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Importance, Context, Need 



Global Food Security in the 21st Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security 

Addressing the Global Food Security Challenge 
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Next 50 years World needs to meet 

the food demand of a population 

which will grow from 7 billion in year 

2011 to 9 or 10 billion by 2050. Three 

factors need to be noted: 
1. Population growth (e.g., additional 2 to 3 billion); 

2. Increasing nutritional demand (e.g., more meat); 

3. Change in demographics (e.g., swift rise in population in 

Africa) 
 

 

 

 



Global Food Security in the 21st Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security 

Increasing Cropland Areas Difficult 
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Source: Ramankutty et al., 2002; Foley, 2011 

..only @ Very High environmental/ecological  costsé.further high 

demand for land for alternatives uses (e.g., industry, urban, bio-fuel) 

Note: additional area of 1 billion hecatres  

(~ size of United States) of croplands is 

required to feed the additional population 

by 2050. 



Global Food Security in the 21st Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security 

Addressing the Global Food Security Challenge 

U.S. Geological Survey 

U.S. Department of Interior   

A critical and urgent question facing humanity in the twenty-

first century is, how can we continue to feed the Worldôs 

ballooning populations in the twenty-first century: 
1. Without increasing cropland areas;  

2. Without increasing allocations for cropland water use; 
 

Indeed, an even better question to ask is how can we 

continue to feed the Worldôs ballooning populations in the 

twenty-first century by  

1. Reducing the existing cropland areas for food production? (e.g., taken 

away for bio-fuels, urbanization), and\or  

2. Reducing the existing water allocations for food production? (e.g., 

water needed to produce unit of grain in increasing as a result of 

increasing temperature in a changing climate)  

 

 



Global: 1.53 billion Hectares of total croplands at the end of the last millennium (Thenkabail et al., 2011, 2009a, b) 
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Global Cropland Area Database @ 30m (GCAD30)                                                  

Need for Multi-sensor High-resolution EO Data 

The coarse resolution cropland maps have many limitations: 

ÅAbsence of precise spatial location of the cropland areas;  

ÅUncertainties in differentiating  irrigated  areas from rainfed areas; 

ÅAbsence of crop types and cropping intensities; 

Å Inability  to generate cropland maps and statistics, routinely ; and 

ÅAbsence of dedicated web\data portal  for dissemination cropland products. 

The listed limitations are a 

major hindrance in 

accurate/reliable global, 

regional, and country by 

country water use 

assessments that in turn 

support crop productivity 

(productivity per unit of land; 

kg\m2) studies, water 

productivity (productivity per 

unit of water; kg\m3) studies, 

and food security analyses. 

The higher degrees of 

uncertainty in coarser 

resolution data are a result of 

an inability to capture 

fragmented, smaller patches 

of croplands accurately, and 

the homogenization of both 

crop and non-crop land 

within areas of patchy land 

cover distribution.  In either 

case, there is a strong need 

for finer spatial resolution to 

resolve the confusion.  

Thenkabail and Gumma, 2012 
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Croplands: Seven Key Products               

for                                                        
Global Food Security Studies 
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Global Cropland Area Database (GCAD30)                                                       

Seven Key Products from Earth Observation data: World 

1. Cropland extent\area; 

2. Crop types (8 major crops + others); 

3. Irrigated versus rainfed; 

4. Cropping intensities (e.g., single, double, 

triple, and continuous cropping; and 

5. Cropland change over space and time;  

Once we have the above, 

6. Crop productivity: productivity per unit of 

land; kg\m2,  

7. water productivity: productivity per unit of 

water or ñcrop per dropò; kg\m3  

Five main products and 2 

derived products most essential for 

global food security studies 
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Global Cropland Area Database (GCAD30)                                                       

Seven Key Products from Earth Observation data: South Asia 

1. Cropland extent\area; 

2. Crop types (8 major crops + others); 

3. Irrigated versus rainfed; 

4. Cropping intensities (e.g., single,                 

double, triple, and continuous cropping); and 

5. Cropland change over space and time;  

Once we have the above, 

6. Crop productivity: productivity per unit of 

land; kg\m2,  

7. water productivity: productivity per unit of 

water or ñcrop per dropò; kg\m3  

Five main products and 2 

derived products most essential for 

global food security studies 

Countries: 

Afghanistan 

Bangladesh 

Bhutan 

India 

Maldives 

Nepal 

Pakistan 

Sri Lanka 

Afghanistan

Bangladesh 

Bhutan 

India 

Maldives 

Nepal 

Pakistan 

Sri Lanka 

http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/AFGHANISTANEXTN/0,,menuPK:305990~pagePK:141159~piPK:141110~theSitePK:305985,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/AFGHANISTANEXTN/0,,menuPK:305990~pagePK:141159~piPK:141110~theSitePK:305985,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/AFGHANISTANEXTN/0,,menuPK:305990~pagePK:141159~piPK:141110~theSitePK:305985,00.html
http://www.worldbank.org/en/country/bangladesh
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/BHUTANEXTN/0,,menuPK:306154~pagePK:141159~piPK:141110~theSitePK:306149,00.html
http://www.worldbank.org/en/country/india
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/MALDIVESEXTN/0,,menuPK:306318~pagePK:141159~piPK:141110~theSitePK:306313,00.html
http://www.worldbank.org/en/country/nepal
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/SOUTHASIAEXT/PAKISTANEXTN/0,,menuPK:293057~pagePK:141159~piPK:141110~theSitePK:293052,00.html
http://www.worldbank.org/en/country/srilanka


U.S. Department of the Interior 

U.S. Geological Survey 

Croplands: Extent, Area                                   
Global versus South Asia 



Global: 1.53 billion Hectares of total croplands at the end of the last millennium (Thenkabail et al., 2011, 2009a, b) 
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Global Cropland Area Database (GCAD30)                                                       

Cropland Extent and Areas: World 



Global: 1.53 billion Hectares of total croplands at the end of the last millennium (Thenkabail et al., 2011, 2009a, b) 
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Global Cropland Area Database (GCAD30)                                                       

Cropland Extent and Areas: South Asia 

South Asia: 221 Million Hectares of total croplands at the end of the last millennium (Thenkabail et al., 2011, 2009a, b) 

 South Asia has 

14% of global 

croplands and 

34% of global 

irrigated areas 
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Croplands: Irrigated vs. Rainfed                                   
Global versus South Asia 



1.53 billion Hectares of total croplands at the end of the last millennium 
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Global Cropland Area Database (GCAD30)                                                       
Irrigated versus Rainfed Croplands, Spatial Distribution: World 



Indiaôs Irrigated Croplands @ Finer Resolution                                                                     

Using MODIS 500m time-series for 2001-2003 
Irrigated Croplands of 

India = 113 Mha 

(annualized: season 1 + 

season 2 + continuous) 

Croplands (irrigated + 

rainfed) of India = 170 

Mha (includes irrigation 

intensity) 

Dheeravath, V., Thenkabail, P.S., Chandrakantha, G, Noojipady, P., Biradar, C.B., Turral. H., 

Gumma, M.1, Reddy, G.P.O., Velpuri, M. 2009. Irrigated areas of India derived using MODIS 

500m data for years 2001-2003. ISPRS Journal of Photogrammetry and Remote Sensing.  

http://dx.doi.org/10.1016/j.isprsjprs.2009.08.004. in press. Corrected proof available online 22 

September, 2009. 
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Dheeravath et al. 2010 

http://dx.doi.org/10.1016/j.isprsjprs.2009.08.004
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Croplands of India using 

MODIS 500m time-series for 

2001-2003 

Generally, most studies agree that 

about 52% (about 170 Mha) of 

Indiaôs geographic area (328.7 

Mha) are croplands around year 

2000.  

 
But most studies disagree on the 

proportion of Irrigated versus 

rainfed 

Indiaôs Croplands (irrigated + rainfed + permanent crops) @ Finer Resolution                 

Using MODIS 500m time-series for 2001-2003 

Uncertainties in areas can still exist even with higher 

resolution due to: (a) definition, (b) methods, (c) need for 

even finer resolution. 

Dheeravath et al. 2010 

Dheeravath, V., Thenkabail, P.S., 

Chandrakantha, G, Noojipady, P., 

Biradar, C.B., Turral. H., Gumma, 

M.1, Reddy, G.P.O., Velpuri, M. 

2010. Irrigated areas of India 

derived using MODIS 500m data 

for years 2001-2003. ISPRS 

Journal of Photogrammetry and 

Remote Sensing.  

http://dx.doi.org/10.1016/j.isprsjprs

.2009.08.004. 65(1): 42-59 

http://dx.doi.org/10.1016/j.isprsjprs.2009.08.004
http://dx.doi.org/10.1016/j.isprsjprs.2009.08.004
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Global Cropland Area Database (GCAD30)                                                       
Irrigated versus Rainfed Croplands, Spatial Distribution: India 

Sno States/UTs GIAM 10km Areas GIAM 500m Areas MoWR IPU Areas
AIA AIA Major Minor IPU (Major+Minor)

X 1000 ha X 1000 ha X 1000 ha X 1000 ha X 1000 ha

1 Andhra Pradesh 12874 13378 3052 3380 6432

2 Arunachal Pradesh 20 151 0 46 46

3 Assam 538 4103 174 245 419

4 Bihar 8433 9680 1715 2886 4601

5 Chhattisgarh 3193 3602 761 412 1173

6 Gujarat 8470 7858 1301 2762 4063

7 Haryana 3731 4959 1850 2275 4125

8 Himachal Pradesh 181 120 8 179 187

9 Jammu & Kashmir 503 485 169 340 509

10 Jharkhand 2242 2681 230 291 521

11 Karnataka 6394 7663 1845 1787 3632

12 Kerala 332 152 559 411 970

13 Madhya Pradesh 16121 15390 876 3500 4376

14 Maharashtra 12756 13020 2147 3955 6102

15 Manipur 38 51 111 27 138

16 Meghalaya 19 106 0 70 70

17 Orissa 4254 4943 1794 622 2416

18 Punjab 5129 6375 2486 5764 8250

19 Rajasthan 9649 10391 2314 3925 6239

20 Tamil Nadu 7339 6738 1549 2385 3934

21 Uttar Pradesh 22578 26780 6334 14075 20409

22 Uttaranchal 404 375 185 481 666

23 West Bengal 6833 7381 1527 1946 3473

Total 132,029 146,815 31,010 51,970 82,977
Note: AIA = Annualized Irrigated Area; IPU = Irrigation Potential Utilized; 

MOWR = Ministry of Water Resources

Table 1. Irrigated 

areas of major 

states of India 

compared between 

remote sensing 

derived 

approaches and 

national statistics 

(Dheeravath et al., 

2010).  
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Croplands: Intensity                                   
Global versus South Asia 
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Global Cropland Area Database (GCAD30)                                                       
Intensity of cropping: World 
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Global Cropland Area Database (GCAD30)                                                       
Intensity of cropping: World 
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Croplands: Crop Type                                   
Global versus South Asia 



Global Cropland Area Database (GCAD30)                                                       
Crop Type Distribution: 4 Major crops that occupy ~55% of Total global Cropland Area (1.5 billion ha.) 

Monfreda et al., 2008 
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é.focus on these crops to increase crop productivity (ñcrop per 

unit of landò) and water productivity (ñcrop per unit of waterò)  

13% of total global cropland area 11% of total global cropland area 

22% of total global cropland area 5% of total global cropland area 
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Crop phenologies and intensities studied using time-series remotely sensed data illustrated for rice 

crop in South Asia. A clear and deep understanding of phenologies and intensities will require us to develop 

a temporal (e.g., this figure) and spectral (e.g., Figure 5) knowledge base of each crop in different agroecosystems 

of the world leading to mapping distinct classes within a crop, which in turn will lead to accurate 

assessments of green water use (rainfed croplands) and blue water use (irrigated croplands). [adopted from 

Gumma, Nelson, Thenkabail., 2011]. 

How much water do 

crops 

use?é.specificity of 

crops and their 

geographic location 

key. 

Global Cropland Area Database (GCAD30)                                                       
Crop Type Distribution: Rice Crop in South Asian Countries 

Gumma et al. 2011 

Murali Krishna 

Gumma, Andrew 

Nelson, Prasad S. 

Thenkabail and 

Amrendra N. Singh, 

"Mapping rice areas of 

South Asia using 

MODIS multitemporal 

data", J. Appl. Remote 

Sens. 5, 053547 (Sep 

01, 2011); 

doi:10.1117/1.3619838.  
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Rice map of India  and neighboring countries 

(Gumma et al., 2011). The map shows 11 

classes of rice cultivation covering 50.6 

million  Hectares [This is the harvested wet-

season area only. The harvested rice area 

across all seasons where there is more than 

one rice crop (kharif  and rabi in India ; 

aman, boro, and aus in Bangladesh; and 

maha and yala in Sri Lanka) is almost 60 

million  hectares].The two major types are 

irrigated  and rainfed. The irrigated  classes 

account for 24.2 million  hectares and are 

further  described by their irrigation  type, 

such as surfacewater irrigation  (from tanks, 

rivers, or reservoirs), groundwater 

irrigation  (from wells or springs), and the 

cropping system, such as single rice, rice-

rice, or riceïother crop systems. The rainfed 

classes account for 26.4 million  hectares and 

include areas that have some occasional 

supplemental irrigation  from groundwater 

sources as well as upland/ dryland rice and 

deepwater rice areas as found in eastern 

Bangladesh.  

Global Cropland Area Database (GCAD30)                                                       
Crop Type Distribution: Rice Crop in South Asian Countries 

Gumma et al. 2011 
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Croplands: Change over space, time                                   
Global versus South Asia 
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Global Cropland Area Database (GCAD30)                                                    
Monitoring Spatial Changes in Irrigated Areas over time: World 

Center image of global cropland (irrigated and rainfed) areas @ 1 km for year 2000 produced by overlying the remote sensing derived product of the 

International Water Management Institute (IWMI; Thenkabail et al., 2012, 2011, 2009a, 2009b; http://www.iwmigiam.org) over 5 dominant crops (wheat, rice, 

maize, barley and soybeans) of the world produced by Ramankutty et al. (2008). The 5 crops constitute about 60% of all global cropland areas. The IWMI 

remote sensing product is derived using remotely sensed data fusion (e.g., NOAA AVHRR, SPOT VGT, JERS SAR), secondary data (e.g.,  elevation, 

temperature, and precipitation), and in-situ data. Total area of croplands is 1.53 billion hectares of which 399 million hectares is total area available for irrigation 

(without considering cropping intensity) and 467 million hectares is annualized irrigated areas (considering cropping intensity). Surrounding NDVI images of 

irrigated areas: The January to December irrigated area NDVI dynamics is produced using NOAA AVHRR NDVI. The irrigated areas were determined by 

Thenkabail et al. (2011, 2009a, b). 

http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
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Global Cropland Area Database (GCAD30)                                                    
Monitoring Spatial Changes in Irrigated Areas over time: South Asia 

Center image of global cropland (irrigated and rainfed) areas @ 1 km for year 2000 produced by overlying the remote sensing derived product of the 

International Water Management Institute (IWMI; Thenkabail et al., 2012, 2011, 2009a, 2009b; http://www.iwmigiam.org) over 5 dominant crops (wheat, rice, 

maize, barley and soybeans) of the world produced by Ramankutty et al. (2008). The 5 crops constitute about 60% of all global cropland areas. The IWMI 

remote sensing product is derived using remotely sensed data fusion (e.g., NOAA AVHRR, SPOT VGT, JERS SAR), secondary data (e.g.,  elevation, 

temperature, and precipitation), and in-situ data. Total area of croplands is 221 Mha of which 160  million hectares is total area available for irrigation (without 

considering cropping intensity) and 467 million hectares is annualized irrigated areas (considering cropping intensity). Surrounding NDVI images of irrigated 

areas: The January to December irrigated area NDVI dynamics is produced using NOAA AVHRR NDVI. The irrigated areas were determined by Thenkabail et 

al. (2011, 2009a, b). 

 South Asia has 

34% (~160 Mha) 

of global irrigated 

areaséé.you 

see the dynamics 

of irrigated areas 

of South Asia for 

one year, month 

by month. 

http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
http://www.iwmigiam.org/
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Global Cropland Area Database (GCAD30)                                                    
Change of Time and Space over Long Time-periods: World 

Global agricultural dynamics over 2 decades illustrated here for some of the most significant agricultural areas of the 

World. Once we establish GCAD2010 and GCAD1990 at nominal 30 m resolution for the entire world, we will use 

AVHRR-MODIS monthly MVC NDVI time-series from 1982 to 2017 to provide a continuous time history of global 

irrigated and rainfed croplands, establish their spatial and temporal changes, and highlight the hot spots of change. 

The GCAD2010, GCAD1990, and GCAD four decadeôs data will be made available on USGS global cropland data portal 

(currently under construction): http://powellcenter.usgs.gov/current_projects.php#GlobalCroplandsAbstract. 

http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
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Global Cropland Area Database (GCAD30)                                                    
Change of Time and Space over Long Time-periods: South Asia 

Global agricultural dynamics over 2 decades illustrated here for some of the most significant agricultural areas of the 

World. Once we establish GCAD2010 and GCAD1990 at nominal 30 m resolution for the entire world, we will use 

AVHRR-MODIS monthly MVC NDVI time-series from 1982 to 2017 to provide a continuous time history of global 

irrigated and rainfed croplands, establish their spatial and temporal changes, and highlight the hot spots of change. 

The GCAD2010, GCAD1990, and GCAD four decadeôs data will be made available on USGS global cropland data portal 

(currently under construction): http://powellcenter.usgs.gov/current_projects.php#GlobalCroplandsAbstract. 

http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php
http://powellcenter.usgs.gov/current_projects.php


Month of April from 1981-2001 
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Global Cropland Area Database (GCAD30)                                                                  

AVHRR Monthly Time-series Data and their Characteristics 
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Croplands: Water Use                                   
Global versus South Asia 



Just 4 countries use 52% of cropland water use: India: 684 km3\yr, China: 364 km3\yr, USA: 197 km3\yr,  and Pakistan: 172 

km3\yr. However, per capita water use in USA is: ~2500 m3\yr\person whereas in India ~1000 m3\yr\person and China ~700 

m3\yr\person 

U.S. Geological Survey 
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Thenkabail and Gumma, 2012. PE&RS, Vol. 78, No.8 using data from Glieck, 2011 

Remember that 92% of all global human water use goes towards agriculture for food production (PNAS, Hoekstra et al., 2012) 

Global Cropland Area Database (GCAD30)                                             

Cropland Water Use for Food Production by Country: World 



Just 4 countries use 52% of cropland water use: India: 684 km3\yr, China: 364 km3\yr, USA: 197 km3\yr,  and Pakistan: 172 km3\yr. 

However, per capita water use in USA is: ~2500 m3\yr\person whereas in India ~1000 m3\yr\person and China ~700 m3\yr\person 
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Global Cropland Area Database (GCAD30)                                             

Cropland Water Use for Food Production by Country: South Asia 

Thenkabail and Gumma, 2012. PE&RS, Vol. 78, No.8 using data from Glieck, 2011 

Remember that 92% of all global human water use goes towards agriculture for food production (PNAS, Hoekstra et al., 2012) 
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Cropland Mapping Over Large Areas 
Strengths and Challenges for                                                    

Earth Observation Data 
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Global Cropland Area Database (GCAD30)                                 

Remote Sensing Data Requirements:World 
Masking and segmenting 

global terrestrial land to: (a) 

eliminate areas of zero 

croplands (classes 8 and 9) 

that occupy 44% (4200 

Landsat scenes out of 

9550) of the total terrestrial 

land from analysis, (b) 

discern highly fragmented 

croplands in forests (class 

6 with 17% terrestrial area) 

and deserts (class 7 with 

12% terrestrial area), where 

~5% of global croplands 

exist, and (c) prioritize 

areas of classes 1 to 5 (26% 

of the terrestrial area) 

where 95% of all global 

croplands exists with first 3 

classes having ~75% and 

the next 3 ~20%.   

~10 to 12% (1.5 to 1.7 billion hectares) out of the total terrestrial land area (14.894 billion 

hectares) is currently cultivated. This is where we should focus of getting the EO data. 


