Remote Sensing of Global Croplands for Food Security
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Overview of Today’s Lecture

-

a USGS
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Context: Big Picture

Cropland Areas:
Water Resources:

Populations:

Environments:
Flora/Fauna or Biodiversity:

Urbanization
Industry, Trade, and the complexity of a virtual world
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Context: Current Picture (e.g., 2012 Drought\Climate Variability)
erd Grain Production (1960-2013) U.S. Drought Monitor (Regﬁfj’,'fﬁ:dffgcf?:fm)
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Context: How Does Climate Variability Influence F.(‘).g.Production

e

1. Will there be enough water
to grow food?;

2. Will the water be available
when it is needed (e.qg.,
during the growing
period)?;

3. What happens if the fertile
croplands are taken for
urban development?

4. Can we grow enough food
by addressing 1= e
environmental\health
concerns?

courtesy of Aiguo Dai/Wiley
Interdisciplinary Reviews.
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http://www2.ucar.edu/atmosnews/news/2904/climate-change-drought-may-threaten-much-globe-within-decades
http://www2.ucar.edu/atmosnews/news/2904/climate-change-drought-may-threaten-much-globe-within-decades
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Global Population Growth: 10,000 Years+
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How Did we Feed the World between 1960-present. Green Revolution was Key
....when world added an additional 4 billion people in just 50 years!

Wheat yields in selected countries, 1950-2004 1 2. Cro ina intensity increased
1. Yield increased dramatically PpIg y
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Global Food Production During the Green Revolution Era

U.S. Corn: Yield per Acre
Buu/Acre 1866 to 2010
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Green Revolution: Increases in between 1950-2010

Wheat yields in selected countries, 1950-2004 Green Revolution Mantra:
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Global Food Production During the Green Revolution Era

Sources: USDA, IFRPI,

U.S. Geological Survey
U.S. Department of Interior
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Global Food Security during the Green Revolution Era (~1960-2010)

- Norman Borlaug, Nobel laureate and
Father of Green Revolution

The 14th Dalai Lama

Mahatma Gandhi

a USGS
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Undernourlshed VEersus Overnourlshed

wUnderno ed: ~1 billion
e

I

Total = 925 million Developed countries 19
/

/ Near East and North Africa 37

Latin America
and the Caribbean 53

Sub-Saharan Africa 239

% of population
undernourished

35%

20 -34%
5-19%
25-4%
<2.5%
no data

Asia and the Pacific 578

/ Note: All figures are rounded.

- However there are 3 b|II|on < 2 dollars a da
Overnourished: ~1.5 hillion

BMI > 30 : 300 million ~ Source: WHO
BMI> 25 : 1.5 billion

Acceptable -
. BMI>23 : 1.7 billion
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Current Global Population Density (people/km?)

3: Adjusted population... =]

122,755 peoplefkm?
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rowse on Google Earth

Source: LandScan 2007 from Oak Ridge National Laboratory and Gridded Population of the World v 3.0 from the NASA-funded Socioeconomic Data and
Applications Center at the Center for International Earth Science Information Network.
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Projected Global Population Scenarios: Variants

Source:
Figure 6. Estimated world population: 1950-2000, and projections: 2000-2300
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Global Population Growth Simulation: 1950 through 2100

World Population 1950
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Population Dynamics Scenario: 1950-2300

Year Year Year Year Year
1950 2000 2050 2100 2300
84 127 109 R A
50 % %k * %k * %k %k %k
102 145 101 R Pk
157 285 408 437 493 Source: CIA factbook, 2006
54 172 233 212 222 Year Year Year Year Year
28 99 140 128 127 1950 2000 2050 2100 2300
30 114 258 302 282 554 1275 1395 1181 1285
o 66 171 222 206 357 1016 1531 1458 1371
42 138 254 260 242
T ** 151 203 183 40 142 349 408 359
W W 103 167 155 79.5 211 293 272 276
22 68 127 132 125
221 795 1803 2254 2112
k% k% 84 144 130 1398 3679 5222 5019 4943
o 66 105 98 101 167 520 767 732 722
12.8 31 45.8 46.1 48.4
171 315 447 473 534
** = Not in top 19 countries in the year 241 728 631 5382 - 61: y
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Daily Calorie Intake Per Capita

[ Less than 1,890
(] 1,890 - 2,170
[]2.170—2,390
[ 2.390 — 2,620
[ z.620 -2 850
[ z.850 — 3,050
W :.050 — 3,270
W :270-3.480
W 3480 - 3,770

[[] Mo data

in kcal/person/day

Source: FAO, 2010
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‘ A e
World: 2780 kcal/person/day
Developed countries: 3420 kcal/person/day
Developing World: 2630 kcal/person/day
Sub-Saharan Africa: 2240 kcal/person/day WERE
Central Africa: 1820 kcal/person/day T

Kilocalorie: A unit of measurement of dietary energy. One kcal equals
1,000 calories and one kJ equals 1,000 joules. In the International System
of Units (ISU), the universal unit of dietary energy is the joule (J). One
kcal = 4.184 kJ.



Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Addressing the Global Food Security Challenge

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)

=

a USGS
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Increasing Cropland Areas Difficult

Ramankutty et al,, 2002

0-0.1 &
% 0.1-02
—102-0.3
I 0.3-0.4
0 10.4-05
I 0.5 - 0.6
I 0.6 -0.7 Note: additional area of 1 billion hecatres
Bl 0.7-0.8 (~ size of United States) of croplands is
== 88 ) ?-9 required to feed the additional population
Bl09-1 5050
current potential
croplands croplands
....further high

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

Source: Ramankutty et al., 2002; Foley, 2011
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Croplands and Pasture lands already cover 1/3" of the Ice Free Planet

Source: Monfreda, C., N. Ramankutty, and J. A. Foley (In Press),
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http://www.agu.org/journals/pip/gb/2007GB002947-pip.pdf
http://www.agu.org/journals/pip/gb/2007GB002947-pip.pdf

Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Increase Water Allocations for Agriculture Difficult

Green Water =rainfed areas (water from rainfall and soil moisture) Blue Water = |rr|qated areas (water from rivers, reservoirs, lakes, qround Water)

60°W 60°E

Rainfed croplands (com, soybeans. and wheat dominant)

Irrigated, Minor

70% of 4000-7500 kmyr [ e == __4.30% of 40007500 kmdly

B Irrigated, Major (dominated by surface water reservoirs, lakes)

I irrigated, Minor inal d by gound water, small reservoirs, tanks)
Administrative

Ralnfed Areas green water use

green water use” (Water from rain and soil  “blue water use” (water in river, lakes,
moisture from unsaturated zone). reservoirs, and acquifer ground water).

S0, it is obvious food production
requires a new paradigm....
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World GHG Emissions Flow Chart

Sector
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Electricity & Heat 24.6%

Other Fuel 9.0%
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Other
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Also,
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Global Greenhouse Gas (GHG) Emissions will only Increase

“Atmospheric Carbon Dioxide
Measured at Manua Loa, Hawaii
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Keeling Curve;:Source: Figure created by
Robert Rohde from publishdd data for
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Warming Art.

CO, Hits Climate Milestone | |

First Full Month with Levels Above 400 ppm
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Agriculture contributes to ~14% of 31.6 billion Metric Tons (Gt) of CO, in 2011. However, note the
“breathing cycle” of the planet wherein summer months in Northern Hemisphere where plant activity is
highest helps suck in the CO2 in atmosphere.
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http://www.globalwarmingart.com/wiki/File:Mauna_Loa_Carbon_Dioxide_png
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Environmental/Ecological Damage Can be Irreversible
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Addressing the Global Food Security Challenge

=

Increasing cropland areas is NOT a solution;
2. Increasing water allocations (e.g., more irrigation) is
NOT a solution.

ecologically, environmentally
friendly

a USGS
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Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Addressing the Global Food Security Challenge

(e.g., taken
away for bio-fuels, urbanization)
(e.g.,
water needed to produce unit of grain in increasing as a result of
Increasing temperature in a changing climate)

a USGS
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Role of in

Ensuring Global Food Security
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History and Current State of Global Croplands
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History and Current State of Global Croplands

4000 years Past 500 years
3000 BC to 1000 AD 1500 AD to 2000 AD

3000B.C 2000B.C. 1500 AD. 1600 AD.
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GCE 1km Multi-study Crop Mask (aka GCE V1.0)

0.9 billion ha.

GLC croplands (Class12 and class14)

2.2 billion ha.
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http://geography.wr.usgs.gov/science/croplands/docs/Global-cropland-extent-V10-teluguntla-thenkabail-xiong.pdf
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Class_Names [ | 3.Croplands, rainfed
I 1.Croplands, irrigation major [ ] 4.Croplands, rainfed minor fragments
[ 2.Croplands, irrigation minor [ ] 5.Croplands, rainfed very minor fragments
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http://geography.wr.usgs.gov/science/croplands/docs/Global-cropland-extent-V10-teluguntla-thenkabail-xiong.pdf

Increasing Need of Cropland Areas and Agriculture Water for Food Security
Global Agricultural Cropland Monitoring System
http://[geography.wr.usgs.gov/science/croplands/index.html

180°W 120°W 60°E 120°E 180°E
Thenkabail et al. 2012
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1000 4 7 wheat, corn, rice, barley and soybenas
0 .o 7 -
[_] Countries
level6_8classes
I 01. Irrigated: wheat and rice dominant
B 02. Irrigated mixed crops 1: wheat, rice, barley and soybeans
03. Irrigated mixed crops 2: corn, wheat, rice, cotton and orchards

~] 04. Rainfed: wheat, rice, soybeans, sugarcane, corn and cassava % s g , : i g "
[—_05. Rainfed: wheat and barley dominant Table 7. Area and Relative Proportion of the 18 Major Crop

30°S

Date

17,3 ™ 06. Rainfed: corn and soybeans dominant Cateo
b=3 (7] 07. Rainfed mixed crops 1: wheat, corn, rice, barley and soybenas = 3 400' 1700 S 3.400 ae':—
© . jomty s ) B -
I 08. Minor fractions of mixed crops: wheat, maize, rice, barley and soybeans k . oD Area‘ 1000 k_ll'll Relative Fraction, (%
> s S
.gi' r 3 Wheat 4,028 22
- -0 billipnLgefT0.3% to 12% of total Maize : 3
E — = . v 5 0,
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1. Focus on global mapping irrigated 2. Focus on 18 crops Potatoes
and rainfed croplands and computing occupy 85% of all global et 2
their blue water and green water use cropland areas.....so, we usiloses 2
ye 2
can focus on them Rapeseed/canola 2
e Pl o ~~  Sugar cane 1
‘g; : : | Groundnuts/peanuts 1
N e’ ( Cassava 1
1

“ak

1

cience for a changing world

U.S. Geological Survey
U.S. Department of Interior



Earth Observation Based Global Agricultural Cropland Monitoring System
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http://wgiss.ceos.org/lsip/satellites_midres1.shtml
http://www.ceos-cove.org/index.php
http://www.ceos-cove.org/index.php
http://www.ceos-cove.org/index.php

Global Croplands (irrigated + rainfed + permanent crops)
Source: AVHRR, SPOT VGT, Secondary (e.g., precipitation, elevation), groundtruth (Primarily remote sensing)

Earth Observation (EO) Data for Cropland Monitoring

Legend

B Irrigated, Major (major and minor reservoirs) 0 1,350 2,700 5,400

; A ; — Kilometers
B [rrigated, Minor (ground water, small reservoirs, tanks) ]
Rainfed croplands 1:15,000,000

Rainfed croplands and grasslands\shrublands
Natural vegetation with rainfed fragments

Total Croplands: 1.53-1.794 billion hectares _Thenkabail et al. 2011, 2009a, 2009b
120°W 60°W 0° 60°E 120°E

o
o
(=]

Note: total land area= 14.894 billion hectares (148,940,000 km?2). Total cropland areais 10.3-12% in year 2000

U

science for a changing world
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Global Agricultural Cropland Monitoring System using EO Data

Thenkabail and Gumma, 2012
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M 06. Rainfed: corn and soybeans dominant 7
07. Rainfed mixed crops 1: wheat, &
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I 08. Minor fractions of mixed crops: wheat,
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Country boundaries s
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Global Agricultural Cropland Monitoring System using EO Data

'2 Class 6: Rainfed single crop .. Class 5: Rainfed single crop '? Class 7: Rainfed single crop
o Consistent crop productivity

Severe drought years in Spain 0 Massive crop failure resulted in China importing

o7 over 2 decades, year after year 07 20 million metric ton of grain in 1995-96
- 06
505
Z 04
03
02
01
00

— 06
Bos
Zo4
03
02
01
00

0 Class 3: irrigated mixed crops
Increase in tree\fruit\nut crops in later half of
o7 1980s and 1990s as opposed to greater %age
=06 of vegetables and dlal\y’m early ]98{,)5”

> A s haikh af .
aos A\ At A W / MMM AN Class 3
JAV‘LJ V J\, “\‘i“’ ‘i‘ "‘\ Fy'y \

single crop

Legend L
M 01. Irrigated: wheat and rice dominant ~,4“> Sy
P B 02. Irrigated mixed crops 1: wheat, rice, ¢
barley and soybeans
I 03. Irrigated mixed crops 2: corn, wheat,
rice, cotton and orchards

b 8

04, Rainfed: wheat, rice, soybeans,
sugarcane, cor and cassava

05. Rainfed: wheat and barley dominant 4
M 06. Rainfed: corn and soybeans dominang. /.
07. Rainfed mixed crops 1: wheat,
" corn, rice, barley and soybenas
'8 - 08. Minor fractions of mixed crofs: wheat, 3,300 1,650 3,300
maize, rice, barley and sefbeans —————§m

Countries - Thenkabail and Gumma, 2012

| Note: areas in aray Gojef are non-croplands Global Irrigated and Rainfed Croland @ nominal 1km (Source: Thnkabail etal., 2012 1

180°W 1200w 60W 0 60°E 120°E 180°E

A

Class 4: Rainfed single crop R 5 Class 1: Irrigated double croN

Irrigation double crop throughout in 2 decades

evere drought years

High cropping intensity throughout 2 decades
(see Class 4 plots for June 1982 to may 1983 and
June 1988 to May 1999 above)

reoasg o 0w
(XL ERE 23 393
353535§ 5 353

M
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& » b < 29
7222 112
53535 53%
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Opportunities and Challenges for
Advancing Accurate Cropland Maps and Statistics: Need for Time-series data

EO Data Looking at Crop Dynamics: Month of April from 1981-2001

Scaled NDVI
255

204

153 A A .

102 [ ,“‘ S

Lo April 1982

...current GIMMS (Global Inventory Modeling and Mapping Studies) bi-monthly global data:
1982-2011, followed by MODIS (Moderate Resolution Imaging Spectroradiometer) terra\agua
from 2000-present, then onto NPP (NPOESS Preparatory Project) 2011-, and NPOESS
(National Polar-orbiting Operational Environmental Satellite System) upcoming.

science for a changing world

U.S. Geological Survey
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Increasing Need of Cropland Areas and Agriculture Water for Food Security
Mapping Croplands (irrigated + rainfed+permanent crops) of China using Satellite Data

Multi-sensor imagery from NOAA AVHRR+SPOT VGT + secondary data (e.g., precip.,
temp, elev.) + ground data —

. ) Double cro
Annualized Irrigated o

Areas (AIAs) = 152 AN

nnmhhhhlhhhnm

Time (1Bonths;

Continuous crop
T

—_—

Us. Get ogical survey

U.S. Department of Interior



Global Food Security-support Analysis Data @ 30 m (GFSAD30) Project

Overarching Goal

produce
consistent and unbiased estimates of global
agricultural

>

e USGS http: //geography WI. usgs gov/s<:|ence/croplands/|ndex html
science for a changing world
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GFSAD3O0:

Key Products for the Entire World @ 30m (Landsat + MODIS + secondary)
http://geography.wr.usgs.gov/science/croplands/index.htmi

1. Global Cropland Extent / Area
@ nominal 30 m through Landsat
30 m + MODIS 250m + Secondary

data Fusion
> 2010
> 1990

w00 oUW 600w

] 01 Croplands
I 02 Non-croplands.

. . 2. Crop Type
3. Irrigated vs. Rainfed N ~ToP ~YP
) > 8 major crops + others
‘ Crop Type Crop Area (ha) Proportion (%)
Wheat 402,800,000 22
Corn 227,100,000 13
_—— Rice 195,600,000 1"
. barley 158,000,000 9
e worw  wew  wewe  oeve Soybeans 92,700,000 5
Pulses 79,400,000 4
Cotton 53,400,000 3
Potatoes 50,100,000 3
v
1 Irrigated, double crop
s 08 06 Irrigated, triple crop
Sos o8
304 §U,4
g ©00.3
o2 Sz
o . =
123 456 78 9101112 o
Morth 12 3465 6 7 8 9 1011 12
A 4 Month
1
ropping Intensitie
EDBP/\"\ RE ng,, U 0.8 4 Irrigated, double crop
2 o0s _
2., Irrigated, continuous crop 20‘
0 02
1234656780910 1112 .
tonth 12 3456 7 8 9 1011 12
Month
- N Rainfed, single crop
08 Rainfed, single crop o | Rainfed, single crop sgi
3%° £ o0s 2031
2 2 2oz
204 @ 04 g
802 802 =
= = 0 -
o 0 12 3456 7 8 9101112
12 3 45 hﬁﬂnzh 8 9 10 11 12 Tzsas :Iﬂnzh 8 9 101112 Month

000N

2000N

s=EE = ¥
Wﬂ{%’% 3

W 01 Iigated: wheat and rice dominant

(] 05. Rainfed: wheat and barley dominant
M 06. Rainfed: com and soybeans dominant

02. Iigated mixed crops 1; wheat, rce, barley and soybeans. 5.
N i i s 2 o e oo s
(] 04. Rainfed: wheat,rice, soybeans, sugarcane, com and cassava

[ 07. Rainfed mixed crops 1: wheat, corn, fice, barley and soybenas
1 08 Minor fractions of mixed crops: wheat. maize, rice, barley and soybeans

Note: areas in black and white are non-croplands
180°W

60°W

=3
*UWs>

&
S

= o Py R
—=— " =~ - =" World Crops: 2000-

60°E 120°E

Date R~ >

Scale -}
0 125250  500km

Rice classification (2000-01)
Irrigated (surface water)
I 1. Irrigated 100%—rice-rice

2. Irrigated 100%—rice-rice or rice-other crop

B 3. Irrigated 100%—rice

Mix of rainfed and conjunctive irrigation
(surfacewater and groundwater)

I 4. Irrigated 60%/rainfed 40%—rice-other crop
N 5. Irrigated 30%!/rainfed 70%—rice-rice or ri

~=lrmigated. rice first crop, other crops
second crop, double crop

~Submerged rice, rice first crop, rice
second crop, double crop

Upland/dryland

B 6. Upland 80%/rainfed 10%/irrigated 10%—rice

Mix of rainfed and irrigated (ground water)
B 7. Rainfed 60%/irrigated 40%—rice-rice

8. Rainfed 90%/irrigated 10%—rice

9. Rainfed 95%/irrigated 5%—rice
Rainfed / deepwater

10. Deepwater 100%—rice-rice
I 11. Deep water 100%—water-rice

12. Wetlands 100%—rice-rice

13. Other land use/land cover

—Rainfed, rice first crop, no second | 3 —irrigated, rice first crop, rice e T




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

Malre fuea . - 4% .2 T -.- » Sioe Area
(% oMol ama) LU . ." i "_ . (% ofctal area)

o1 - 20

WWheat Alaa L . - - - I':. E .I.- o - ) " . Saybean Atma
(% ofictal area) & 4 ) ) i 3 (% albalal area)

-.u'
. 01 - 20
=L, ) 20 - 40
40 - B0

....focus on these crops to increase crop productivity (“crop per
unit of land”) and water productivity (“crop per unit of water”)

2 USGS ., ¥ 7
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Cropland Products @ Different Resolutions

1A. GCE 1km Crop Dominance (aka GCE V0.0)

« Cropland extent and areas;

« Cropland watering method: irrigation versus rainfed
To a lesser extent

« Crop dominance (not type)

1B. GCE 1km Multi-study Crop Mask (aka GCE V1.0)
+ Cropland extent and areas;
« Cropland watering method: irrigation versus rainfed

« Cropland extent and areas;

« Cropland watering method: irrigation versus rainfed,;
« Cropping intensity;

To a lesser extent

* Crop type and\or dominance

3. GCE 30m Crop Dominance (aka GCE V3.0)

« Cropland extent and areas;

« Cropland watering method: irrigation versus rainfed,;
« Cropping intensity;

 Crop type and\or dominance

http

U.S. Geological Survey ’ (-:z
U.S. Department of Interior 3

:_//_g_eography.wr.usgs.gov/science/cro

1 km

250 m
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Opportunities and Challenges for
Advancing Accurate Cropland Maps and Statistics: Need for Time-series Data

:
July NDVI MVC August NDVI MVC September NDVI MVC

BB =ittt EISE st —_——— - =

1 | ¥ &
October NDVI MVVC December NDVI MVC

February NDVI MVC March NDVI MVC




Mapping Crop Types of South Asia using EO Data

http://geography.wr.usgs.gov/science/croplands/index.html

60°0'0"E

—Irrigated, rice first crop, no second

Sep-00 Dec-00

Date

0 125 250 500 km
| W VS W S W S _———

Rice classification (2000-01)
Irrigated (surface water)
I 1. Irrigated 100%—rice-rice
| 2. Irrigated 100%—rice-rice or rice—other crop
B 3. Irrigated 100%—rice
Mix of rainfed and conjunctive irrigation
(surfacewater and groundwater)
B 4. Irrigated 60%/rainfed 40%—rice—other crop
[ 5. Irrigated 30%/rainfed 70%—rice-rice or rice—other crop
Upland/dryland
I 6. Upland 80%/rainfed 10%lirrigated 10%—rice
Mix of rainfed and irrigated (ground water)
I 7. Rainfed 60%/irrigated 40%—rice-rice
| 8. Rainfed 90%/irrigated 10%—rice
\ 9. Rainfed 95%!irrigated 5%—rice
Rainfed / deepwater
| 10. Deepwater 100%—rice-rice
I 11. Deep water 100%—water-rice
12. Wetlands 100%—rice-rice
| 13. Other land use/land cover

~Rainfed, rice first crop, no second

crop, single crop

Dec-00
Date

Mumbai

Hyderabad
.

A

9Chennai

~=Irrigated, rice first crop, other crops
second crop, double crop

~~Submerged rice, rice first crop, rice
9 second crop, double crop

=|rrigated, rice first crop, rice secon&\
crop, double crop Prad s %3

R S

7 <

Dec-00 Mar-01

Date

Rice map of
South Asia for
year 2010-11
using MODIS 250
m time-series
Satellite Imagery

90°0'0"E
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Global Agricultural Cropland Monitoring System using EO Data

Future EO data (e.g., Hyperspectral) will allow us to Capture crop biophysical
and biochemical properties with ever greater precision

60°W 0° 60°E
httpjjgﬁgﬁqgrﬁaphy.wr.usgs.gov/science/croplands/index.htmI

=Corn, flowering\taselling, i o 5 § - 4
2 4! julian day 217 o ; 2o, DRSS o i o : P )
2 AR X 3 g S 5 ¢ @/;
; AR 5 ; ¥ ~Wheat, early
¢ | vegetative, julian day 110

vt

/ =Pulses, late -
/5 **| vegetative, julian day.10 S

o fact

Reflectance

Soybeans, pod
formation, julian day 360,
08 j Legend = “"%

I rrigated areas
| Rainfed areas
_| Non-croplands

g 0 200
Wavelength (nanometers)

3,400 1,700
o T 1km

of the world
encompass ~60% of total cropland areas Thenkabail and Gumma, 20

60°W 0 60°E 120°E
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GCE 30m Crop Dominance (aka GCE V3.0) @ nominal 30m

Study Areas Splitting the World with sub-Teams
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GCE 30m Crop Dominance (aka GCE V3.0) @ nominal 30m
Landsat Data of the World

Landsat Coverage of the World
_ —

No. of tiles:3357
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Web-enabled (free) Landsat Data and Rapid Generation Products via Supercomputers

NASA AMES NEX supercomputer and Google Earth Engine to Enable Computing Power

http://learthexplorer.usgs.gov; http://glovis.usqgs.gov/

Ability to mosaic, run algorithms,
and within

few hours to few days

(e.g., crop types,
crop stress\drought, crop
productivity, water productivity

U.S. Geological Survey
U.S. Department of Interior
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http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://glovis.usgs.gov/
http://glovis.usgs.gov/
http://glovis.usgs.gov/

ZUSGS
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GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa
Africa is Growing at Rapid Phase and So is Agriculture

1. African population Is expected to grow
from little over 1 billion now to 4 billion
by 2100;

2. Africa has hitherto been mostly limited
to smallholder agriculture,

U.S. Geological Survey
U.S. Department of Interior



GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa

Pl P2

Rendered by ¥
Google Earth
Engine; 250 m
NDVI, 11 Years
(2003-2013), 23
scenes per year,
253 bands,
dimension:
39574,32140,253

pick the first k objects as
the initial cluster centers

while loop

for each data object
find the nearest cluster

Steps:

1. stacking and Clustering » =
or each data object increment &
253-band MODIS 250m by 1 if its membership changes
NDVI Time-series
Megacube;

average the centroids of new clusters

using the objects inside the clusters

2. Building standard
reference signatures
dataset from all-level
relevant sources;

3. Identification of generic
clusters with signatures
using semi-automatical
algorithm; and

4. Accuracy Assessment
of GCEV2 product

5/N > threshold

no

output clustering results

U.S. Geological Survey
U.S. Department of Interior

Parallel K-means Clusterino

Credits: Jun Xiong et al.
- . < SN,

Multiple file pieces
Breaks the netCDT dataset

Independent Access

N: number of data objects
K: number of clusters

objects[N]: array of data objects
clusters[K]: array of cluster centers
membership[N]: array of object memberships

kmeans_clustering()
1 while &/N > threshold
2 5«0
3 fori + 0 to N-1
4 forj < 0to K-1
5 distance + | objects][i] - clusters][j] |
6 if distance < dmin
7 dmin + distance
8 ne+«j
if membership[i] # n
d+~d+1
membership[i] < n
new_clusters[n] < new_clusters[n] + objects[i]
new_cluster_size[n] + new_cluster_size[n] + 1
forj « 0 to K-1
clusters[j][*] < new_clusters[j][*] / new_cluster_size[j]
new_clusters[j][*] + 0
new_cluster_size[j] < 0

Al

gorithm

The Parallel K-means Clustering
Algorithm

Clustering Algorithm (written in
C)

IO powered by Parallel-netcdf
(input file > 2TB )

> 2000 CPUs hosted by NASA
Ames Research Center

MPI libraries and schedule
system on NEX (Nasa Earth
Exchange)

0312525 1,250 1,875 2,500
- — — \liles

Dataset dimension: (39574, 32140, 23), 60GB;
Generic Clusters: 500; Platform: NASA NEX;
nCPUS used:1000;Time:26 mins

"'{ T c‘f-'u



GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa

Creating an Holistic System for Multi-Source Ground Knowledge fc:ﬁgcnt‘lg%t;team
to Overcome Complex Land Use Systems of Africa

for all classes
Class 141, npixels 100542, 1.302223 %o r S Zone  Number of Samples Provider Date Type Field
Rwanda 60 Murali Now-07 Field Work Full
. _Tanzania 189 Murali May-13 Field Work Full
Ghana 365 Murali Jun-08 Field Werk Full
Malawi 164 Murali May-14 Field Work Full
Malawi 700 Murali May-14 Field Work Crop Types
Kenya 338 Murali Jun-14 Field Work Full
Ghana 328 University of Ghana  Dec-12 GIS polygons Crop Types
South Africa nfa AGIS nfa GIS Crop Types
South Africa 618 Google StreetView Ground Photos  Date, Location
Egypt 126 Shalaby Jun-05  Landsat Class Map LU
Egypt 131 Ayad 2005 Landsat Class Map LU
Sum 3029
Africa 3639 Geo Wiki n/a user-submit LU
Africa Degree_Confluence nfa user-submit LU
West Africa Thenkabail before 2000 Field Work Full

5 L} 25 ‘Btlme 5 65 5 9 i W
Example of 1 of the 500 Clusters showing  Ground data
collected by team

11 year MODIS NDVI Times series in for all classes
Afrlca

cts and Data
s 1000

Example: gathering data from

homogeneous pixels for cropland
s sirtrvecn‘gd‘ary produgts

http://geography.wr. usgs gov/smence/croplandsllndex html R ._E
’ “it-' ‘ 2 _— > i

U.S. Geological Survey
U.S. Department of Interior

Credits: Jun Xiong et al._


http://www.croplands.org/
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GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa
Irrigated and Rainfed Croplands of Africa: Composite 2003-2013

£ ¢ 5
— _l
N B
w E

‘‘‘‘‘

GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa provides
1. Croplands vs. non croplands;

2. Irrigation vs. rainfed,;

3. Cropping intensity (single, double, continuous);

4

Crop type and\or dominance

U.S. Geological Survey . L :
U.S. Department of Interior Credits: Jun Xlong ?tua—\l-'.a,,



GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa
Irrigated and Rainfed Croplands of Africa: Composite 2003-2013

i
J S
] r e % gk
3 5 | 1 : 8
s
1ass Nam, E V1.0l rica pixels 3 7
AR " [ 7 % 4
2 2 300 600 1,200 Miles o o1 0 300 600 1,200 Miles 8
I T Y S M| - g L v g
o V1.0 = globa V1.0=
0 /1.0, because the croplands outside it are negligible. Croplands of this , because the croplands outside it are negligible
Total pixel 942,726 otal pi 726
10700 o 0 2 0 06 W T 0 000

GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Africa provides

1. Croplands vs. non croplands;

2. Irrigation vs. rainfed,;

3. Cropping intensity (single, double, continuous);
/]

rop tiie and\ordominance ____

U.S. Geological Survey . L :
U.S. Department of Interior Credits: Jun Xlong ?t.,alw

A
L
,g‘i



GCE 250m Crop Dominance (aka GCE V2.0) @ nominal 250 m for Australia
Matching Class Spectra with Ideal Spectra

We can develop ideal spectra of classes and

» match them with Class spectra using

e —omeme qantitative spectral matching techniques
0?;09 : M\ .. ‘ /T‘"—_El"s7iA1oroz';2w(l).c).1 -
Sy gt % Example shown here for wheat crop in

N, e e LR Australia for year 2014

1 B T BT ) 9111é1517192123_7

Ideal Speétra( / )
matched with class spectra
(all others)

1 3 5 7 9 11 13 15 17 19 21 23

Ideal Spectra ( )
matched with class
spectra (all others)

U.S. Geological Survey
1] S Denartment of Interior



Automated Cropland Classification Algorithm (ACCA) for Croplands, Irrigated, Rainfed

Algorithm Development based on MODIS, Landsat, and Secondary Data

Algorithm 1

MODIS Yearly Total NDVI

Cropland
Algorithm 2

| MODIS Yearly Total NDVI |

| MODIS August NDVI |

Cropland
Algorithm 3

MODIS MODIS MODIS MODIS MODIS
Yearly Total June July August September
NDVI NDVI NDVI NDVI NDVI

>1900 |2180| |2180| |2175|

Cropland
Algorithm 4

MODIS Cumulative
NDVI April-July

Landsat July B4 Scaled
Surface Reflectance

Cropland
Algorithm 5

MODIS Cumulative
NDVI Jan-April

MODIS Cumulative
NDVI May-Sept

Cropland

Algorithm 1a

Slope, SRTM derived MODIS Yearly Total NDVI

Algorithm 1b Slope, SRTM derived MODIS Yearly Total NDVI Elevation, from SRTM

Algorithm 1c

Slope, SRTM derived Elevation from SRTM

Algorithm 4a l Landsat B3 (chlorophyll absorption) ‘ | MODIS Feb NDVI I [ Elevation, SRTM derived |

>18 and s18or
<30% >30%
reflectance

reflectance

Algorithm 4b ‘ Landsat BS (moisture sensi tivity) ‘ | MODIS February NDVI l [ Elevation, SRTM derived |

>31 and <40 % >1300m

reflectance

$31o0r>40 %
reflectance




Ground Data from Numerous Sources

1. EXxisting
grou nd data Ground reference data points (Global collection: Total 125796 points)
haS been . 150°0'0"W 120°0°0"W 90°0°0"W  60°0°0"W  30°0°0"W 0°0°0" 30°0°0"E  60°0'0"E  90°0°0"E  120°0°0"E 150°0°0"E

harmonized;
2. New ground
data is being

collected,;

3. uploading
ground data Data source:
on GEE for M - Wi_collection (678)

. +  Gumma et al {collection (3561}

SyS nth €sis Thenkabail et al -collection (131 2)‘
and *  Degree_confluence Pts (973) &
g enerati ng Geo_wiki_validation (11433) ¢

Geo_ wiki_competition (30359)
CrOpland USAID_Project (77480
) o e I R
4. Development W _120°
of a ground

data App in
progress

> U

cience for a changing world ol i ‘,uv’ P

U.S. Geological Survey
U.S. Department of Interior Credits: Justin Poehnelt Mutlu Osz%an et aI




Collaborations for Validation and Feedback Recent
Recent (December, 2014 and Janu 015 ) Field Data in India; ICRISAT (Dr. Gumma)

|deal Signature
Z U For Validation

; Track

cience for a changing world

U.S. Geolo§ical Survey
U.S. Department of Inte



Collaborations for Validation and Feedback Recent
Recent (December, 2014 and January, 2015 ) Field Data in India; ICRISAT (Dr. Gumma)

d i ] i R - ——
j @ AT\ é Ll K e
g ’ ~ < N - o
< e, B s P e S IR -

e A § ol
AL |

B Wheat/barley InterV|es»
Route (day-wise)
* 09-08-2014
e 10-08-2014
e 11-08-2014
12-08-2014
13-08-2014
14-08-2014
RGB
B Red: Band_1
[ Green: Band_2
I Biue: Band_3
@® Ground data_8-16Aug2014_accuracy
Ground data_8-16Aug2014_classification

U.S. Geologftal Survey
U.S. Department of Interior
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Global Cropland Water Use for Food Production by Country

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

e —=a
== Z ===

Agricultural water use
by country (km’/yr)
I ©.0-0.1
>0.1-0.2
>0.2-05
>0.5-1.0
>1.0-25 R
>25-5
>5-10
>10- 25
. >25-50
. >50-75
>75-100
>175 - 200
365
685
Country boundaries

3,400 1,700

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

Note: 1 km'® = 1,000,000,000,000 liters (or 1 trillion liters) of water Data source;grhe World's Water, Volume 7 (Gleick, 2011)

Just 4 countries use 52% of cropland water use: India: 684 km3\yr, China: 364 km3\yr, USA: 197 km®\yr, and Pakistan: 172
km?3\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 ’

science for a changing world

U.S. Geological Survey
U.S. Department of Interior




Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Increase Water Allocations for Agriculture Difficult

Green Water =rainfed areas (water from rainfall and soil moisture) Blue Water = |rr|qated areas (water from rivers, reservoirs, lakes, qround Water)

60°W 60°E

Rainfed croplands (com, soybeans. and wheat dominant)

Irrigated, Minor

70% of 4000-7500 kmyr [ e == __4.30% of 40007500 kmdly

B Irrigated, Major (dominated by surface water reservoirs, lakes)

I irrigated, Minor inal d by gound water, small reservoirs, tanks)
Administrative

Ralnfed Areas green water use

green water use” (Water from rain and soil  “blue water use” (water in river, lakes,
moisture from unsaturated zone). reservoirs, and acquifer ground water).

S0, it is obvious food production
requires a new paradigm....

science for a changing world

U.S. Geological Survey
U.S. Department of Interior



Blue water (from lakes, reservoirs, rivers, ground water) + Green Water (from soil moisture) use by croplands

-z
oy +

Green water use Green water use Total water use Reference
by by by

irrigated crops Rainfed crops irrigated and rainfed crops

km®/yr km®/yr km®/yr

919 4586 6685 Siebert and Dall (2009)
- 5000 6800 Falkenmark and Rockstrém (2006)

7500 Postel (1998)

Legend !

I Irrigated, Major (major and minor reservoirs) 1,350 2,700

B rrigated, Minor (ground water, small reservoirs, tanks) )
Rainfed croplands 1:15,000,000
Rainfed croplands and grasslands\shrublands
Natural vegetation with rainfed fragments

M Thenkabail et al 201120092 2009p_Irrigated + rainfed croplands |

60°E 120°E

science for a changing world 8

U.S. Geological Survey
U.S. Department of Interior

global crop
water model
(GCWM)

How much
water does 1.53
billion hectares
of total cropland

areas use?

....but these
estimates will
change if we
consider
uncertainties in
irrigated
areas.......




Green Water (from soil moisture in unsaturated zone + direct rainfall on rainfed croplands) use by croplands

Table 2. Global blue water and green water use by agricultural crops for roughly at end of thefg&
T ® llast millennium. o

Blue water use Green water use Green water use Total water use Reference

By by by by
Irrigated crops irrigated crops Rainfed crops irrigated and rainfed crops
km®/yr km®/yr km®/yr km®/yr

1180 919 4586 6685 Siebert and Dall (2009)
1800 - 5000 6800 Falkenmark and Rockstrém (2006)

7500 Postel (1998)

120 60 0 60

e et How much water
P (| 0cs 1.13 billion
. *reslly ‘ ‘ hectares of

N R G rainfed

, S & croplands use?

Legend
Rain-fed croplands (com, soybean, and wheat-dominant) 3 y
Rain-fed croplands (wheat, cotton, and barley-dominant) S } #
Rain-fed croplands and grasslands ﬁ Y 4

B Rain-fed croplands and shrublands [ Jo

I Rain-fed croplands and woodlands { i *‘ By %
Grassland-dominant with rain-fed croplands ] >
Shrublands-dominant with rain-fed croplands & Scale
Woodland-dominant with rain-fed croplands g‘\ -

I Forest-dominant with rain-fed croplands

[ Other areas and ocean

®Thenkabail et al., 2011, 2009a, 2009b

U.S. Geological Survey
U.S. Department of Interior



Blue water (from lakes, rivers, reservoirs, ground water) + direct rainfall over irrigated croplands

Table 2. Global blue water and green water use by agricultural crops for roughly at end of thefiDlIg=la g =11l -1 Ke)VA=14
Jlast millennium. irrigated areas

y
Blue water use Green water use Green water use Total water use Reference 4
by by by
irrigated crops Rainfed crops irrigated and rainfed crops
km®/yr km®/yr km®/yr

919 ( 4586 6685 Siebert and Doll (2009) \ @

5000 6800 Falkenmark and Rockstrém (2006)

7500 Postel (1998)

Total (green + blue) consumptive water use of irrigated crops
(mm per year averaged over total grid cell area)

How much water
does 278.4 Mha
(Siebert et al.,
2006) irrigated
croplands use?

How much water
does 399 Mha (or
467 Mha with
intensity)
(Thenkaball et al.
(2011, 2009a,
2009b) of irrigated
croplands use?

~ | [mm per year |
< 01

0_19 1 -13: ;gi high water use occurs where: 1180 tO 1800 km3/yr

1 - 3 %-13008‘ -thedensiyof_irrigaged areas is high o
SR i e b Ay o lcr used for
g agriculture (irrigated).
> TR
. s : , ; e | direct rainfall falling
science for a changing world : -
U.S. Geological Survey S == : 5 onirrigated areas

U.S. Department of Interior




Landsat Data for Mapping
1gated Areas + Rainfed Areas

Landsat Data
highlighting
minor irrigatio
from small
tanks in India

7

P

science for a changing world

U.S. Geological Survey
U.S. Department of Interior




Global Food Security in the 215t Century: Increasing Need of Cropland Areas and Agriculture Water for Food Security

Desert Agrlculture and Water Use

=
i

Each circleis 100
hectares of farmland.
Uses ground water
from 1-km deep
wells. Desert
agriculture water use
in Saudi Arabia: 6.8
cubic kilometers in
1980 to

Rainfall just 100 to
200 mm per yr. Also,
as per 2006 statistics
of FAO, the Sudi
Arabian Surface
water resources was
2.4 cubic kilometers.
However, annual
water use was 23.7
cubic kilometers.

Source: Robert Simon and Jesse
Allen. NASA Earth Observatory,
CIA, and FAO.

L

'\>
)
science for a changing world - o

U.S. Geological Survey
U.S. Department of Interior




Virtual Water: Water Importers and Water Exporters in A Global Economy

~20% of world’s water use is virtual

Net virtual water import
[Gmfy]

B -5
B 535
B 35--15
=

|15 . .5
|-5-0
|o-5

5-10

B 10- 15

B 15 - 50

B s0- 115

No data Seurce: Hoekstra and Mekonnen, 2012. PNAS."d0i:10.1073/pnas.1109936109 -.

. water importers; Green: water Exporters.

Note: 1 Gm?3/yr (billion cubic meter per year)

'.% 3 ?fg/
n R

P
U.S. Geological Survey ' . Jg‘ !

U.S. Department of Interior PR T & . S



Global Croplands and their Water Use for Food Security in the 21st Century

science for a changing world
U.S. Geological Survey
U.S. Department of Interior




Further Expansion of Global Croplands is NOT a Solution

~12% of the Global Terrestrial Area in Croplands
~90% of all human water use goes for croplands to produce food
~14% of greenhouse gas emissions; 60% of ~N,O and ~50% of CH,

1800‘0 12000W 6000"W 000" 6000" 12000'5

180°0'0"
3

60°0'0"N{ +60°0'0"N
N
30°00"N$ +30°0'0"N
0°0'0"+ ‘c , +0'00"
. ‘q ‘&“\
-.4' P f o
30'00"St 3 T ; ) 130°00"S

Y
4( o -
v

~
( Kilometers
SO ) 60'00"S+ 3,000 6,000 12,000 +60°0'0"S
certainly NOT
a solution. ' , . : . . :
180%0°0" 12070'0"W 60°00"W %00~ &0°0'0"F 120°0'0°F 180%0'0"

05 Savanna, grassland, shrublands (low % cropland) (7%)

- 01 Irrigated croplands (2%) - 06 Forest (very low % cropland) (17%)
U :] 02 Rainfed croplands (7%) [:] 07 Barron lands, deserts (very low % cropland) (12%)

E 03 Rainfed fragments with grassiand and shrubland (5%) D 08 Snow, ice, tundra (no cropland) (41%)
science for a changing

U.S. Geological Survey

world
04 Rainfed fragments with woodland and forost (5%)
U.S. Department of Interior P

:] 09 Water body (no cropland) (3%)
N 1 2 ‘S‘Q L‘"“"-': 1. ‘ 0}"" ¥ ‘:‘v “ ‘ 7

P,



Increasing Need of Cropland Areas and Agriculture Water for Food Security

Further Allocation of Water for Agriculture is NOT feasible

~90% of all human water use

already goes for agriculture

to produc_e food,; =
~Alternative uses for water B oo

05-06

are already increasing; 0607

07-08
08-09

~Climate change is making 0910

B High wsi >=1 Many countries and regions

water availabil Ity hi g h |y No discharge are already water stressed

/' Major river basins
Source: IWMI

i

L
August 16, 2009

July - September, 1989 August 12, 2003

(4 ,
Proportion of water used for agriculture
is already very high in many Countries

science for a changing world e '( - r '_ ! No data < 25% 25-50% 50-75% 75-90% [ 75-90%

U.S. Geological Survey “ i '
U.S. Department of Interior . o SOURCE: FAD, Aqstal 2007 > L T INIED CRIP



Increasing Need of Cropland Areas and Agriculture Water for Food Security

Blue Revolution: Single Biggest Opportunity

Green revolution has
virtually ended: the focus s
was on increasing
productivity per unit o
land (kg\m?)

e.g., Wheat yield no more
@l increasing....similarly, crop yields
of other crops have stagnated.

Blue revolution is in the LiU, 2007 Crop Water Productivity of Wheat (2000)
nascent stage and offers
the single biggest
opportunity to grow mor
food from same land ang
water: the focus is on
Increasing productivity
per unit of water (kg\m?3) ' ‘ -

or crop per drop. _ P SRSt - 0 Increase Lrop per drpp

=
, U 0 1950 3500 7,800 11,700 15600}~

cience for a changing world

U.S. Geological Survey
U.S. Department of Interior
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

Ongoing USGS Mendenhall Research in California

84% of

~80% Qf,,thﬁétéa is

Representative area for

Mg ﬂ 3 major 5 crops in California
California’s : low or V_er ! S A o : ; :
human water prpq‘ugg\ gzﬁr.‘“f i . /\%} ¢
use goes for 10 B e A% .\.f’"‘ \2" %‘* ANY

million acres of
irrigation

Current waste
due to low WP

M.t y W 2t -c‘w"ﬁ%;';? -’:' :
.. Sustajn ecosystems

et =

Radart )

Overarching goal is to use spaceborne data to
study and establish irrigated agriculture water
productivity in California’s Central Valley

i o - TR
. .~ -
o S T =
B T gl »

. i -
U.S. Geological Survey ' c.g S
U.S. Department of Interior . B e




=Corn, flowering\taselling,
julian day 217
534

j Legend

I (rrigated areas
Rainfed areas
Non-croplands

w
°

o
©

7

e
o

science for a changing world
U.S. Geological Survey

U.S. Department of Interior

formation,}u!ign day 360
e — -

Reflectance factor

Increasing Need of Cropland Areas and Agriculture Water for Food Security

Focus on Key Crops for a Blue Revolution

3

Cotton, late vegetative\early
flowerlng Jullan da 226

=Pulses, late
vegetative, ;ullan day 10

200 400 00 20
Wavelength (nanometers)
N

W E

3,400 1,700 0

60°W

0°

=Rice, pod filling, julian

day 251

wiicadl

Afiet

500 500 00
Wavslﬁnglh(nanommsls)

~Wheat, early
vegetative, julian day 110

L

Table 7. Area and Relative Proportion of the 18 Major Crop

Categories

Crop Area, 1000 km® Relative Fraction, %

‘Wheat 4,028 22
Maize 2271 13
Rice 1,956 11
Barley 1,580 9
Soybeans 927 5
Pulses 794 4
Cotton 534 3
Potatoes 501 3
Sorghum 501 3
Millet 331 2
Sunflower 290 2
Rye 288 2
Rapeseed/canola 283 2
Sugar cane 265 1
Groundnuts/peanuts 247 1
Cassava 235 1 s
Sugar beets 154 1
Oil palm fruit 72 <
Total of major 18 crops 15,256 85
Others 2664 15
Total cropland 17,920 100




Increasing Need of Cropland Areas and Agriculture Water for Food Security
Continued Green Revolution: To Close the Yield Gap in Most of the Existing Croplands

Average dry yield -
all crops
(tons/ha/year)

C BT

However, watch out for detrimental application of herbicides,
pesticides, Nitrogen

Image Source: Paul C. West, Holly K. Gibbs, Chad Monfreda, John Wagner, Carol C. Barford, Stephen R. Carpenter, and
Jonathan A. Foley.

PNAS. DOI: 10.1073/pnas.1011078107.

U.S. Geological Survey
U.S. Department of Interior



http://www.pnas.org/content/early/2010/10/28/1011078107.abstract

Increasing Need of Cropland Areas and Agriculture Water for Food Security
Rainfed Croplands: Great Opportunity for Production Increase in 1.1 billion hectares

. ¥ . 20.0
cereal p rod uction (kglha) Boundary function . Boundary function

slope = 46.042.3 kg ha* mm -/, 175 slope = 27.7 £1.8 kg ha' mm!
~ A .0 1 x-intercept = 50 mm .59 A 91 x-intercept = 100 mm
D0 irrigated crops (a) G 1501 (b)
, high-yielding
varneties,
high inputs

125
10.0

75
10.0

o
o

A Fully-irrigated (n = 295)

frrigated
O Rainfed (n = 564)

crops
low inputs

5.0

N
n

0.0

o
=)

0 200 400 600 800 1000 1200 1400
Seasonal water supply (mm)

Boundary function
slope = 54.425.8 kg
ha' mm!
x<intercept = 25 mm

=}

200 400 600 800 1000 1200 1400
Seasonal water supply (mm)

Boundary function
slope = 37.0£1.3 kg
ha' mm*

»N
o
o

rainfed crops
optimal inputs

Grain yield (kg x 10*ha')
=
wm

rainfed crops
low inputs

Aboveground dry matter (kg x 10 ha'')

4 000 5 000

water used (m’[ha) ' 200 400 600 800 1000 1200 1400 "0 200 400 600 800 1000 1200 1400
§ Seasonal evapotranspiration (mm) Seasonal evapotranspiration (mm)

Yield gap in rainfed croplands

relative to irrigated croplands is

great. Further, thereis

tremendous scope for increasing

the crop productivity and water

productivity of rainfed croplands

of the world. With 1.1 billion

hectares of rainfed croplands this SV A
is one great opportunity to jterontni L

I Rain-fed croplands and shrublands

Increase food production. B Rainfed coplands and woodands £y A
i with rainfed B e
with rain-fed crop! - Scale
with rain-fed crop L
I Forest: i with rain-fed cropl
[ Other areas and ocean

Legend

] 1,000 km

science for a changing world



Biotech Crops: Great Opportunity for Global Expansion, but serious debates remain

BT crops are known to increase yields,

=@= Total hec‘tar‘en - 29 hiotech crop countires )
g 160~ B industid decrease pest and disease and are currently
eveloping i

LE’-— 140 ¢ only in about 10% of total global croplands.
2§ - . ™ l’? So, more widespread use of BT varieties will
5= 107 = " help increase yields........
g5 80 : 3 :
;E,, 60 =
5
o a0—

20—

0 I | I | | | | I 1 I T | I 1 1 1

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 20089 2010 2011

Biotech Crop Countries and Mega-Countries*, 2006

800

700

#14 #16 #21 #19 #22 #2 #7
Spain* France Germany Czech Republic | | Slovakia Romania* Iran
0.1 Million Has. <0.05 Million Has. | | <0.05 Million Has. | | <0.05 Million Has. | | <0.05 Million Has. | | 0.1 Million Has. <0.05 Million Has.

600

e Mz Ma Maize Maize Soybean Rice

#20 #6
500 Portugal < China*
<0.05 Million Has. . 3.5 Million Has.

Maize Cotton

#4 g #5
Canada* : o India*
6.1 Million Has. 3.8 Million Has.

Canola, Maize, Soybean

YIELD (kg/ha)
P

[*]
(=]
o

Cotton

= /\ ’;,1",,” . *
. ippines
USA 0.2 Ml‘l?l‘t’m Has.

54.6 Million Has.

Soybean, Maize, Cotton,

Canola, Squash, Maize

Papaya, Alfatfa

#13 #11

Mexico* Australia*
0.1 Million Has. 0.2 Million Has.

Cotton, Soybean

200

Source: Glenn Davis
Stone

100

Cotton

92493
93/94
94495
95/96
9R/97
a7/as
ag/ag
89,/00
oo/o1
01/02
03/04
04405
05/06
06/07

an/a1
81/a2

~| o708

#18 #15 #2 # #7 # #8
Honduras Colombia Argentina* Uruguay* Paraguay* Brazil* South Africa*
<0.05 Million Has. | | <0.05 Million Has. | | 18 Million Has. 0.4 Million Has. 2 Million Has. 11.5 Million Has. 1.4 Million Has.

Aaize Soybean, Maize, Cotton Soybean, Maize Soybean Soybean, Cotton Maize, Soybean, Cotton

&
A\ %

D * 14 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

science for a changing world ... Source: Clive James, 2006



http://artsci.wustl.edu/~stone/
http://artsci.wustl.edu/~stone/

Untapped African Farming......but think of Subsistence Farmers!

e o
A0 NIC NIHOTEA

L TR AR
SAUDISTAR AGRICULTIML &
T

So, will Africa play a
big role in
addressing World
Food Security?

Bill Gates In Nigeria
(Photo credit: Bill and
Melinda Gates Foundation)

Studying grain, Karsana, Nigeria

= USGS

science for a changing world

U.S. Geological Survey
U.S. Department of Interior

Rainfed cropland dorminant areas

Savanas and forests that are mixed with rainfed croplands

in marglnallzmg the
the subsistence
farmer?




Irrigation expansion in Africa?: Contributing to Africa’s/Global Food Security

Irrigated cropland areas of Africa.
The global annualized irrigated
area (AlA) in the African continent
is only about 2% compared to
14% of the global population.
There is a real opportunity to
expand irrigated areas in Africa to
facilitate green and blue
revolutions.

b ﬁ B Irrigated, surface water

2 B !rrigated, conjunctive use

Th en kaba|I et al.,

2009

U.S. Geological Survey
U.S. Department of Interior



Global Cropland Extent V2.0 (GCE V2.0) @ nominal 250 m for Africa

Africais Growing @ Rapid Phase and so Is its Agriculture
‘Africa is also a C¢ re there is plenty o f

®

et o >

Source:
“African
Agriculture Africa’s Food Challenge

Goes st A
Global”, >

Decages ago 108 9"

technigues ang Pro
s But with modem farming 1echn
ners. But potential preadpasket
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Boosting the Harvest

Africa’s key Crops dry weight million metric tons
THE YIELD GAP
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Irrigation expansion in Africa?: Contributing to Africa’s/Global Food Security

Especially with discovery of large
underwater resources. These may last

Aquifier productivity
(litres per second)

M Very high: >20.0

B High: 5.0-20.0

B Moderate: 1.0-5.0

[[] Low-moderate: 0.5-1.0
[] Low: 0.1-0.5

B Very low: <0.1
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Source: Environmental Research Letters
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About 30% (~1.3 billion tons\yr) of the Food Produced for Human Consumption Goes Waste

Figure 1. Production volumes of each commodity group, per region (million tonnes) Source Reduction

Global Food Production: ~ 4 billion tons\yr Jrrmes Feed Hungry People

O North America, Oceania
B Industrialized Asia Feed Animals
B Subsahara Africa
O North Africa, West & Central Asia
O South & Southeast Asia

| Latin America

Solutions to Overcome Waste

Cereals Root & Oilcrops Fruits &
tubers & pulses vegetables

Figure 2. Per capita food losses and waste, at consumption
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igure 2 shows that the per capita food loss in Europe and North-America is 280-300 kg/year. In Sub-

US| Geological Survey aharan Africa and South/Southeast Asia it is 120-170 kg/year. The total per capita production of edible
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

African Wetlands: Potential Source of Agricultural Development

The wetlands of Africa are increasingly considered “hotspots” for agricultural development and for
expediting Africa’s Green and Blue Revolution.

(a) limited road access to these wetlands, and

(b) prevailing diseases such as Malaria, Trypanosomiasis (sleeping sickness) and Onchocerciasis
(river blindness).

However, the utilization of IV wetlands for agriculture is becoming unavoidable in WCA countries due
to increasing pressure for food from a ballooning human population and difficulty finding arable
land with access to water resources.

Agroecological and Soil Zones (AESZ) in
Humid-forests and savannas of
West and Central Africa
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Increasing Need of Cropland Areas and Agriculture Water for Food Security

African Wetlands: Potential Source of Agricultural Development

However, we need to
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Grow Crops that Consume Less Water (e.g., More Wheat than Rice)

1 kg rice requires 1912 liters of water

—— =4

1950-51 1960-61 1970-71 1980-81 1990-91 1995-96

——Rice - Wheat Total pulses Total oilseeds —%—Cotton —®—Sugarcane

P

Currently, India produces about 93 million tonnes of rice per yeéf féduw‘ing
water of 178 km?3. If we convert 50% of rice area to wheat, we will save about 45
km?3 (45000000000000 liters or 45 trillion liters of water).
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Increasing Need of Cropland Areas and Agriculture Water for Food Security
Other measures: Reduce individual and National Waterfootp(i

Water footprint (individual)

A. Vegetarian litres

Wheat 1 kg 900 SlsoAbal = ;igg mz\\yr\\person

Ri 1k 1912 - m=lyriperson

B C? 1 kg 1200 China = 700 m3\yr\person

Pa[ Fiy 1 kg 900 India = 980 m3\yr\person

otato g

Corn 1 kg 900 Countries with highest water footprint:

Bread 1 slice 40 India =987 trillion cubic meters per year

Apple 1 apple 70 China =883 tri.IIi_on cubi.c meters per year

Cheese 1 kg 5000 USA =696 trillion cubic meters per year
Russia = 270 trillion cubic meters per year

) Indonesia = 269 trillion cubic meters per year

B. Non —Veg etarian Nigeria = 248 trillion cubic meters per year

Beef 1 kg 000 Brazil = 233 trillion cubic meters per year

Goat meat 1 kg 4000 Lok vt oo i e B0h v o m e i 1

Chicken 1 3900 m3/ton if produced in India.)

Egg 1 egg 200 Source:

C. Beverage

Coffee 1 cup

Tea 1 Water footprint
Wine 1 glass

Beer 1 glass

3908 3,300 2,800

1.800) (13000 1,000 (900) (900)

: - 2 P =~
U.S. Geological Survey ‘( o e ork Chicken Rice Sorghum Soybean Wheat Milk Corn Potato
U.S. Department of Interior ‘ :



http://www.waterfootprint.com/
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741
http://www.springerlink.com/content/0920-4741

Increasing Need of Cropland Areas and Agriculture Water for Food Security

Many other Measures

1. Reduce waste: anywhere between 20-35%
of all food Is wasted,

2. Desalination: okay for urban water use,
too costly for irrigation;

3. Water re-use: Reverse oSmosis;

4. Better management: desalinization of
croplands, precision farming, advanced
water management techniques;

........ and many others.
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Global Cropland Water Use
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Inter-linkages between Croplands, their Water use, and Food Security

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.
Accepted. In press.
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Guest Edit a Special Issue on “Global Croplands” for Journal Remote Sensing
http://www.mdpi.com/journal/remotesensing/special |ssueslcroplands

(‘ Global Croplands - MDPI - Windows Internet Explorer

mdpi.com = JournalsA-Z = ForAuthors = About = Open Access Policy
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Author
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A special issue of Re = N 2 Quicklinks
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Deadline for manuscript subrr ns: 31 December 2009

Special Issue Editors

Guest Editor
Dr. Prasad S. Thenkabail

E ‘mail: pthenka
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Journal Browser Published Papers
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Current Issue . .

Special Issue Information
Vol. 1 (2

Dear Colleagues.

The greatest quantity of water used by humans is for producing food from croplands. For example, nearly

8N f all hilis watar (ustar in Ik, and arnund water) nead hu humane ic for arn

A comprehensive paper on the subject entitled: “A Holistic View of Global Croplands and Their Water
Use for Ensuring Global Food Security in the Twenty-First Century through Advance Remote Sensing

and Non-Remote Sensing Approaches” (in review)




Remote Sensing of Global Croplands for Food Security

Data, Products, Algorithms, Documentations, Manuscripts

1. Global food security support-analysis data @ 30 m (GFSAD30) web site

2. Croplands.org for data browsing
3. LP DAAC data and products on global croplands

4. Google Earth Engine (GEE) global croplands
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http://geography.wr.usgs.gov/science/croplands/index.html
http://geography.wr.usgs.gov/science/croplands/index.html
http://www.croplands.org/
http://www.croplands.org/
http://geography.wr.usgs.gov/science/croplands/products.html#LPDAAC
http://geography.wr.usgs.gov/science/croplands/products.html#LPDAAC
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