A Knowledge-based Automated Cropland Mapping Algorithm

using Advanced Remote Sensing Methods and Approaches
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A Knowledge-based Automated Cropland Mapping Algorithm

Importance, Need, and Scope for an Automated Cropland Algorithm
1. Croplands:

A. Rapid and repeatable (e.g., year after year, season after season) mapping of

croplands requires an automated algorithm;

Accuracy of the algorithm will depend on an accurate knowledge layer of croplands;

B. Currently absence of such accurate algorithms make cropland mapping tedious

and\or inaccurate;

C. Need for advance methods (e.g., automated algorithms), and approaches (e.g.,

multiple remote sensing data fusion) is critical;

D. Accurate cropland mapping using advanced remote sensing enables: (a) frequent (e.g.,
yearly, seasonal) update of agricultural statistics, (b) spatial view of croplands distribution
and their changes over space and time;

2. Water use by croplands:

Helps us determine and green water use accurately;
3. Food security:

If we can achlevg 1 anq 2 we can make S|gn|f|cant contrlbutlon towards a food secure world

Satellite Sensor Based Global Map of Irr: gated & Ra nfed Cropland Areas @ IOkm

(GMRCA 10km - 4 Class) Version

Green water use: water
used by rainfed cropland
areas coming from rainfed
croplands and soil
moisture stored in
unsaturated zone
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Uncertainties in Existing Cropland Data
Causes of Uncertainties

e

. Resolution or Scale: Resolution too coarse;
2. Area fractions: uncertainties in determining fractional
areas;

3. Definition issues (e.g., does supplemental irrigation fall
Into irrigated areas?);

. Type of data used (e.g., traditional vs. remote sensing);

. Methodologies: complexity or simplicity of methods;

. Data sharing issues: reluctance to share data due to
vested interests;

/. Inadequate accounting of minor irrigation (e.g., ground

water, small reservoirs, tanks);

o 01 &~
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M Uncertainties in Existing Cropland Data
linor irrigation not properly Accounted in Coarse Resolution

& 30m
! Landsat
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Overcoming Uncertainties in Existing Cropland Data
Is Landsat Data Panacea?

Mo. of tiles: 11 0]
Total Volume: 0.6

MNo. of tiles

Total Volume: 0.7
South Amencalss

f tiles:81

*For all the landmass, except Antardica continent #Each reflectanceimageis4times by volumeofa DN image

Finer resolution (e.g., Landsat) in combination with temporal resolution (e.qg.,
MODIS), secondary data, and in-situ data will bring:

<
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A Knowledge-based Automated Cropland Mapping Algorithm
Overarching Goal

The Overarching Goal
of this study Is to develop
an Automated Algorithm, that is Knowledge-Based,
to Map Irrigated and Rainfed Cropland Areas
of a Country, Continent, and The World

using Advanced Remote Sensing Methods and Approaches

This Presentation will Focus on a Country and
Demonstrate the Working of such an Algorithm
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A Knowledge-based Automated Cropland Mapping Algorithm
Strategy in Developing the Algorithm

1. Establish crop calendars: Divide the world into distinct zones cropping
calendars. Develop algorithm for each zone separately;

2. Multi-data Fusion: Develop mega-file data cube that makes use of multiple
sources of remotely sensed data and numerous other data such as (a)
Landsat 30m, (b) MODIS NDVI MVC monthly composites, (c) Suite of
Secondary data (e.g., elevation, slope, temperature, rainfall), (d) higher
resolution imagery as ground-truth, and (e) in-situ data,;

3. Knowledge Layer of Croplands: Obtain and\or generate an accurate

knowledge layer of irrigated croplands, rainfed croplands, and other LCLU

classes;

Develop automated algorithm for a country and\or a region;

Develop automated cropland algorithm for the entire world by integrating

suite of cropland algorithm of different countries and\or regions;

6. Test the algorithm on independent datasets; and

7. Establish accuracies and errors.

Pl

............. today, we will illustrate the development, working, and testing of this
cropland algorithm for one Central Asian Country.
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Global Irrigated Areas: Spatial Distribution

Develop Algorithm for Automated Cropland Mapping based on

Irrigated, Minor, sc Irrigated,'Méjor, e
Irrigated;vl‘\'/l;jor, dc
Legend
Irrigated, Major, single crop
Il !rrigated, Major, double crop
Irrigated, Major, continuous crop
Irrigated, Minor, single crop
[ Irrigated, Minor, double crop
I Irrigated, Minor, continuous crop S — i
Administrative Boundaries Irrigated, Minor, cc gﬁ
0 1,350 2,700 M ML AN SEMT OCT MOV DIC N B WAR AR WAY
- - 1:15,000,000 Irrigated, Minor, dc )
0.4 billfeon Hectlares of irrigated croplands at the end of the last millennium

Major: Mainly surface water reservoirs, canals, lakes
Minor: Groundwater, small reservoirs, tanks
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Global Irrigated Areas + Rainfed Areas

Spatial Distribution of Global Croplands

Satellite Sensor Based Global Map of Irrigated & Rainfed Cropland Areas @ 10km
(GMRCA 10km - 4 Class) Version 2.0

Our focus area

Legend
B O1 Irrigated croplands
02 Rainfed croplands
08 Rainfed croplands and grasslands/shrublands

04 Rainfed cropland fragments with Natural Vegetation
00 Other area and ocean

A

145000000

1.53 billionHectares of total croplands at the end of the last millennium
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Satellite Senso Based Globa Irrigated Ara Map @ l() ] NOte: A IA =annu al i Zed i rr i g ated areas.

(GIAM 10kii = 28 Class) Version 2.0
3 . ; 01 Irrigated, surface water, single crop, wheat-corn-cotton
- ; . \ A 02 Irrigated, surface water, single crop, cotton-rice-wheat
I r r I g ate d A re aS . . ==Y 7 % 03 Irrigated, surface water, single crop, mixed-crops
) z 3 ) 04 Irrigated, surface water, double crop, rice-wheat-cotton
D - C - o 05 Irrigated, surface water, double crop, rice-wheat-cotton-corn
O m I n a n t O u nt r I eS - 06 Irrigated, surface water, double crop, rice-wheat-plantations

07 Irrigated, surface water, double crop, sugarcane

08 Irrigated, surface water, double crop, mixed-crops
09 Irrigated, surface water, continuous crop, sugarcane

10 Irrigated, surface water, continuous crop, plantations

11 Irrigated, ground water, single crop, rice-sugarcane
12 Irrigated, ground water, single crop, corn-soybean
13 Irrigated, ground water, single crop,rice and other crops

14 Irrigated, ground water, single crop, mixed-crops

Kathmandu  qo, 15 Irrigated, ground water, double crop, rice and other crops

[

16 Irrigated, conjunctive use, single crop, wheat-corn-soybean-rice
17 Irrigated, conjunctive use, single crop, wheat-corn-orchards-rice
18 Irrigated, conjunctive use, single crop, corn-soybeans-other crops

19 Irrigated, conjunctive use, single crop, pastures

20 Irrigated, conjunctive use, single crop, pasture, wheat, sugarcane
21 Irrigated, conjunctive use, single crop, mixed-crops

22 Irrigated, conjunctive use, double crop, rice-wheat-sugacane

23 Irrigated, conjunctive use, double crop, sugarcane-other crops
24 Irrigated, conjunctive use, double crop, mixed-crops

25 Irrigated, conjunctive use, continuous crop, rice-wheat

3.5% of the :
t  Global AIA

26 Irrigated, conjunctive use, continuous crop, rice-wheat-corn

27 Irrigated, conjunctive use, continuous crop, sugarcane-orchards-rice

. 28.5% of the
o Global AIA

28 Irrigated, conjunctive use, continuous crop, mixed-crops

Washingten DL

Kathonands 1y, 1

5.2% of the .
Global AIA '
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A Knowledge-based Automated Cropland Mapping Algorithm
Coarse vs. Fused Multi-Resolution
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A Knowledge-based Automated Cropland Mapping Algorithm

Landsat compared to hyperspectral Narrow-bands in Discriminating Wheat vs. Barley
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Comparison of Hyperspectral Data with Data from Other Advanced Sensors
Hyperspectral, Hyperspg and Advanced Multi-spectral Data
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Need for Temporal Data in Cropland Mapping
MODIS Time-Series for Ganges River basin

Rabi, 2001 1

rrigated area
lass #21

NDVI Value
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A Knowledge-based Automated Cropland Mapping Algorithm
Mega-file Data Cube (MFDC) showing Fusion of Landsat and MODIS Datasets

Forest Typical spectral profile
illustrations of different land
cover classes derived from
MODIS 250m NDVI time-series

6 7 8 9 10 11 12 6 7 8 9 10 11 12
Months i z ; i Months

Lossless compression

Irrigated cropland

Rainfed cropland
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A Knowledge-based Automated Cropland Mapping Algorithm
Datasets used to produce Knowledge Layer on Croplands for Tajikistan

1. Landsat 30 m Data: Landsat GLS2005 (nominal 2005) dataset;

2.
06 Irrigated cropland
12 3 4 5Mont¥‘|58 9 101112 [ P 0T pRrr mhE oy : ;
3. Very high resolution data as “groundtruth” sub-meter to 4 meter (very
_hlgr_l resolution data) for nominal 2005 as “groundtruth”;
;‘i ] n"-l \
4.

as “groundtruth”

v/
<
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A Knowledge-based Data Layer Derived by Classifying the MFDC
Identifying and Labeling the 199 Information Classes: Bispectral Plots

Croplands versus non-cropland identification based
on Tassel cap bi-spectral plots and Very High
Resolution Imagery
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A Knowledge-based Data Layer Derived by Classifying the MFDC

Identifying and Labeling the 199 Information Classes: MODIS Temporal NDVI Plots for Certain Classes

23 out of 199 classes identified and illustrated here

Class49

Class65
Class69
Class37
Class39
Class43
1 2 3 4 5 6 7 8 9 10 11 12
Months
1 2 3 4 5 6 7 8 9 10 11 12
Months
— 60 ‘
X
()
e
g 50 *&
Q
S
\a—) ¢ 140
£ R
< . e ¢t
o ¢ 135
- , ﬁﬁﬁ&
» 30 - 7 17 !
T é“ﬁo
c 2
(o]
-
20 -
10 -
f:“ *17
o {08 15
0 =
0 10 20 30 40 50

Class13
Class15
Class16

1 2 3 4 5 6 7 8 9 10 11 12

Landsat b3 (Reflectance %)

— Class146
0.04 1 eom—Class139
Class124

0.02 | e Class180
Class151
0 Class171

Class167

Multiple measures used in

algorithms to identify and label

NDVI

-0.12 4

-0.14

6 7
Months

11 12 =

agricultural cropland classes

-0.06 -
-0.08 -

-0.1 4

[ Irrigated, double crop
[Jlrrigated, single crop
Il Snow

[ ] Tundra
I Water body

——Class193
= Class190
e Cla55188
= Class195
~Class194
Class198
Class196

5 6 7 8 9 10 1 12
Months




A Knowledge-based Data Layer Derived by Classifying the MFDC

Identifying and Labeling the 199 Information Classes: Final 11 Classes with typical “groundtruth” view

" @ 10Snow

01 Irrigated, conjunctive use, cotton-wheat- 02 Rainfed, wheat-barley-dominant, large
rice-dominant, large scale, double crop scale, single crop

S 30 A M
8 Grasslands Osshrub/rangeland dominate with rainfed
< croplands
3] i 04 Shrublands-grasslands
[T} -
g <
i 07 Tundra Q9 Barren or sparcely vegetated Barren or
< sparcely
] 08 Wetlands ;
= Mixed, rublzzﬁihgrasslands, urban vegetated
é 20 ¢ i '
. .
s 06 Forest : .

Wetlands

Tundra
Forest

11 Waterbodies

0 5 10 15 20 25 30 35 40 45

Landsat b3 (Reflectance %)
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A Knowledge-based Data Layer Derived by Classifying the MFDC
Final 11 unique knowledge-based classes of Tajikistan
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I 05 Forest
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Note: there is also highly
fragmented rainfed class
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A Knowledge-based Data Layer Derived by Classifying the MFDC

Identifying and Labeling 199 Information Classes: “Groundtruth” Data used in Conjunction with MODIS NDVI Time-series

Cropping intensities

=== Rainfed, wheat-dominant (e.g. class #56)

Irrigated, cotton-dominant (e.g. class #37) Irrigated, double crop, cotton

>
[a)
zZ
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<}
=

- ainfed, single crop, wheat dominant
( Al
Months

Single crop Double crop
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An Automated Cropland Mapping Algorithm Applied to Same Dataset used to Derive Knowledge Layer

Datasets used: Landsat 2005
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An Automated Cropland Mapping Algorithm Applied to Same Dataset used to Derive Knowledge Layer
Datasets used: Landsat Thermal Data
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An Automated Cropland Mapping Algorithm Applied to Same Dataset used to Derive Knowledge Layer

Datasets used: MODIS NDVI monthly MVC.

Note: irrigated areas most discernable during July-November
6700 "00E 6900 70°U0°E 71°00E 7T200°F 700E 7400 1500E 6700 68°00°F 6°00E 7000 71°00°E 7200F 7300E 74 7500 STO0E GFOVE GYODE T000E TPOUE T200E TFO0E MO0E 71500 6T00F  G00E 600E T0°U0E 7TU00E 7200 7F00E T400E 7500E
on] N <oon laroond N Laroon [faroonq N faroonflaroond N Faro0n
aro0n WO bigh g 00 fereen W igh 1gs [0 P High - 168 P High - 188
g £ 3
- L JT Bl - - - L) i e ...
a000N 000 n [ s0ro0n Faooon [ a000n " Faoroon ff aoroon 4R Faooon
00N 3900w fl 300N Fasoon flas00n Fasoon f ssroon - Fasroon
Wo0N g e E d X ‘ Fasoon f ss00n Faso0n
£k
wvoN 1 sroon [ oo faroon 300 Faroon ff sro0n ? Faroon
T T T T T T T T T T T T T T T T T T T
GFO0E GFO0E 6900E T000E T100E  7200°E wO0E 7 6I00E  68°0E GPOU0E 000 TV00E 1200 II00E T 15'00°E 6100 6800 6900°E T000E 71 WO0E  1500°E GPO0E GEOVE GXO0E T0O0E TVO0E 7200E
140 o 7 1 280 140 2
—— — 0 et — 0 01015

STO0E  GFOUE GF00E 0°C0E 7100 T200E  I300E  TH00E  75°00°E ST°00°E  68°00°E  69°00E  70°00°E T71°00°E 72°00°E 73'00E T4°00°E 75°00°E 67°00°E  68°00°E 69°0'0°E 70°00°E 71°00°E 72°00°E 73 74°00°E 6TO0E  68'00°E  63°00E  T000'E TIUOE T2O00E TIO0E T400E  7500°E
aroon{ N g [ATOON w{ N coon Bercoond N T -« N L
P high - 188 400N \ O igh 1es [4100N Jaroon PO igh- 1gg [OON [laro0n P 1igh 18 [H1°OON
o e 0 - - L IO . L) - L) -
400N 2 faooon l soco0 N z 40°00"N a0 00" Faoroo-n [ 4000 fa000 N
0N [39°00°N | 33°00°N £ 39°00°N {39°00°N el 39°00"N [l 39°00°N. A [39°00°N
00N i rascoon fl 300 n E 3e°00°n laeo0 N Fag=00 n [ 35°00N fae-oon
- Faroon [l 300N oo n fsroon - Faroo [ 37°00°N F3ro0 N
T T T T T T T T T T T T T > T T T T T
ST°00E  68°00°E  69°00°E  70°00°E 71°00E 72°00°E 7300 74°00°E 75°00°E 6100 68'00°E  69°00E  70°00°E T1°00°E 72'00°E 400E  15°00°E 6T°00°E 6800 E  69°00E 0E 7400 75°00°E GT°00°E  68'00°E  69°00E  70°00°E  T1°00E  72°00°E
0 10 140 280 1 80
— — 0T —— — 075 — o

Irrigated areas
begin to be distinct Jul

6700 68°00°E 69°00°E 70°00°E 71°00°E 7200 1300°E 400E 7500 67°00°E TZ00E  TI00E  T400E 1500 SPOUE G800 6ODE T00E TI00E 7200E TF00E MO0E IS00E CMODE SFUOE SPUSE TCOSE TUNCE TXOWE TUCE TAWSE 190VE
e N e . N " -« N L ; ~
A1°00°N P high 188 [41700°N [ 4r00N P high- 188 [4VOON 41°00°N P tigh 188 [41°00N Warroornd N O Ligh 188 [4TOON

- L v A ... S P - -
0°00°N 40'00°N [l a0 N oo [ 40°00N Faocoon W soegoen Low Laroomn
39°00°N S % 39°00°N [l 39°00°N as 39000 [ 39°00°N Fao-0on Waggon ——
nA
VO
300N p 300N Ml 38°00°N : 38:00°N [l 38°00°N P | o’ [38°00°N W3s 00N oy F38°00°N
= ] ){‘ prd &
{ { “
00N ITO0N 300N 300N [l 3TTON [37°00°N Waro0 N ' FIroo N
L 1 L Liwm L L T T T T T T T - ot . o 5 = e L U T T T T T

6T00E  6800E TCC0E  TTO0E 7Z00E  T300E 7 6T'00E 60000 6U0E 1000E IVOUE I200E IFO0E I4G0E I500E 6°00E  6800°E GI00E 0°00E T1°00°E 7200 I300E 400E 7500 67'U0E 6FO0E GUOUE I1000F I100F I200E T3O0E

0o ™ 0 7 ™ 14 280 o 70

S S— * — — 075155 — — 0 S

Irrigated areas
become very distinct

science for a changing

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



An Automated Cropland Mapping Algorithm Applied to Same Dataset used to Derive Knowledge Layer

Datasets used: SRTM 90 m Elevation
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An Automated Cropland Mapping Algorithm Applied to Same Dataset used to Derive Knowledge Layer

Datasets used: SRTM derived Slopes

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 T74°00"E 75°0°0"E
1 1 1 1 1 1 1 1 1

ae00n{ N — -41°00"N
40°0'0"N - o i : -40°00"N
°SA'NTN b _- A, ‘_- . - ‘ o ‘:., .."' - ' :.'. - e : ¥ ‘ " g &:" 4 4“.: on'n
39°0°0"N P e e s R 39°0°0"N
o ; 4 4 : -. 4 3 B i o AL : : ’:" a‘ “ .-:.-. .’-'."A. -38°0"'0"N

37°0'0"N - e - e 37°00"N

1 1 1 1 1 1 1 1 1
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°00"E 75°0'0"E
0 70 140 280
I e <Ilo meters

USGS

science for a changing world

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




ZUSGS

science for a changing world

Years Same (2005)as Knowledge Layer

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



Automated Mapping of Irrigated Areas of Tajikistan

Slope, SRTM derived MODIS Yearly Total NDVI
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Automated Mapping of Irrigated Areas of Tajikistan

Slope, SRTM MODIS Yearly Total NDVI Elevation,
derived from SRTM

Irrigated Others
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Automated Mapping of Irrigated Areas of Tajikistan

Slope, SRTM MODIS Yearly Total NDVI Elevation
derived from SRTM

Irrigated Others
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Automated Mapping of Irrigated Areas of Tajikistan

Landsat B5 (moisture Landsat B3 (chlorophyll Elevation,
sensitivity) absorption) SRTM derived
< 15 or >25 % <16 % >16 %
reflectance reflectance

>15 and €25 %

reflectance

reflectance
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Automated Mapping of Irrigated Areas of Tajikistan

Landsat NDVI Landsat B3 (chlorophyll Elevation, SRTM
absorption) derived

reflectance
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Automated Mapping of Irrigated Areas of Tajikistan

Landsat B6 (thermal Landsat B3 (chlorophyll Elevation,
temperature) absorption) SRTM derived
>140 <140 or <16 % >16 %

and >160 in reflectance reflectance

<160 in degree
degree Celsius

Celsius
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Automated Mapping of Irrigated Areas of Tajikistan

MODIS Dec NDVI Elevation, SRTM
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Irrigated Areas of Tajikistan for year 2005:

Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer
(truth) for year 2005
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Algorithm derived layer
also for year 2005
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Note: Once you have the algorithm, it takes only a few minutes to derive irrigated areas.
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Irrigated Areas of Tajikistan for year 2005: Zoom in View
Knowledge Layer vs. Algorithm Derived Layer
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Automated Mapping of Rainfed Areas of Tajikistan

Landsat B3 (chlorophyll MODIS Feb NDVI
absorption)

Elevation, SRTM
derived

<1300 m >1300 m

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

reflectance
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Automated Mapping of Rainfed Areas of Tajikistan

Elevation from
SRTM

Landsat B5 (moisture MODIS Feb NDVI
sensitivity)

<1300 m >1300 m

>31 and <40 % | <31 or>40 %
reflectance reflectance
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Automated Mapping of Rainfed Areas of Tajikistan

Landsat NDVI MODIS Feb NDVI Elevation from
SRTM
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Automated Mapping of Rainfed Areas of Tajikistan

Landsat B6 (thermal MODIS Feb NDVI Elevation
temperature) from SRTM

>155 <155 or <1300 m >1300 m

and >185in

<185 in degree
degree Celsius
Celsius
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Automated Mapping of Rainfed Areas of Tajikistan

Elevation from SRTM
slope
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Rainfed Areas of Tajikistan for year 2005:
Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer (truth) for year 2005 Algorithm derived layer also for year 2005

67°00"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 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

I Rainfed

39°0°0"N

67°00"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°0'0"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°00"E 75°0'0"E

0 45 90 180 0 45 90 180
s Kilometers e Kilometers

30 m spatial resolution 30 m spatial resolution

Note: Once you have the algorithm, it takes onIy afew minutes to derive ralnfed areas.
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Rainfed Areas of Tajikistan:
Knowledge Layer vs. Algorithm Derived Layer
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Irrigated + Rainfed Areas of Tajikistan:
Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer (truth) for year 2005 Algorlthm derlved Iayer also for year 2005
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Note: Once you have the algorithm, it takes only a few mlnutes to derlve |rr|gated and ralnfed areas.
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Irrigated + Rainfed Areas of Tajikistan:

Knowledge Layer vs. Algorithm Derived Layer
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Irrigated, Rainfed, and Other Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived

Algorithm Derived Data

. Rainfed All other LCLU Producer's Errors of
Irrigated Areas Row total o
areas classes accuracy Omissions

Irrigated Areas 7398009 152145 30263 7580417 97.6 2.4

Rainfed areas 143604 2520206 252235 2916045 86.4

Allotnerf-CEU 33029 129403 142088064 142250496  99.9
classes

Column total 7574642 2801754 142370562 152006279
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User's accuracy 97.7 90.0 99.8 152746958

Errors of 2.3 10.0 0.2
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Independent Data Layer (year 2010)

Showing Irrigated Areas
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Irrigated Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer (truth) of Algorithm derived irrigated areas for
irrigated areas independent data set of year 2010
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Note: Once you have the algorithm, it takes only a few minutes to derive |rr|gated areas.
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Irrigated Areas of Tajikistan Zoom in View
Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer (truth) of Algorithm derived irrigated areas for
irrigated areas independent data set of year 2010
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Rainfed Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived Layer

Algorithm derived rainfed areas of
independent data set of year 2010
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Rainfed Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived Layer
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Independent Data Layer (year 2010)

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



Irrigated + Rainfed Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived Layer

Knowledge Layer (truth) of Algorithm derived irrigated + rainfed areas
irrigated + rainfed areas of independent data set of year 2010
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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
Knowledge Layer vs. Algorithm Derived Layer
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Note: Once you have the algorithm, it takes only a few mlnutes to derlve irrigated and ralnfed areas.
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Irrigated + Rainfed Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived Layer
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Irrigated, Rainfed, and Other Areas of Tajikistan
Knowledge Layer vs. Algorithm Derived

Algorithm Derived Data

. Rainfed All other LCLU Producer's Errors of
Irrigated Areas Row total o
areas classes accuracy Omissions

Irrigated Areas 6514801 1035399 30217 85.9 141
Rainfed areas 206960 2456860 252225 84.3 15.7

All other LCLU 40163 127180 142083136 99.9 0.1
classes

Column total 6761924 3619439 142365578 151054797

©
)
©
(@)
(b}
(&)
c
(b}
—
D
Y
(5]
@

User's accuracy 96.3 67.9 99.8

Errors of 3.7 12.1 0.2
Commission

Overall
accuracy
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Irrigated and Rainfed Areas of India
MODIS 500 m time-series data
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Uncertainties still
exist since Landsat
was not used in
this study

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

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Mayl

Months (Avg 2001-2003)




Irrigated Rice Areas of South Asia

K vilelp 00 m time-series data
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Irrigated and Rainfed Areas of China
Landsat + MODIS data Fusion

Large sample of field plot data for
entire China from precise locations
in addition to Landsat and MODIS

data
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Irrigated Areas of Africa

Based on Multi-resolution Data

Satellite Sensor lnnx”(;m::ﬂ&ug Area Map @ 10km

Fragmented irrigated
cropland areas of Africa
certainly needs fine spatial
= resolution...... probably even
it IKONOS\Quickbird\Rapideye

- ”
! 5 ﬁ Irrigated, surface water etC'
| o

B rrigated, conjunctive use

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.
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Rainfed Areas of Africa

Based on Multi-resolution Data

Fragmented irrigated
cropland areas of Africa
certainly needs fine spatial
resolution...... probably even
IKONOS\Quickbird\Rapideye
etc.

Rainfed cropland dorminant areas

Savanas and forests that are mixed with rainfed croplands

Distribution of rain-fed croplands in the African continent. The total global rain-fed cropland area (Global: 1.13 Bha) in
Africais 17% and its productivity can be improved through irrigation and better land management practices to help
move towards a green revolution.
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Global Irrigated Areas + Rainfed Areas

Spatial Distribution of Global Croplands

Satellite Sensor Based Global Map of Irrigated & Rainfed Cropland Areas @ 10km
(GMRCA 10km - 4 Class) Version 2.0
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1.53 billionHectares of total croplands at the end of the last millennium

v Management Institute (IWMI). All Rights Reserved.
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Combine algorithms to derive global croplands
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PE&RS Special Issue on
Remote Sensing of Global Croplands and Their Water Use: Call for Papers

Photogrammetric Engineering & Remote Sensing (PE&RS)
August 2012 Special Issue Call for Papers

“Remote Sensing of Global Croplands and their Water Use for
Food Security in the Twenty-First Centu

The precise estimation of the extent and loca lobal croplands is u
food security to the people of the world. Coarse resolution global cropland mapping has become feasible by
us data from national systems, and spatial mapping technologies invol
phic information s s (GIS). While , the coarse ion cropland maps many limit:

clude: (a) absence of precise spatial location of the cropland areas; (b) uncertainties in differentiating irrigated are

from rainfed areas d (c) absence of crop types ropping intensities. The greatest difficulty and differences in

global cropland estimates is in differentiating between rainfed croplands versus irrigated croplands. This is a crucial

difference because water use assessments depcnd heavily on whether an area is irrigated or rainfed. Global croplands

o of all hum.m water use. About 80% of all blue water use (i.e.,

gated agriculture and about

70% of all green w te.x use (l. €., Wi dle: in unsqturalud zone of soi isture coming from direct rains) by humans goes

for rainfed agriculture.

Advanced remote sensing data available from multiple satelli stems (e. t, MODIS, Rapidey

) quality, proc

delivery have provided real opportunity to reduce uncertainty and increase accur: in mappmg and modeling

croplands and their water use at local, regional, and global levels. Specific recent remote sen s enabling

global cropland mapping and generation of their statistics include factors such a Tee ¢ Z librated and

anteed data such as Landsat and frequent temporal co
data such as long-term pr V8
tion model (GDEM); and (c) advances in computer technology and data proc

ing capacity to process and mosaic entire Global collection of Landsat data within a week, ability to visualize the entire
global data on the fly “hyperwall”).

The goal of this special issue is to seck papers pr
and their water use. We solicit papers that: (A) espouse advance methods and algorithms for cropland mappin;
cal, regional, and global levels using remote scnsing data from advanced multi ral, hyperspectral, and hyperspatial
Sensor: \or fusi them, el water use assess si al and\ sensors a]ong“ith surface
energy balance approaches, and (C) develop spa i ing derived
cropland maps and water use assessments. Thy s of mlelest will be those that: (1) duch)p methods and
techniques for consistent and unbiase i Lruplands over spdue And lnne (2) account for water-
ing source (e.g., d, rainfed, other I y @ 4) define
and spatial distribution of Lrup]ands in the wi ulld, (5) determine l,hdnbt.‘ in uoplands extent or intensity
(e.g., expansion of croplands into natural vegetation, reduction due to urbanization and bio-fuels, change in intensity
of cropping); and (6) assess accuracies, errors, and uncertainties.
All submissions will be peer-reviewed in line with PE&RS policy. Because of page limits, not all submi S rec
mended for acceptance by the review pe ay be included in the special issue. Under this circumstance, the guest
editors will select the most relevant papers for inclusion in the spe 1e. Authors must prepare manuscripts according
to the PE&RS Instructions to Authors, published in each issue of PE&RS and also available on the ASPRS web site at
http://www.asprs.org/society/committe; /jpc_instr.html.

IMPORTANT DATES Please submit your manuscript by email
October 1, 2011 directly to the Guest Editor:
January 1, 2012 Dr. Prasad S. Thenkabail
February 1, 2012 esearch Geographer, U.S. Geological Survey
August 1, 20 agstaff, AZ 86001, U
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