Cropland Mapping in South Asia

Advances in Earth Observation Data, Methods, and Approaches
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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

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)
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Increasing Cropland Areas Difficult

Ramankutty et al,, 2002
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....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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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)
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Global Cropland Area Database @ 30m (GCAD30)
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The coarse resolution cropland maps have many limitations:
« Absence of precise spatial location of the cropland areas;
« Uncertainties in differentiating irrigated areas from rainfed areas;
« Absence of crop types and cropping intensities;
 Inability to generate cropland maps and statistics, routinely; and
« Absence of dedicated web\data portal for dissemination cropland products.
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Need for Multi-sensor High-resolution EO Data

The listed limitations are a
major hindrance in
accurate/reliable global,
regional, and country by
country water use
assessments that in turn
support
(productivity per unit of land,;
kg\m?2) studies,

(productivity per
unit of water; kg\m?) 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.
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Global Cropland Area Database (GCAD30)
Seven Key Products from Earth Observation data: World

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

Five main products and 2 data Fusion
derived products most essential for
global food security studies

s

Cropland extent\area;
Crop types (8 major crops + others);
Irrigated versus rainfed;

Crop Type Crop Area (ha) Proportion (%)
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Cropping intensities (e.g., single, double, if; - e o
trlple and continuous cropping; and TR gy iy w9
5. Cropland change over space and time; — T e e

Cotton 53,400,000
Potatoes 50,100,000
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Global Cropland Area Database (GCAD30)
Seven Key Products from Earth Observation data: South Asia

1. Global Cropland Extent / Area

@ nominal 30 m through Landsa¢ | Afghanistan
Five main products and 2 B Sl el el
derived products most essential for a1 | Maldives
global food security studies Nepal
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1. Cropland extent\area;
2. Crop types ; 2 CropType
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and Sombenns 9279542
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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
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Global Cropland Area Database (GCAD30)
Cropland Extent and Areas: World
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05. Rainfed: wheat and barley dominant
I 06. Rainfed: corn and soybeans dominant

07. Rainfed mixed crops 1: wheat, corn, rice, barley and soybenas
I 08. Minor fractions of mixed crops: wheat, maize, rice, barley and soybeans
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Note: areas in black and white are non-croplands
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Global Cropland Area Database (GCAD30)
Cropland Extent and Areas: South Asia
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Global Cropland Area Database (GCAD30)
Irrigated versus Rainfed Croplands, Spatial Distribution: World
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Satellite Sensor Based Global Map of Irrigated & Rainfed Cropland Areas @ 10km
(GMRCA 10km - 4 Class) Version 2.0

Legend
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1.53 billionHectares of total croplands at the end of the last millennium
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@ Finer Resolution
Using MODIS 500m time-series for 2001-2003

; Irrigated Croplands of
Dheeravath et al. 2010 :
R S LR | i - 113 Mha

125 250

ol (annualized: season 1 +
season 2 + continuous)

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Months (Avg 2001-2003)

Irrigated, conjunctive use, rice, wheat, double crop

31 Jul Aug Sep Oct Nov Dec Jan Fed Mar Apr May]
Months (Avg 2001-2003)

Irrigated, surface water, sugarcane{)the crops, sc
Legend

i rose s s bl HTF SR e Croplands (irrigated +

[Irrigated, surface water, rice-other crops,sc

B Irrigated, surface water, rice-other crops, dc ? Ty el s ) be 1 - -
B Irrigated, surface water, rice-other crops, cc 5 4 4 ’ " 5 ral n fe d Of I n d I a — 1 7 O
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rrigated, surface water, wheat-other crops, cc 5 3 : v P - - - -
[llrrigated, surface water, sugarcane-other crops, sc M h a I n C I u d eS I r r I at I O n
[ Irrigated, surface water, mixed crop, sc X
%}:rrigateg, surface water, mixedhcrops, dc SEAN - o

rrigated, groundwater, rice-othercrops, sc § ~ y - -
[_Jlrrigated, groundwater, cotton-other crops, sc ® 5 o | I n te n S I ty
I Irrigated, groundwater, cotton, wheat-other crops, dc oy NS <
[Jlrrigated, groundwater, cotton, soyabean-other crops, cc - g A . A Sep Oct Nov Dec Jan Feb Mar Aot My T0°E 80°E
[ Irrigated, groundwater, sugarcane-other crops, sc i Ny Morihs (Avg 2001:2003)
B Irrigated, groundwater, mixed crops, sc :
B Irrigated, groundwater, plantations-other crops, cc
[C_Jlrrigated, conjunctive use, rice-other crops, sc
B Irrigated, conjunctive use, rice, wheat-other crops, dc
B Irrigated, conjunctive use, wheat, rice-other crops, dc '
M Irrigated, conjuctive use, rice, sugarcane-other crops, cc
[lIrrigated, conjunctive use, wheat-other crops, sc
I Irrigated, conjuctive use, cotton-other crop, sc
B Irrigated, conjunctive use, cotton, wheat-other crops, dc
[Jlrrigated, conjunctive use, sugarcane-other crops, sc .
[lIrrigated, conjunctive use, soyabean, wheat-other crops, dc An 34 Aug Sep Oct Nov Dec Jen Feo Mar Ape Mo

B Irrigated, conjunctive use, mixed crops, sc i Monhs (Avg 2001-2003) ) .
A, Admn.Boundaries Irrigated, surface water, rice, single crop

— Full pixel Sub-pixel
Class Name area (ha) area (ha)

Dheeravath, V., Thenkabail, P.S., Chandrakantha, G, Noojipady, P., Biradar, C.B., Turral. H., Bt = s Tooese
Gumma, M.1, Reddy, G.P.O., Velpuri, M. 2009. Irrigated areas of India derived using MODIS [ Reinted croplands 26522004 21,218,525

500m data for years 2001-2003. ISPRS Journal of Photogrammetry and Remote Sensing. ‘ : 7 on e oress
.in press. Corrected prOOf available online 22 " To(alcropla:\ds1withoutinigalion intensity) = 134,268,205 ha

- Total croplands (w irrigation instensity) = 168,389,366 ha
September, 2009. v " R e
Th

ble for irrigation)
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http://dx.doi.org/10.1016/j.isprsjprs.2009.08.004
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(irrigated + rainfed + permanent crops) @ Finer Resolution

Using MODIS 500m time-series for 2001-2003

Dheeravath et al. 2010

Croplands of India USING ;13500 s 810 1080
MODIS 500m time-series o I H i S m
2001-2003

Full pixel Sub-pixel
Class Name area (ha) area (ha)
- Irrigated, major and medium, sw 57,831,558

- Irrigated, minor, gw, sr, and tanks 102,294,948

\:’ Rainfed croplands
|:| Non - irrigtaed areds

/\/ Admn.boundaries

70,330,287

26,522,904 21,218,323

Total croplands (without irrigation intensity) = 134,268,205 ha
Total croplands (with irrigation instensity) = 168,389,366 ha

g areas.
otal area available for irrigation)

42,719,595 |3

Generally, most studies agree that
about 52% (about 170 Mha) of
India’s geographic area (328.7
Mha) are croplands around year
2000.

But most studies disagree on the
proportion of Irrigated versus
rainfed

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.

Uncertainties in areas can still exist even with higher
resolution due to: (a) definition, (b) methods, (c) need for
even finer resolution.

. 65(1): 42-59
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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
AlA AlA Major Minor IPU (Major+Minor)

X 1000 ha X 1000 ha X 1000 ha X 1000 ha X 1000 ha
Andhra Pradesh 12874 13378 3052 3380 6432
Arunachal Pradesh 20 151 0 46 46
Assam 538 4103 174 245 419
Chhattisgarh 3193 3602 761 412 1173 .
Gujarat 8470 7858 1301 2762 ey areas of major
Haryana 3731 4959 1850 2275 wky states of India
Himachal Pradesh 181 120 8 179 187 comp ared between
Jammu & Kashmir 503 485 169 340 509 .
Jharkhand 2242 2681 230 201 74 remote sensing
Karnataka 6394 7663 1845 1787 3632 e [=YdAVA=Ye|
Kerala 332 152 559 411 970
Madhya Pradesh 16121 15390 876 3500 4376 ap p roac h €S fan d
Maharashtra 12756 13020 2147 3955 By national statistics
Manipur 38 51 111 27 138 (Dh eeravath et al.,
Meghalaya 19 106 0 70 70
Orissa 4254 4943 1794 2416 2010)'
Punjab 5129 6375 2486 8250
Rajasthan 9649 10391 2314 6239
Tamil Nadu 7339 6738 1549 3934
Uttar Pradesh 22578 26780 6334 20409
Uttaranchal 404 375 185 666
West Bengal 6833 7381 1527 3473

Total 132,029 146,815 31,010
AIA = Annualized Irrigated Area; IPU = Irrigation Potential Utilized,;
MOWR = Ministry of Water Resources
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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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Global Cropland Area Database (GCAD30)

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

Whaal Shaa .o - - 'y, i ey ' g . |
(% afctal area) - . ) = " 3 (5% e balal area)

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

Monfreda et al., 2008

...focus on these crops to increase crop productivity (“crop per
un|t of land”) and water productlwty (“crop per unlt of water”)
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Global Cropland Area Database (GCAD30)
Crop Type Distribution: Rice Crop in South Asian Countries

60°0'0"E 80°00"E 90°0'0"E

How much water do
—Irrigated, rice first crop, no second W«ma et al ' 2011

= Sk ol crops

use?....specificity of
crops and their
geographic location
key.

Scale
0 125250 500km [

i;,n("\{\ 2SN e

Rice classification (2000-01) . .
Irrigated (surface water) M u ral | K rs h na

I 1. Irrigated 100%—rice-rice " * g : : " L b Gu mma, And rew

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

- 3. Irrigated 100%—rice ; ~* ! v o Submerged rice, rice first crop, rice 'i N el S 0 n y PraS a.d S.

second crop, double crop

Mix of rainfed and conjunctive irrigation A - / Z o Th en kab al I an d

(surfacewater and groundwater)

I 4. Irrigated 60%/rainfed 40%—rice—other crop ¥ > ! " g ' e Am ren d ra N 5 S| n g h 0

I 5. Irrigated 30%/rainfed 70%—rice-rice or rice—other crop

, : . "Mapping rice areas of
Upland/dryland ; = y ) ' g 0
I 6. Upland 80%/rainfed 10%/irrigated 10%—rice AR o5 8 ey - South Asia usin g

Mix of rainfed and irrigated (ground water)

I 7. Rainfed 60%lirrigated 40%—rice-rice / ‘ M O D I S mu Itl tem p (0] I’a|
E-Rainted SORMAgRad10%—tica ~—Rainfed, rice first cro/p no second ) ==|rrigated, rice first crop, ric: d at a‘" 7 ‘J " A p p I * Re m Ote

9. Rainfed 95%/irrigated 5%—rice | crop, sivle crop co second. &

Rainfed / deepwater s N o= == l L SenS 5, 053547 (Sep

08
10. Deepwater 100%—rice-rice

I 11. Deep water 100%—water-rice éuf = s = o ey Ol, 2011),
ophriaciabnds o , y.. i d0i:10.1117/1.3619838.

13. Other land use/land cover

60°00"E

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

atemporal (e.g., this figure) and spectral (e.g., Figure 5) knowledge base of each crop in different agroecosystems
science for a changimg world @ of the world leading to mapping distinct classes within a crop, which in turn will lead to accurate

U.S. Geological Survey assessments of green water use (rainfed croplands) and blue water use (irrigated croplands). [
U.S. Department of Interior 1




Global Cropland Area Database (GCAD30)
Crop Type Distribution: Rice Crop in South Asian Countries
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Rice map of India and neighboring countries
( ). 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 rice—other 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.
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Global Cropland Area Database (GCAD30)

Monitoring Spatial Changes in Irrigated Areas over time: World
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BNovI DV

~|.o~nm{ 3 ) & Ul B 40-010\ *7*'
5010-0.20\ & 5010-020 \

>0.20 - 0.3 . >020-0.30]
>0.30 - 0,40 - >0.30-040|
>0.40 - 0.50) >040-050|
>0,50-0,60 Py P P 050050

>080-0.70 — e >0.60-0.70
>0.70 -0.80 >0.70-0.80
>080-10 . . >080-1.0
Country boundaries . - = " Country boundaries

3010

020 - 0.30] | = > . - R < S s >0.20-0.30
>0,30-0.40 % Class 3 ¥ % ¢ - e . >0.30 - 0.40|
>040-050 Sl ¥ gk . . 2 s b >0.40 - 0.50]
>050-060 | % e . g % = b e . 4 >0.50-0.60

>0.60-0.70 ; = 2 — N s ! } : " >0.60-0.70
>0.70 - 0.80 | \ s s - h >070-0.80
>080-1.0 : " . . 771 \ 27, LR s N >080-10
Country boundaries . Legend . » (4 _ i Country boundaries

I 01. Irrigated: wheat and rice dominant B
02. Irrigated mixed crops 1: wheat, rice, 4"
barley and soybeans
" . %
I 03. Irrigated mixed crops 2: corn, wheat,
rice, cotton and orchards \

NDVI ¥y o v 7 T A = <~ - iR BNDVI ) 7 |- ¥
B 1.0-0.10 ¥ 2 - = ¥ = = - B U 1.0-010\ ke
-0.20 s < n AP T . >010-0.20\ x

04. Rainfed: wheat, rice, soybeans,
sugarcane, corn and cassava

05. Rainfed: wheat and barley dominant
I 06. Rainfed: corn and soybeans dominant /
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Irrigated areas

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,
science for a (,‘hanqinq worldl 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

-l 1 b 1 -2 1 fNAAA AAAA - L\

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



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/

Global Cropland Area Database (GCAD30)

Monitoring Spatial Changes in Irrigated Areas over time: South Asia
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Center image of global cropland (irriqated 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,
scrence for a changing world | 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
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obal Cropland Area Database (GCAD30)

Change of Time and Space over Long Time-periods: World
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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 decade’s data will be made available on USGS global cropland data portal
(cuirrentlv under cons<triiction): httn://nowellcenter t1icas aov/ciirrent nroiecte nhn#GlobalCronlandeAb<tract
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Global Cropland Area Database (GCAD30)

Change of Time and Space over Long Time-periods: South Asia
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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
science for a changing worldll irrigated and rainfed croplands, establish their spatial and temporal changes, and highlight the hot spots of change.
U.S. Geological Survey The GCAD2010, GCAD1990, and GCAD four decade’s data will be made available on USGS global cropland data portal
U.S. Department of Interior (cuirrentlv under cons<triiction): httn://nowellcenter t1icas aov/ciirrent nroiecte nhn#GlobalCronlandeAb<tract
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Global Cropland Area Database (GCAD30)
AVHRR Monthly Time-series Data and their Characteristics

Month of April from 1981-2001
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Cropland Water Use for Food Production by Country: World

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

e q:%ﬁ/g?_:?

Agricultural water use
by country (km’/yr)
I ©.0-0.1
>0.1-0.2
>0.2-05
>0.5-1.0
>1.0 - 2.5 i
>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;ghe 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 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 | v
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aCropland Water Use for Food Production by Country: South Asia

Remember that 92% of all global human water use goes towards agriculture for food production (
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Note: 1 km® = 1,000,000,000,000 liters (or 1 trillion liters) of water Data Source: Thenkabail and Gumma, 2012. PE&RS, Vol. 78, No.8 using data from Glieck, 2011
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Global Cropland Area Database (GCAD30)
Remote Sensing Data Requirements:World

180°0'0" 120°0'0"W 60°0'0"E 120°0'0"E 180°0'0" Masking and segmenting
global terrestrial land to: (a)
y S eliminate areas of zero
a2 croplands (classes 8 and 9)
b 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)
T - oheiate and deserts_ (class 7 with
’ ‘ : 12% terrestrial area), where
~5% of global croplands
exist, and (c) prioritize

05 Savanna, grassland, shrublands (low % cropland) (7%) areas Of CIaSSGS 1 tO 5 (26%
- 01 Irrigated croplands (2%) - 06 Forest (very low % cropland) (17%) Of th € terreStrlaI area)
where 95% of all global
croplands exists with first 3

30°0'0"S1

) |} L] | | ) )
180°0'0" 120°0'0"W 60°0'0"W 0°0'0" 60°0'0"E 120°0'0"E 180°0'0"

: 02 Rainfed croplands (7%) D 07 Barren lands, deserts (very low % cropland) (12%)

. . . . o .
E 03 Rainfed fragments with grassland and shrubland (5%) E 08 Snow, ice, tundra (no cropland) (41%) C | asses h avin g ~75% an d
E 04 Rainfed fragments with woodland and forest (5%) D 09 Water body (no cropland) (3%) the next 3 ~20%.

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

a U
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Global Cropland Area Database (GCAD30)
Remote Sensing Data Requirements: World

Masking and segmenting

global terrestrial land to: (a)

100°0'0"E eliminate areas of zero
croplands (classes 8 and 9)
Nt that occupy just 2.2% (just
South Asia country boundary B 4 Landsat scenes out of
01 Irrigated croplands (34%) ot ™ 167) of the total terrestrial
02 Rainfed croplands (19%) land  from anaIySiS’ (b)
T - discern highly fragmented

croplands in forests (class
6 with 6% terrestrial area)
and deserts (class 7 with

04 Rainfed fragments with woodland and forest (6%)

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

I: 03 Rainfed fragments with grassland and shrubland (3%)

PR Fomsl ety low"ss croplanc) ipa | ; & 5 BN 220 terrestrial area), where

07 Barren lands, deserts (very low % cropland) (22%) ~5% of g lobal cro P lands

[ 1 08 Snow, ice, tuncra (o cropiand) (0.2%) ilrrelars exist, and (c) prioritize
I o viater body (o cropland) (2%) 750 ' areas of classes 1to 5 (69%
°0'0" °0'0" of the terrestrial area)

where 95% of all South
Asian croplands exists with
first 3 classes having ~56%
and the next 3 ~13%.

167 Landsat images cover the 520 Mha area

™~43% (221 million hectares) out of the total terrestrial land area (520 million hectares) is

currently cultivated.
';JK. TS ‘—.‘r T
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Cropland Monitoring
Type of EO Data and their Characteristics, Some Examples

Joint Experiment for Crop Area Monitoring (JECAM)

[Mission ____ [Agency [ Launch [Instrument _ [Bands _ [Swath (km) [Resolution (m)

Current Missions (in orbit)

Optical Instrumentation

Terra  INASA [ 1999 [ASTER  |VIS,NIR,SWR,TR| 60 [ 15 |
ALOS  AXA [ 2006 |AVNIR2  VISNR [ 70 [ 10 |
- "+

Radar Instrumentation

IRADARSAT-1  JCSA [ 1995 [sAR  JcBand [ 500 [ 8 |
JALOS  [AXA | 2006 [PALSAR  [LBand [ 360 [ 7 |
IRADARSAT-2  |CSA, MDA | 2007 [SAR  |c-Band [ 500 [ 2 |
[COSMO-SkyMed lASL MID [ 2007 [SAR  [X-Band [ 200 [ 1 |
[COSMO-SkyMed 2ASL MIiD [ 2007 [SAR  [XBand [ 200 [ 1 |
TerraSAR-X  |DLR [ 2007 [SAR  |X-Bend [ 100 [ 4 |
|COSMO-SkyMed JASL MID | 2008 [SAR  [XBand [ 200 [ 1 |
IRISAT-2  |ISRO [ 2009 [SAR-X  [X-Band | 650 [ 3 |
[COSMO-SkyMed 4ASL MD | 2010 [SAR  [XBand [ 200 [ 1 |

[SP FPCH P N N P PP T TS BND =)

uture Missions (planned)
Optical Instrumentation
- ]

“

Radar Instrumentation

|Sentinel-1A  |ESAEC | 2012 |SAR  JcBand | 400 [ 9 |
RISAT-AF  [ISRO [ 2012 |sARL ~ JuBand | [ |
[HY-3A  |NSOAS, CAST | 2012 |WSAR  |XBand | 150 [ 1 |
Alos-2  [IAXAMETT | 2013 |SAR  |iBand | 360 [ 1 |
TerraSARX2 DLR | 2013 SR |XBand | 100 [ 4 |
IRISAT-2F  J1ISRO | 2013 |SAR-X  |xBand | 650 [ 3 |
|Sentinel-18 [ESAEC | 2014 |SAR  |cBand | 400 [ 9 |
RISAT-3L  [1ISRO | 2014 |SAR-L  lBand | [ |
lsMAP  INASA | 2014 |L-BandRadar |LBand | [ |
U.S. Geological Survey e S A E
U.S. Department of Interior I e




Cropland Monitoring

Need of Very High Spatial Resolution (< 5 meter) EO data for Accuracy Assessments

Uncertainties, Errors, and
Accuracies: A complete error
analysis and validation is
necessary in order to
evaluate the sources of error,
control them, and make
effective use of the global
cropland maps and statistics
K . created. It is achieved
S TR S through: (a) error matrix
T 1 e analysis, and (b) regression

N analysis. An error matrix
(overall, producers, and
user’s accuracies).

Data used for accuracy assessments include: (i) 25% of the ~20,000 ground data points, (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 ( ), (iii) our ongoing collaborative work over large
areas (e.g., rice map of Asia; Figure 7), (iv) maps from national systems (e.g., USDA cropland data layer;
see letters of support from global partners; also e.g., MOWR, 2011, MOA, 2010), and (b) 500,5x 5
kilometer samples used in global land cover products (Olofsson et al., 2011, Stehman et al., 2011).

)
%‘). ‘
/T
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1o Prgt X
S s T

i

science for a changing world

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



https://warp.nga.mil/

ZUSGS

science for a changing world

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



Cropland Classification Algorithms

Existing and Evolving Methods

Known methods of crop classification techniques using time-series data:
A. Fourier harmonic analysis, fast Fourier transformation (FFT);

B. wavelet techniques (e.g., Jakubauskas et al. 2002, Olsson and Eklundh, 1994);

C. principal component analysis, change detection analysis (Jensen, 2000);

D. Artificial neural networks and decision trees (Defries et al., 1998, Mather, 2003);
E. Decision Trees;

Brief

Spectral matching techniques (SMTs); lllustrations of

Automated Cropland Classification Algorithms (ACCA); and these today

3. Ensemble of Machine learning algorithm (EMLAS) (e.g., decision trees, neural
network); and

4. Classification and Regression Tree (CART).

N =
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Gathering

Field Data for Spectral Matching Techniques

sag ool Fie|d-plot data points of India. The

% data collected in these plots include
crop types, cropping intensity (e.g.,
single crop, double crop), watering
source (irrigated vs rainfed), and a
number of other parameters (e.g.,
digital photos) were also collected.

.........

e Field plot data
[ 1South Asia

Legend

\ > v © Field plot location
Scale - IKONOS_14Mar2001

0 250 500 1,000 km I Red: Layer_4
| W W S T N S - - :l Green: Layer_3
I Blue: Layer 2

Thenkaball, 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. 'rris;g;g;vhv;n'ce-d
73(9): 1029-1040. (Second Place Recipients of the 2008
John 1. Davidson ASPRS President’s Award for Practical
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Spectral Matching Techniques (SMTs)
- Generate time-series Imagery (e.g., MODIS monthly NDVI MVC)

B

February NDVI MVC

v, ‘ '
Aprll NDVI MVC May NDVI MVC

T A



Creating Ideal\target Spectra, Class Spectra and Matching the Them

Pheno-spectral Matching
Technique (SMTSs).
Illustration of double-crop
EESNSl (DC) irrigation. The NDVI

spectra” are

generated spectra of the 4 classes (C-

through

.| classification 26, C_28’ C-30, and C'43)

Mar Bpr
Months fAvernge "001 031 (e.g., Isoclass

Spatial ﬂﬂ-- | of DC irrigation are

distribution of l Spectral profile of 4 Classes based on

NDVI MVC (Unitless)

class spectra ISOCLASS Clustering “matched” with ideal
of fclasses spectra (shown in yellow)
Ideal spectra (irrigated, double crop, Ideal apectra fOI" the same. Using

‘Iirg/escaie}
AR /\ /\ \ MODIS 250 m time-series
N _ Class spectra

along with Landsat 30m
data it is possible to create
| Final class label:
Irrjgated, double crop, Large scale _ Crop Calendars-

nitless)

cropping intensities and

NDVI MVC (U
NDVI MVC {Uni‘lles.'-l

sop
Months (A\rerage 2001 03)
—Average-C5  ISHrrigated-SW-wheat-rice-DC
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Methods: Space-time Spiral Curves (ST SCs)

Soil Line
/ Ik viewer #1 : all-bands-recode-30b.img (:Layer_1)

Fle Uity View AQl Raster Hep
= [~ = L

+8E xaaam R

~N 30 —
:

2 /" ST-SCsi

£ |

& = Detects;amid maps in| 2-d FS

g ] subtle and not-so-subtle changc
Z continuously over time and

g 0 | space.

LUC Cse s
s R T LM 200 R 1S (S T)XE1
Mg M2 R 210 Hmake Bare Bics mb can Bies Sss 12201
Ralred Crops (s 16)-2101
~ ImgRed: R aid ot erecys Eiss 26-2X01
Farests (Hmaky=n): Mahe g 20-2m1

0 10 20 30 40
Mean Reflectance (% ) MODIS Band 1
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250

Kilometers

500
I

+—N25°

Unique class signatures, based
on CS-NDVI and their intra- and
inter-seasonal and intra- and

|
E70°

inter-year characteristics.

OOOB0ONEEEEN

Class-11 Desert lands: Higher NDVI

Class-10 Desert lands: Lower NDVI

Class-9 Barren lands: Himalayas with bright tones

Class-8 Barren lands: Himalayas with bright tones, river beds and built-up
Class-7 Snow: Year Round

Class-6 Snow: Seasonal

Class-5 Wetlands: Agriculture

Class-4 Wetlands: Natural Vegetation

Class-3 Water: Glacial Lakes

Class-2 Water: Marshland or Estuary

Class-1 Water: Lakes and Rivers

OCNNENENEEOCN

|
E75°

0.9 4

o.8

0.7 4

0.6 4

0.5 4

NDVI Value

0.4 4

0.3

0.2 4

0.1 4

E 8 0 i \
—\f I
1 41 57 73 89 113 129 185 249 345 361 33 49 65 81 105 121 153 209 313 353

Julian Date

Class-22 Irrigated: Rice, sugarcane, agroforests, olher crops
Class-21 Irrigated: Rice, sugarcane, other crops

Class-20 Forests (open): mix with rice and natural vegetation
Class-19 Forests (open): mix with rice and other crops
Class-18 Rainfed Crops

Class-17 Rainfed Crops and Rangelands

Class-16 Mixed: Shrublands, fallow lands, built-up, and others

Class-15 Mixed : Rangelands, open areas, rainfed crops, and sub-urban built-up

Class-14 Mixed : Rice, other crops, shrubs, and young secondary forest
Class-13 Mixed: Rice, other crops, and wetlands

Class-12 Mixed: Marshlands and Himalayan barren lands with dark tones

TS - - T T =

Class Identification
and Labeling Process
Time-series NDVI Data

Class-29 Forests (Himalayan): Young

Class-28 Forests (Himalayan): Young and Wetlands
Class-27 Forests (Himalayan): Mature

Class-26 Irrigated: Rice and other crops

Class-25 Irfigated: Rice with wetlands

Class-24 Irrigated: Water logged crops (Indus), rice, shrubs

Class-23 Irrigated: Other crops, fallow farms, rice

- m = AR
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Automated Cropland\Fallowland Classification Algorithm (ACCA)
Algorithm Development based on MODIS, Landsat, and Secondary Data

Algorithm 1a | Slope, SRTM derived l I MODIS Yearly Total NDVI I

N

| <1.5% || >1.5% l [—21920

~S
Irrigated

Delineating
Irrigated
from
others

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

| <1950 H 21950 I <510 m || >510m |

v
G~
Irrigated

Algorithm 1c N
| Slope, SRTM derived | ’ MODIS Yearly Total NDVI Elevation from SRTM |

>2.5 and
<7.0%

~ U q
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Automated Cropland\Fallowland Classification Algorithm (ACCA)
Algorithm Development based on MODIS, Landsat, and Secondary Data

Algorithm 4a ‘ Landsat B3 (chlorophyll absorption) |

>18 and <18 or
<30% >30 %
reflectance reflectance

Algorithm 4b Landsat BS (moisture sensitivity)

MODIS February NDVI l

I Elevation, SRTM derived

>31 and 40 % <310r>40%
reflectance reflectance

<1300 m |

>1300 m |

= USGS
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Irrigated + Rainfed Areas of Tajikistan:
Truth Layer vs. Algorithm Derived Layer

Thenkaball, P.S.; Wu, Z. An Automated Cropland Classification Algorithm (ACCA) for
Tajikistan by Combining Landsat, MODIS, and Secondary Data. Remote Sens. 2012, 4,
2890-2918.

Truth Layer (truth) for year 2005 Algorlthm derlved Iayer also for year 2005

[ irrigated
I Rainfed

67°0'0"E  68°0'0"E 69°0'0"E 70°0°0"E 71°0°0"E 72°0°0"E 73°00"E 74°00"E 75°0°0"E 67°0'0"E  68°0'0"E 69°0°0"E 70°0°0"E 71°0°0"E 72°0°0"E 73°0°0"E 74°0°0"E 75°0'0"E
0 45 90 180 0 45 90 180
s Kilometers e Kil0meters

30 m spatial resolution 30 m spatial resolution

Note: Once you have the algorithm, it takes only a few minutes to derlve |rr|gated and ralnfed areas.
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Irrigated + Rainfed Areas of Tajikistan:

Truth Layer vs. Algorithm Derived Layer
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[ irrigated
I Rainfed
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Automated Cropland\Fallowland Classification Algorithm (ACCA)
ACL2007 (algorithm) versus CTL2007 (USDA CDL)

ACCA applied for year 2007: USDA CDL 2007:
Cropland map (CTL2007)

123°0'0"W 120°0'0"W 117°0'0"W 114°0'0"W
1 1 1

123°6’0"W 120°6'0"W 117°(;‘0"W 114°0'0"W
. once the data layer is ready, this layer was
generated automatically by ACCA in about ~60
minutes on DELL Precision T7400 desktop

a U 5 '..'
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Use of Finer Spatial resolution Data to Reduce Uncertainty

Spatial Distribution of irrigated areas in different resolutions (Velpuri et al., 2009)

@:ﬁg),i N : 2 ; 25
AVHRR 10 km MODIS 500 M LANDSAT 30 M

Irrigated areas in different resolutions
Resolution of data

w
T
. = @® LlandsatETM+30m
(l n mEterS) Area (M ha) F € MODIS 500 m
© B AVHRR 10,000 m
T
NOAA AVHRR10 km 8.09 3
E y = -0.2535x + 9.0787
TERRA MODIS 500 m 8.64 g Ri=0.99
]
=
LANDSAT ETM+ 30 m 9.36
Finer the spatial resolution greater is the area....since at finer resolution 0 1 2 3
fragmented areas (from ground water, small reservoirs, and tanks) are pickeo Sensor resolution log(Pixel area in Ha)
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Use of Finer Spectral Resolution Data to Reduce Uncertainty

#1 (R:R-3D (akok-hyperion-032102).6:6-3D (akok-

File Overlay Enhance Tools MWindow

Reflectance (percent)

900 1400 1900
Wavelength (nm)

Vo
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Use of Finer Spectral Resolution Data to Reduce Uncertainty

Biophysical quantity and yield Water (970, 1180, 1245, 1450,
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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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Peer-Review Publications: Book, Web Portal, Journal Articles
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P R e G.J., Turral, H., and
o Rl 1 MUTE S[NSING I} Biradar, C.M. 2009a.
GLOBAL. CROPLANDS entitled:
FOR FOOD SELIIH"Y “Remote Sensing of
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REMOTE SENSING
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Contour maps of relative R2values for linear relationships between
Hyperion Data Cube SAVI and leaf nitrogen content for rice (A) and wheat (B).

OF VEGETATION

HYPERSPECTRAL REMOTE SENSING
OF VEGETATION

Hyperspeciral narrow-band [crlmugmg spectroscopy) spectral data are fast emerging as practical
solutions in modeling and 1. Recent research has demonstrated the advances
in and merit of hyperspectral duiu ipjdzange of applications—including quantifying agricultural
crops, modeling forest canopy biochemical properties, identifying plants affected by contaminants,
characterizing wetlands, and mapping invasive species. The need for significant improvements
in quantifying, modeling, and mapping plant chemical, physical, and water properties is more
critical than ever before to reduce uncertainties in our understanding of the Earth and to better
sustain it. There is also a need for a synthesis of the vast knowledge spread throughout the
literature from more than 40 years of research.

Hyperspectral R S of Veg ion integrates this knowledge, guiding readers
to harness the capabilities of advances in upplylng hyperspectral remote sensing technology to
the study of terrestrial vegetation. Taking a practical approach to o complex subject, the book
demonstrates the experience, ufility, methods and models used in studying vegetation using
hyperspectral data. Written by leading experts, |nc|udlng ploneers in the field, each chapter
presents specific applications, reviews state-of-the-art knowl highlights advances made, and
proyides guidance “For the appropriate use of hyperspectral data in the study of vegetation.
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and biochemical modeling, crop produdtivity and water productivity mapping, and modeling. It Thetiketbsail
provides the pertinent facts, synthesizing findings so that readers can get the correct picture on -
issues such as the best wavebands for their practical applications, methods of analysis using
whole spectra, hyperspectral vegetation indices targeted to study specific biophysical and
biochemical quantities, and methods for detecting parameters such as crop moisture variability,
chlorophyll content, and stress levels. A collective “knowledge bank,” it guides professionals to Huete

adopt the best practices for their own work. .
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