images for the red to infrared normalized 
ratio that are part of the water 
characteristics and not just atmospheric 
effects. They may be due to algae in the 
water, other particles, wave action or 
something else, but the analysis of 
these two bandwidths using the MODIS 
satellite can be used to investigate the 
distribution of this characteristic. 

 Atmospheric effects are visible and 
cause irrational values greater than 1 or 
less than -1 (red and purple) but are not 
responsible for all of the variation in the 
images 

 Now have a database of satellite images 
of the red to infrared normalized ratio for 
the summers of 2003, 2004 and 2005 
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