Global Food Security-support Analysis Data @ 30 m (GFSAD30) Project
The GFSAD30 project we will Release Cropland Products as:
Global Cropland Extent (GCE)
‘GCE’ (Global Cropland Extent) Product / Documentation Review

Global Food Security-support Analysis Data (GFSAD) project’s ‘GCE’ (Global Cropland Extent) cropland products

Overview
Global Food Security-support Analysis Data @ 30 m (GFSAD30) Project is a 5-year (June 1, 2013- May 31, 2018) NASA MEaSUREs (Making Earth System Data Records for Use in Research Environments) funded, U. S. Geological Survey (USGS) lead project. GFSAD30 project, will release global cropland products, named Global Cropland Extent (GCE), at 3 resolutions:

A1. GCE 1km Crop Dominance (aka GCE V0.0)
This is Global Food Security-support Analysis Data (GFSAD) project’s ‘GCE’ (Global Cropland Extent) 1km Crop Dominance product. Cropland products released at this resolution will be:
· Cropland extent and areas;
· Cropland watering method: irrigation versus rainfed
To a lesser extent
· Crop dominance (not type)

A2. GCE 1km Multi-study Crop Mask (aka GCE V1.0)
This is Global Food Security-support Analysis Data (GFSAD) project’s ‘GCE’ (Global Cropland Extent) 1km Multi-study Crop Mask product. Cropland products released at this resolution will be:
· Cropland extent and areas;
· Cropland watering method: irrigation versus rainfed

B. GCE 250m Crop Dominance (aka GCE V2.0)
This is Global Food Security-support Analysis Data (GFSAD) project’s ‘GCE’ (Global Cropland Extent) 250km Crop Type and\or Dominance product. Cropland products released at this resolution will be:
· Cropland extent and areas;
· Cropland watering method: irrigation versus rainfed;
· Cropping intensity;
To a lesser extent
· Crop type and\or dominance

C. GCE 30m Crop Dominance (aka GCE V3.0)
This is Global Food Security-support Analysis Data (GFSAD) project’s ‘GCE’ (Global Cropland Extent) 30m Crop Type and\or Dominance product. Cropland products released at this resolution will be:
· Cropland extent and areas;
· Cropland watering method: irrigation versus rainfed;
· Cropping intensity;
· Crop type and\or dominance
******************************************************************************
This document is focused on:
A1. GCE 1km Crop Dominance (aka GCE V0.0)
A2. GCE 1km Multi-study Crop Mask (aka GCE V1.0)
******************************************************************************
A1. GCE 1km Crop Dominance (aka GCE V0.0)
This Global Food Security-support Analysis Data (GFSAD) Project’s Global Cropland Extent Product at nominal 1km (GCE 1Km Crop Dominance). The GCE 1KM Crop Dominance provides spatial distribution of the five major global cropland types (wheat, rice, corn, barley and soybeans; which occupy 60% of all global cropland areas) at nominal 1km (GCE 1KM Crop Dominance). The map is produced by overlying the five dominant crops of the world produced by Ramankutty et al. (2008), Monfreda et al. (2008), and Portman et al. (2009) over the remote sensing derived global irrigated and rainfed cropland area map of the International Water Management Institute (IWMI; Thenkabail et al., 2009a, 2009b, 2011).
GCE 1KM Crop Dominance (see Figure below) is an 8 class digital product that provides, at nominal 1 km, information on global: 
1. Cropland extent\areas, 
2. irrigated versus rainfed cropping, 
3. Crop dominance, and 
4. Cropping intensity (single, double, triple, and continuous crops).
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Figure 1. GCE 1km Crop Dominance (aka GCE V0.0). Figure here shows the USA part of the product. Classes 1 to 3 are croplands that are irrigated. Classes 4 to 7 are croplands that are rainfed. Class 8 is overwhelmingly non-croplands, but have very small fractions of croplands (refer to Thenkabail et al., 2012). Each class has some combination of croplands dominating in them.

Product and ATBT References GCE 1km Crop Dominance (aka GCE V0.0):
Thenkabail P.S., Wu Z. An Automated Cropland Classification Algorithm (ACCA) for Tajikistan by Combining Landsat, MODIS, and Secondary Data. Remote Sensing. 2012; 4(10):2890-2918.
Download the paper @ this link: http://www.mdpi.com/2072-4292/4/10/2890 
ACCA algorithm at this link: https://powellcenter.usgs.gov/globalcroplandwater/content/models-algorithms  

Thenkabail, P.S., GangadharaRao, P., Biggs, T., Krishna, M., and Turral, H., 2007. Spectral Matching Techniques to Determine Historical Land use/Land cover (LULC) and Irrigated Areas using Time-series AVHRR Pathfinder Datasets in the Krishna River Basin, India. Photogrammetric Engineering and Remote Sensing. 73(9): 1029-1040. (Second Place Recipients of the 2008 John I. Davidson ASPRS President’s Award for Practical papers).

Thenkabail, P.S. 2012. Principal Investigator. USGS Global croplands, their water use & food security Web\Data Portal, (https://powellcenter.usgs.gov/globalcroplandwater/) 

Thenkabail P.S., Knox J.W., Ozdogan, M., Gumma, M.K., Congalton, R.G., Wu, Z., Milesi, C., Finkral, A., Marshall, M., Mariotto, I., You, S. Giri, C. and Nagler, P. 2012.  Assessing future risks to agricultural productivity, water resources and food security: how can remote sensing help?. Photogrammetric Engineering and Remote Sensing, August 2012 Special Issue on Global Croplands: Highlight Article. 78(8): 773-782.

Thenkabail, P.S.,  Hanjra, M.A., Dheeravath, V., Gumma, M. 2011. Book Chapter #  16:  Global Croplands and Their Water Use Remote Sensing and Non-Remote Sensing Perspectives. In the Book entitled: “Advances in Environmental Remote Sensing: Sensors, Algorithms, and Applications”. Taylor and Francis Edited by Dr. Qihao Weng. Pp. 383-419. 

Thenkabail, P.S., Biradar C.M., Noojipady, P., Dheeravath, V., Li, Y.J., Velpuri, M., Gumma, M., Reddy, G.P.O., Turral, H., Cai, X. L., Vithanage, J., Schull, M., and Dutta, R. 2009a. Global irrigated area map (GIAM), derived from remote sensing, for the end of the last millennium. International Journal of Remote Sensing. 30(14): 3679-3733. July, 20, 2009.

Biradar, C.M., Thenkabail. P.S., Noojipady, P., Li, Y.J., Dheeravath, V., Velpuri, M., Turral, H., Cai, X.L., Gumma, M., Gangalakunta, O.R.P., Schull, M., Alankara, R.D., Gunasinghe, S., and Xiao, X. 2009. Book Chapter 15: Global map of rainfed cropland areas (GMRCA) and statistics using remote sensing. Pp. 357-392. In the book entitled: “Remote Sensing of Global Croplands for Food Security” (CRC Press- Taylor and Francis group, Boca Raton, London, New York.  Pp. 475. Published in June, 2009. (Editors: Thenkabail. P., Lyon, G.J., Biradar, C.M., and Turral, H.).

Thenkabail. P., Lyon, G.J., Turral, H., and Biradar, C.M. 2009b. Book entitled: “Remote Sensing of Global Croplands for Food Security” (CRC Press- Taylor and Francis group, Boca Raton, London, New York.  Pp. 556 (48 pages in color). Published in June, 2009. 
Reviews of this book:
http://www.crcpress.com/product/isbn/9781420090093
http://gfmt.blogspot.com/2011/05/review-remote-sensing-of-global.html

Thenkabail, P.S. 2012. Special Issue Foreword. Global Croplands special issue for the August 2012 special issue for Photogrammetric Engineering and Remote Sensing. PE&RS. 78(8): 787-788. 

Thenkabail, P.S. 2012. Guest Editor for Global Croplands Special Issue. Photogrammetric Engineering and Remote Sensing. PE&RS. 78(8). 

Wu, Z., Thenkabail, P.S., Zakzeski, A., Mueller, R., Melton, F., Rosevelt, C., Dwyer, J., Johnson, J., Verdin, J. P., 2014. Seasonal cultivated and fallow cropland mapping using modis-based automated cropland classification algorithm. J. Appl. Remote Sens. 0001;8(1):083685.  doi:10.1117/1.JRS.8.083685.

Wu, Z., Thenkabail, P.S., and Verdin, J.  2014. An automated cropland classification algorithm (ACCA) using Landsat and MODIS data combination for California. Photogrammetric Engineering and Remote Sensing. Vol. 80(1): 81-90.
*********************************************************************************************************************

A2. GCE 1km Multi-study Crop Mask (aka GCE V1.0)
This Global Food Security-support Analysis Data (GFSAD) Project’s Global Cropland Extent Product at nominal 1km (GCE 1Km Crop Dominance). This Global Food Security-support Analysis Data (GFSAD) Project’s Global Cropland Extent Product at nominal 1km from multi-study crop mask (aka GCE V1.0) provides spatial distribution of a disaggregated five class global cropland extent map derived at nominal 1-km based on four major studies: Thenkabail et al. (2009a, 2011), Pittman et al. (2010), Yu et al. (2013), and Friedl et al. (2010). Classes 1 to Class 5 are cropland classes, that are dominated by irrigated and rainfed agriculture. Class 4 to and Class 5 have minor/very minor fractions of croplands.

GCE 1KM Multi-study Crop Mask (see Figure 2 below) is a 5 class digital product that provides, at nominal 1 km, information on global: 1. cropland extent\areas, 2. irrigated versus rainfed cropping. There is no crop type or crop type dominance information. Cropping intensity (single, double, triple, and continuous crops) can be obtained for every pixel using time-series remote sensing data.
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Figure 2. GCE 1km Multi-study Crop Mask (aka GCE V1.0). Figure here shows the global product. A disaggregated five class global cropland extent map derived at nominal 1-km based on four major studies: Thenkabail et al. (2009a, b, 2011), Pittman et al. (2010), Yu et al. (2013), and Friedl et al. (2010). Classes 1 to Class 5 are cropland classes, that are dominated by irrigated and rainfed agriculture. However, class 4 and Class 5 have ONLY minor or very minor fractions of croplands. Refer to Table 6.7c for cropland statistics of this map. Note: Irrigation major: areas irrigated by large reservoirs created by large and medium dams, barrages and even large ground water pumping. Irrigation minor: areas irrigated by small reservoirs, irrigation tanks, open wells, and other minor irrigation. However, it is very hard to draw a strict boundary between major and minor irrigation and in places there can be significant mixing. So, when major irrigated areas such as the Ganges basin, California’s central valley, Nile basin etc. are clearly distinguishable as major irrigation, in other areas major and minor irrigation may inter-mix.  

Product and ATBT References for GCE 1km Multi-study Crop Mask (aka GCE V1.0):
[bookmark: _GoBack]Friedl, M.A., Sulla-Menashe, D., Tan, B., Schneider, A., Ramankutty, N.S., and Huang, X.M. 2010. MODIS Collection 5 global land cover: Algorithm refinements and characterization of new datasets. REMOTE SENSING OF ENVIRONMENT, 114(1), 168-182.

Pittman K., Hansen M.C., Becker-Reshef I., Potapov P.V., Justice C.O. Estimating Global Cropland Extent with Multi-year MODIS Data. Remote Sensing. 2010; 2(7):1844-1863.

Teluguntla, P., Thenkabail, P.S., Xiong, J., Gumma, M.K., Giri, C., Milesi, C., Ozdogan, M., Congalton, R., Tilton, J., Sankey, T.R., Massey, R., Phalke, A., and Yadav, K. 2015.  Global Cropland Area Database (GCAD) derived from Remote Sensing in Support of Food Security in the Twenty-first Century: Current Achievements and Future Possibilities. Land Resources: Monitoring, Modelling, and Mapping. Chapter 6, Vol. II., Remote Sensing Handbook. Three Volume Book edited by Prasad S. Thenkabail. Taylor and Francis Inc.\CRC press. Accepted, in Press.

Thenkabail, P.S.,  Hanjra, M.A., Dheeravath, V., Gumma, M. 2011. Book Chapter #  16:  Global Croplands and Their Water Use Remote Sensing and Non-Remote Sensing Perspectives. In the Book entitled: “Advances in Environmental Remote Sensing: Sensors, Algorithms, and Applications”. Taylor and Francis Edited by Dr. Qihao Weng. Pp. 383-419. 

Thenkabail, P.S., Biradar C.M., Noojipady, P., Dheeravath, V., Li, Y.J., Velpuri, M., Gumma, M., Reddy, G.P.O., Turral, H., Cai, X. L., Vithanage, J., Schull, M., and Dutta, R. 2009a. Global irrigated area map (GIAM), derived from remote sensing, for the end of the last millennium. International Journal of Remote Sensing. 30(14): 3679-3733. July, 20, 2009. 

Thenkabail, P. S., Lyon, G. J., Turral, H., & Biradar, C. M. (2009b). Remote Sensing of Global Croplands for Food Security. Boca Raton, London, New York: CRC Press- Taylor and Francis Group,  Published in June,.

Portmann, F., S. Siebert, and P. Döll, 2008. MIRCA2000 – Global monthly irrigated and rainfed crop areas around the year 2000: a new high-resolution data set for agricultural and hydrological modelling, Global Biogeochemical Cycles, GB0003435.

Yu, L., Wang, J., Clinton, N., Xin, Q., Zhong, L., Chen, Y., and Gong, P. 2013. International Journal of Digital Earth. FROM-GC: 30 m global cropland extent derived through multisource data integration, International Journal of Digital Earth ,DOI:10.1080/17538947.2013.822574.
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ABSTRACT of
Global Food Security-support Analysis Data @ 30 m (GFSAD30) Project
aka
Global Cropland Area Database (GCAD30) through Landsat and MODIS Data Fusion for the Years 2010 and 1990 and Its Dynamics Over Four Decades using AVHRR and MODIS

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Project Summary: Monitoring global croplands (GCs) is imperative for ensuring sustainable water and food security to the people of the world in the Twenty-first Century. However, the currently available cropland products suffer from major limitations such as: (1) Absence of precise spatial location of the cropped areas; (b) Coarse resolution nature of the map products with significant uncertainties in areas, locations, and detail; (b) Uncertainties in differentiating irrigated areas from rainfed areas; (c) Absence of crop types and cropping intensities; and (e) Absence of a dedicated web\data portal for the dissemination of cropland products. 
Therefore, our project aims to close these gaps through a Global Cropland Area Database at nominal 30m (GCAD30) with 4 distinct products: 
1. Cropland extent\area, 
2. Crop types with focus on 8 crops that occupy 70% of the global cropland areas, 
3. Irrigated versus rainfed, and 
4. Cropping intensities: single, double, triple, and continuous cropping.  
The project will disseminate these data and products through the USGS Powell Center Global Croplands Working Group web portal (https://my-beta.usgs.gov/wggc/) which will also include web mapping for user interaction, feedback, and improvements.

First, the above 4 products will be generated for GCAD for nominal year 2010 (GCAD2010) based on Landsat 30m Global Land Survey 2010 (GLS2010) fused with Moderate Resolution Imaging Spectroradiometer (MODIS) 250m NDVI monthly maximum value composites (MVC) of 2009-2011 data, and suite of secondary data (e.g., long-term precipitation, temperature, GDEM elevation). GCAD30 will be produced using three mature cropland mapping algorithms (CMAs): 
1.  Spectral matching techniques (SMT; http://www.iwmigiam.org; Thenkabail et al., 2009a, b, 2007); 
2. A cropland classification algorithm (ACCA) that is rule-based: (Thenkabail et al., 2012; e.g.,
http://www.sciencebase.gov/catalog/folder/4f79f1b7e4b0009bd827f548); and
3. Hierarchical segmentation (HSeg) algorithm: (Tilton et al., 2012a,b; http://science.gsfc.nasa.gov/606.3/TILTON/). 
The SMTs will be preferred for parts of the world with large volumes of field-plot and other geo-specific map data (section 12.1). ACCA will be applied in regions with sparse or unreliable field-plot data, but where numerous other sources of data (see section 7.1) and\or large volume of training data generated from HSeg (Tilton et al., 2012a,b) exist. Further, HSeg will be used in conjunction with SMTs and ACCAs to help improve classification accuracies and generate training data over highly fragmented croplands. 

Second, the same 4 products will be generated for GCAD1990 which will combine GLS1990, AVHRR 1989-1991, secondary climate and topographic data and national statistical data. Third, GCAD four decades will characterize the global cropland dynamics from the 1980s to present based on AVHRR 8 km (1982-2000) and MODIS 250m (2001-2017) continuous monthly time-series. Fourth, all the products will be extensively evaluated for accuracies, errors, and uncertainties using data such as: (i) 25% of 20,000+ in-situ data, (ii) thousand+ globally well distributed very high resolution (sub-meter to 5 meter) Commercial Imagery Derived Requirement (CIDR) Database of USGS, available free of cost to the project through the National Geospatial Intelligence Agency (https://warp.nga.mil/),  (iii) our ongoing collaborative work over large areas (e.g., rice map of Asia; Figure 7), and (iv) maps from national systems (e.g., USDA cropland data layer; see letters of support from global partners). 
GCAD30 will make significant contributions to Earth System Data Records (ESDRs), Group on Earth Observations (GEO) Agriculture and Water Societal Beneficial Areas (GEO Ag. SBAs), GEO Global Agricultural Monitoring Initiative (GEO GLAM), and the recent “Big Data” initiative by the White House. The project has the support of USGS Working Group on Global Croplands (http://geography.wr.usgs.gov/science/croplands/). 
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Irrigated: wheat and rice dominanant
Irrigated mixed crops 1: wheat, rice, barley, and soybeans
Irrigated mixed crops 2: corn, soybeans, barley, wheat, and rice
Rainfed: wheat, rice, and soybeans dominant

Rainfed: wheat and barley dominant

Rainfed: corn and soybeans dominant

Rainfed mixed crops 1: wheat, corn, rice, barley, and soybeans

Minor fractions of mixed crops: wheat, maize, rice, barley, and soybeans
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