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GIAM and GMRCA
Background Scenario

GIAM = Global Irrigated Area Map

GMRCA = Global map of Rainfed Croplands




Global irrigated Area Map (GIAM)
Aggregated 28 class

Satellite Sensor Based Global Irrigated Area Map @ 10km
(GIAM 10km - 28 Class) Version 2.0

Legend

Iiiigated Area (Ha}
Clase Numiber & Ciss Name Season 1 Sewson 2 Continuous Annuaiiod

01 ligated. rurfaces water. single crop, wheat<om cortan 6406129 5236129
02 Iigated surface water. single crop, cottonice-sheat 9378930 9378930
B 03 ingated. suifacs water. Sivgle crop, ixed-<rops 6552506 8552505
M 04 logated, suface wster, double crop, Gewhest<otton 36762836 46810689 83673525
B 05 faigated, surface wero, double oo, tceauheagorton <o 41845165 38313697 0159883
08 ligatod. surfacn woror, doublo Grop, io-whost plontztons 29938125 24878762 51817177
07 lmgated. surface water. doukia crop, sugarcans 1778881 1422213 320084
I 08 kigated. surface water, double crop, mixadcrops 22573594 22333001 912585
I 08 mgated, urface water, consiaus crop, sugrcans as302 49302
B 10 gated, surface vister, continuous crop, plantatons. 5913439 5913439
B 11 rigated. round wotor, sl crop. ce-sgarcane 6312789 6312789
12 krigated. around weter. single crop, corm<oybean 2917041 2917081
13 lrated, ground water single cropice and other erops 241998 241993
14 kigatod. ground water single crop, mixorciops. as22a57 4522487
T 16 Wgated, ground water, double ci0p, e and e ciops 1867442 1807545 3781985
16 lrgatad, conjuncrive usa, inglo crop, wheatcom-soybaanrics 14007142 14007142
17 lrgated, conjunetive use, Sngl rop, whestcomorchardsalcs 6082474 B0s2474
B 15 Wigated, coniuncive use, single crop, cornsoybeansother ciops 9075419 9075419
[ 19 nigated. coninetve use, ingle crop, pastures 2287826 2287626
20 rigated. pasture, wi 1162911 1162911
B 21 rigated. coniuncive use, single orop, mixeckorops 9930422 9990422
B 22 rigatod. Gonjunctv uso, doubla o, Fioowhogt ugoEanG 35740789 31299478 57040267
23 krigated. conjuncive uss, Goubla crop, ugarosne other crops 720008 16271 1636766

2 krigated. conjunctve use, doubla crop,mixedtrope 12477283 8710295 21187580
26 Wrigated, conjunetve Uss, conlinlous crog, ice wheat 7am2088 7482980 .
26 Mrigated, conjuncive use, corinuous ciop, ceavisatcom 7086163 7985163

27 wrigated s e 7187415 7187815

T o o
26 igate. conjnetive use. continsouscrop,misediops 12766104 12788108 1 : 45000000

1 00 Other ares and ocesn

262793757 176497041 41405412 480697105

Note: there is‘also a 323 disaggregated class map of the World.
~ee.http.//lwww.iwmigi R W

..........we have achieved this.

iwmigiam.org




Global Map of Rainfed Cropland Area (GMRCA)
Disaggregated 66 class

Satelhte Sensnr Basﬂd Glaobal Map uf Rainfed Crupland Areas @ l{]km
= |:-'.“I'-..'1F|I."h “T0km -5 Cla'is;n Version 2.0 :

iwmigiam.org




Satellite Sensor Based Global Map of Rainfed Cropland Areas @ 10km
B (Gvncadl - s e
b - e

Blue Water and Green Water

Purely rainfed Fully imigated »_
GIAM.....to help us o
understand blue water use
and food production from
blue waters....irrigated
areas, its extent,
variability... contribution
to global food security

Field
conservation
practices

Water harvesting

GMRCA.....to help us
understand green water
use and food production
from green
waters....rainfed areas, its
extent, variability...
contribution to global food

securij

(Source: CA Synthesis, 2007)



But Scenarios Can Change if Areas Change

[ ] More than half of production from rainfed areas
B More than 75% of production from rainfed areas

[ ] More than half of production from Irrigated areas
B More than 75% of production from irrigated areas

Note: Blue (water for irrigation) vs. Green (water for rainfed crops) Global total:

7.130 cublc kilometers
17 % irrigated
83% rainfed

(Source: CA Synthesis, 2007)




Recent IWMI work

-120 -60 ] 60 120

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

Legend
N 01 Irrigated croplands
02 Rainfed croplands
03 Rainfed croplands and grasslands/shrublands

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

7 International Water Management Institute (IWMI). All Rights Reseraed.

..........irrigated and rainfed areas of the World from remote sensing.

iwmigiam.org




GIAM and GMRCA along with other LULC @ the
enc of last Willennium: Recent IWMI work

Introduction

Globally 61% of all
irrigation is from
surface water

and 39% from
ground-

water.

A e mz.-_a‘*-?‘
Irrigated, Ground
Ly
h

Overarchlng Goals

China and India together, with
a population of about 2.6
billion, have 60%
(285 Mha) of all
global
annualized
irrigation.

The/MNorth America and
Europe account for 5%
of global irrgation. Most

ofkhe food productionin

Legendwf o

- 01 Irrigated, surface wate

03 Rainfed croplands
[

04 Rainfed croplands and grasslands\shrublands
' | I

05 Natural vegetation with rainfed fragments|
[ os Fcl(esls 1

07 Savanna grasslands, shmblands

08 Barren lands, deserts or sparse vegetatmn

09 Snow, ice, tundra
\

Western World|is by
finfed croplands Unlike

Inlindia, 40% of

irfgation is from
surface water and §0%
islfrom ground water
amdior conjunctive Use.
I China, it is just the

- Dpposite.

Irrigated areajof Africa is 10 kha

10 Water body
% irgated area
= Annualizad irrigated area WM‘ 2005 &
) z Tatal areagvailable for irigation 430 Mha -. .

FAO 2DD1
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Advanced Datasets @ 1 10 km:
AVHRR monthly time-seri
SPOT monthly time series
Landsat Geocover mosaic one til
DEM of the world from GTOPO!
Rainfall (monthly) of the world

Forest cover from AVHRR @ 1990s; and
Rainforests from JERS SAR data; 6.

i
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ueenSI/rLG’ Fy st

Key Achievements Online access:
. Developed methodology for mapping irrigated areas @ various scales using remote sensing; GIAM Web Portal L www.iwmigiam.org
. Established annualized irrigated areas by considering intensity of cropping; GIAM Web Map iam.iwmi.orgfmapper.asp
. Established irrigated area fractions and developed methods for sub-pixel area calculations; GIAM Stats www.iwmigiam.orgistats
4. Launched the GIAM and GMRC A web portal (1t org); and GIAM Google Earth www.iwmigiam.org/GE
. Conducted International workshop on Global I 1 (GIAM 2006) hosted in e i,
Colombo, Sri Lanka (Sept.-25-27, 2006). Country workshops in India and China in 2007.




Recent IWMI work

(% of their, respective, total area)

Il 01 lrrigated, major
02 Irrigated, minor
03 Rainfed
04 Rainfed, grass/shrubs
05 Natural veg. rainfed
R Legend
- I 01 Irrigated, major
egend 5 2 4 % g 02 Irrigated, minar
. . 03 Rainfed
I 01 Irr!galed, major Tk . 04 Rainfed, grass/shrubs
02 Irrigated, minor i ; o 5 G 05 Natural veg, rainfed
03 Rainfed 1
04 Rainfed, grass/shrubs
0B Natural veg, rainfed

\ ey

| ao7Mha e 1132§nha-

01 rigoted croplands
02 Rained croptanc I

S 03 Raiod croplan and gasslnds/shublands ) .
04 Ranfed cropland ragments vith Natura Vegetaton L Legend

I 01 Irrigated, major
02 Irrigated, min
03 Rainfed
04 Rainfed, grasg/shrubs
05 Natural veg, rainfed
+

)

Legend
Bl 01 Irrigated, major
02 Irrigated, minor

03 Rainfed
04 Rainfed, grass/shrubs 1 o/ & o 1 o/
0b Natural veg, rainfed o a o
Legend
g Il O1 Irrigated, major

02 Irrigated, minor

03 Rainfed

04 Rainfed, grass/shrubs : @

05 Natural veg, rainfed - e e

03 Rainfed

04 Rainfed, grass/shrubs
05 Natural veg. rainfed




Traditional View vs. Recent IWMI work

0 0 VIEW e]e s Vs.

/4 AQ

Recent IWMI work (Global estimates): 26% irrigated vs. 74 % rainfed.

' Australiz 118 5.76 8.6
6 Oceania 1 0.13 1.46 1.59
Total 407.09 1,131.55 1,538.64

Asia’s food production comes from both irrigated and rainfed area.
However, rest of the world’s food production mainly relay on

iwmigiam.org



2J) WELCOME to IWMI Global Irrigated Area Mapping statistics - Mozilla Firefox
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Statistics, Web Maps, in Google Earth, and Data Gateways

1. GIAM statistics: Irrigated area statistics for 175 Countries
http://www.iwmigiam.org/stats

2. GIAM Map Server
http://giam.iwmi.org/mapper.asp

3. GIAM on Google
http://lwww.iwmigiam.org/info/main/index.asp

icrosoft Internet Explor

4. GIAM web portal
http://www.iwmigiam.org [E&iE
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http://www.iwmigiam.org/stats
http://giam.iwmi.org/mapper.asp
http://www.iwmigiam.org/info/main/index.asp
http://www.iwmigiam.org/

Areas can Change Scenarios Dramatically

iwmigiam.org




Global Croplands for Baseline year 2000
(Irrigated vs. Rainfed Cropland areas)

Global Cropland Area estimates from Literature

Area
(Bha) Year Source
1.41 2000 Hansen et al:; 2000
1.34 1994 Warnanat et al:; 1994
1.36 1999 Houghton; 1999
1:39 1999 Lovelandiet al:; 2000
1.40 1994 FAO; 1990;1991
1.47 2002 Strahler;2002
1.48 2001 Klein Goldewijk,2001
1.48 1998 Amtho et al.; 1998
1.50 1991 Lal & Pierce, 1991
1.50 2003 WRI,2003
1.51 2000 FAOSTAT,2000
1.54 2001 Tilman et al., 2001
1.60 1998 WBGU,1998
1.79 1998 Ramankutty & Foley, 1998
2.79 2000 WRI,2000
3.62 2000 Wood et al.,2000 and WRI 2000




What are the Actual versus Reported
Irrigated Areas of China and India?




Evolving Story on Irrigated Areas
China and India

— . '/
Global Irrigated A
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10Km vs. National statistics'

FAO/UF National
Type GIAM 10 km (GMIAV3.0) FAO Agquastat statistics!

(ha) (ha) (ha) (ha)

Season1 Irrigated Area 75,880,320 N.A. N.A. N.A.
Season2 Irrigated Area 68,233,355 N.A. N.A. N.A.

Continuous Irrigated Area 7,688,411 N.A. N.A. N.A.

Annualized Irrigated Area 151,802,086 N.A. N.A. N.A.

Total Area Available for Irrigation 111,988,772 53,823,000 53,740,000 53,400,000

Total Rainfed Area 91,635,702 N.A. N.A. 75,805,000

Total Cropland Area 203,624,473 A, A, 129,205,000

1. Source: CHINA NATURAL RESOURCES DATABASE, CAS

what are the causes of differences in areas??




GIAM 10km vs. National Statistics ER
Evolving Story (when cropping Intensity Considered) Single cr6p

Class 4-Irrigated, surface water, double crop, rice-wheat-cotton
NDVI vs Precipitation vs Evapotranspiration

. . Doubl
Annualized Irrigated PR

Areas (AlAs) = 152 Mha

Jun u
Time (Months)

.....equivalent

National

estimates

"L (CAS,

Continuous crop | Al unpublished)
T ta d ....is approx.

180 Mha

e S — -




Area Differences from Different Sources

e Resolution or Scalg ISSL
C. National statistics and GIAM

e Definition issues in National stats and GIAM (e.g., where
does supplemental irrigation go?).

iwmigiam.org



What are the Actual versus Reported
Irrigated Areas of China and India?




GIAM China vs. National Statistics

National Statistics accounts mainly Major irrigation

6,000,000 -
EIA(China 2000) = 0.4362*GIAM(major&medium irrigated area) + 839785

= R?=0.8155

o

N

®» 5,000,000 -

Q R

B .

I

94,000,000 - \

(1)

c

2

® .

= * 3

= 3,000,000 |

e .

(1}

o} * *

3 *

®© 2,000,000 | *

o)) *

i )

reservoirs, tan
inadequately accounted
in National statistics

* Statistical Yearbook of China (1998) [Zhongguo Tongji Nianjian 1998] (Beijing, iwmigiam.org
China Statistical Publishing House).




National Statistics includes Major and newly released Minor irrigation Statistics

GIAM 10 km TAAI (ha) = 0.7314 * Total Potential Created,
MoWR, India (ha) +597.82

R*=0.80

H

N
o
o
(=]
o

radesh

Madhya Pradesh

*
Andhra

Raj®stan

Gujarat
Karnataka
LS

©
=
(=
o
=
<
<
[
£
4
e
=
g
o

Note: The names are shown only for a few states
Total potential created is the sum of major (1997-
2002) and minor irrigation (2000-2001 census)

5000 10000 15000 20000 25000
Total Potential Created ('000,ha), MOWR, India

MoWR = Ministry of Water Resources, India



Full pixel areas (FPAs) versus sub-pixel areas (SPAs)

iwmigiam.org




Area calculations

SPA_ =FPA_*IAF

FPA_is full pixel area of class n

IAE, is irrigated area fraction of class n
calculated through three methods:

GEE, HRI and SPDT (see next slide)

iwmigiam.org



lllustration for Class # 4 of GIAM28 10km V2.0

" i
6 TerraMetrics
ropa Technologies
i

iwmigiam.org

Point 428




lllustration for Class # 4 of GIAM28 10km V2.0

iwmigiam.org




AVHRR (Reflectance) Band1 Min



Beginning to Understand Relationships




-

Beginning to understand relationships...... illustrated based on study in 3 river basins
(Syr Darya in Central Asia, Ruhuna in Sri Lanka, and Krishna in India)
12 :

@ finer resolutions, we can pick fragmented informal irrigation
(e.g., groundwater, small reservoirs, tanks) better, leading to

11 —higher-areas:
10
=
= 118% of 10 km area
§ 5 111% of 10 km area
Z 108% of 10 km area
..?3 \
o
o
£ g

) I I

Landsat 30 m MODIS 250 m MODIS 500 m AVHRR 10 km
Datasets




(e.g., groundwater, small reservoirs, tanks)

iwmigiam.org




Informal Irrigation (e.g., groundwater, small

reservoirs, tanks) from
Small reservoirs and tanks mapped by Landsat ETM+ 30 m

However, our study has established that the caus could be equally
from Informal irrigation sources (e.g., groundwater, tanks, very small

reservoirs). .
iwmigiam.org



Data Reduction Strategies
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Data volurme of Landsat T
Global Un-Compressed

r

(D
7

Total no of tiles needed: 9,770 (Digital number files)
Average size of single tile: 500 Mb (excluding thermal and panchromatic bands)

Total volume for the Globe*: ~ 4.8 TB (DN Images)
Total volume for the Globe: ~20.0 TB (Reflectance Images) #

* For all the landmass, except Antarctica continent # Each reflectance image is 4 times by volume of a DN image

No. of tiles:1190

No. of tiles:2609 et i Total Volume: 0.6.T e
' + = . 1 3 Ar i il Ak
Total Volume: 1.3 TB *%Z*ﬁfg}* ‘“W% W = s stisia )
e YL e S I, No. of tiles:3357
W -L&Ii‘wﬂf? R = S . SISIERIS SIS TS IRIS 3
¥ GEHHEHTE : Tota) Volume: 1.7 TB

Sl
:

-t—f—-t—-r4'—-r+:r4—-e4—*-e-4—+4—-q—+
4.
E@E;ﬁ-&#ﬁ;nt -+

tr
No. of tiles:396
Total Volume: 0.20 TB

N

Total Volume: 0.4 TB
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Data volume of Landsat |1

(D
%

Global: Lossless Compressed

Total no of tiles needed: 9,770 (Digital number files)
Average size of single tile (compressed): 125 Mb

Total volume for the Globe*: ~ 1.2 TB (DN Images)

Total volume for the Globe*: ~ 4.8 TB (Reflectance Images) #

* For all the landmass, except Antarctica continent # Each reflectance image is 4 times by volume of a DN image

ne T
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No. of tiles:2609 gz 2
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Total Volume: 325GB ' g o of &
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Total Volume:100 GB joisic Australia YR
No. of tiles:396 g
Total Volume: 500 GB No. of tilg%: 185
= Total Volume: 25 GB




les (Cormpressed)
| Areas Mapped by GIAM10km:
ountry exarmple

No. of tiles:390
Total Volume: 195 GB

....

Total Volume: 185 GB

- .,:é.,_,,‘ No. of tiles:61-,

fatal;Volume: 30 GB

. gf tiles:43

=
1e: 21 GB No. of tiles*48

Total Volume: 9 G il

No. of tiles:121

Total Volume: 60 GB No. of tiles:166

Total Volume: 83 GB = d;}y

............. total of about 0.9 TB for top 10 countries.........if all irrigated areas of the world
are included, and not limited to top 10 countries, then the volume goes up to 1.2 TB

* Covers nearly 80% of the global Irrigated areas
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Data volume of Landsat [lles

Data Reduction Techniques Techniques (Global)

tance data veolume by about 75 % (frass 20 TE to 4.8 T for iz Warld),

Uces data volume by a further 56 % (fross 4.9 T5 o zigotis 2,4 TE).

J; ta volume by further 75 % (fror 4.9 T8 io 2yt 4.2 TB) [Roughly;, 0.9 TB for
Irrigatedi area countries which combines has 80%: glebal irrigation].

_ First 2 to 3 PCA’s reduce volume like in pomt 2. But, not necessarily the best approach
since data in each PCA has some component of multlple wavebands. This will cause
difficulties in physical explanation of data variability

- I

JJJJJJJJJJJ possivle to reduce data volurne to just 5 to 10 percent of the original 20 T8
volurne for the YWorld

iwmigiam.org



indsat Tiles (Cornpressec

Deital volurme Q‘f 5580
d 1S mapped in GIAM 10km:

Limiting Data over Irrigatec

China ex

=4

No. of tiles:364
Total Volume: 182 GB

Irrigated area pixels

Landsat Tiles over Irrigated area pixels
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Global Trends in lrrigated and Rainfed Croplands

Issues Affection Global Water use, Food production, and possible virtual water trade

A. Areas under grains are decreasing;

B. Diversification of irrigated croplands (e.g., fruits and vegetables);

C. Befouls putting stress on global food production and water consumption; and

D. there is more irrigation than we think, and less pure rainfed than we think overall

croplands have stabilized;

World Grain Production L )
World Biodiesel Production '000t

Kilogrammes Per Person
350
340 4

330 - [ ) ' R /

5201 A (Y TA° / ——EU
310 4 j 2
us

300 AN i L[
| [~ Evolution Until 1996 * .
2 i /// pm— 1]

240 4

m- _f¥ 1 ——RoW
e Projection Until 2050 i ——World Total

=] 1991 1993 1995 1997 1999 2000 2001 2002 2003

210 4
200 T T T T T T T T T T T T T T T 1
I 160 1.5 1 175 1260 (L wes a0 2 0 el o TR v Year

T —e— Rice
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—— Maize

| =% Fruits
—+— Vegetables

100 for each crop group)
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W
Source: Turral H, 2007
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Global Trends in lrrigated and Rainfed Croplands

Issues Affection Global Water use, Food production, and possible virtual water trade

A. More consumption (and wastage) than we think?;

B. more production than we think? (otherwise how do we feed the 100
million + population added every year?).

millions
6 000

World Population

5000

4000

| | ! Australasia and

[ *H gt — I e Morthwest Pacific
2000 il ~~ | | and East Asia

Southeast Asia
Greater Mekong
== South Asia

1000 -

1950 1955 1960 1965 1670 1980 1995 98 mm Asia and Pacific




where we Go from here?
Opportunity-success-challenge-vision




Where We Go from Here?

with GIAM @ Finer Resolution as Focus:




