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Abstract This paper examines the water footprint of rice in the agroclimatic zones (ACZ) in India and
identifies the sustainable rice-growing zones. The major rice-producing ACZs of the irrigated north-
western and semi-arid tropics are unsustainable. Rice can be cultivated sustainably in eastern, central,
and (the coastal zones of) western India, because the water footprint is lower, and it can be lowered even
more because the crop yield is very low. The study suggests that, based on the water availability and
footprint, the cropping pattern in the ACZs needs to be realigned.
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In India 54% of the land area experiences extreme water
stress (Luo et al. 2018). Agriculture consumes 78% of
the available utilizable water (CWC 2014). The
irrigation of rice, along with wheat and sugarcane,
consumes more than 80% of the water available.
Increasing the area under paddy cultivation has serious
implications: the water table is declining; the
groundwater quality in terms of salinization is
declining; and arsenic contamination is spreading
(MacDonald et al. 2016; Rodell et al. 2009). The
intensive rice–wheat cropping system has led to an
alarming fall of the water table in recent years and
raised questions over its sustainability. If the paddy–
wheat cycle is allowed to continue, the water table will
fall below 70 foot in 66% of the area of central Punjab,
100 foot in 34%, and 130 foot in 7% of the area
(Humphreys et al. 2010; Sidhu et al. 2010); agricultural
output will fall, and potable water will be in short
supply and these, in turn, will lead to extensive socio-
economic stress. To make crop production sustainable
and water use rational, especially in water-scarce areas,
India must review its current trend of producing water-
intensive crops, such as sugarcane and rice (Dhawan
2017).

Several studies quantify the water footprint of
agriculture in India (Hoekstra and Chapagain 2007;
Kampman 2007; Jayaram and Mathur 2015). Analysing
water use and the water footprint at the level of a more
homogeneous unit is beneficial for better crop planning,
and this study analyses and quantifies the agricultural
water footprint at the level of the agroclimatic zone
(ACZ). This study considers the spatial variation in
the rice calendar—unlike previous studies, which
assume a single representative calendar for rice in all
the zones (Chapagain and Hoekstra 2011). To overcome
the overestimation of the blue water footprint, our study
considers a fairly large rain-fed area of the states of
Assam and Odisha.

Coverage and data
The study analyses the water footprint at the ACZ level
in 21 major rice-producing states, and it uses the
boundaries of the ACZs delineated by the ICAR under
the National Agricultural Research Project (NARP)
(Ghosh 1991). Under the NARP zones, states are
indivisible units, but zones tend to cut across district
boundaries. If a district cuts across zones, it is
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considered to be in the zone where it occupies the
highest area. These zones are delineated based on the
homogeneity of soil type, climate, and rainfall pattern.
Besides, this study considers the state-specific
redefining of the NARP zones based on various studies
and reports for some of the states (Figure A1 and Table
A2 in the Appendix). The analysis of water footprint
in this study is based on secondary data compiled from
sources like the Department of Agriculture, Co-
operation and Farmers Welfare, India Meteorological
Department, and published reports and papers (Table
1).

Concepts and analytical framework

Estimation of crop water requirement

The crop water requirement was estimated using
Equations 1 and 2.

CWRz,s = 10 * Σ4
CGS=1 ET_optCGS * TCGS  (1)

ET_optCGS = Kc,CGS * ET0 (2)

where,

CWRz,s is water requirement of paddy in the zth zone in
season s (cubic metre per hectare, m3/ha);

CGS is the crop growth stage (initial, crop
development, mid-season, and late season);

ET_optCGS is the optimum evapotranspiration in the
crop growth stages;

TCGS is the total number of days in the referred crop
growth stage in season s;

Kc,CGS is the crop coefficient in season s; and

ET0 is the ACZ- and season-specific reference
evapotranspiration.

Crop water use and water footprint

Crop water use, also known as actual
evapotranspiration (AET), consists of two components:
crop rainwater use (CWUR) and blue or irrigation water
use (CWUI). The CWUR was estimated using Equation
3.

CWURz,s = Min (CWRz,s, PEff) (3)

where,

CWURz,s is rainwater use in the zth zone in season s
(m3/ha);

CWRz,s is the water requirement; and

PEff is effective rainfall in the zone, defined as the
amount of the total precipitation (Ptot, mm/day) used
by the crop for evapotranspiration and the soil surface
together.

The effective rainfall was estimated based on the
approach of the Food and Agriculture Organization
(FAO 1992). The crop CWUI is the volume of water
actually applied through irrigation. The data on crop
irrigation water use is not available from secondary
sources, and we used Equations 4 and 5 to estimate the
blue water.

IWRz,s = CWRz,s – PEff + IRLOSS (4)

CWUIz,s = IWRz,s * iafz  (5)

Table 1 Variables used and data sources

Variable Data sources Year

District-wise total area, irrigated Directorate of Economics and Statistics, Government of India TE 2014–15
area, and production of rice (https://eands.dacnet.nic.in/)
District/regional crop calendars Rao et al. (2015), Department of Agriculture, Co-operation and -

Farmers Welfare, Government of India
(https://nfsm.gov.in/nfmis/rpt/calenderreport.aspx)

District-wise monthly rainfall India Meteorological Department (http://hydro.imd.gov.in/ Quinquennial
hydrometweb/(S(nhs5w1rkjjq5tqqjw1nqkjma))/ ending 2016–17
DistrictRaifall.aspx)

Reference evapotranspiration Rao et al. (2012) -
(ET0)
Length of crop growth stages Mohan and Arumugam (1994); Allen et al. (1998), -
and crop coefficients (Kc) Tyagi et al. (2002)
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where,

CWUIz,s is irrigation water use of paddy in in zth zone
in season s (m3/ha);

IWRz,s is irrigation water requirement (m3/ha);

PEff is effective rainfall in the zone;

iafz is fraction of total area of paddy under irrigation in
zth zone; and

IRLOSS is infiltration and conveyance losses of irrigation
water assessed assuming irrigation efficiency of 40%
from surface water and 70% from groundwater
irrigation system (CWC 2014).

Using the crop rainwater use (CWURzs, estimated in
Equation 3) and crop irrigation water use (CWUIzs,
estimated in Equation 4), we estimate the total crop
water use using Equation 6.

CWUTzs = CWURzs + CWUIzs  (6)

where, CWUTzs: total crop water use by a crop c (m3/
ha);

Finally, the water footprint was estimated as the volume
of water consumed per unit of the crop produce (cubic
metre per metric ton, m3/t). The blue water footprint
(BWF) refers to the volume of surface and groundwater
utilized to produce a unit of crop, while the total water
footprint (TWF) includes rainwater (Chapagain and
Hoekstra 2011).

Sustainability benchmarks

Focusing on reducing the BWF to decrease the pressure
on the irrigation water, and based on the different
combinations of BWF and TWF, we categorized the
zones into highly sustainable (low BWF and TWF),
sustainable (low BWF and high TWF), low sustainable
(high BWF and low TWF), and unsustainable (high
BWF and TWF) (Table 2). To categorize the zones,
we used two sets of water footprint benchmarks. In
Scenario 1, we used the average water footprint of all

the zones estimated in the study (820 m3/t for BWF
and 3,324 m3/t for TWF) as the benchmark. In Scenario
2, we used the estimates of Chapagain and Hoekstra
(2011) (826 m3/t for BWF and 2020 m3/t for TWF) as
the benchmark.

Water footprint of rice production

The TWF of rice varies from 1,030 m3/t in the high
altitude and hilly zone of Tamil Nadu to 8,355 m3/t in
the Jhabua hills of Madhya Pradesh and 13,515 m3/t in
the central plateau of Maharashtra (Figure 1a). In
general, the water footprint of rice is lower in the ACZs
of eastern states (West Bengal, Assam, Bihar, and
Jharkhand) than in the zones in central and western
India (Madhya Pradesh, Rajasthan, Maharashtra, the
Central Maharashtra Plateau and Western Maharashtra
Plains of Maharashtra, Jhabua Hills and Bundelkhand
of Madhya Pradesh, and the Humid Southern Plains

Table 2 Benchmarking sustainability classes

Blue water footprint (BWF)                            Total water footprint (TWF)
Low High

Low Highly sustainable Sustainable
High Low sustainable Unsustainable

Note Values of water footprints ≤ reference value were considered low while ≥ reference values were considered as high.

Figure 1a Water footprints of rice across agroclimatic
zones: total water footprint
Source Authors’ estimates
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of Rajasthan). The TWF in these zones is high largely
because productivity is low (< 1.0 t/ha) (Figure 2b), as
also indicated by Kampman (2007).

The study highlights the wide inter-zonal variation. In
Maharashtra, for example, the TWF ranges from 1,898
m3/t in South Konkan Coastal to 13,515 m3/t in the
Central Maharashtra Plateau. In Madhya Pradesh, the
TWF ranges from 2,932 m3/t in Satpura Plateau to
8,355 m3/t in Jhabua Hills of the state. In Andhra
Pradesh, the TWF in the Scarce Rainfall Zone is 3,210
m3/t, almost double that in the Southern Zone (1,793
m3/t).

The scattered regional estimations by researchers show
wide variation in the TWF. In the Gomti river basin
the water footprint of paddy is estimated at 3,018 m3/t;
in the Betwa river basin it is estimated at 8,209 m3/t
(Mali et al. 2018). Though there is a slight difference
in the geographical boundaries of the basins with our
delineation of the ACZs, our corresponding estimations
for the Central Plains and Bundelkhand zones of Uttar
Pradesh were along the same lines. Appendix A2 lists
the water footprints by ACZ.

We separated the TWF into blue and green. A high
BWF signifies the use of freshwater resources for
growing a particular crop. High blue water usage leads
to stress on the groundwater in zones where water
resources are scarce, and it may deplete the
groundwater level and eventually threaten agricultural
sustainability. In the arid and semi-arid zones of the
country the BWF is very high (Figure 1b). The top
five BWF zones are the Scarce Rainfall zone of Andhra
Pradesh, Cauvery Delta of Tamil Nadu, Central
Maharashtra Plateau of Maharashtra, Central Dry Zone
of Karnataka, and the Irrigated North-Western Plains
of Rajasthan.

West Bengal and Uttar Pradesh have three ACZs each,
Bihar has two, and Chhattisgarh and Punjab have one
each. Together, these 10 ACZs account for 33% of the
total rice area in the country (Figure 2a), and 50% of
these zones reported a water footprint of over 1,000
m3/t. In the ACZs of the Trans-Gangetic Plains, the
BWF exceeds 1,600 m3/t, and the sustainability of rice
cultivation is in question. The intensification of rice
cultivation has taken place largely because of high input
subsidies and the assured procurement of rice at the
minimum support price (MSP). The share of paddy in
the gross cropped area (GCA) in Punjab increased from

Figure 1b Water footprints of rice across across
agroclimatic zones: blue water footprint
Source Authors’ estimates

Figure 2a Area under rice by agroclimatic zone

18% (1980–81) to 38% (2015–16) (GoP 2018), and
paddy procurement at MSP exceeded 80% of the total
production concurrently from 2010 to 2015. The
increasing area under the water-intensive paddy crop
in the Trans-Gangetic Plains threatens sustainability,
as also pointed out by Jain et al. (2017).

In most of the ACZs in Assam, Chhattisgarh, Madhya
Pradesh, and Odisha, the effective rainfall exceeded
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the water requirement of the crop, and the BWF is zero
(Figure 1b). Of the rice-growing zones in the 113 ACZs,
the green component of water was higher than blue
water in nearly 70%, and in 51% of these the blue water
fraction was either zero or negligible. The findings of
Chapagain and Hoekstra (2011) indicate that green
water constitutes a large fraction of the TWF of rice
production, and the stress on water resources is low
compared to that in the USA and Pakistan. If the BWF
of a zone is zero, the zone has the potential for further
intensification of rice cultivation and for easing the
burden of water-scarce regions. The BWF constitutes
more than 70% of the TWF in the arid and semi-arid
zones of the country, reflecting the alarming decline
in the groundwater table. In most of these zones, the
groundwater resources of over 50% of the sub-districts
(blocks, talukas, mandals) are either overexploited or
critical (CGWB 2017). These zones make up the rice
bowl of the country, and stopping or reducing the
cultivation of rice would impede food security, and
therefore the government should focus on promoting
efficient agricultural practices and water-saving
technological interventions.

Seasonal variations in water footprint

In India, rice is predominantly a kharif crop, but a
considerable amount is grown in the rabi and summer
seasons also. We analysed the seasonal variation in the

water footprint of rice across the ACZs (Figures 3–5).
The water footprint pattern of kharif rice production is
similar to that of the overall water footprint (Figures
3a and 3b). Rabi and summer rice account for around
13% of the rice production in the country. Rabi rice is
grown mainly in the eastern states (West Bengal,
Assam, Odisha, Mizoram, Bihar, and Jharkhand) and
in the southern states (Andhra Pradesh, Telangana,

Figure 2b Rice yield by agroclimatic zone
Source Authors’ estimates

Figure 3a Total water footprint of kharif rice

Figure 3b Blue water footprint of kharif rice
Source Authors’ estimates
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Tamil Nadu, Kerala, and Karnataka). Summer rice is
grown mainly in the eastern states of West Bengal,
Assam, Bihar, and Odisha; the southern states of
Karnataka and Kerala; and in some pockets of Uttar
Pradesh (GoI 2017).

The water footprint of winter rice production is lower
than that of kharif rice because evapotranspiration is
low. In most of the ACZs in Assam, Bihar, and
Jharkhand, the water footprint of winter rice production
is 50% of that of kharif rice. In the ACZs of Tamil
Nadu, Kerala, Karnataka, Telangana, and Andhra
Pradesh, the seasonal difference in the water footprint
was little (Figures 3–5). In the ACZs of Assam, West
Bengal, and Odisha, rabi rice is grown entirely using
green water but in Karnataka, Andhra Pradesh, and
Telangana it is dependent mostly on irrigation water
(Figure 4). Though the TWF of summer rice production
was lower than that of the kharif rice production, the
blue water component exceeded 3,000 m3/t in most
ACZs (except in the eastern states, the Bhabar and Terai
Zone of Uttarakhand, and the High Rainfall Costal
Zones of Maharashtra (Figure 5).

Suitability of the agroclimatic zones for sustainable
water use

In Scenario 1, the rice cultivation zones were found to
be highly sustainable in most of the ACZs in Assam,
West Bengal, Odisha, and Jharkhand; the Coastal and
High Rainfall Hilly Regions of Karnataka, Andhra

Pradesh, Tamil Nadu, Maharashtra, and Kerala; the
Terai (low-lying wet zones) of Uttarakhand and Uttar
Pradesh; and the Satpura Plateau, Grid, and Central
Narmada Valley zones of Madhya Pradesh.

The unsustainable zones were in the Scarce Rainfall
zone of Andhra Pradesh, dry zones of Karnataka,
Central Plateau zone of Maharashtra, Bundelkhand of

Figure 4a Total water footprint of rabi rice
Source Authors’ estimates

Figure 4b Blue water footprint of rabi rice
Source Authors’ estimates

Figure 5a Total water footprint of summer rice
Source Authors’ estimates
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Figure 5b Blue water footprint of summer rice
Source Authors’ estimates

Uttar Pradesh, western zones of Punjab, Northern and
Southern Alluvial zones of Bihar, and northern zones
of Rajasthan (Figure 6a).

In view of the groundwater depletion and water stress,
growing rice in these zones is justifiable only with

resource-saving technologies such as direct seeded rice
(DSR), laser land levelling, alternative wetting, and
the drying, short-duration, and water stress resistant
varieties. The application of these technologies can
bring down water use by 17–37 cm and improve paddy
yield by up to 1 metric ton per hectare (Kakumanu et
al. 2019; Ravichandran et al. 2015; Tripathi et al. 2014;
Adusumilli and Laxmi 2011; Sidhu et al. 2010; Jat et
al. 2006).

We estimated the water footprint of paddy production
under some of these technologies based on the data in
these studies (Table 3). Using a laser land leveller can
reduce the TWF by 53% compared to conventional
practice and the BWF by 64%. The adoption of the
System of Rice Intensification in Telangana and Tamil
Nadu can reduce the BWF from 58% to 66%.

In Scenario 2, more than 67% of the ACZs (high
irrigation zones) are unsustainable (Figure 6b). Only a
few zones are highly sustainable—in Assam, West
Bengal, and Jharkhand; the coastal zones of
Maharashtra and Karnataka; and the Terai and Hill
Zones of Uttarakhand. The productivity of paddy is
low in most of the ACZs of central India, and that is
why these zones are in the low sustainable category.
Technology-assisted productivity enhancement
techniques should be promoted in these zones.

Figure 6a Agroclimatic zones identified for rice
production based on water use, Scenario 1
Source Authors’ estimates

Figure 6b Agroclimatic zones identified for rice
production based on water use, Scenario 2
Source Authors’ estimates
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Conclusions and policy implications
The water footprint for rice is lower in the ACZs of
West Bengal, Assam, Bihar, and Jharkhand, and higher
in Madhya Pradesh, Rajasthan, and Maharashtra. The
highly sustainable zones are Barak Valley, Lower and
Central Brahmaputra, Hill Zone of Assam; laterite, new,
and old alluvial, hill, and Terai zones of West Bengal;
Eastern Ghat, western, and mid-central table land,
north-western, and western undulating zones of Odisha;
the north and south Konkan zones of Maharashtra; and
the central, north-eastern, south-eastern, and western
plateau zones of Jharkhand. This study suggests that
the cropping patterns in the ACZs need to be realigned.

In 80 ACZs, the green component of water was higher
than blue water; these traditional rice cultivation zones
are sustainable from the water resources perspective.
The BWF constitutes over 70% of the TWF in the
irrigated north-western zones of Punjab and Haryana
and in the arid and semi-arid zones of the country. In
these zones, rice cultivation under the existing practice
of puddling and standing water is no longer sustainable;
resource-saving technologies like DSR, alternate
wetting and drying, and short-duration and water stress
resistant varieties must be used. The policy focus in
these zones should be on incentivizing water-saving
practices/technologies and payment for water
ecosystem services.

Winter rice is more water-productive than kharif rice
wherever cultivated. Except in the ACZs of eastern
states, the Konkan coastal zones of Maharashtra, the
northern zone of Kerala, Bhabar, and the Terai zone of
Uttarakhand, the cultivation of summer rice would

exploit the groundwater resources further and make
agriculture unsustainable. To understand the underlying
cause of the current imbalance of cropping pattern and
water availability, the pricing aspect (both input and
output) needs to be scrutinized.

In the rice–wheat belts, cereal-based cropping systems
are profitable mainly because inputs (water and power)
are subsidized and procurement is assured. The study
recommends the subsidies in the overexploited regions
be reduced gradually, to reduce the burden on the north-
western belts, and the procurement system in the
eastern regions strengthened.
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Appendix Table A2 ACZ-wise blue water footprint (BWF) and total water footprint (TWF)

ACZ  Name of ACZs    Blue water footprint (BWF)     Total water footprint (TFW)
codes Kharif  Rabi Summer  Total  Kharif  Rabi Summer  Total

1 AP: Godavari 721.3 1,359.8 na 1,101 3,029.4 1,456.3 na 2,070.5
2 AP: Krishna 974.9 1,632.1 na 1,133.4 2021.7 1,753.4 na 1957.1
3 AP: North Coastal 630.8 2,543.3 na 702.9 3,085.3 2,835.4 na 3,063.5
4 AP: Scarce Rainfall zone 2,591.2 2,984.7 na 2,676.1 3,232.6 3,128.8 na 3,210.2
5 AP: Southern zone 1,367.3 1,504.7 na 1,465.8 1989.4 1,717.1 na 1,793.1
6 AS: Barak Valley 0 0 0 0 3,090.6 1966.1 3,187.9 2,092.6
7 AS: Central Brahmaputra Valley 625.6 0 237.3 102.4 2,537.6 2,187 828.8 1,660.3
8 AS: Hills 0 0 0 0 3,625 2,484.7 1,472.1 2,573.2
9 AS: Lower Brahmaputra Valley 0 0 129.9 0 4,636 2,253.7 1,726 2,177.7
10 AS: North Bank Plains 0 0 333.8 0 4,287.5 2,228.2 1,413.6 2,209.6
11 AS: Upper Brahmaputra Valley 0 0 120.6 0 4,174.3 2035.5 2,099.6 2,069.3
12 BR: North-Eastern Alluvial 0 1,277.3 1,452.2 1,125.3 4,554 1,589.8 3,275.6 2,246.6
13 BR: North-Western Alluvial 418.3 1,331.6 2,428.6 1,013.6 3,731.4 1,684.4 3,797.3 2,311.7

Plains
14 BR: South-Eastern Alluvial 291.4 1,528.9 1,416.1 1986.5 3,921.4 1,756.5 2,842.9 2,299.9

Plains
15 BR: South-Western Alluvial 950.2 1,763.8 na 1,840.8 4,326.8 1912.8 na 1998.9

Plains
16 CG: Bastar Plateau 0 na 2,083.7 0 3,403 na 5,569.9 3,404.2
17 CG: Chhattisgarh Plains 0 3,559.8 2,543.2 0 3,658.5 3,719.9 4,422.8 3,622.4
18 CG: North Hills of Chhattisgarh 0 na 4,097.9 0 4,232.2 na 6,045.3 4,219.3
19 GJ: Middle Gujarat 609.2 na 2,218.2 768.2 3,186.4 na 2,980 3,008.5
20 GJ: North Gujarat 351.1 na 2,211.1 1,078.7 2,362.1 na 2,947.3 2,993.9
21 GJ: North Saurashtra 0 na na 1,452.4 1,427 na na 2,872.3
23 GJ: South Gujarat Heavy 0 na 1,150.9 0 3,473 na 3,146.5 3,306.7

Rainfall zone
24 GJ: South Gujarat 270.9 na 2,138.8 426.2 3,414.7 na 3,183.6 3,329
26 HR: Eastern Zone 1,699.7 na na 1,699.7 2,328.7 na na 2,328.7
27 HR: Western Zone 1951.2 na na 1951.2 2,352.1 na na 2,352.1
29 HP: High-Hills Temperate Wet 1,706.9 na na 1,706.9 3,998 na na 3,998
30 HP: Mid-Hills Sub-Humid 903.5 na na 903.5 4,212.9 na na 4,212.9
31 HP: Sub-Mountain & 1,206.9 na na 1,206.9 4,359 na na 4,359

Low Hills Sub-Tropical
32 JR: Central and North-eastern 0 155.8 na 143.7 7,684.6 694.8 na 1,128.3

plateau
33 JR: South-eastern Plateau 0 136.1 na 139.5 9,923.4 939.3 na 1,194.6

sub-zone
34 JR: Western plateau sub-zone 0 407.2 na 234.6 7,294.8 1,055.4 na 2,484.8
35 KA: Central Dry Zone 2,101.3 3,086.5 3,604.2 2,322.1 2,974.8 3,319.5 3,912.6 3,101.3
36 KA: Coastal Zone 0 2,452.6 2,193.4 182.2 1,865.4 2,757.7 2,593.6 1,629
37 KA: Eastern Dry Zone 1,572 na 2,928.1 1,679.4 2,636.1 na 3,261.8 2,710.1
38 KA: Hilly Zone 0 3,050.6 2,718.6 0 3,115.8 3,317.5 3,027 2,967.7
39 KA: North-Eastern Dry Zone 1,756.1 4,087.5 3,315.9 2,223.2 2,868.2 4,227.4 3,464.6 3,067.5
40 KA: North-Eastern Transition 1,725.1 na na 1,725.1 5,694.9 na na 5,694.9

Zone
Contd...
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ACZ  Name of ACZs    Blue water footprint (BWF)     Total water footprint (TFW)
codes Kharif  Rabi Summer  Total  Kharif  Rabi Summer  Total

41 KA: Northern Dry Zone 1,685.9 na 3,343.5 2,122.9 2,442 na 3,493.5 2,735.4
42 KA: Northern Transition Zone 1,465.5 na 3,229.5 1,620 3,211.4 na 3,494.4 3,161.7
43 KA: Southern Dry Zone 1,756.7 2,181.7 2,452 1,860.2 2,353.1 2,402.6 2,720 2,406
44 KA: Southern Transition Zone 1,545.5 3,360.3 2,334.3 1,712.9 2,451 3,667.3 2,604.6 2,473.6
45 KL: Central zone 0 219.3 2,088.3 250.2 2,209.8 2,988.6 2,209.9 2,495.6
46 KL: High altitude zone 0 0 2,568.8 280.4 2,287.9 3,099.2 2,727.8 3,050.5
47 KL: Northern zone 0 0 2,187.5 243.5 2,449.4 4,199.9 2,246.3 3,133.5
48 KL: Onattukara, Kuttannad 0 570.6 2,277.9 1,300.4 1930.2 2,682.4 2,544.3 2,381.5

and Kole
49 KL: Southern zone 0 256.8 2,236.6 1,196.4 1912.7 2,978 2,484.1 2,484.5
50 MH: Central Maharashtra 2,366.3 na na 2,366.3 13,514.7 na na 13,514.7

Plateau
51 MH: Eastern Vidarbha 0 na 1,524.5 0 4,942 na 4,249 4,856
52 MH: North Konkan Coastal 0 na 0 0 2,160.4 na 2,458.5 2,179.2
53 MH: South Konkan Coastal 0 na 0 0 1,862.3 na 2,474.2 1,897.9
54 MH: Western Ghat and 0 na 1,450.7 0 3,128.6 na 3,284.6 2,657.9

Sub-Mountain
55 MH: Western Maharashtra Dry 273.6 na na 273.6 2,997.6 na na 2,997.6
56 MH: Western Maharashtra Plains 0 na na 0 6,005.5 na na 6,005.5
57 MH: Western Vidarbha 383.6 na 3,238.7 364.6 4,836.1 na 5,013.5 4,482.9
58 MP: Bundelkhand 438.5 na na 438.5 7,751.1 na na 7,751.1
59 MP: Central Narmada Valley 0 na na 0 3,000.3 na na 3,000.3
60 MP: Chhattisgarh plains 0 na 2,835.5 0 3,926.9 na 5,670.7 3,926.3
61 MP: Gird Region 496.6 na na 496.6 3,075.6 na na 3,075.6
62 MP: Jhabua Hills 0 na na 0 8,355.4 na na 8,355.4
63 MP: Kymore Plateau & 0 na na 0 4,023.2 na na 4,023.2

Satpura Hills
64 MP: Malwa Plateau 0 na na 0 7,462.1 na na 3,734.8
65 MP: Nimar Plains 0 na na 0 5,583.9 na na 5,583.9
67 MP: Satpura Plateau 0 na na 0 2,931.6 na na 2,931.6
68 MP: Vindhya Plateau 0 na na 0 4,043.4 na na 4,043.4
69 OD: East and South-Eastern 0 0 2,496.2 101.4 4,281.5 3,988.7 2,803.2 3,750.6

Coastal Plain
70 OD: Eastern Ghat High Land 0 0 3,147.4 0 4,726.1 2,854.1 3,397 2,903.7
71 OD: Mid-Central Table Land 0 0 3,210.5 0 4,248.2 2,764.7 3,481.9 2,844.9
72 OD: North Central Plateau 0 0 3,344.6 0 4,979.3 3,979.8 3,868.8 4,029.5
73 OD: North-Eastern Coastal Plains 0 0 2,121.6 107.7 6,601.5 4,724.8 2,495.8 4,172.8
74 OD: North-Eastern Ghat 0 0 3,725.7 0 6,015 4,149.3 4,212 4,175.6
75 OD: North-Western Plateau 0 0 3,418.1 0 3,702.9 2,751.4 3,584.3 3,017
76 OD: South-Eastern Ghat 0 0 3,175.1 0 6,518.7 3,978.2 3,481.9 4,062.9
77 OD: Western Central Table Land 0 0 2,144.8 149.5 3,692.9 2,513.5 2,237.5 2,356.2
78 OD: Western Undulating 0 0 2,981.6 168.2 4,053.8 2,835.6 3,229.2 2,836.8
79 PB: Central plains 1,708 na na 1,708 2,198.8 na na 2,198.8
80 PB: Sub-Mountain Undulating 1,444.8 na na 1,444.8 2,637.2 na na 2,637.2
81 PB-Undulating Plains 881.8 na na 881.8 1,875.3 na na 1,875.3
82 PB-Western Plains 1,700.4 na na 1,700.4 2011.4 na na 2011.4

Contd...
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ACZ  Name of ACZs    Blue water footprint (BWF)     Total water footprint (TFW)
codes Kharif  Rabi Summer  Total  Kharif  Rabi Summer  Total

83 PB: Western Zone 1,605.7 na na 1,605.7 1910.5 na na 1910.5
85 RJ: Flood Prone Eastern Plains 1,097 na na 1,097 3,399.8 na na 3,399.8
86 RJ: Humid South-Eastern Plains 369.3 na na 369.3 3,389 na na 3,389
87 RJ: Humid Southern Plains 0 na na 0 7,166.8 na na 7,166.8
88 RJ: Irrigated North-West Plains 2,245.5 na na 2,245.5 2,611.1 na na 2,611.1
90 RJ: Sub-Humid Southern 321.7 na na 321.7 4,518.8 na na 4,518.8

Plains and the Aravalli Hills
93 TN: Cauvery Delta 2,195.7 2,648 3,023.9 2,563 2,445.1 4,312.1 3,221 3,822.6
94 TN: High Altitude and Hilly Zone 0 na na 0 1,030 na na 1,030
95 TN: High Rainfall Zone 1,262.3 1,270.7 na 1,265.9 1,872.9 2,260 na 2037.4
96 TN: North-Eastern Zone 1,802.6 1,548.1 2,979.7 1,856.1 2,087.2 3,079.2 3,269.5 2,766.1
97 TN: North-Western Zone 1,620.7 1905.4 2,571.9 1926.8 1908 2,693.2 2,634.8 2,484.4
98 TN: Southern Zone 2,729 1,574.1 2,927.7 1,669.7 3,063.4 2,503.6 3,118 2,539.2
99 TN: Western Zone 1,657.1 1,681.6 2,627.8 1,752.4 1900.3 2,302.7 2,700.7 2,241.2
100 TG: Central Telangana 709.4 2,461.5 na 1,215.7 2,627.9 2,581.1 na 2,579.5
101 TG: North Telangana 593.4 2,265.8 na 1,242.9 2,406 2,392 na 2,392.9
102 TG: Southern Telangana 1,648.8 2,652.5 na 2,089.3 2,954.3 2,783.9 na 2,874.8
103 UP: Bhabar and Terai 582 na 1939.4 620.6 2,705.5 na 3,132.8 2,711.6
104 UP: Bundelkhand 1,577 na na 1,577 4,202.7 na na 4,202.7
105 UP: Central Plains 1,493.6 na 2,507.5 1,495.3 2,928 na 3,291.7 2,928.6
106 UP: Eastern Plains 1,245.1 na na 1,245.1 3,108.3 na na 3,108.3
107 UP: Mid-Western Plains 1,182.4 na 2,364.6 1,203.4 3,043.3 na 3,516.8 3,051.7
108 UP: North-Eastern Plains 345.1 na 2,207.2 345.3 2,614.2 na 3,535.9 2,614.2
109 UP: South-Western Semi-Arid 1,848.6 na na 1,848.8 2,995.5 na na 2,995.5
110 UP: Vindhyan zone 288 na na 288 3,190.6 na na 3,190.6
111 UP: Western Plains 1917.7 na 2,550.9 1918.8 2,763.1 na 3,039.6 2,763.6
112 UK: Bhabar and Terai 0 na 204.2 0 2,052.8 na 2,141.2 2016.6
113 UK: Hills 0 na na 0 3,956.1 na na 3,956.1
114 WB: Coastal and saline zone 0 0 877.6 186.6 2,713.7 2,618.3 1,242.4 2007.3
115 WB: Hills 0 0 992 0 3,004 2,527.4 2,273.9 2,526.1
116 WB: Laterite and red soil Zone 0 0 1,836.6 137.4 2,110.3 2,110.3 2,152.4 2039
117 WB: New Alluvial 0 0 1,481.7 416 2,399.6 2,069.1 1,801.2 1,854
118 WB: Old Alluvial 0 0 1,722.5 319.1 2,386.3 2,071.5 2032.2 1,886.3
119 WB: Terai Zone 0 0 1,053.6 163.2 3,624.5 2,438.7 2,058.5 2,236.8

Note ‘na’ denotes to no cultivation of rice in the zone (area < 100 ha); Names prefixing the zones are abbreviated state names where AP-
Andhra Pradesh, AS-Assam, BR-Bihar, CG-Chhattisgarh, GJ-Gujarat, HP-Himachal Pradesh, HR-Haryana, JR-Jharkhand, KA-Karnataka,
KL-Kerala, MH-Maharashtra, MP- Madhya Pradesh, OD-Odisha, PB-Punjab, RJ-Rajasthan, TN-Tamil Nadu, TG-Telangana, UP-Uttar
Pradesh, UK-Uttarakhand, and WB-West Bengal.
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Appendix Figure A1 Boundaries of agroclimatic zones
Legends are given in first column of Appendix Table A2
Source Authors’ estimates
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