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ABSTRACT 
 
Asia holds 70% of global irrigated areas and accounts for 62% of world food demand. 
Existing datasets for irrigated areas, collected by national and international agencies 
often vary from each other. In this study, a detailed comparison is made within 
national and global statistics including global irrigated area maps (up to 
250m).Variations in data was scaled using statistical tools for national datasets and 
satellite based estimates. Results of the study show that there is a high variation 
between satellite based estimates and national statistics for several countries, e.g. 
India (129%), China (119%), Nepal (103%), Thailand (124%), Indonesia (64%), 
Vietnam (86%) and Japan (88%). Analysis of the reporting mechanisms of countries 
under study show that they mostly rely on traditional statistical methods to collect 
data, e.g. sample or complete surveys based on interviewing farmers, with limited 
field verification. We used a scoring system to quantitatively scale the reliability of the 
processes in order to investigate the inconsistency in reported numbers. Moreover, 
spatial dispersion analysis showed the difference of area estimates for small and 
large irrigation schemes as 27% and 144% higher than the national statistics 
respectively for Asia as a whole. The implications of uncertainty came up with some 
critical questions, i.e. how much is the actual annual land productivity? What is the 
actually utilized irrigation potential and how far is that from national target? 
Consequently this study puts forward some critical recommendations to improve the 
existing reporting systems for irrigated areas information and to look for linking 
satellite data with the ground truth. 
 
Keywords: Food Security, Data Uncertainty, Agricultural Census, Irrigation Census, 
FAO Statistics, Remote Sensing, Irrigation Potential, Land Productivity. 

 
1. INTRODUCTION 
 
Asia supports more than 4.42 billion people, which may reach 5.2 billion by 2050, 
causing a 70% rise in food demands (FAO, 2014; ADB, 2014). Close to 70% of the 
world’s irrigated areas are in Asia; ensuring food security for billions of people despite 
their low performance (Mukherji, et al, 2009). The food security of the region could be 
threatened due to stagnating food productivity, climate change, population rise, 
limited water resources and land degradation (Byerlee, 2006). Water demand in 
South, East and Central Asia would reach 6387 km3 by 2050 which is almost twice 
the current water use (Molden, et al 2007). Though Asia’s regional food security is 
closely linked to irrigated agriculture, economies are shifting towards industrial and 
services sector (Barker & Molle, 2004). Irrigated agriculture is also struggling with 
other water users, while facing more pressure for increasing yield and water 
productivity.  
 
Vis-a-vis these challenges, reliable information of irrigated areas is very important for 
researchers and policy makers. Asian countries have been collecting such 
information mostly using traditional statistical methods (Surveys and Census; FAO, 
2016). Remotely sensed irrigated area maps have been compared with the national 
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data archives, showing large variations between them and with FAO records 
(Droogers, 2002). It is assumed that FAO data have limitations due to political 
interference (Bastiaanssen, 1998). 
 
Remote sensing (RS) is reliable to get timely information of croplands especially for 
irrigated agriculture (Teluguntla & Thenkabail, 2015). Irrigated areas around the 
globe, calculated by IWMI using RS (100km resolution) were 40% higher in 
comparison with FAO database. In addition, 65% higher estimates were present in 
national datasets of India and China which are world’s first two largest irrigated area 
holders (Wisser, et al, 2008). Dissimilarities were also found in different remote 
sensing based products for irrigated areas, mostly because of variation in imagery 
resolution and definition of irrigation (Thenkabail, et al, 2004).  
 
Small scale irrigation is also responsible for the large differences in national statistics 
and RS estimates of irrigated areas (Gangalakunta, et al. 2009). Maps provided by 
state irrigation agencies often do not show the small scale irrigation and focus on 
large irrigation schemes (Thenkabail, et al. 2009). Farmer managed irrigation 
systems may also come under informal irrigation, which is not included in national 
statistics. 
 
Validity of irrigated areas data is not checked in India and sometimes kept ambiguous 
by the state in order to claim a higher share of the national water reesource. This 
ultimately results in discrepancies between data even among different departments 
(Thenkabail, et al, 2009). Irrigated areas data collected during agricultural census 
was based on personal interviews of rural households with 5% sampling re-checks 
ratio. (FAO, 2008). In Thailand, data collection is mostly through surveys and farmers’ 
interview and not considered much reliable (JICA, 2007).  
 
This uncertainty also has implications on decision making process. Precision of any 
analysis regarding agricultural water use is based on irrigated area data, but results 
would be doubtful as there is disagreement with real numbers (Kendy, et al, 2003).  
 
Bastiaanssen et al (2000) emphasized on the importance of consistent details of 
water use in agriculture sector. Data incongruities would ultimately result in weak 
policies as Droogers et al (2009) had highlighted. Water scarcity is a growing threat 
for food security. Reliable knowledge of irrigated agriculture would prove most 
effective tool to tackle farming predicaments. 
 
In this study we used statistical and RS-based data to estimate the overall coefficient 
of variation in datasets of irrigated areas in Asian countries. Methods for reporting of 
irrigated area have been analysed to scale and quantify the reliability of processes. It 
was assumed that informal and small scale irrigation might cause uncertainty in 
statistics so on the basis of this argument, a spatial dispersion analysis was 
conducted using IWMI’s 250m global irrigated areas map. In addition, implications of 
discrepancy in data have also been discussed in relation with land productivity and 
irrigation potential. 
 

2. DATA & METHODOLOGY 
 
Ten Asian countries (Table 1) were selected on the basis of their irrigated area extent 
and secondary data sources were referred to find information on irrigated areas.  
 
A comprehensive database was developed in order to collect information of irrigated 
areas at national and global level. Two types of information was gathered during this 
process namely, statistical data for the extent of irrigated land and the data collection 
methods in the countries. Following are different sources which were explored during 
database development phase. 
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Table 1. Top 10 Asian countries selected for analysis on the basis of irrigated area 

 

No. Country AEI (Mha) No. Country AEI (Mha) 

1 India 66.3 6 Thailand 6.4 

2 China 62.9 7 Bangladesh 5.0 

3 Pakistan 19.9 8 Viet Nam 4.5 

4 Iran  8.7 9 Japan 2.5 

5 Indonesia 6.7 10 Nepal 1.3 

 
In the second phase, irrigated areas’ reporting methods were studied for countries 
and global scale, e.g. FAOSTAT, AQUASTAT and GMIA. This was divided into 
qualitative and quantitative parts. During qualitative analysis, reporting methods were 
studied for the weaknesses and strengths of data collection procedures as different 
countries were found using diverse mechanisms to collect the data of irrigated areas 
from field. Each method utilized by a country was studied for its process from data 
collection, verification, processing till dissemination. Irrigation officials from these 
countries were tried to be contacted via a questionnaire.  
 
For quantitative analysis, a scoring method was deviced to scale the overall reliability 
of a reporting method to compare the approaches of data collection in different 
countries. Each process was split up in phases and each phase was studied for its 
main and sub-parameters. Later each sub-parameter was assigned with a specific 
score range as understood during qualitative analysis phase for its impact on the 
reliability of reporting method and ultimately on statistics. Table 3 shows the score 
ranges as the score within one parameter might vary depending on the fairness in 
implementation, human errors and negligence during the process. 
 

Table 2.  National and global data sources referred during study 
 

No.  National data sources No. Global data sources 

1 Statistical Year Books 1 FAO datasets 

2 National Survey Reports 2 AQUSTAT datasets 

3 Agricultural Census Reports 3 World Bank datasets 

4 Irrigation Census Surveys 4 Map-SPAM datasets 

5 National Land Use Surveys 5 Global Maps of Irrig. Areas (GMIA-FAO) 

6 Irrigation Department Records 6 Global Irrigated Areas Map (IWMI) 

7 Agriculture Department Record 7 Land Use Land Cover Maps 1992 (USGS) 

8 Agricultural Survey Reports 8 GLC-2000 (JRC-EU) 

9 National Living Standard Rural Surveys 9 GlobCover 2009 Maps (ESA) 

10 
Regional Cooperation Organizations’ 
Database 

    

 

RS raster datasets of resolutions from 10km to 250m are included in global data 
category (No. 6 to 9) but their methodology has not been studied in detail. They were 
used to compare with statistical data. Statistical analysis was done for each country 
to find the coefficient of variation.  

  
(1)σ/μCν 

 

Where Cv is coefficient of variation, σ is standard deviation and µ is mean of the data.  
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Table 3.  Reliability impact score/range for sub-parameters of irrigated areas 
reporting mechanisms 

 

Phase Main Parameter Sub-Parameter Impact Score Range  
P

ro
c

e
s

s
 D

e
s
ig

n
 

Enumeration Strategy 
and Type of Coverage 

Complete Enumeration 6 - 7 

Sample Enumeration 4 - 5 

Priority to Irrigation Data 
Secondary 3 - 6 

Primary  6.1 - 10 

D
a
ta

 C
o

ll
e

c
ti

o
n

 

 Implicit Data Source 

Interviews 2.1 - 3 

Administrative Records 8.1 - 9 

Farm Records / WUA Reporting 7 - 8 

Subjective Estimate 1 - 2 

Explicit Data Source 
Farms/Irrigated Land Survey 5 - 7 

Cadastral Maps/Aerial Survey 5 - 8 

Enumeration/Post 
Enumeration Checks 

Physical Verification (Total Area) 9.1 - 10 

Physical Verification (Sample Area) 3 - 5 

Re-Checks (Re-Interview) 5.1 - 6 

D
D

a
ta

 P
ro

c
e

s
s

in
g

 

Dissemination Type ion 
Type 

Means of Irrigation 7.1 - 9 

Type of Management  5 – 7 

Rationale of Payment 3 - 6 

Irrigated Area Map 7.1 - 9 

Area wise (Farm size) land holding 3 - 6 

 
Looking into possible causes of uncertainty, small scale irrigation was investigated by 
country-wise dispersion analysis using IWMI global irrigated area maps (GIAM250m). 
Pixels of 250m2 were reclassified and then aggregated in 10km2 grid in order to get a 
generalized estimate for the dispersion of scattered irrigated areas. These grids were 
then estimated for the percentage of irrigated area present in it and finally summed 
up collectively in 3 categories, namely from 0.1 to 30%, 30.1 to 60% and 60.1 to 
100%. Distribution of small, medium and large scale irrigated areas was recorded for 
each country. Figure 1 shows the presence of irrigated area pixels in respected grids. 
 

Sum of Areas (Category wise) Type of Schemes 

a. Grids Containing 0.1 to 30% irrigated areas  Small Scale Irrigation 

b. Grids Containing 30.1 to 60% irrigated areas  Medium Scale Irrigated Areas 

c. Grids Containing 60.1 to 100% irrigated areas 
Largely Managed Irrigated Areas 

(Large Public Schemes or Farmer Managed) 

 

 
 

Figure 1.  Categories of dispersion analysis (clusters of 250m x 250m pixels) 
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In the last phase of the study, implications were discussed based on annual land 
productivity (ALP) and irrigation potential. Two different datasets of irrigated areas, 
national statistics and IWMI irrigated areas’ maps were compared annual irrigated 
grain production and total and utilized irrigation potential (IPU) based on national 
statistics. MapSPAM modelled estimates have been used to find the production 
values of irrigated grain.  
 
Equation 2 and 3 were used for this analysis. 
 

ALP =  
(𝑇𝑜𝑡𝑎𝑙𝐺𝑟𝑎𝑖𝑛𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛)𝑥𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑠ℎ𝑎𝑟𝑒𝑜𝑓𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑒𝑑𝐺𝑟𝑎𝑖𝑛

𝑅𝑒𝑝𝑜𝑟𝑡𝑒𝑑/𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑒𝑑𝐴𝑟𝑒𝑎
  (2) 

 

IPU% =  
𝑅𝑒𝑝𝑜𝑟𝑡𝑒𝑑/𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑒𝑑 𝐴𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 
x 100    (3)

  
3. RESULTS AND DISCUSSIONS 
 
3.1 Variation Analysis 
 
Information for the same statistical indicator, collected by different sources, could 
have some variation due to various reasons.. Coefficient of variation (%) results have 
been discussed in two different ways; conventionally collected datasets including 
national and FAO datasets and for all datasets including RS estimates. Figure 2 
shows the CV for each country within its statistical datasets including FAO’s as well. 
 

 
 

Figure 2.  Coefficient of variation CV (%) within different statistical dataset 
 
In Figure 2, the CV has been calculated by comparing data available in national data 
archives and those in FAO, including FAOSTAT, AQUASTAT and Global Maps of 
Irrigated Areas (GMIA).  
 
The analysed data have been collected through censuses, surveys, interviews, 
administrative records and questionnaires. CV for different countries ranges between 
5 to 27%; China and India have the smallest CV, (5.5%) in comparison with Japan, 
Vietnam and Nepal, as they have high variation in their national and FAO statistics, 
(25% in average). On the other hand, Pakistan, Iran, Thailand, Bangladesh and 
Indonesia have CV of 14 to 19% (medium level). 
 
Figure 3 shows the CV (%) for all datasets including RS estimates. CV values are 
relatively high in comparison with preceding analysis, almost an average of 60%. 
High variation can be seen for China, India, Iran and Thailand with CV between 70 to 
90%, as their remote sensing estimates were 115% greater than national estimates 
on average. Whereas, Pakistan, Bangladesh, Indonesia, Vietnam, Japan and Nepal 
has a CV between a range of 27 to 60%. 
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Figure 3.  CV (%) within all datasets (including RS based estimates) 
 
3.2 Active Methods for Irrigated Areas Reporting 
 
An average CV above 50% led to an increased interest in country-wise analysis of 
reporting methods. Mostly this data is collected along with other agricultural statistics 
and is based on direct interviews conducted by enumerators. Country-wise details are 
described in Table 4. 
 
3.3 Mechanism of FAO, AQUASTAT and GMIA Statistics 
 
FAOSTAT collects information of irrigated area using Land and Irrigation 
Questionnaire (FAO Code 6690, 6616). Other data sources, e.g. relevant ministries’ 
websites, research reports and international organizations’ reports are also referred. 
 
AQUASTAT rely on agricultural information, collected at national and sub-national 
level by agricultural or statistical agency. Irrigation command area plans, water 
resources reports, yearbooks, statistical reports and FAO reports are also referred to 
retrieve information. International research organizations’ surveys and reports are 
also referred. Moreover, some information which is unavailable or difficult to gather 
from country sources, is produced by modelling, estimates and aggregates. 
 
GMIA datasets translates the national statistics on a spatial scale with a grid/pixel 
size of 10 km x 10 km. Two parallel approaches were used while developing these 
maps. Statistical data including national records and FAO datasets, while available 
command area maps were digitized according to geographic coordinates (Siebert, et 
al, 2005). It is important to mention that during the process, preference was given to 
national statistics instead of spatial estimates. 
 
3.4 Scoring System Approach for the Reporting Methods 
 
A parallel approach has been introduced for quantifying the strength and weaknesses 
of the reporting methods. This is based on a scoring system which has been 
developed to compare the reliability of different techniques and procedures of data 
collection for irrigated areas discussed in Table 4. It may be noted that while 
discussing active reporting methods for Asia, each cpuntry was compared on a 
relatively equivalent scale. After generalizing the parameters and sub-parameters 
(Table 3), they were then ranked and quantified for their reliability. 
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Table 4. Country wise reporting mechanisms for irrigated areas data 

 
 
  

Country Agency Tools/Means of data collection References 

China 

Ministry of Water 
Resources 

 

Production units & village 

administration Reports,. Involvement 
of project managers and water 
control authorities. Random visits of 
irrigation officials. 

Nickum, J.E (1995) 
(2003). Personal 
Communication 
(PC) 2015  

State Statistical 
Bureau 

Self-reporting of production units, 

Complete enumeration during 

Agricultural Census (based on in 
person interviews) 

India 

Agricultural Ministry 

Data from Land record (collected by 

village clerks on regular basis). 
States with no land record (10-15% 
area) are covered by annual surveys. 

Agric. census also uses the same 
data. 

MSPI 
(2001),(2015) 
MAFW (2012), 
MoWR (2007) 

Ministry of Water 
Resources 

Minor irrigation census uses same 

land record to get data of irrigated 
areas with detailed information of 
minor irrigation including tube-wells, 
ponds and tanks. 

Pakistan 

Irrigation department 
Data collection through farm visits 
during all cropping seasons. 

PBS (2010), 
(2012). (PC) 2015 

Agric. Department 

Revenue dept’s village clerks’ 

registers. Agric. census is also done 

by sample surveys (32% country 
coverage) & interviews 

Iran 

Ministry of 
Agriculture 

Annual surveys and estimates. In 

direct self-reporting from farmers to 
get subsidies on fertilizers and crop 
insurance.  SCI (2003),  MOA 

(2014), (PC) 2015 

National Statistical 
Agency 

Agricultural census is conducted 

using complete enumeration 
approach.  

Thailand 

Ministry of Agric. & 
Cooperatives 

Office of agricultural economics 

collects the data of irrigated areas by 
surveys and interviewing farmers. 

APCAS- country 
report, (2008) 

Royal Irrig. Deptt. 
Data is collected from WUAs (Water 
user associations) 

National Statistical 
Office 

Intercensal agricultural surveys are 

conducted by interviewing farmers 
(1% sampling coverage) 

Vietnam 
Ministry of Agric. & 
Rural Development 

Part time enumerators and extension 

workers colelcts the data from from 
villages and communes. 

APCAS (2012), 
GSO (2006) 

 
General Statistics 
Office 

Sample surveys during agriclutltural 

census with a sampling ratio of 0.5% 
with few post-enumeration checks.  
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Translating the qualitative analysis into a quantitative approach, these data sources 
were ranked and scaled as per the reporting mechanism working contextually. Scores 
were standardized for each country (Table 3) on average basis and results are shown 
Table 5. 
 
India and Bangladesh have relatively high scores, which reflects the impact of 
primary priority to data collection in their minor irrigation surveys. Whereas, aerial 
imagery based land survey in China and land/water revenue system in Pakistan also 
performed well. On the other hand, Pakistan scored between 20 to 30 in average 
score range but coefficient of variation is higher for Pakistan (18%). Though other 
than irrigation census, in India and Pakistan almost same land record/revenue system 
is mostly used which was developed during colonial era. Additionally, Nepal’s 
average score is in between18 to 26, but a high variation is noticed (24.4%) in 
national datasets. It is also worth mentioning here that though Nepal’s irrigation 
department records have been allotted with primary priority of data collection, but the 
inclusion of subjective estimates (SM) for approximating the extent of farmer 
managed irrigation systems affected the overall average of this data source. 
 
Indonesia, Japan, Vietnam scored between ranges of 17 to 26, reflecting weaknesses 
in the reporting system in comparison with earlier discussed countries. Also, there 
was no sub-parameter of re-checks (RE) and primary importance given to data is also 
doubtful.  

Country Agency Tools/Means of data collection References 

Bangladesh 

National Statistical 
Agency 

Agric. wing gets data by  interviewing 

farmers & enumeration of sample 
farms. Agric. census is 10 yearly with 

complete enumeration (interviews 
and post-enumeration checks). 

BBS (2015) 
(2008). BADC 
(2015), (PC) 2015 

Bangladesh Water 
Development Board 

Self-reporting through WUAs (Water 
user associations) 

Bangladesh Agric.  
Dev. Cooperation 

Survey of tube-well, canal and 

traditionally irrigated areas, number 
of pumps, power source and type of 
pumping unit.  

Indonesia 

Ministry of 
Agriculture 

Decentralized administrative reports 

from local government, based on 
farmers’ self-reporting mechanism. 

MoA (2015), BPS 
(2013), (PC) 2015 

Statistical Agency 

Land use survey is done to collect 

information from wetlands on 
irrigated areas by using complete 
enumeration approach. 

Nepal 

Ministry of Agric, & 
and Cooperatives 

Agricultural extension officials collect 
the data by interviewing farmers.  

CBS (2007) 
(2013), (PC) 2015 

Central Bureau of 
Statistics  

Agricultural census is conducted 

once in 10 years. Sample 

enumeration approach is used to 
collect data. (3.4% sampling) 

Department of 
Irrigation 

WUA reports the irrigated area from 

public irrigation schemes and 
(registered) farmer managed 
irrigation schemes 

Japan 
Ministry of Agric., 
Forestry & Fisheries 

District agriculture offices rely on 

senior enumerators to gather data 
from log books of sampled farms. 

MAFF (2015) 
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Table 5. Country wise reliability scores of irrigated areas reporting methods 
 

Country Score Range Country Score Range 

China 22.4 - 30.3 Bangladesh 22.8 - 32.1 

India 25.0 - 33.8 Indonesia 17.3 - 23.2 

Pakistan 21.5 - 30.0 Vietnam 17.9 - 24.8 

Iran 11.6 - 17.0 Japan 19.0 - 26.0 

Thailand 13.9 - 17.8 Nepal 17.5 - 25.9 

(Note: Scores are based on the assumption of fair implementation of reporting process.)  

   

Iran and Thailand have scored between 11 and 17 with Cv of 14.4 and 17.4%, 
respectively. This translates the overall low reliability of those datasets which are 
depending upon interviews with no physical verification or post enumeration checks, 
while on other hand in Iran no method was found collecting irrigated areas 
information on primary basis. 
 
3.5 Dispersion Analysis for Small Scale/Scattered Irrigation 
 
Keeping in view the flaws and loop holes of existing reporting system, it was assumed 
that small scale/scattered irrigation might get neglected by the enumerators as they 
mostly focus on large or medium sized public irrigation schemes. Therefore, a 
country-wise dispersion analysis was done using IWMI’s raster map (250m) which 
was aggregated using a 10km grid. Results of the analysis has been discussed in 
comparison with FAO-GMIA data. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.   Spatial dispersion analysis (high difference in large scale irrigation 

schemes) 
 
In India small irrigation schemes (10 Mha) which are scattered over 99.8 Mha were 
46% smaller than the area calculated from GMIA (16.4 Mha; Vide Fig. 6)). While 
medium scale irrigated areas which consist of 40 to 60% of total grid area were 
calculated as 33.15 Mha and it is 67% higher than GMIA estimates. The largest 
difference was in large irrigation schemes which were extended on an area of 201.52 
Mha with an estimated value of 172.2 Mha, which is 142% higher than GMIA’s 
reported values.  
 
In China, the IWMI-estimated large irrigation schemes were 157.16 Mha (169% 
higher than GMIA’s data). While medium and small scale irrigation schemes are 84% 
and 48% larger than total irrigated area estimates from GMIA’s map respectively. 
Small scale irrigation estimated to be 41.25 Mha from IWMI maps are dispersed over 
491.96 Mha while IWMI’s pixel size consist of an area almost equal to 6.25 ha. 
 
Analysing this variation in the context of large irrigation schemes, there might be two 
possible reasons for this uncertainty. Either it is the under-reporting of large public 
irrigation schemes or these are the farmers-managed irrigated areas, which do not 
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come under national reporting system. Another reason could be those non-registered 
irrigated areas which are in the vicinity of public irrigation schemes, might  be buying 
water from registered users.   
 
In Pakistan, Bangladesh, Thailand and Vietnam; large scale irrigation has high non-
reported areas (94% higher than GMIA numbers), whereas the difference for small 
scale irrigated areas is 30%. As shown in figure 7, small scale irrigation has foremost 
role in Iran, Indonesia and Japan. A huge difference was noted between GMIA and 
IWMI data for irrigated areas in small scale category, almost 75% higher than country 
estimates on an average. This also hints at neglecting the small scale irrigation during 
agricultural censuses or surveys.  
 
However, in Nepal, both large and small scale irrigation estimates based on RS 
techniques are significantly higher than FAO estimates, which might occur due to 
farmer managed irrigation systems exist both at large and small scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Spatial dispersion analysis (high difference in small scale irrigation 

schemes) 
 
3.6 Implication of Uncertainty on Food Production and Water Resources 
 
The relation of food production and irrigated areas can be linked with annual grain 
production of a country being produced from irrigated agriculture. Table 6 explains 
the dependency of Asian countries on irrigation for their grain production. 
 
Table 6.  Share of Irrigated Agriculture in Grain Production of Asian countries 

(Source: AquaStat, Agricultural Censuses, Annual Crop Reports, Estimates etc) 
 

No Country Share of Grain Production 
(Irrigated Agriculture) 

No Country Share of Grain Production 
(Irrigated Agriculture) 

1 China 67% 6 Bangladesh 47% 

2 India 56% 7 Indonesia 85% 

3 Pakistan 70% 8 Vietnam 94.5% 

4 Iran 61% 9 Japan 98% 

5 Thailand 40% 10 Nepal 80% 
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This table shows that on an average Asian countries depend 70% on irrigated 
agriculture for their grain production to fulfil national food requirement and for exports, 
especially rice. Now linking it with uncertainty of data, annual land productivity can be 
considered as main indicator which is dependent on actual grain production (Factor 
1) and irrigated area as (Factor 2).  
 
If it is assumed that annual grain production (million tonnes) is constant with reliable 
statistics while irrigated area is fluctuating due to shortcomings of the reporting 
system. A country might have 2 different annual land productivity values, one based 
on national statistics and other based on RS data. 
 
The impact of the vagueness in irrigated areas is shown in figure 8, where two 
different annual land productivity (ALP) values under the constant (Factor 1) have 
been compared. 
 
Comparing the annual land productivity in context of irrigated areas, large difference 
are seen for countries under analysis. In case of China, irrigated annual land 
productivity drops by 3.5 ton/ha. National statistics provide a satisfactory figure of 
almost 5 ton/ha while incomapsriosn with corresponding IWMI estimates, itdecreases 
to 1.55 ton/ha. For India, it goes from 2.8 ton/ha to 1 ton/ha and for Indonesia and 
Japan it drops by 3.2 and 4.6 ton/ha which is quite a significant differnce. Generally 
an average drop of 2 tons/ha can be noted in this analysis.  
 
This result could imply uncertainty in two directions. Either the overall annual land 
productivity reported from countries (in terms of yield) is really low but it is 
exaggerated by statistical agencies; or irrigated areas, which are not covered by the 
reporting system have significantly low yield, which also decrease the cumulative 
annual productivity when calculated with RS estimates. So, further investigation is 
required to sort this out. 
 

 
 
Figure 8.   Annual Land Productivity (ALP) Comparison for Irrigated Grain Production 

(tonne/ha) 
 
Implications of uncertainity in data was also reviewed from the perspective of 
irrigation potential. Most of the Asian countries hold statistics for their maximum 
utilizable irrigation potential, and utlized potential can be calculated by comparing with 
with latest data of irrigated areas. Table 7 shows the utlized potential in percentage 
for country and RS estimates. 
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Table 7.  Share of Irrigated Agriculture in Grain Production of Asian countries 
(Source:AquaStat, Agricultural Censuses, Annual Crop Reports, 
Estimates etc) 

 

Country 
Country estimate of 
irrigation potential (Mha)  

Country estimate of 
Potential utilized (%) 

RS estimates of 
Potential utilized-II (%) 

China 70 79% 310% 

India 139.5 39% 185% 

Pakistan 21.3 90% 134% 

Iran 15 57% 149% 

Thailand 12.2 37% 158% 

Bangladesh 6.9 100% 164% 

Indonesia 10.9 71% 121% 

Vietnam 9.4 73% 124% 

Nepal 2.2 65% 202% 

 
Comparing with national statistics of irrigated areas; Pakistan, China and Bangladesh 
have almost reached their limits for irrigated areas development. While Indonesia, 
Vietnam and Nepal have utilized almost 70% of their irrigation potential and Thailand, 
India and Iran are at 36.7%, 39.4% and 57.15% at the utilized potential scale 
respectively.  
 
On the other hand, using IWMI dataset, the average utilized potential for irrigation at 
national level an average percentage was calculated as almost 170% while 
specifically discussing about countries, India and China have the percentage utilized 
potential of almost 200% and 300% respectively. Furthermore, Pakistan, Thailand, 
Bangladesh, Indonesia, Vietnam, Iran and Nepal have the values of 134%, 158%, 
121%, 123%, 149% and 202% respectively. 
 
For further discussion on this variation with national estimates of utilized irrigation 
potential, it is necessary to understand the definition of irrigation development as 
most of the time countries include public irrigation schemes in development 
estimates. But in the context of water resources planning, these figures are quite 
alarming as policy makers might miss the existing but not reported/informal irrigation 
setup. 
 

4. CONCLUSION AND RECOMMENDATIONS 
 
Irrigated areas information is not provided due importance in Asian countries. Mostly, 
the data collection methods are based on sample enumeration, and even complete 
enumeration does not have a strong field verification. It is quite understandable that 
countries do not have enough resources to conduct such operations for complete 
data collection but it ultimately gives false or non-reliable data inducing fatal 
implications. 
 
It was found that FAO’s information is relying on the same reporting methods which 
countries use to develop their own database. While other international datasets for 
example MAPSPAM and World Bank are relying on FAO. This makes the whole 
situation, a muddle of figures, as no one is sure that who is correct? While most of the 
international studies use this data as input for analysis. 
 
On the other hand, spatial dispersion analysis helped us to conclude that uncertainty 
in irrigated areas information is just not linked with small scale or dispersed irrigation. 



2nd World Irrigation Forum (WIF2) 
6-8November 2016, Chiang Mai, Thailand 

W.1.2.16 

 

 
13 

Though in some countries small scale irrigation has a larger share than medium or 
large irrigation schemes but countries like China, India, Pakistan, Iran, Nepal, 
Thailand and Vietnam were found with high discrepancy in large scale irrigation 
schemes. 
 
Asian countries should focus more to improve the agricultural statistics systems. 
Inclusion of remote sensing during the verification process (post enumeration checks) 
could be adopted as a first step towards improvement while GPS tagging of irrigated 
areas (point data) during enumeration could help in increasing reliability of process. 
Irrigation census once every 5 years would be a good practice in order to get the 
detailed information about irrigated areas i.e. irrigation intensity, cropping pattern, 
means of irrigation, type of payment rationale and irrigated yield. India and 
Bangladesh could share their expertise in this regard. Results of dispersion analysis 
can be used by countries to find out the irrigated land which is missing from their 
national database. 
 
Efforts should be made to encourage the registration of farmer managed irrigation 
systems with relevant department. In case of self-reporting of water user 
associations, their capacity should be developed to collect crop season-wise accurate 
data and irrigation/agriculture department officials should also perform random 
checks to verify the reporting from farmer bodies. 
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