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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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:
A Absenceof precisespatial location of the cropland areas
A Uncertaintiesin differentiating irrigated areasfrom rainfed areas
A Absenceof crop typesand cropping intensities
A Inability to generatecropland mapsand statistics, routinely ; and
A Absenceof dedicatedweb\data portal for disseminationcropland 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
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Global Cropland Area Database (GCAD30)
Seven Key Products from Earth Observation data: South Asia

1. Global Cropland Extent / Area .
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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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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
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@tFiner 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)
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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
Irrigated, surface water, wheat-other crops, sc "\ 7
= :rrigateg, sugace water, wﬂeat—otner crops, dc . . S L 2

rrigated, surface water, wheat-other crops, cc 5 3 : v P - - - -
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[ 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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(rrgatedar mathfed + 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

l ndi ads geographi c
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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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

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

Andhra Pradesh 12874 13378 3052 3380

Arunachal Pradesh 20 151 0 46

Assam 538 4103 174 245

Chhattisgarh 3193 3602 761 412 .
Gujarat 8470 7858 1301 2762 areas of major

Haryana 3731 4959 1850 2275 states of India
Himachal Pradesh 181 120 8 179
Jammu & Kashmir 503 485 169 340 Compared be.tween
Jharkhand 2242 2681 230 201 remote sensing
Karnataka 6394 7663 1845 1787 derived

Kerala 332 152 559 411
Madhya Pradesh 16121 15390 876 3500 app_roa’CheS and
Maharashtra 12756 13020 2147 3955 national statistics
Manipur 38 51 11 27 (Dheeravath et al.,
Meghalaya 19 106 0 70

Orissa 4254 4943 1794 2010)'

Punjab 5129 6375 2486

Rajasthan 9649 10391 2314

Tamil Nadu 7339 6738 1549

Uttar Pradesh 22578 26780 6334

Uttaranchal 404 375 185

West Bengal 6833 7381 1527

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

60°0'0"E

90°0'0"E

—Irrigated, rice first crop, no second
crop, single crop .

Scale

0 125 250 500km I
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Rice classification (2000-01)
Irrigated (surface water)
I 1. Irrigated 100%—rice-rice
2. Irrigated 100%—rice-rice or rice~other crop
I 3. Irrigated 100%—rice
Mix of rainfed and conjunctive irrigation

(surfacewater and groundwater)
I 4. Irrigated 60%/rainfed 40%—rice—other crop
I 5. Irrigated 30%/rainfed 70%—rice-rice or rice—other crop
Upland/dryland
I 6. Upland 80%/rainfed 10%/irrigated 10%—rice
Mix of rainfed and irrigated (ground water)
I 7. Rainfed 60%lirrigated 40%—rice-rice
8. Rainfed 90%/irrigated 10%—rice v
" s i " —Rainfeq, rice first crop, no second
9. Rainfed 95%/irrigated 5%—rice % crop, single crop
Rainfed / deepwater
10. Deepwater 100%—rice-rice =
I 11. Deep water 100%—water-rice éua B
12. Wetlands 100%—rice-rice )
13. Other land use/land cover

08

hGumma et al. 2011

~=|rrigated, rice first crop, other crops
second crop, double crop

o Submerged rice, rice first crop, rice
second crop, double crop

==|rrigated, rice first crop, rice secon&

60°00"E

How much water do

crops
use?é.speci f
crops and their
geographic location
key.

Murali Krishna
Gumma, Andrew
Nelson, Prasad S.
Thenkabail and
Amrendra N. Singh,
"Mapping rice areas of
South Asia using
MODIS multitemporal
data", J. Appl. Remote
Sens. 5, 053547 (Sep
01, 2011);
doi:10.1117/1.3619838.

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 forachangimg world @l 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-

seasonarea only. The harvested rice area
acrossall seasonswhere 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 surfacewaterirrigation (from tanks,
rivers, or  reservoirs), groundwater
irrigation (from wells or springs), and the
cropping system, such as single rice, rice-

rice, or ricei other crop systems The rainfed

classesaccountfor 26.4 million hectaresand
include areas that have some occasional
supplemental irrigation from groundwater
sourcesas 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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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
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Global Cropland Area Database (GCAD30)

Monitoring Spatial Changes in Irrigated Areas over time: South Asia

January 2000 ' February 2000 i . March 2000 : April 2000

R . ST R .. S SO Uth Asia has

Irrigated areas

Irrigafed areas Irrigated areas

60°00°E 70°00°E 80°00°E 90°00°E 100°00°E

sins December 2000

20]&
B sce the dynamics
el Of irrigated areas
B Of South Asia for
one year, month
s Oy month.

o October 2000 o September 2000 ) w August 2000 e July 2000

30°00°N
30°00°N

Irrigated areas

> |Legend L
o November 2000 o -{lll 01. Irrigated: wheat and rice domin:

i

20°00°N

barley and soybeans

B o3. irrigated mixed crops 2: corn, wheat,
tice, cotton and orchards

0125250 500 750 1,000
— — — T

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

d. 05. Rainfed: wheat and barley dominant
Il 06. Rainfed: corn and soybeans dominant
07. Rainfed mixed crops 1: wheat,
g corn, rice, barley and soybenas
i 2 | 08. Minor fractions of mixed crops: wheat
& maize, rice, barley and soybeans

10°'00°N

- = Global Irrigated and Rainfed Croplands
Irrigated areas

'@ nominal 1km (Source: Thenkabail et al., 2012)
60 G"D'E 70° D‘O'E 80°00°E 90 QIO'E H:O"CID'E

B

5

(7.0
05, Other classes &)

o

‘1

Irrigated areas

s W Irrigated areas

Irrigated areas

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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Gl

obal Cropland Area Database (GCAD30)

Change of Time and Space over Long Time-periods: World
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Severe drought years

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 d e ¢ a ddatéd 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 d e ¢ a ddatd 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
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Thenkabail and Gumma, 2012. PE&RS, Vol. 78, No.8 using data frorGlieck, 201

Note: 1 km = 1,000,000,000,000 liters (or 1 trillion liters) of water Data Source: The 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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Just 4 countries use 52% of cropland water use: India: 684 km3\yr, China: 364 km3\yr, USA: 197 km?3\yr, and Pakistan: 172 km3\yr.
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Global Cropland Area Database (GCAD30)
Remote Sensing Data Requirements:World

Masking and segmenting
global terrestrial land to: (a)
eliminate areas of zero
croplands (classes 8 and 9)
that occupy 44% (4200
Landsat scenes out of
9550) of the total terrestrial
land from analysis, (b)
discern highly fragmented
croplands in forests (class
6 with 17% terrestrial area)
and deserts (class 7 with
12% terrestrial area), where
~5% of global croplands
exist, and (c) prioritize
areas of classes 1to 5 (26%
of the terrestrial area)
where 95% of all global
croplands exists with first 3
classes having ~75% and
the next 3 ~20%.

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

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