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Land Observation Requirements 
Inter-annual land dynamics  

•Defined by within-year (Intra-annual) vegetation seasonality 

For best results, clear views ~ once each week 



MD p15r33 June 2002 

Note:  “8 day / week” calendar being shown; images highlighted  
correspond to Landsat 5 and 7 observation dates 



Year Success Rate 
2001 76.9% 
2002 86.7% 
2003 80% 
2004 66.7% 
2005 86.7% 
2006 86.7% 
2007 73.3% 
2008 73.3% 

Daily Repeat Two Day Even Two Day Odd 

Year Success Rate 
2001 69.2% 
2002 80.0% 
2003 66.7% 
2004 26.7% 
2005 60.0% 
2006 53.3% 
2007 53.3% 
2008 26.7% 

Year Success Rate 
2001 69.2% 
2002 66.7% 
2003 66.7% 
2004 46.7% 
2005 66.7% 
2006 73.3% 
2007 66.7% 
2008 73.3% 

Cumulative: 
78.8% 

Cumulative: 
54.2% 

Cumulative: 
66.9% 

Average of ~ 12 of 
15 possible clear 
views 

Maryland Results 

Significant range of results for two day repeat 
observations depending on weather cycles – these 
cycles can / will change over time 



 

Purpose 
 

 Clear satellite views: by orbital repeat frequency 
 Potential of clear view compositing within an 8 day “week” 
 Swath width impact acquiring clear view acquistions 

 

Approach 
 Analysis of 4-month growing season, 2002, 10 western U.S. sites 
 Assess amount of clear views over land, including inland water bodies 

 

Data 
 Landsat (~200 images) 

 ETM+ and TM used  
 Visual analysis of cloud cover (0-100% scale)  

 
 MODIS (~1200 images) 

 MOD09GA (daily SR L2G Global 500M and 1km SIN Grid), Terra only 
 Reproject and subset each MODIS swath to f Landsat chip 
 state QA flags 1 km Scientific Data Set (SDS) bits for cloud cover (0-

100%) in three categories (cloudy, clear, mixed) 
 
 
 
 

 



8-day repeat coverage for 
Olympic Peninsula, Washington 

L5 June 7 

L7 June 15 L7 July 1 

L5 July 9 L5 July 25 

L7 August 2 

L5 August 10 

L7 August 18 
These images were acquired by Landsat 5 and Landsat 7 from June 
through August, 2001.  They illustrate how “successful coverage” by a 
satellite can vary significantly as a function of weather patterns.  For this 
year, if you were relying on Landsat 5, you would be very happy – if 
Landsat 7, not so happy. 

Illustration courtesy USGS 



10 Western United States Sites 

WRS Grid Source:  Landsat 7 
Program Report, FY 2000 

1.  East Puget Sound, WA 
(p46r27) 

 
2.  Eastern WA/Northern ID 

(p43r27) 
 
3. Western/Central MT (p39r27) 
 
4.  Central OR (p45r29) 
 
5.  Southeastern ID (p41r30) 
 
6.  Central CA/Western NV 

(p43r33) 
 
7.  North Central UT (p38r32) 
 
8.  Southern NV (p39r35) 
 
9.  Southwestern AZ (p37r37) 
 
10.  East Central NM (p33r36) 

 



    East Puget Sound, WA (p46r27)        Eastern WA/Northern ID (p43r27)    Western/Central MT (p39r27) 
 
  
 
 
 
 
 Central OR (p45r29)                 Southeastern ID (p41r30)      North Central UT (p38r32) 
 
 
 
 
 
 
    Central CA/Western NV (p43r33)    Southern NV (p39r35) 
 
 
 
 
   
          Southwestern AZ (p37r37)   East Central NM (p33r36) 

 

Landsat Scene (left) and MODIS Subset (right) 



Landsat Scenes Acquired 
% Clear 

L5 +L7 L5 L7 



MODIS Clear Views 
Daily Repeat Frequency - Means 
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MODIS – Means and Standard Deviations 
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Orbit Cycle Length 
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MODIS – Means and Standard Deviations 
Cloudier Sites 
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Orbit Cycle Length 

East Puget Sound, WA 
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Orbit Cycle Length 

Western/Central MT 
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Orbit Cycle Length 

Eastern WA/Northern ID 



MODIS – Means and Standard Deviations 
Average Sites 
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Orbit Cycle Length 

East Central NM 
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Orbit Cycle Length 

Central OR 
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Orbit Cycle Length 

North Central UT 
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Orbit Cycle Length 

Southeastern ID 
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Orbit Cycle Length 

Southwestern AZ 



MODIS – Means and Standard Deviations 
Clearer Sites 
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Orbit Cycle Length 

Southern NV 
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Orbit Cycle Length 

Central CA/Western NV 



MODIS - Differences in Clearness of Image 
8 Day Orbit Cycles 
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Highest, Average, and Lowest Variation 
8 Day Orbit Cycle 
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High Variation Within an 8 Day “Week” 
% Clear View 

       260          261              262   263       264           265                266   267 
       0.00          10.10          99.93 88.64       35.52         63.98           84.09  2.25 
         Landsat Date        
     

Western/Central MT – 99.93 percentage points range 

       205          206              207   208       209           210                211   212 
      12.01         84.29           58.93 44.35      37.76         93.25            17.31 0.81 
              Landsat Date 
                         

Central AZ – 92.43 percentage points range 



Central AZ Growing Season 

High range of clear views in Central AZ, possibly due to summer monsoon.   
Neighboring sites show variation, as well. 
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MODIS -  Potential for Clear View Success 

Criteria:  1 image 95% or more clear or 2 images 75% or more clear in every 8 day “week,” 
using a rolling window of 7 days preceding the date to 7 days after 

# Unsuccessful Outcomes out of 115 Attempts 
(June 8 – Sept. 30, 2002): 



 
 
 

MODIS - Compositing Success  
Within 8 Day “Week” 

       212          213              214   215       216           217            218                  219 
     84.76          53.97          53.29 25.02     15.48          11.1            15.74           no data 
           Landsat Date        
      

East Puget Sound 
% Clear   

 
If a rolling window was not used, this 

week would have no composite 
   



If a rolling window was not used, this week  
would have no composite 

       215          216              217   218       219           220  221   222 
     36.81          72.51          57.65 47.85     55.42           74.28 54.31    60.03 
Landsat Date        
      

 
 
 

MODIS - Compositing Success  
Within 8 Day “Week” 

East Central NM 
% Clear 

 



 
 

Varied Swath Width Test 
Western/Central MT 

Swath Subset  
~375 km  

Swath Subset  
~185km 
(Landsat size) 
(p39r27) 

Note:  Red dot 
is the general 
location of 
Great Falls, MT  



Results of Varied Swath Width Test 

 
~185km swath:  

 
 
~375km swath:   
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Orbit Cycle Length 

Western/Central MT ~185km 
Swath 
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Orbit Cycle Length 

Western/Central MT ~375km 
Swath 

DAILY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8 DAY 

Mean 58.07 58.04 58.12 58.24 58.06 58.09 58.22 58.15 

SD 0.00 6.16 4.63 10.41 9.96 9.69 8.24 11.12 

DAILY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8 DAY 

Mean 57.80 57.78 57.84 57.96 57.77 58.06 58.26 57.54 
SD 0.00 3.65 3.85 8.74 9.13 8.17 7.45 9.02 



Conclusions 

MODIS Data 
 Clear views for a site:  Standard deviations increase with decreasing repeat frequency 
 Means across sites but generally not within a siteand 
 Cloudier sites may have more variation. 
 Obtaining a clear image using an 8 day rolling window was not always possible, even for 

generally clear sites.  Compositing always was successful using an 8 day rolling window. 
   This was not the case if the composite had to be made within a certain week. 
 For theWestern/Central MT, the ~375km swath was slightly clearer than the ~185km 

swath, but less successful in finding clear view images.  
  

Landsat Data 
 There can be high variation within the same site on the amount of clear views captured 

by TM or ETM+, even for clearer sites. 
 

Need daily views to overcome these difficulties and obtain a 
clear view or several partial clear views in one 8 day “week.” 



BACKUP SLIDES 



MODIS results: % chance of clear view by repeat frequency 
(1st five sites) 



MODIS results: % chance of clear view by repeat frequency 
(2nd five sites) 



Variation between sites and DOY starting orbit – 1, 2, 3 day orbits 



4 and 5 day orbits 



6 and 7 day orbits 



8 day orbits 
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