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Climate change will affect water supplies in south Asia,
where high-intensity floods and droughts are expected
in the future. Increasing water storage is a key
adaptation strategy, and the experience of irrigation
tanks illustrates both the potential and challenges of this
adaptation response. Although there are over 2,08,000
tanks in India, irrigating about 2.3 million hectares in
2000-01, the net areairrigated by tanks declined by 29%
between 1990-91 and 2000-01 and by 32% between
2001 and 2008. This paper reviews the challenges faced
by tank irrigation and examines options for improving
their performance — revenue mobilisation through
multiple use of tanks, augmenting groundwater
resources in the tanks, integrating social forestry and
desilting, and tank modernisation.
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he Fourth Assessment report of the Inter-Governmental
Panel on Climate Change (ipcc 2007a) has confirmed the
increasingly strong evidence for the influence of human
activity on the global climate. The 1pcc has projected that aver-
age global temperature of the air above the earth’s surface would
rise by 1.1°c-6.4°c over the next 100 years depending upon the
scenario. Although there is considerable uncertainty in the pre-
cipitation projections for the future, it is likely that precipitation
may increase in high latitudes and parts of tropics and decrease
in some sub-tropical and lower mid-latitude regions. More floods,
droughts, decreases in agricultural and aquaculture productivity,
displacement of millions of coastal dwellers due to sea level rise
and intense tropical cyclones, and the degradation of mangroves
and coral reef ecosystems are considered to be some of the likely
consequences of climate change (ipcc 2007¢). Indeed, heavy pre-
cipitation related floods, storm surges, and relatively higher tem-
peratures have led to devastating consequences in recent years.
For south Asia (Indian region), the 1pcc has projected a rise in
temperature of 0.5°c-1.2°c by 2020, 0.88°c-3.16°c by 2050 and
1.56°C-5.44°c, depending on the scenario of future development
(trcc 2007b). Overall, the temperature increases are likely to be
much higher in the winter (rabi) season than in the rainy season
(kharif). Precipitation is likely to increase in all time slices in all
months, except during December-February when it is likely to de-
crease. Such global climatic changes will affect agriculture
through their direct and indirect effects on crops, soils, livestock
and pests.

1 Climate Change and Water Storage

South Asia is considered to be particularly vulnerable to the en-
vironmental changes due to its large population, predominance
of agriculture and limited resource base. In particular, the irri-
gation sector will be strongly affected by climate change, as
well as by changes in the effectiveness of irrigation methods
(Kundzewicz et al 2007). The predicted increased variability of
precipitation, which includes longer drought periods, would
lead to an increase in irrigation requirements, even if the total
precipitation during the growing season remained the same
(Eheart and Tornil 1999). Hence water storage as a means to
conserve flood waters due to climate change will gain more
importance in the future.

Given the options for storage and distribution of the water re-
sources, small and medium reservoirs offer considerable scope to
adapt to climate change. During floods, they offer scope to store
the excess water, and allow for both irrigation and groundwater
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recharge during times of water shortage. Distributed across the
landscape, these reservoirs capture more water, and provide for
more local control compared to a few large reservoirs. Hence,
there is considerable interest in building such reservoirs as an
instrument of adaptation to climate change.

India has an extensive network of existing small and medium
reservoirs, called tanks, some dating back to several centuries.
The experience of these tanks illustrates both the potential and
challenges of distributed water storage as an adaptation re-
sponse to deal with climate change. In this paper we review key
findings from an extensive set of detailed studies on various
aspects of irrigation tanks, especially in Tamil Nadu. Following
an overview of the extent of irrigation tanks and their declining
performance in recent years, we turn to examine the options
for improvement of tanks and the accompanying policies and
actions needed from the government and farmers. The experi-
ence with tanks in Tamil Nadu is instructive not only for penin-
sular India but also for other sites considering investment in
water storage for climate adaptation. It shows that technologi-
cal interventions alone are not enough; sustainability requires
institutional attention, not just for management purposes but
also to mobilise the resources required to maintain the
water storage.

2 Tanklrrigation Systemsin India

Tank irrigation is the use of storage ponds ranging in size from 20
hectares to 1,000 hectares. It is a significant input in agricultural
production in large parts of south and south-east Asia. In south
India, tank irrigation has a millennial history and many tanks
currently in use were constructed centuries ago. Of the 3.2 mil-
lion acres of tank-irrigated area in India, the three southern states
of Andhra Pradesh, Karnataka and Tamil Nadu account for about
60% (Table 1). Together, the tank-irrigated areas of these states
produce about 4.5 million tonnes of rice per year, approximately
25% of rice production in these states.

Table 1: Net Area Irrigated under Tanks in India

farmers declined from 13.59% to 6.02% during this period. Since
the farmers belonging to the marginal and small-size group are
mostly poor, they could not afford cost-intensive irrigation
sources like groundwater. Hence, tank irrigation continues to
play a crucial role for them. This is also true across different
states where tank irrigation has considerable presence even today
(Narayanamoorthy 2004).

Southern India is noted for its intensity of tanks. Unlike north
India, the rivers in the south are mostly seasonal and the plains
are not very extensive. Further, the geology is not favourable
for groundwater storage. The local topographic variations have
been effectively exploited to impound rainfall in tanks which
are used to raise irrigated rice crop and simultaneously serve as
means of improving groundwater recharge in the command
areas. There are about 1,20,000 tanks in the southern region con-
sisting of Andhra Pradesh, Tamil Nadu and Karnataka (Agarwal
and Narain 1997).

Among the southern states, Tamil Nadu alone has about
39,366 tanks of varying sizes and types. The total storage
capacity of these tanks is about 9,840 million cubic metres
(mcm) compared to 6,896 mcm under all the major and me-
dium reservoirs in the state (Government of Tamil Nadu 2003).
This indicates that tanks offer more scope for storing the sur-
plus water from floods. Out of this, about 12% are system tanks
(which receive supplemental water from major streams or res-
ervoirs in addition to the yield of their own catchment area);
and about 88% are non-system/rainfed tanks which depend on
the rainfall in their own catchment area and are not connected
to major streams/reservoirs.

In ancient days, tanks were considered to be the property of
rulers. The farmers paid a portion of the produce to the ruler.
Farmers also were in charge of the maintenance of the tanks and
supply channels. Zamindars ensured proper maintenance of the
tanks and channels, since they reaped the benefits of farming in
large areas and also acted as tax collectors to the rulers. However,

when the British intro-

No States Noof %to 1990-91* 200001 %Area duced the raiyatwari sys-
Tanks Total Tanks Area %to Area %to Decline tem in 1886 tanks with a
Irrigated (ha) Total Area Irrigated (ha) Total Area in 10 Years ’

command area of 40 ha

1 Andhra Pradesh 60,745 29.15 9,69,319 29.88 8,22,306 35.90 1517 d ab b W
2 Karnataka 20,152 9.67 2,38,560 7.35 1,92,469 8.40 193, ~ and above were brought
3 Maharashtra 12,539 6.02 3,10,692 9.58 2,92,155 12.75 sg7  under the control of the
4 Tamil Nadu 39366  18.89 5,30,406 16.35 3,48,888 15.23 3422  public works department
5 Sub-total forfour states ~ 1,32,802  63.73 20,48,977 63.16 16,55,818 72.29 1919 (Pwp) and smaller tanks
6 Sub-total for other states 75,579 36.27 11,95,235 36.84 6,34,711 2771 4690  were under the admi-
7 AllIndia total 2,08,381 100.00 32,44,212 100.00 22,90,529 100.00 29.40 nistrative control of local

For Tamil Nadu state, the data is from Tamil Nadu — An Economic Appraisal.

* Directorate of Economics and Statistics, Ministry of Agriculture, as quoted in World Bank (1998: 128).

**Minor Irrigation Census (2000-01), Ministry of Water Resources, Government of India (2001).
Source: Vaidyanathan (2001).

Data from the Agricultural Census of India for five time points,
viz, 1970-71, 1976-77, 1980-81, 1985-86 and 1990-91 indicated
that landowned by resource-poor farmers (owning less than two
hectares) still account for a major share of tank-irrigated area in
India. Marginal (less than 1 ha) and small farmers (1-2 ha)
together accounted for about 40% of tank-irrigated area in
1970-71, which further increased to nearly 55% in 1990-91. On
the other hand, the share of tank-irrigated area under large
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bodies or vested with the

villagers themselves. Since

the local bodies did not
have qualified engineers, and the duties of the water users were
not clearly defined, the system of the farmers themselves taking
up maintenance work — known as kudimaramath works slowly
declined. Tanks silted up and supply and distribution channels
choked. The deterioration of the tank irrigation system has been
a subject of considerable discussion, at least since the middle of
the 19th century. The report of the Public Works Commission of
1852 stated that there was not much of voluntary community
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labour involved in tank maintenance, and it reported that in all
districts, labourers were more or less forced to work. In fact,
the Madras Compulsory Labour Act of 1858 (or what is known
as the Kudimaramath Act) was passed with a view to legalise
compulsory labour for certain aspects of maintenance, and
also to penalise the non-performance of kudimaramath labour.
The Famine Commission of 1878 brought to light quite force-
fully the deteriorating conditions of tanks and advocated a sys-
tematic policy of maintenance. One of the most important

Table 2: Land Productivity by Source of Irrigation in Tank-Irrigated States
% Productivity Higher
in Wells over Tanks

States Land Productivity

(Tonnes/ha)*

% Productivity Higher
in Canals over Tanks

Wells Canals Tanks
Andhra Pradesh 5.7 34 2.00 185.00 70.00
Tamil Nadu 6.5 2.6 2.30 182.61 13.04
Karnataka 4.2 3.5 2.30 82.61 5217

*Data quoted in Thakkar (1999, p 23). Rest of the data calculated by the author.

Table 3: Share of Different Sources of Irrigation in India and Tamil Nadu (in %)

Source 1960-61 1970-71 1980-81 1990-91  1999-2000  2005-06*
India Canals 4205  41.28 39.40 3563  31.29 29.25
Tanks 18.5 13.22 8.24 6.84 518 4.57
Wells 2956  38.22 45.70 51.04 5781 60.88
Others 9.89 7.28 6.66 6.49 5.73 5.30
All 100 100 100 100 100 100
TamilNadu Canals 3580 3390 32.70 3240 2758 2740
Tanks 38.00 34.50 32.10 22.38 19.47 19.69
Wells 2420 29.80 33.80 44.61 52.88 52.64
Others 2.00 1.80 1.40 0.61 0.37 0.27
All 100 100 100 100 100 100

*ForIndia, this relates to 2001-02.

Source: Tamil Nadu — An Economic Appraisal (various issues).

recommendations of the commission was the creation of tank
restoration parties (Palanisami et al 1997). The village-level
irrigation institutions such as kudimaramath had also slowly
become inactive and their roles insignificant. Government
allotment of funds has become insufficient for the operation and
maintenance (o&M) of the tanks (Palanisami and Easter 2000).
Hence there is an urgent need to sustain the tank management
through appropriate interventions.

The share of tank-irrigated area in India has declined from
16.51% in 1952-53 to 5.18% in 1999-2000, whereas the share of
groundwater irrigation has increased from 30.17% to 55.36%
during this period. The share of tank-irrigated area in net irri-
gated area (N1A) between 1990-91 and 2000-01 declined by
29.4%; and among the states, the highest decline was observed
in Tamil Nadu (34%) and the lowest for Maharashtra (6%)
(Table 1). As a consequence of the decline in tank irrigation, the
productivity of land under tanks is also observed to be low,
compared to other sources of irrigation. Compared to tanks,
land productivity per ha is 13% higher under canals and 183%
higher under wells (Table 2). This calls for a revival and im-
provement of tanks for tank irrigation to remain a viable
irrigation source.

Among the states, Tamil Nadu has experienced a gradual de-
cline in tank-irrigated area over the years (Table 3). In a 10-year
period, the tanks in the state usually get normal supply for three
years, deficit supply for five years, and the water supply fails
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completely for two years (Table 4). Given the rainfall uncertain-
ties, the tank performance is likely to see a decline over the years.
There are above-outlet problems such as poorly maintained
structures (bunds, surplus weirs). Catchment is mismanaged and
the government has already converted the forest land adjacent to
the catchment for human settlement. There is severe encroach-
ment in the tank foreshores. Siltation of the tank bed has reduced
the water storage capacity by 20% to 30%. Below the outlet,
channels are broken and seldom maintained, resulting in heavy
water losses.

The impact of climate change is likely to be higher in rainfed
regions, where tanks are often the major source of water storage
and groundwater recharge. Hence it is important to address how
best tanks could be restored so that they could act as better water
storage structures. This paper outlines some of the options that
will be useful for implementation by the policmakers.

3 Optionsfor Improvement

There are several suggestions for improving tank irrigation sys-
tems, including both technical and management interventions.
Broadly speaking, the strategies can work to save water and ex-
tend the surface irrigation or increase recharge and conjunctive
use of groundwater or both.

3.1 Resource Mobilisation through Multiple Tank Use

The major source of tank o&M expenses is from funds allotted by
the government, which have been almost constant in real terms
over the years. Each tank requires an o&wm expenditure of about
Rs 300/ha/year whereas government allotment ranges from
Rs 55/hato161/ha depending upon the tanks and regions. Hence
there is an urgent need to identify alternative methods of
mobilising revenue for tank management. This primarily in-
cludes the aggregation of revenue from multiple uses of tanks

such as irrigation, fish-

Table 4: Rainfall and Tank Irrigation Probabilities . .
ery, social forestry, silt,

(Tamil Nadu)

Average Wet-Season State of Tank Probability of brick maklng, etc.

Rainfall (mm) Storage Occurrence In absolute terms. as
3

>500 Surplus 010 given in Table 5, social

450-500 Normal 0.20 forestry  raises  the

300 -450 Deficit 0.50 most revenue (averag—

<300 Failure 0.20

ing Rs 170 per ha),
followed by irrigation

Based on 46 years rainfall data.

Table 5: Revenue Realisation at Tank Level from Multiple Tank Uses (Tamil Nadu) (Rs per ha)

Tank Type Irrigation Fishing  Ducks  Bricks Social Forestry Trees Silt Total

PU, head 80.38 6.67 0.24 0.47 228.09 2.55 0.00 31840
PU, tail 51.66 1700 041 0.08 284.01 270 0.00 355.85
PU 66.02 11.83  0.32 0.28 256.05 262 0.00 33712
PWD, head 101.04 336 0.07 0.21 242.22 041 0.00 34731
PWD, tail 88.21 20.83 1.42 0.10 49.27 1.07 0.00 160.88
PWD 94.05 1462 0.60 0.14 160.10 0.77 0.00 270.29
Average 88.00 14.87 048 0.15 170.85 1.05 0.00 27540

PU = Panchayat Union tanks.

PWD = Public Works Department tanks.

Source: K Palanisami and Ruth Meinzen-Dick (2001).

fees (Rs 88 per ha) and fisheries (Rs 15 per ha). The total revenue
realised in terms of taxes, fee, etc, ranges from Rs 337.12 per ha

in panchayat union (pu) tanks to Rs 270.29 per ha in pwp tanks,
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with an average realisation from the tanks at Rs 275.40 per ha
(Palanisami and Meinzen-Dick 2001). This is higher than the av-
erage government allotment of Rs 140 per ha for tank o&wm.
Present practices do not seem to be even exploiting the full po-
tential of tapping all the uses of tanks to generate revenue for
tank o&wm. Further, the fees generated do not go directly to the
tanks, which remain dependent on state government allocations.
Hence tanks suffer from a lack of maintenance funds, which is
one of the major reasons for the poor condition of the tanks. Cur-
rently the state revenue department, social forestry department,
mines department, panchayats, and informal organisations in
the village community are all involved in collecting revenue from
the tank users. It is important to explore the possibilities of reve-
nue collection from multiple uses by a single institution such as
local panchayats or water users association.

3.2 Conversion of Tanks into Percolation Ponds

A large number of tanks have become defunct (not used for grav-
ity irrigation). In less tank-intensive districts (where tanks are
not the major source of irrigation), about 76% of pu tanks and
64% of pwp tanks have become defunct compared to tank-
intensive regions, where the percentage of defunct tanks is less
than 3% (Table 6). Out of the defunct tanks, about half are per-
forming as percolation tanks recharging the groundwater
(Palanisami 2000).

Even when tanks do not supply surface irrigation, they can
still contribute to enhanced water storage by converting them
into percolation ponds by deepening the storage area and en-
couraging farmers to invest in private wells in the command
area. To test the economic returns for such conversion, a partial
budget was worked out with the aim of comparing the financial
gains and losses. Three situations, viz, tanks only, tanks plus
wells and wells only (percolation tanks) were compared based
on an in-depth study of 15 tanks in south Tamil Nadu. The net
income was higher (Rs 49,000/ha) under the percolation tank
category compared to other categories (Table 7) (Palanisami
and Amarasinghe 2008). As such the pu tanks provide more
scope for such conversions, as they have less inter-village varia-
bility and the number of farmers covered under such tanks is
also comparatively less.

3.3 CanalLining and Sluice Management

Water loss in the canals is about 30% besides creating inequity in
distribution between head and tail farms. Lining the main canals
can be undertaken without disturbing the field boundaries.

Tank management strategies such as sluice rotation will also
help in saving tank water. Currently the tank sluices are continu-
ously open and the tank water is exhausted within six to eight
weeks of tank water release for crop cultivation. To keep the tank
water available for a longer period as well as to recharge the
wells, the tank sluices can be opened and closed during alternate
weeks. Earlier studies (Palanisami and Flinn 1988) indicated that
this practice saved tank water by about 20% and extended the
tank water supplies to two and a half months instead of the
present supply of one and a half months with continuous opening
of the sluices.
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Sluice management would also increase groundwater re-
charge. Although non-well owning farmers would have to pay for
groundwater purchase from the well owners during the alternate
weeks when the sluices are closed, under the present system too,
they buy water after the tank supplies are exhausted. Under sluice
rotation, the extension of the season and greater groundwater
recharge can actually reduce the cost of purchased groundwater.
Further, due to sluice rotation, wells can be used more efficiently.
Currently they can pump for only two to three hours per day due
to poor recharge, particularly during the latter part of the tank
season (Palanisami 2000). Sluice rotation can allow up to six
hours of pumping per day, which increases the profits for well
owners as well as water availability for other farmers.

3.4 Linking Tank Social Forestry and Tank Desilting

Since 1984, social forestry plantations (mainly acacia nilotica)
occupied the tank water spread area, prohibiting the desilting
process by the farmers. The current popular view is that social
forestry should be removed from the tank area and complete

Table 6: Defunct or Inactive Tanks across Regions (Tamil Nadu)

Region/Tank Type Number of Tanks Mean Command Area (ha)
PU PWD PU PWD

I Tank intensive districts

(a) Total tanks counted 2,064 487 - -
(b) Functioning tanks 2,039 (98.8) 474 (97.4) 12.67 105.2
(c) Defunct tanks 25(1.21) 13(2.62) 15.81 74.81
Il Less-tank-intensive districts

(a) Total tanks counted 67 90 — —
(b) Functioning tanks 16 (23.9) 32(35.6) 2248 79.75
(c) Defunct tanks 51(76.1) 58(64.4) 18.16 99.46
(i) Figuresin parentheses represent the percentage of tanks to the total number of tanks in each

category.
Source: Palanisamietal (1997).

Table 7: Value of Production in Tanks under Different Typologies (Tamil Nadu)
Typology

TotalIncome Additional Income Cost of Cultivation NetIncome NetIncome over
(Rs/ha) (Rs/ha) (Rs/ha) (Rs/ha) Tanks Alone (Rs/ha)

Tankalone 28,343 0 17,589 10,754 0
Tank + well 71,406 43,063 38,719 32,687 21,933
Wells alone

(percolation tanks) 1,06,582 78,238 57,505 49,076 38,322

Source: Palanisamiand Amarasinghe (2008).

desilting should be undertaken. Also there is increasing pres-
sure from the farmers for removal of plantations as they con-
sume more tank water. A study (Palanisami et al 2006) on the
water consumption by trees has shown a linear increase in up-
take and utilisation with the age of the trees, with a correspond-
ing increase in the biomass production. But there is no signifi-
cant loss in tank water compared to tanks without the social
forestry plantations, as the tree cover prevented the evapora-
tion of water from the tank, and in the absence of social for-
estry, prosophis trees, which have comparatively less economic
value, will occupy the tank water spread area. The efficiency in
utilisation of water by the trees also improved: younger trees
utilise more water, but yield little biomass (131.16 kg/ha/cm)
because more water is spent maintaining the plants and fresh
growth rather than developing building blocks. It was noted
that 25-year-old trees registered a maximum water use effi-
ciency of 150.93 kg/ha/cm due to more photosynthesis and
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conservation of biomass. While analysing the economics of
water consumption and biomass value, the cost of water!
consumed by trees increased from Rs 825/ha/year for five-
year-old trees to 6,099/ha/year for 25-year-old trees, with
corresponding increase in the value of biomass from Rs 13,603/ha
to Rs 1,16,639/ha (Palanisami et al 2006).

Siltation is a major problem affecting tank storage. Silt is
impounded in tanks due to sedimentation and the storage

Table 8: Economics of Social Forestry and Desilting of Tanks (Tamil Nadu)

about Rs 45,27,267 whereas the value of groundwater will be only
Rs 43,44,587 when the tank supplies are stable (7,733 ha cm).
Since the groundwater supplies stabilise the crop production
during the tank supply fluctuations, the difference between the
two is referred to as stabilisation value of groundwater
(Rs 1,82,680) (Palanisami et al 2008b). Since the stabilisation
value is higher, it is always useful to increase the number of
wells in the command area for conjunctive use with the

No Social Forestry Amount (Rs) Desilting Amount (Rs)
1 Costofseedlings @Rs 2/seedlings for 1,100 nos 2,200 Desilting cost @ Rs 33/m? for 77,000m? 25,41,000
2 Digging of pits (@ Rs 2/pit) 2,200
3 Watering and maintenance (@ Rs 3/tree for five years) 16,500
4 Cutting expenses @ Rs 10/tree 11,000
5 Total cost 31,900 Total cost 25,41,000
6 Income from tree (fuel wood) 18,14,000 Value of silt as manure (25% of 77,000m> @ Rs 10/m?) 7,70,000
7 Foddervalue @Rs 10/tree 11,000 Additional water storage and irrigation benefits (@ Rs 5,000//ha for 20 ha) 1,00,000
8 Total benefit 19,26,000 Total benefit 8,70,000
9 Netbenefit 18,94,100 Net benefit 16,71,000

10 Netincome from both 2,23,100

11 Rateofreturn 8.67%

Source: Palanisami et al (2006).

capacity of all the tanks has been reduced by half or more. Tank
desiltation is also viable due to use of silt as fertiliser besides in-
creased groundwater recharge. The cost of desilting in these
tanks could vary from Rs 33/m3 to Rs 76/m3 where about 70% of
it is accounted for by the transportation cost. Given the high cost
of desilting as well as the problems in disposal of the huge vol-
ume of silt, partial desiltation is recommended. In this context,
combining the desilting and social forestry cycles so that the ben-
efits of both activities could coexist would reinforce the benefits
from tanks (Table 8). Even though both social forestry and desilt-
ing involve certain costs, the benefits are higher with a rate of
return of about 8%. In this way, the storage capacity of the tank
could be maintained while at the same time realising the benefits
of social forestry in the tank beds.

3.5 Investmentin Groundwater Resources

Tanks get full storage only in three out of 10 years; in the remain-
ing years, groundwater supplementation is needed. Currently,
only about 15% of farmers have wells for supplementation. As
such, groundwater supplementation reduces the variability asso-
ciated with tank water. In the “below normal tank supply” peri-
ods, if tank water is not supplemented with groundwater, either
the crop yield will decline drastically or the crop will fail com-
pletely (Palanisami et al 2008b). The stabilisation value of
groundwater (the economic value of reducing variability in pro-
duction) helps justify better investment in wells in different tank
command areas. Normally, the stabilisation value is expected to
be higher than the average value of well water under different
tank water supply situations. Cross section data related to the se-
lected tanks irrigating both from tanks and wells in Sivagangai
and Madurai districts of Tamil Nadu were used to estimate the
stabilisation value of groundwater in the tanks.? The average
value of the groundwater when supplementing the inadequate
and fluctuating tank water supplies during the crop season is
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fluctuating tank water. According to a detailed survey, many
tank command areas could increase the number of wells by 25%
to provide more widespread access to groundwater in these areas
(Palanisami and Amarasinghe 2008).

While increasing the number of wells in the tank command
area, it is important to keep the well pumping at an optimum
level so that maximum number of farmers can benefit.3 Well
owners maximise profits from water sales, when the water
level is at about five metres, which corresponds to about five to
six hours of pumping per day from the well (Palanisami 2000).
Hence, in addition to investment in wells, management of well
pumping is also important to manage tank systems.

3.6 Tank Modernisation

Tank modernisation is one of the key strategies being recom-
mended in policy documents. Even though tank modernisation
has been undertaken on a small scale through different

Table 9: EEC Tank Modernisation: Performance of EEC vs Non-EEC Tanks (Tamil Nadu)

Parameters EECTanks Non-EECTanks
Tank performance (%) 81.72 77.63
Filling pattern (no of times) 1.36 1.28
Water availability (no of days) 56.52 52.20
Siltation (%) 36.2 46.8
Presence of WUO (%) 36.0 28.0
Farmers’ participation (%) 40.0 42.0
Presence of Neerkatti (%) 68.0 64.0
Maintenance of tanks (%) 44 36
Farm income (Rs/acre) 6,240 5,975
Water management (%) 12 12
Equal water distribution (%) 40.0 38.0
Employment opportunity (mandays) 40.0 40.0
Cooperation among farmers (%) 44.0 40.0
Encroachment (%) 36.2 44.50
Area covered per well (ha) 9 1
Source: Palanisami et al (2008a).
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Table 10: Evaluation of Different Tank Improvement Strategies (Tamil Nadu)
Strategies ProductionRatio  Equity Ratio B/CRatio  IRR (%)
Sluice modification 1.0 - 0.5 0
Sluice management 1.1 2.6 10.0 142
Canallining 13 1.6 1.8 244
Additional wells 13 1.5 1.7 23.5
Rotation management 14 15 10.8 159
Canallining + additional wells 1.4 1.0 1.5 23.2
Sluice management +

additional wells + canal lining 1.5 1.2 1.7 237
Rotation management additional

wells + canal lining 15 1.2 14 325

(i) Productivity ratio: Itis the ratio of increased production with the modernisation strategies to
the production at base level.

(i) Equity ratio: It is the ratio of netincome per ha in the head region to the netincome per ha, in
the tail region.

(iii) B/C =Benefit cost ratio; IRR =internal rate of return.

(iv) Discount rate=10%, life period is varying from 6 to 15 years for different strategies.

For more details, see Palanisami et al (2008a).

Source: Palanisami et al (2008a).

programmes, a major programme was implemented during
1984-85 to 1994-95, with financial aid from the European Eco-
nomic Community (Eec). In the first phase (1984-91), 150 non-
system tanks with a command area of 100-200 ha were selected
for modernisation with a financial outlay of Rs 45 crore. In the
period 1989-95, an additional 499 tanks were included at a fi-
nancial outlay of Rs 50 crore. The approximate cost per hectare
was Rs 21,000. The project was expected to save about 20% of
water over the present use, thus permitting the expansion of cul-
tivation by about 9,000 ha (Government of Tamil Nadu 1986).

In 2008, a comparison between the modernised and non-
modernised tanks showed only marginal improvements in

terms of water availability in the tanks, reduction in encroach-
ment and siltation. The presence of water users association and
area irrigated by wells also increased only marginally com-
pared to tanks which were not modernised (Palanisami et al
2008a) (Table 9, p 187).

One problem with the EEc programme was the use of a stand-
ard package approach that used the same modernisation strate-
gies for all tanks irrespective of their physical conditions. For
greater cost effectiveness, it is important to identify selective
modernisation strategies.

To identify optimal investments in tank modernisation, differ-
ent components and strategies have been examined. These in-
clude sluice modification, provision of additional wells, sluice
management and sluice rotation. Among these options, sluice
modification did not improve system performance (Table 10).
Sluice management (closing for two days after heavy rain) could
increase total rice production by 14%. The options of canal lining,
providing additional wells and sluice rotation increased total rice
production by between 30% and 36%. The greatest production
increase occurred when management and physical investment
strategies were used in combination.

4 Need forInvestmentsin Tank Irrigation

As a result of intense budgetary constraints, the share of irriga-
tion investment in total plan expenditure declined from 22% in
the First Plan to 11% in the Sixth Plan and to 7% (5% in real
terms) in the Eighth Plan (Gulati et al 1999). Out of the total
allocation in the Ninth Plan (1997-2002) of Rs 581.64 billion for
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the irrigation sector, Rs 458.61 billion (78.85%) was allocated for
major and medium (m&wm) projects (Government of India 1999).
The present cost of development of tank irrigation projects is
Rs 98,000 per ha for new projects (around 40 ha command area)
and Rs 60,000 per ha for rehabilitation projects compared to
Rs 3,32,000 per ha for m&wm projects (in 2007 prices). If the hid-
den costs behind m&wm projects are included, these would prove
even more costly.

There are compelling reasons for giving much greater atten-
tion and resources to small-scale surface irrigation schemes
(Vaidyanathan 1999). The reported decline in area under this
category of works is a reflection of past neglect. These works
have not received much attention under the five-year plans, and
investments in this category have been meager in relation to the
magnitude of the problem. Substantial investments in system im-
provement are necessary
for improving the quality
of surface irrigation, and

Table 11: Financial Evaluation of Tank
Investment Strategies (Tamil Nadu)

B/CRatio*

Source IRR (%)

System tanks 1.22 19.8 this must be given priority
Medium/large tanks 1.25 20.3 over the construction of
Small tanks 1.27 20.6 new Systems (lbld)
Non-system tanks 0.50 58 Given the fact that tank
Medium/largetanks  0.52 62 irrigation investment is
Small tanks 0.52 6.4

important to cope with
the impact of climate
change in the future, it is
essential to see which tanks should be given greater priority
for investment. A land-based model developed for identifying
the future investment needs indicated that system tanks
will have more opportunities for improvement compared
to non-system tanks (Palanisami and Rosegrant 1995)
(Table 11), because marginal returns to investment will be
much higher in system tanks than non-system tanks
(Palanisami 2000).

Source: Palanisamiand Rosegrant (1995).
Discountrate =10%.

5 Translating the Optionsinto Policies

5.1 InvestmentPolicies

Tank rehabilitation options that restore the original standards
should be given priority. Desilting is an important option, but be-
cause tanks do not get full storage in most years, desilting tanks
fully will not be economical. Also disposal of the entire desilted
material is difficult, as the fertile silt is found only in the top (0.4
metre) layer. Therefore, full-scale desilting may not be warranted.
Considering the high cost of desilting (Rs 33-76/m3 of silt), partial
desilting that helps to restore original (10%) dead storage could
be attempted as part of tank rehabilitation options as this will help
increase non-irrigation benefits of tank water particularly in the
non-tank-irrigation season. Recharging of wells will also improve.
Partial desilting can be done nearer to the lower sluice as well as
around the periphery of the tank water spread area.

Most of the tanks are not getting adequate water supply and the
chain system of tanks has almost broken. Hence, there is an urgent
need to revive the tank-chains through appropriate modernisation
strategies for improving the supply channels connecting different
tanks. This highlights the need fortaking up modernisation works
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at chain-level, i e, by considering the entire hydrological boundary
as a single unit rather than viewing individual tanks as separate
entities for new investment.

Wherever tanks receive less than 40% storage even in normal
rainfall periods, they can be converted into percolation ponds
and groundwater development encouraged. In other tanks with
40%-70% storages, crop diversification should be encouraged
with adequate market facilities and crop insurance programmes.
To start with, the pu tanks could be taken up for such conver-
sion given the existing number of wells and the long-term tank
storage details. The interest of the non-well owners should
however be protected by providing the necessary supplemental
irrigation for non-rice crops in the tank season through commu-
nity wells. District level data base should be generated for such
tank-pond conversion.

Since the stabilisation value of groundwater in tank systems
increases the value of well irrigation alone, it is recommended to
have an optimum number of wells in the tank command areas.
That is, one well per 2 ha in a well-only situation, one well per
four ha in a tank-cum-well situation and one well per 10 ha in a
pure tank situation. In general, the total number of wells in the
tank command area can be increased by 25%. Community wells
should be installed in the tank water spread area to provide sup-
plementary irrigation to farmers without their own wells during
critical periods.

5.2 Management

Farmers in some tanks with water scarcity have already been
diversifying their crops from rice to groundnut, pulses, cotton
and other crops. This practice should be extended to tanks
whose water storage is 50%-60%. The water required to pro-
duce one kilogram of rice ranges from 4,500-5,000 litres com-
pared to 1,500-2,000 litres in the case of non-rice crops such as
groundnut. Hence, using 50% tank storage, the entire com-
mand area can be covered with non-rice crops. Extension ef-
forts and marketing support to farmers should be strengthened
to introduce crop diversification particularly in the wet sea-
sons. Crop demonstration by the department of agriculture
should help speed up the process. To complement the above
options, tank territory structures should be repaired for effec-
tive water control.

Though most of the tanks have informal water users’ organi-
sations (wuo), only about 30% of them in pwp tanks and 10%
of them in pu tanks are found to be active. Officially regis-
tering the existing informal wuo, as is done in the canal
systems in the state, would enable the organisations to
undertake repair and rehabilitation works under government
developmental programmes, thereby bringing more resources
for tank management. This will also give scope for the revival
of Kudimaramath.

Currently the rain-gauges are available in the block offices
only and periodical measurement of rainfall intensity is
not followed. Rain-gauge stations should be established at
different locations of the tank-chains, to measure rainfall inten-
sity and estimate the exact relationship between tank storage
and rainfall.
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Adequate attention should be given for development of
charcoal-making local units in the tank regions, as this will
help cut down the prosophis trees in the tank water spread area.
Local people should also get adequate employment opportunities
within the village.

Since the water spread area is very poorly managed, local people
should be encouraged to use the tank water spread area for cultiva-
tion of seasonal crops like water melon or vegetables soon after the
tank water is exhausted. The water users’ organisations should
be empowered to implement this option without affecting the
normal functioning of the tank systems during the rainy season.

5.3 Legal Policies

Tank management requires active involvement by farmers, but
not all can be done by farmers themselves, without government

support. More tanks have become defunct in recent years due to
encroachment, siltation, choking of supply channels and
pollution from industries. Tanks close to the cities should be
protected from environmental pollution and further be made
as groundwater recharge structures for domestic purposes.
Strict regulations and penalty mechanisms should be imposed
on the encroachers of catchment, supply channel, and foreshore
area, with panchayats empowered to evict the encroachers as
well as to prevent further encroachment even if by the govern-
ment departments.

Necessary legal support should be given to tank water users
associations for the collection of fees from tank multiple uses and
utilise it for maintenance of the tanks. Also conversion of tanks
into percolation ponds should be given legal backing when farm-
ers in the command areas agree.

NOTES

1 Cost of water in tank system reflects the water
charges, local loss and local loss surcharge.
Accordingly, cost of water varied from Rs o.10 to
0.12 per cubic metre. The biomass (timber) value
varied from Rs 1.00 to 1.20 per kg.

2 Using the following equations, the stabilisation
value of groundwater was estimated (Palanisami
etal 2008):

s
nis) =J Ydw-ps
o

s
= [ aedw-pgs
o

= (a/k) (-e*)-ps

Similarly,

(s + )= (@/k)(l-e ¥ ps—p.g

Where, © = profit (in Rs)

s = surface water quantity in ha cm.

g = groundwater quantity in ha cm.

p, = price of surface water in Rs/ha cm.

p, = price of groundwater in Rs/ha cm.

a, k are coefficients estimated from the model.

3 Using the fitted inverse demand, and output and
average cost (AC) functions, and solving the
equations for well yield (WY),

Inverse demand function: Pp = 36.47-2.77 Qp**
(1.622) (0.27)

Where P= price; p = pumped water.

Pp=price of pumped (well) water; Q,= quantity

of pumped (well) water.

Output function: Qp = —0.237 +1.19g WY**

(784)  (177)
Cost function: AC = 11.001* — 0.491 Qp’"“"‘
(0.49)  (0.063)

** % significant at 1% and 5% level, respectively.
Figures in brackets are standard errors; the profit
maximising levels of WY and Qp are 5 metres and
5.59 hours, respectively (Palanisami and Easter
2000).
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