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calibration of low resolution sensors, they could still be used for moderate to high 

resolution sensor calibration. A little deeper look on the table reveals that a total of 87 

WRS-2 path/row pairs intersect Cluster 13. Considering no cloud filtering, which is 

also the best possible case, it can be estimated that the Cluster 13 can be imaged by a 

moderate resolution sensor with a revisit period of approximately 0.18 (~16/87) day. 

Again, considering nominal assessments of cloud cover on average 3 out of 10 scenes 

are rejected, it can then be estimated that Cluster 13 can be imaged by a moderate 

resolution sensor with a revisit period of 0.33 day (approximately 3 collects per day). 

This huge improvement of temporal revisit can lead to several important applications 

such as quicker sensor evaluation, calibration and stability monitoring in a finer scale. 

Table 2. Path coverage of Cluster 13 and optimized WRS-2 path/row pairs. 

Day of 

Landsat 

cycle 

Path 

coverage 

of Cluster 

13 

Optimized 

Path/Row 

Site 

number  

Assign-

ment 

Pixel 

Count 

in 

Million 

Area 

in km2 

Additional path/row 

intersection 

1 190 190/43 11 0.50 454 Not Found 

2 181,197 181/40 4 17.90 16114 

181/41,181/42,181/43,181/4

8, 197/46,197/47, 197/48 

3 188 188/47 9 5.57 5017 188/46, 188/48 

4 179 179/41 2 8.39 7548 

179/40,179/42,179/44,179/4

7,179 /48 

5 186,202 186/47 7 8.06 7250 

186/47,186/48,186/49,202/4

6,202/47 

6 177,193 193/37 14 4.49 4040 

177/40,177/41,177/42,177/4

4, 177/45, 177/46 
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7 184,200 200/47 16 2.60 2337 

184/40, 184/41, 184/42, 

184/46, 184/47, 184/49, 

200/48 

8 191 191/37 12 2.56 2301 Not Found 

9 182,198 182/40 5 18.47 16620 

182/42,182/43,182/49,198/4

6,198/47, 198/48 

10 189 189/46 10 0.38 339 

189/43, 189/44, 

189/45,189/47 

11 180 180/40 3 7.98 7186 180/41, 180/42, 180/44 

12 187,203 187/47 8 9.21 8285 

187/42, 187/46, 187/48, 

187/49, 203/45, 203/46, 

203/47 

13 178 178/47 1 8.21 7393 

178/40, 178/41, 178/42, 

178/43 

14 185,201 185/47 6 8.73 7858 

185/44, 

185/45,185/46,185/48, 

185/49, 201/46,201/47 

15 192,176 192/37 13 5.55 4999 176/42 

16 183,199 199/46 15 5.55 4993 

183/40, 

183/41,183/42,183/43, 

183/49, 199/47,199/48 

3.2. Cluster Optimization 

In order to minimize local processing and storage demands, one WRS-2 path/row 

pair was selected for each Landsat cycle day, such that the image contained the largest 

number of Cluster 13 pixels. Based on these criteria, nine paths were excluded from the 

initial analysis. In addition to the set of useable paths/rows on each cycle day, Table 2 

shows the resulting single path/row for each cycle day, the corresponding geographic 
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area (in km2) covered by the path/row image, and the total intersecting Cluster 13 region 

pixel count. The individual path/rows represent the selected “optimized” path/row 

(shown in the purple boxes in Figure 2 covering approximately 40% of the total Cluster 

13 area). Furthermore, Table 2 shows the additional path/row pairs that could be used 

if a cloud-free acquisition of the optimized path/row area was not available. In this 

paper, additional path/rows were not considered due to storage limitation and 

processing optimization. Table 2 also assigns a site number label to each optimized 

path/row pairs for flexibility of further use. Starting from East and going through the 

west of North Africa, ‘site 1’ label is assigned to path/row-178/47 and ‘site 16’ label is 

assigned to the path/row-200/47. Rest of the optimized path/rows were also assigned 

site numbers accordingly. 

3.3. Traditional PICS vs. EPICS 

Figure 4 shows the temporal trend comparison of Cluster 13 (using optimized sites) and 

Libya-4. A large portion of Libya-4 interests with Cluster 13, therefore it was chosen 

for this comparison and it is one of the most widely used PICS. For this work, a CNES 

(National Centre for Space Studies) recommended Libya-4 ROI (70% of the ROI lies 

within Cluster 13) was used, as shown in Figure 5a. The red rectangle inside the 

Landsat-8 OLI scene from WRS-2 path/row-181/40 shows the extent of the ROI and 

the grid values over the Landsat scene gives geographic lat/lon extent of the Landsat 

scene and the ROI.  
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Figure 4. TOA reflectance trend from (a) Libya-4 ROI (Left); (b) Cluster 13 

without any further cloud screening and correction (Right). 

The key advantage of cluster-based calibration method is the ability to perform 

daily/near daily evaluation of a sensor’s stability and calibration. In Figure 4, 1434 

cloud-free OLI scenes of Cluster 13 (using optimized path/rows), acquired since launch 

to August 2018, were used to generate Cluster 13 TOA reflectance time series. The 

time series reveals that (for the limited data set) Cluster 13 can provide two calibration 

points in every 3 days (~1.4 per day). But, within the same period, traditional PICS 

provided only 108 cloud-free scenes generating only 1 calibration point in every 19 

days. For better visual observation, the numbers of calibration points were compared 

between Cluster 13 and Libya 4 in a six-month period as shown in Figure 5b. Libya-4 

guaranteed 10 cloud free acquisitions whereas Cluster 13 provided 131 cloud-free 

scenes in the same time period. This increase (by a factor of approximately 13) in 

calibration points provides an excellent possibility to detect sensor drift quicker and 

with more sensitivity than traditional PICS. Visually from Figure 4, the mean TOA 

reflectance levels and the temporal variability ranges look very similar. For 
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quantification purpose, Table 3 shows the temporal mean, temporal uncertainty and 

average spatial uncertainty values associated with Cluster 13 and Libya-4. The relative 

(a)  (b)  

Figure 5. (a) Libya-4 CNES ROI (Red rectangle) over WRS-2 path-row 

181/40 image from Landsat 8 (Left). (b) Improvement of temporal revisit 

period using EPICS over traditional Libya-4 PICS (Right). 

difference (with respect to Libya-4) between temporal mean of Libya-4 and Cluster 13 

ranges from 0.17% (SWIR2) to 3.3% (Red). The temporal uncertainty values associated 

with the mean values from both Cluster 13 and Libya-4 also do not differ more than 

0.01% to 0.06% across all bands. Again, considering the temporal uncertainty values 

from both Cluster 13 and Libya-4, it can be shown that the mean values for both Cluster 

13 and Libya-4 lie within their uncertainty ranges. These similarities imply that the 

behavior of EPICS is consistent with the behavior of traditional PICS i.e. Libya-4. 

However, the spatial uncertainty of Cluster 13 is higher than the spatial uncertainty of 

Libya-4. This is expected as Libya-4 was chosen specifically to reduce variability by 

finding a “very” homogenous region, where as Cluster 13, allowed for more variation 

(5% spatial uncertainty criterion that was set in the Shrestha’s classification [17]), in 

order to achieve greater spatial extent. Some of the extra spatial uncertainties are also 
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due to the variation of solar and view geometry within the individual scenes in the 

current cluster-based analysis. 

Table 3. Custer 13 vs. Libya-4 temporal and spatial characteristics without 

BRDF correction. 

 Bands CA Blue Green Red NIR 

SWIR

1 

SWIR

2 

Cluster 13 

statistics 

(without 

BRDF 

correction) 

 

Mean TOA 

reflectance 

0.228 0.244 0.340 

0.47

4 

0.59

0 

0.680 0.594 

Temporal 

uncertainty (%) 

3.07 2.60 1.85 1.88 1.99 2.72 3.29 

Average spatial 

uncertainty (%) 

4.50 4.96 4.35 4.06 4.09 4.00 4.21 

Libya-4 ROI 

statistics 

(without 

BRDF 

correction) 

Mean TOA 

reflectance 

0.231 0.248 0.337 

0.45

9 

0.58

2 

0.672 0.593 

Temporal 

uncertainty (%) 

3.04 2.56 1.86 1.94 2.02 2.76 3.30 

Average spatial 

uncertainty (%) 

0.68 0.87 1.02 1.09 1.16 1.15 1.17 

3.4. Cluster 13 Region Similarity 

Recall that clustering algorithm mentioned in [17] ensured spectral similarity of 

Cluster 13 pixels to within a temporal and spatial uncertainty of 5% (mentioned in 

Section 2.3). An analysis was performed to determine whether images from the 

individual optimized path/rows exhibited similar spectral behavior within the initial 

uncertainty. For this analysis, cloud-free images of the optimized path/row regions were 

processed as described in Section 2.6 to determine the summary statistics (temporal 


