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Abstract 

As a global level initiative, the International Water Management Institute (IWMI) 

produced the first satellite sensor-based global irrigated area map (GIAM) and statistics using 

complex set of methods and approaches. The data used include monthly time-series images 

from Advanced Very High Resolution Radiometer (AVHRR) 10-km for 1997-1999, Systeme 

pour l’Observation de la Terra (SPOT)/VEGETATION (VGT) 1-km for 1999, Moderate 

Resolution Imaging Spectroradiometer (MODIS) 500-meter for 2001-2003, a suite of 

secondary datasets such as precipitation for 1961-2001 at 50 kilometer, digital elevation 1-

km, and thermal skin temperature at 10-km for 1997-1999.  

The satellite-sensor derived irrigated area statistics for India were compared with the 

census based Indian National Statistical Data on irrigated areas collected through 

conventional methods by: (a) Directorate of Economics and Statistics (DES) of the Ministry 
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of Agriculture, (b) Ministry of Water Resources (MoWR), and (c) derivatives of the DES and 

MoWR Statistics reported by the Food and Agricultural Organization of the United Nations 

and the University of Frankfurt (FAO\UF). A state-by-state comparison of GIAM 10-km and 

GIAM 500-m irrigated area estimates for India with MoWR derived IPU provided a high 

degree of correlation with R2 values between 0.75 and 0.78. However, the GIAM reported 

AIAs were consistently higher than the IPU reported by MoWR. The limitation in traditional 

irrigated area statistics reported in India was the high inadequacy in accounting for minor 

irrigation (groundwater, small reservoirs, and tanks); the reason why there is such a huge 

difference even between the two traditional reporting systems of MoWR and DES. Other 

causes of differences were due to definition issues, resolution (or scale), and irrigated area 

fraction.  

Keywords: GIAM, irrigated areas, India, remote sensing, irrigation statistics.  

1. Introduction  

Irrigation is known to consume nearly 75 per cent of all freshwater used by humans. 

Yet, the availability of exclusive irrigated area maps, which provide sub-national, national, 

continental, and global level statistics, are rare and inconsistent from one country or region to 

another. Irrigated areas are sometimes part of Land-Use/Land-Cover (LULC) maps with a 

single class or two. The biggest limitation of the existing irrigated area maps and statistics has 

been the failure to account for: (a) irrigation intensity, (b) irrigation source, (c) irrigated crop 

types, and (d) precise location of irrigated areas. Irrigation intensity and irrigation crop types 

have a huge influence in the quantum of water consumed. The irrigation source is a must to 

determine patterns of resource use and environmental impacts from major versus minor 

irrigation, and in determining the quantum of groundwater use and its overdraft issues. The 
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economic studies will link location of irrigated areas to market access, populations, and 

virtual water studies. Given the huge implications of irrigated areas on water use, food 

production, population growth and distribution, environmental impacts, sustainability of 

ecosystems, and economics of virtual water trade, the need for precise estimates of irrigated 

areas and their spatial distribution cannot be over-emphasized.  

Recently, there have been two major efforts in mapping global irrigation: (i) global 

irrigated area mapping (GIAM) by the International Water Management Institute (IWMI)1  

and (ii) global map of irrigated area (GMIA) by the Food and Agriculture Organization of the 

United Nations and the University of Frankfurt (FAO/UN)2,3. The IWMI GIAM4 effort was 

overwhelmingly remote sensing based and the FAO/UF GMIA5 effort was overwhelmingly 

based on national statistics combined with GIS techniques. There are, however, significant 

differences in the irrigated area statistics reported by IWMI GIAM, FAO\UF, and various 

national statistics.  

The need to understand the causes for differences has become critical in order to 

harmonize and synthesize the irrigated area mapping and reporting system for country like 

India using remote sensing data. This is especially important given the future of irrigated area 

reported is likely to be heavily dependant of remote sensing data and methods. To understand 

the causes of such differences, we took India as the case study due to the following reasons. 

First, India is one of the leading irrigated area countries of the world. Second, the GIAM 

project has completed mapping irrigated areas for India at 2 resolutions: 10 km1, and 500 m6. 

Third, extensive irrigated area statistics at national and sub-national level are available for 

India for comparative analysis with GIAM statistics. Irrigated agriculture is the chief 

contributor to the green revolution in India helping to feed a population of about 1.1 billion. 
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Spatial data on distribution of irrigated areas and their dynamics are a prerequisite for 

effective planning, management and monitoring at the national, regional and local levels for 

agricultural development. The need for the timely availability of irrigated area statistics at 

various administrative units of India cannot be overemphasized. India has about 27.5 per cent 

of the global annualized irrigated area, which is second only to China, which has 31.5 per 

cent1.  

In India, traditionally grassroot level revenue department officials (Village Patwari) 

reports irrigation statistics as a part of agricultural statistics that are, in turn, compiled at 

different levels like village, tehsil, district, state and national level. It is a rigorous process, 

time-consuming, inconsistent and resources-intensive. Also, it is difficult to visualize the 

spatial pattern of irrigated areas in the statistical data of any administrative unit. With increase 

in spatial, spectral and temporal resolutions of the satellite sensors, medium to high resolution 

satellite data provide valuable information on location, spatial distribution and extent of 

irrigated areas in the country for accurate mapping of irrigated areas and to analyze their 

spatio-temporal changes in the GIS environment.  

The irrigated area statistics reported by the India’s Directorate of Economics and 

Statistics (DES) fully accounts for the 162 major and 221 medium irrigation projects. 

However, the minor irrigation (groundwater, small reservoirs and tanks) is inadequately 

accounted in the DES statistics. There is widely held view that minor irrigation sources today 

irrigated more areas than that of major irrigation sources. For example, in the early 1960s, 

there were only about 100,000 bore wells in India and today the estimates are anywhere 

between 21 and 26 million7. An overwhelming proportion of these are used for irrigation and 

use up about 200 cubic kilometers of water per year. These facts make it imperative to 
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systematically account for minor irrigation statistics in addition to the major irrigation. India’s 

Ministry of Water Resources (MoWR) recently released minor irrigation statistics that 

systematically accounts for irrigation potential utilized (IPU) and irrigation potential created 

(IPC) from various minor irrigation sources along with major irrigation for the year 2001-

2002.  

Given the above background, the focus of this study was to compare the irrigated area 

statistics of India generated from the GIAM using remote sensing techniques at 10-km and 

500-m resolution with the census-based national irrigated area statistics of MoWR and DES. 

Specific focus will be paid to comparisons with MoWR statistics because they account for 

minor irrigation statistics to a significant degree. Comparisons were also made between the 

GIAM and FAO\UF statistics. 

 

2. Methods 

A comprehensive set of methods and techniques have been developed for mapping 

irrigated areas of the world in general1 and of India in particular6 using time-series remote 

sensing data at various scales.  

 
2.1 Definitions 

Two types of irrigated areas have been reported using the remote sensing-based GIAM 

work. One is total area available for irrigation (TAAI) as defined by GIAM remote sensing 

approach. TAAI is the area irrigated at any given point of time plus the area left fallow at the 

same point of time. TAAI does not consider intensity. The equivalent of this in the national 

statistics is the net irrigated area (NIA) reported by DES. The FAO/UF2 define this as the 

“area equipped for irrigation, but not necessarily irrigated”. Another one is annualized 
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irrigated areas (AIAs) as defined by GIAM remote sensing approach. AIA is the sum of the 

area irrigated during different seasons. The AIA sums up areas irrigated during season 1 

(kharif), season 2 (rabi), and continuously year-round. Thereby, the AIA considers intensity 

of irrigation. The equivalent in the national statistics is irrigation potential utilized (IPU) 

reported by MoWR (2005) or the gross irrigated area (GIA) reported by DES.  

In MoWR, major irrigation (major and medium surface water reservoirs) includes all 

areas irrigated from major irrigation (>10,000 hectare water spread area) and medium 

irrigation (>2,000 but <10,000 hectare) projects and almost exclusively from surface water 

reservoirs supplying water to irrigated croplands through network of canals by gravity flow. 

Minor irrigation (ground water, small reservoirs, tanks) as defined by in this paper. The 

irrigation by tube-wells, open wells, small reservoirs (<2000 ha water spread area), and tanks 

is referred to as minor irrigation.Irrigation potential utilized (IPU) as defined by MoWR is the 

gross area actually irrigated during reference year out of the gross proposed area to be 

irrigated by the scheme during the year8. This is equivalent of AIA in GIAM. Irrigation 

potential created (IPC) as defined by MoWR is the total gross area proposed to be irrigated 

under different crops during a year by a scheme. The area proposed to be irrigated under more 

than one crop during the same year is counted as many times as the number of crops grown 

and irrigated8. There is no equivalent of this in GIAM. But, GIAM AIA is equivalent to IPU, 

but many times captures IPC. For example, when land is prepared for proposed irrigated area 

in command areas, GIAM often maps this area as irrigated even when there in actually no 

crop.  Ultimate irrigation potential (UIP) as defined by MoWR is the gross irrigated area that 

theoretically could be irrigated if all available land and water resources would be used for 

irrigation8. 
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The net irrigated area (NIA) as defined by DES is the total area that is irrigated at least 

once per agricultural year. It does not include areas that were left fallow or that were entirely 

rainfed during the year of statistics8. The gross irrigated area (GIA) as defined by DES is the 

area irrigated under various crops during a year, counting the area irrigated under more than 

one crop during the same year as many times as the number of crops grown and irrigated8. 

 
2.2  Data used and scales (or resolutions) 

Maps and statistics were produced for India by the IWMI GIAM project at 10-km 

resolution and 500-m resolution using publicly available, high quality, time-series remote 

sensing data, secondary data, groundtruth data, and Google Earth data1. The GIAM work 

reports irrigated areas for India at two scales (or resolutions): One is GIAM India 10-km, 

which is primarily based on time-series AVHRR pathfinder data. Another one is GIAM India 

500-m, which is primarily based on MODIS 8-day 7-band reflectance data. 

The 10-km product used multiple satellite sensor data such as AVHRR 10-km for 

every month during 1997-1999, SPOT Vegetation 1-km for 1999, and JERS SAR 100-m data 

for the African and Amazonian rain forests. It also used a suite of secondary data such as 0.5 

degree monthly precipitation of the world for 40 years (1961-2000), GTOPO30 1-km DEM 

data, forest density map of the world from University of Maryland1. The product was referred 

to as 10-km due to the overwhelming use of AVHRR 10-km. The 500-m product was based 

on MODIS 500-m 7-band every 8-day reflectance data for 2001-2003, SRTM 90-m digital 

elevation data, and a suite of secondary datasets. The 30-m product was based on Landsat 

ETM+data for nominal year 2000, SRTM 90-m data, and MODIS time series for 2001-2003. 

In each product level, the multi-resolution, multi-source data are composed into a mega-file 

data-cube format that has hundreds or even thousands of data layers in a single file (Fig.1a). 
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This will mean that the primary satellite sensor and secondary data are fused and composed 

into a single resampled resolution of 10-km, 500-m and 30-m. The 10-km product was ideal 

for the national and state-level statistics while the 500-m product was good for national, state 

and district-level statistics. The 30 meter data will be used to generate statistics and maps at 

national, state, district and tehsil level. Detailed descriptions of these are provided for 10 km1,9 

and 10 , for 500 m6 and for 30-m11 work. 

 
2.3 Methods for mapping irrigated areas using remote sensing 

The GIAM work has developed innovative methods of mapping irrigated areas at 10-

km and 500 m1,6,9,10,12,13,14 and for 30-m11 work. An overview of the mapping methods are 

presented in the flow chart (Fig. 1a and 1b). The methods had the following distinct 

components: Image were established based on secondary data such as temperature, 

precipitation and elevation. Mega-file data cubes (MFDC) were composed involving 159 data 

layers, akin to hyperspectral data. Class spectra on irrigated areas were generated for each 

MFDC segments. Ideal spectral data bank on irrigated areas (ISDB IA) were generated using 

mega-files from the knowledge base from precise locations. Spectral matching techniques 

(SMTs) were followed to match class spectra with ideal spectra to group classes. In class 

identification and labeling process, extensive class identification process involved bispectral 

plots, space-time spiral curves, groundtruth data, and Google earth high resolution “zoom in 

views”. Mixed classes were resolved using decision tree algorithms and GIS spatial modeling. 
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Figure 1a. Methods for mapping irrigated areas (adopted from Thenkabail et al.1 ). 
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Figure 1b. Irrigated area class identification and labeling process (adopted from Thenkabail et 

al.1 ). 
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3. Results and Discussions 

3.1 TAAI (GIAM) and its comparison with NIA (DES) 

The total area available for irrigation (TAAI) for India at the end of the last 

millennium from GIAM 10-km was 101 Mha (Fig. 2) and from GIAM 500-m was 113 Mha 

(Fig. 3). The GIAM 10-km map of India (Fig. 2) was derived from the GIAM world map (Fig. 

4). Of the TAAI 101 Mha derived from GIAM 10-km, 41 per cent was from major irrigation 

(major and medium irrigation schemes) and 59 per cent was from minor irrigation 

(groundwater, small reservoirs, tanks) (Fig. 2). Of the 113 Mha derived from GIAM 500-m, 

38 per cent was from surface water and 62 per cent was from groundwater (Fig.3). India’s 

Directorate of Economics and Statistics (DES) estimated the net irrigated area (NIA), an 

equivalent of TAAI, as 57.2 Mha for the year 2001-2002. The Food and the Agriculture 

Organization of the United Nations and the University of Frankfurt (FAO/UF) reports “areas 

equipped for irrigation (AEI)”, also an equivalent of AIA, for India for the same period as 

57.2 Mha. The NIA is almost exclusively derived from 162 major and 221 medium surface 

water reservoirs as depicted in India’s Central Board of Irrigation and Power (CBIP)15 

irrigated area map for India for the year 1992 (Fig.5a or 5b). The CBIP map, primarily, 

represents all the major and medium irrigation command areas and misses out on massive 

areas outside these large and medium command areas. This is obvious when we compare 

figures 5a and 5b with figures 2 and 3. The total full pixel area (FPA) of CBIP map was 75 

Mha (Fig.5a). This in itself exceeds the DES reported statistics of 57.2 Mha. In the study, 8-

day time-series MODIS data for the year 2001-2003 was used to determine the exact irrigated 

areas within this CBIP area and found 48 per cent was surface water, 34 per cent groundwater 

and the rest 18 per cent other land-use/land-cover (LULC) (Fig.5b). This reduced the exact 
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FPA irrigated within the CBIP map to 61.5 Mha (75 Mha * 0.82 after deducting 18 per cent 

for other LULC areas; Fig.5b).  

In GIAM, we developed a methodology for deriving sub-pixel area (SPA), which is 

actual area irrigated, by multiplying the FPA with irrigated area fraction (IAF)12. The average 

IAF for GIAM 500-m was 0.686. Thereby, the areas irrigated within the CBIP map (Fig.5a 

and 5b) was 42 Mha (61.5 Mha * 0.68). This does not include most of the minor irrigation.  

 
3.2 GIAM AIA and its comparison with MoWR IPU 

The annualized irrigated areas (AIA) as per the GIAM 10 km were 132 Mha and 

GIAM 500-m was 146 Mha. In comparison, the gross irrigated area (GIA), equivalent of AIA, 

provided by the DES for AIA was reported as 76.3 Mha. Again, the differences between 

GIAM and the rest (DES, CBIP, and FAO/UF) are significant.  
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Figure 2. Irrigated areas of India based on International Water Management Institute’s Global Irrigated Areas 

Map at 10-km resolution (IWMI GIAM 10-km).  
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Figure 3. Irrigated areas of India based on International Water Management Institute’s Global Irrigated Areas Map at 500m 

resolution (IWMI GIAM 500-m). 
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Figure 4. IWMI’s Global Irrigated Area Map (GIAM) at 10-km. 
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Figure 5a. Irrigated areas of India for 1994 as mapped by India’s Central Board of Irrigation and Power (CBIP, 1994). 
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Figure 5b. Actual irrigated areas of India within India’s Central Board of Irrigation and Power (CBIP, 1994) map.
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The Ministry of Water Resources (MoWR) of India, recently released minor irrigation 

statistics for India8,16. As per these statistics the irrigation potential utilized (IPU) and 

irrigation potential created (IPC) from the major and the minor irrigation as on 2001-2002 

were 84 Mha and 105 Mha, respectively (Fig.6). Of the 84 Mha IPU, minor irrigation was 53 

Mha (44 Mha ground water and tanks, 9 Mha small reservoirs) and major 31 Mha (MoWR, 

2005). Of the 105 Mha IPC, minor irrigation was 68 Mha (54 Mha ground water and tanks, 14 

Mha small reservoirs) and major 37 Mha8. In contrast, GIAM 10-km shows AIA to be 132 

Mha of which minor irrigation was 78 Mha and major 54 Mha (Fig.6). In contrast, GIAM 

500-m shows AIA to be 146 Mha of which minor irrigation was 91 Mha and major 55 Mha 

(Fig.7). These results indicate that the areas irrigated are nearer to the ultimate irrigation 

potential estimated at 140 Mha of which only 59 Mha are through major and medium 

irrigation and 81 Mha from minor irrigation (64 Mha from groundwater and 17 Mha from 

surface water)8.   
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Figure 6. GIAM 10-km annualized irrigated areas (AIA) for India versus India’s Ministry of 
Water Resources (MoWR) derived irrigation potential utilized (IPU) and irrigation potential 
created (IPC).  

 

Figure 7. GIAM 500-m annualized irrigated areas (AIA) for India versus India’s Ministry of 
Water Resources (MoWR) derived irrigation potential utilized (IPU) and irrigation potential 
created (IPC).  



 21 

Figure 8. Source of water irrigating. Sources of water used for irrigation in India from 1950-

51 to 2001-02. 

3.3 Comparison of state-wise GIAM irrigated areas with the MoWR and DES census  

State-wise irrigated areas of India have been compared between the remote sensing 

derived GIAM statistics and India’s MoWR census statistics. The AIA of GIAM equivalent is 

IPU of MoWR. The AIA when compared with its equivalent IPU provided an R2 values of 

0.79 (Fig.8a) for GIAM 10-km and 0.86 for GIAM 500-m (Fig.9a). It is likely AIA is 

mapping some of the areas under IPC. So, the AIA was compared with IPC, which provided 

an R2 values of 0.85 (Fig.8b) for GIAM 10-km and 0.90 for GIAM 500-m (Fig.9b). States 

such as Uttar Pradesh (Fig.9a through 10b) where there is flat stretch of contiguous irrigated 

areas over large tracks of areas have excellent match between remotely sensed derived areas 

and census based areas. In states like Madhya Pradesh, Andhra Pradesh, and Maharastra (Fig. 

9a through 10b) there is high degree of fragmented minor irrigation from ground water, small 
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reservoirs, and tanks making leading to greater uncertainties in area estimations between two 

approaches. 

 

Figure 9a. Irrigated areas of the Indian states: GIAM 10-km annualized irrigated areas (AIA) 

versus irrigation potential utilized (IPU) from India’s Ministry of Water Resources (MoWR).  
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Figure 9b. Irrigated areas of the Indian states: GIAM 10-km annualized irrigated areas (AIA) 

versus irrigation potential created (IPC) from India’s Ministry of Water Resources (MoWR).  

 

Figure 10a. Irrigated areas of the Indian states: GIAM 500-m annualized irrigated areas (AIA) 

versus irrigation potential utilized (IPU) from India’s  Ministry of Water Resources (MoWR).  
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Fig

ure 10b. Irrigated areas of the Indian states: GIAM 500-m annualized irrigated areas (AIA) 

versus irrigation potential created (IPC) from India’s Ministry of Water Resources (MoWR). 

 

The DES reports net irrigated area (NIA), an equivalent of TAAI, as 57 Mha and gross 

irrigated areas (GIA), an equivalent of AIA and IPU, as 76 Mha. The DES statistics are lower 

because they do not adequately account for the minor irrigation statistics. The district-wise 

irrigated area statistics for DES were available for 291 districts. We used the GIA from DES 

for the 291 districts and compared them with GIAM AIA. The results showed that in 42 per 

cent of the districts the there was near perfect match of areas (Fig.11a). These are districts 

with little or low levels of minor irrigation and are dominated by major irrigation. Once the 

minor irrigation becomes significant, the differences become higher. Investigating the rest of 

the districts, we were able to group them into two categories: (a) 19 per cent of the districts, 



 25 

where GIAM was twice that of DES (Fig.11b), and (b) 29 per cent of the districts, where 

GIAM was thrice that of DES. These are the districts where minor irrigation is highly 

significant. 

 

Figure 11a. Districtwise irrigated area statistics compared between GIAM AIA versus DES 

GIA. In these districts there was a good match between AIA and GIA. 
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 Figure 

11b. Districtwise irrigated area statistics compared between GIAM AIA versus DES GIA. In 

these districts AIA were nearly twice that of GIA. 

 

  

Figure 11c. Districtwise irrigated area statistics compared between GIAM AIA versus DES 

GIA. In these districts AIA were nearly thrice that of GIA. 
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3.4 Causes of differences in irrigated areas between GIAM and Indian national statistics 

The significant differences were mainly as a result of inadequate accounting of minor 

irrigation in the national statistics. For example, recent data indicates that the number of tube 

wells in India has gone up from about 100,000 in the early 1960s to anywhere between 19 to 

26 million by early 20007. This has resulted in area irrigated by tube wells alone to be about 

42 per cent of all irrigated areas in India (Fig.8). An overwhelming proportion of the tube-

wells are used for irrigation. Yet, the area irrigated by them is quite often not accounted in 

statistics as these are privately owned. The irrigated areas in India had reached 100 Mha by 

the year 200017. Indeed, the overwhelming evidence show massive overexploitation of 

groundwater in most of India and in majority of areas potential is already exploited7,18,19. 

Further, the massive exploitation of surface water from small reservoirs and thousands of 

tanks is a missing link. The other causes of differences between the GIAM versus the national 

statistics include: (a) uncertainties in estimation of irrigated area fraction (IAFs), (b) 

inconsistencies in how the national census data of irrigated areas are compiled, (c) definitions 

issues involving how “supplemental irrigation”, for example, is mapped, and (e) resolution (or 

scale) issues. 
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Figure 12. Scale (or Resolution) and Areas. The areas for the Krishna river basin at different 

resolutions established the hypotheses that finer the resolution greater is the area. 

 

We illustrate two causes of uncertainties. First, when areas are mapped using different 

resolution of the imagery area change11 (Fig.12). The study, show that lesser the spatial 

resolution (scale) of the imagery, greater is the area15. This is because in finer spatial 

resolution the fragmented minor irrigation are picked better than the coarser resolution 

imagery. Greater certainties in areas using coarser resolution imagery is possible with greater 

certainty in irrigated area fraction (IAF) estimations12. But this is not always easy to achieve 

requiring substantial investment of resources for field campaigns. Second, we illustrate the 

uncertainties as a result of definition issues. One example is how we define “supplemental 

irrigation”. If the definitions vary, areas vary. In our study we define the “supplemental areas” 
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as those where significant irrigation is required to sustain a crop. In many conventional 

definitions, these areas are mapped as rainfed. These studies account irrigated areas as only 

those areas, which are completely dependant on irrigation (or where rainfall is insignificant). 

In our study, if the irrigation contributes to more than 50 per cent of crop water requirements 

in the season, it is taken as “supplemental irrigated areas”. Thereby, one of the main reason 

for the massive increase in irrigated areas in India seen in GIAM is as a result of the 

conversation a large proportion of previously used rainfed areas into irrigation through 

informal sources. Specially, the 19 to 26 million tube wells contribute to this7. Also hidden 

are the large proportion of small reservoirs. For example, the Krishna river basin alone has 

6,100 small tanks and small reservoirs that have same water spread area as the 24 major and 

medium irrigation systems in the basin (Fig.13). As a result, the total cropland areas in India 

was estimated as 150 Mha (46 per cent of geographic area; Fig.14) in this study, which 

matches well with generally quoted figures of 43 per cent for India in traditional statistics20) 

So the total cropland areas for India remain nearly the same between GIAM and traditional 

estimates. However, GIAM estimates for irrigated areas are significantly higher.  

The GIAM estimates about 67 per cent of India’s cropland as irrigated and the rest 33 

per cent rainfed. Accounting of minor irrigation and definition of “supplemental irrigation” 

are the two main causes for higher estimates in GIAM. As is clear from our detailed study in 

the Krishna basin (Fig.12) the minor irrigation is accounted far better in GIAM. Further, it is 

important to account areas with significant “supplemental irrigation” under irrigated areas 

rather than under rainfed. Given these facts, the GIAM estimates need serious consideration. 

We would, however, recommend a more detailed study using 30m data in fusion with time-

series MODIS 250/500m data along with better understood definitions and reducing 
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uncertainties in irrigated area fraction estimates to advance irrigated area mapping and water 

use estimates in the country. 

Figure 13. Irrigation from 6,100 small reservoirs and tanks that irrigated about 52 percent of 

the irrigated areas in the basin. In comparison the 24 major and medium irrigation schemes 

irrigate 48 percent of the irrigated areas in the basin. 
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Figure 14. The irrigated plus rain-fed cropland areas of India along with other land-use/land-

cover (LULC) classes from the GIAM 10 km. Of the 330 Mha of geographic area, 101 Mha 

are irrigated, 49 Mha rain-fed and the rest other LULC. 

4. Conclusions  

The significant achievements of the study were as follows. Firstly, the paper 

demonstrated the ability to map irrigated areas using time-series multi resolution satellite 

sensor data based on detailed methods developed for the global irrigated area mapping 

(GIAM) project of the International Water management Institute (IWMI). Secondly, the 

satellite sensor derived irrigated areas of India were compared with the irrigated areas 

reported by traditional reporting systems from the India’s Ministry of Water Resources 

(MoWR) and Directorate of Economics and Statistics (DES). A state-wise comparison 
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between satellite derived annualized irrigated areas (AIA) when compared with its equivalent 

the irrigation potential utilized (IPU) in MoWR provided an R2 value of: (a) 0.79 with GIAM 

10-km, and (b) 0.86 with GIAM 500-m. However, the GIAM satellite sensor derived areas 

were, in most cases, significantly higher than MoWR and DES derived areas.  

The GIAM work reports irrigated areas by: (a) considering intensity, and (b) without 

considering intensity, for the end of the last millennium. The total area available for irrigation 

(TAAI), does not consider intensity of irrigation and was defined as irrigated areas at any 

given point of time plus the areas left fallow but equipped for irrigation at the same point of 

time. The annualized irrigated areas (AIAs) considers intensity of irrigation and was defined 

as the sum of irrigated areas in the two seasons (kharif: June-October; rabi: November-

February) plus continuous year-round or perennial irrigated crops. The equivalent of TAAI in 

the Indian National Statistics was the net irrigated area (NIA) from DES. The equivalent of 

AIA in the Indian National Statistics was the gross irrigated area (GIA) from DES or 

irrigation potential utilized (IPU) from MoWR. The TAAI is also equivalent to “equipped 

areas for irrigation” in FAO’s Aquastat.  

Overall, the GIAM irrigated areas for nominal year 2000 for India showed that the 

TAAI with GIAM 10-km was 101 Mha and from GIAM 500-m was 113 Mha. Of the 101 

Mha from GIAM 10-km, 41 per cent was from major and medium command area irrigation 

and the rest 59 per cent from minor irrigation sources such as ground water, small reservoirs, 

and tanks. The distribution for GIAM 500-m was about the same with 38 per cent for major 

and medium and 62 per cent for minor irrigation. The AIAs with GIAM 10-km was 132 Mha 

and from GIAM 500-m was 146 Mha. The proportion of distribution of AIAs for major 



 33 

versus minor were assumed to be same as mentioned above for TAAI. In actual, it will vary 

but such variation is statistically insignificant. 

In contrast, for about the same year (2000), the MoWR estimate showed Irrigation 

potential utilized (IPU) as 84 Mha of which 31 Mha was from the major and medium 

irrigation and 53 Mha was from minor irrigation. The IPU is an equivalent of GIAM AIA. 

The Irrigation potential created (IPC) as per MoWR was 105 Mha of which 37 Mha was from 

major and medium irrigation and 68 Mha from minor irrigation. The IPU of MoWR is an 

equivalent of AIA of GIAM but not IPC. However, remote sensing based AIA often maps 

significant proportions of IPC. This is because the land prepared for irrigation, but not 

necessarily irrigated, is sometimes mapped as irrigated. The MoWR reports the Ultimate 

irrigation potential (UIP) as 140 Mha of which 59 Mha was from major and medium irrigation 

and 81 Mha was from minor irrigation. IPU is  an equivalent of GIAM AIA. 

The estimates by the DES were even lower. The DES estimated net irrigated area 

(NIA) as meager 57 Mha and gross irrigated area (GIA) as meager 76 Mha. The causes for the 

same are listed in a paragraph below. The equivalent of NIA is TAAI and that of GIA is AIA. 

The estimates from the United Nations Food and Agricultural Organization and University of 

Frankfurt (FAO\UF) were about the same as DES since they used DES statistics for their GIS 

maps. 

The study showed a district-wise comparison of statistics between GIAM AIA and 

DES GIA and demonstrated that when the irrigated area statistics in districts where minor 

irrigation was not significant, the statistics between the two approaches compared well. 

However, in districts where minor irrigation became significant the AIA estimates were 

better. 
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The four main causes of differences between the satellites derived versus the 

traditional irrigated area statistics were identified. These were: (a) inadequate accounting of 

minor irrigation (ground water, small reservoirs, tanks) in traditional statistics, (b) definition 

issues involving, for example, how supplemental irrigation are derived, (c) irrigated area 

fraction (IAF) uncertainties, and (d) resolution (or scale) issues. For example, in the study we 

established that finer the spatial resolution greater was the irrigated area with: (a) 10-km 

spatial resolution data mapping 85 per cent of irrigated area mapped at 30m, and (b) 500-m 

spatial resolution data mapping 91 per cent of irrigated area mapped at 30m. The study 

highlights the strength and need for generating spatio-temporal irrigated area maps and 

statistics using time-series satellite sensor data. 
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