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Source LtoR: T.J. Keegan, Vegafish, Ibdodane, skatebiker, US FishandWildlife, Unknownbutpublic 
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2,804,590* Landsat L1T scenes distributed over 30 years 
1st March 1985 – 10th March 2015 (L5, 7, 8)  

* out of 4,222,194 i.e., 34% not yet orthorectified  



...with so 

1st March 1985 – 10th March 2015 L5,7, 8  
(Black = 0, White = 2287, mean 389 median 327  includes corner counts)  



Valid observations for water mapping – cloud, shadow, snow and ‘bad’ pixels  excluded  
(Black = 0, White = 1237 mean 215 median 187) 

81,371 km2 with 

zero obs (<0.05% landmass)  



Global Surface Water Occurrence 

30m resolution, 30 year 1985 - 2015 (% observation-record water) 

A research product by 

EC’s Joint Research Centre  

& Google Earth Engine 



Karkheh River, Iran 21st July 1993 merged into 21st December 1999  Landsat courtesy USGS / NASA 
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Karkheh River, Iran 21st December 1999 Landsat courtesy USGS / NASA 

10 km 



Karkheh River, Iran 23rd February 2000 Landsat courtesy USGS / NASA 

10 km 



Karkheh River, Iran 24th January 2001 Landsat courtesy USGS / NASA 

10 km 



Karkheh River, Iran 27th January 2002 Landsat courtesy USGS / NASA 

10 km 



Karkheh River, Iran Global Water Occurrence 1984 – 2014 Source JRC and GEE  

10 km 



Surface water detection method 

HV 7, 5, 4 

1. Based on Hue/Saturation/Value colour model 

2. Sensor neutral – used on L5, L7, L8 and MODIS 

3. Uses Google Earth Engine for processing 

4. Uses tools built on top of GEE - for spectral library development, 

classification and validation 

5. Uses dynamic masks: 

Cloud 

Snow and Ice 

Shadow 

Bare rock  

 

Source: J-F Pekel, A. Cottam, JRC 

Spectral library 

of 50,000 

control points 

(water and 

non-water) 
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Sum by month by epoch... 

12 month 

average by 

epoch 

and over three decades  

and over three 

decades 

and an annual average for 2014 

 w is a pixel classified as water 

 Σw is the sum of all water detections 

per month 

 vo is the number of valid observations 

after masks and cleaning 

  Σvo is the sum of all valid 

observations per month 

 (Σw/Σvo)*100 = water occurrence by 

month 

Global Surface Water Occurrence maps 
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Calculate water month by epoch... 

12 month 

analysis by 

epoch 

and over three decades  

and over three 

decades 

 If water occurrence by month < 50%  

then non-water month pixel 

 If water occurrence by month ≥ 50%  

then water month pixel (wm) 

 n is number of months with valid 

observations (pixel) 

 If Σwm = n then permanent water 

 If 0 < Σwm ≤ (n-1) then seasonal 

water 

 If Σwm = 0 then never water 

Global Surface Water Seasonality maps 



30 year Global Surface Water Occurrence  
Source JRC GEE 

0 100 occurrence as % of valid obs  



Aral Sea 10th April 1986 Landsat 5 Courtesy USGS NASA 

30 year Global Surface Water Occurrence  
Source JRC GEE 

0 100 occurrence as % of valid obs  



Aral Sea 29th August 2014 Landsat 8 Courtesy USGS NASA 

30 year Global Surface Water Occurrence  
Source JRC GEE 

0 100 occurrence as % of valid obs  



30 year Global Surface Water Occurrence  
Source JRC GEE 

0 100 occurrence as % of valid obs  



30 year Global Surface Water Seasonality  

0 100 

Source JRC GEE 



The Niger delta 
Source: Global surface water occurrence, JRC/GEE 



30 year monthly occurrence 

Number of vo classified as water  

Number of valid observations 

Number of unique views (scenes)  

Jan Dec 

Jan Dec 



10 km Yingkou, China, 13th July 1985 

Landsat Courtesy USGS NASA 



10 km Yingkou, China, 13th July 2014 

Landsat Courtesy USGS NASA 



10 km Yingkou, China, 10%-100% change in water occurrence 1985 – 2015 
Red was water (1985-1999) Green new water (2000-2015)  

Landsat Courtesy USGS NASA 



Validation protocols 

20,000 control 

points 



Control points for L8 example 



Colorado river (USA & Mexico) 
Source: Global surface water occurrence, JRC/GEE 
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Ellen Hanak 

director of the Water Policy Center 

Public Policy Institute of California 

 

The Economist, All the leaves are 

brown, 30th May 2015 



① Landsat is providing better water 

data – not just at the state level or 

nationally, but globally 

② A  reliable global DEM is needed 

③ TIRS is an important element 

④ L1T production of the remaining 

36% of the L5,7,8 archives is 

urgently needed 

⑤ Analysis must include L4 TM 

⑥ Repatriation of international 

archives should continue 

⑦ SPOT/DMC/CBERS/S1/S2 data 

merge should be examined 
Sentinel 2a 27th June 2015 – Italian Lakes 


