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Water Resources of Indus-Gangetic Basin:

Continuing Threats and Emerging Challenges
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Water Rich or Water Scarce?

Inde-Gangetic basin region experiences two facels of
water scarcity; regions with physical scarcity of water
and those with an economic water scarcity, The tokal
dra:n.:w'.an'.a of 110 Mha in Indus basin contributes an
average annual flow of upto 230 BCM (41 vears
average, 1957-1997). Even with this flow, Indus basin
is faced with physical scarcity of water, with net runoft
of only about 10% of total precipitation input and the
rest appropriated by various uses of rainfed and
irrigabed agriculture, grasslands, domestic and
industrial use. The basin also has a high level of
groundwater wse (105% developed). On the other
hand, Gangetic basin having an average anmual flow
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resources and a general improvement of the rural
infrastructure can have a positive impact on agricultural
productivity and poverty alleviation of Ganges basin, The
scarcity issue hecomes much more severe wikh the added
impacts of climate change. A reduction in dry-season
flows in the basin region = predicted by the retreat of
glaciers and a reduction in snow cover in the Himalayvas,
the major comtributor to the flows in Indus and Ganges

Water resources development in the basin exhibits a stark
contrast, with Western region having high levels of
regional development, mainly attributed to infrastructure
development in irrigation, which allowed maximum
utilization of inputs. Indus basin houses the largest
contiguous irrgation network in the world, the Indus

Groundwater availability and its use in the Indus-Gangetic Basin

Basin Name Groundwater Annual Groundwater Draft (BCM) Stage of GW
Available Irrigation Domestic, Industrial Total Development
(BCM) & Other (%)
Canga Basin
India 168.7 944 82 1024 6l
Mepal 115 0.8 03 11 1n
Bangladesh 6.6 ol 4.1 23 45
Indus Basin
Imdia 0.2 3ad 1.6 B0 126
Pakistan 55.1 46.2 51 513 25
853 i2a or 23 105

of upto 459 BCM (at Farakka barrage) is confronted
with issues of economic water scarcity, where only
18% of the total resource is dL‘"cl:'|-::l|.'rE|.1. for :rrigaiuni
agriculture due o inadequate human and financial
capacity in the region. Increased efforts on
development of unutilised surface and groundwater

Basin Imigation System {1 BLS), serving 17 Mha. The system
diverts almaoast 75% of the annual river Bows into the Indus
basin. On the other hand, eastern 1GE shll have
considerable undeveloped resource base and lack of
infrastructure and enabling envirenment prevents this
region from harnessing the true potential of the available
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waorking in this region is to find suitable instruments
to bridge this gap in development, possible to an
extent by increasing the prodwctivity of water and
land. There is also a need to address the problem of
generating  political environment and  regional
cooperation among the basin countries conducive to
such developmental activities. Targeling investment
in the least developed areas of eastern 1GB, where
rural poverty is also at its highest, could offer the rural
FliHJF.'L'I-'I-'iL_'r":IIJTI1EFI‘|:H|-'-I:"1'|}'.

Growing Population and Urbanization:
Drrivers of Resource Degradation

With rapid population growth, water allocation
amaong competing sectors remains a big challenge. The
per capita water availability in the Indo-Gangetic
bazin under the projected water demand by 2025 is

& icors

urkreabed I'I'ILII'I:iI:'ir.lHI.ﬂ"'I.'ﬁ'L'IH!', B53% of which 1= from 25 Class
1 towns situated om the banks of the river.

Quality degradation of groundwater is observed in
Punjab, Sindh and Haryana states of Indus basin. Around
41% of the net draft in Punjab, Harvana, Rajasthan and
Uttar Pradesh is predicted fo be of marginal and poor
quality. Almost 65% of the agricultural area of Haryana is
confronted with groundwater quality problems;
especially im central and western districts. A tremendous
reduction in cereal vield could be the result of irrigation
using marginal quality water. Studies have reported a 68%
decrease in wheat vield in moederately saline land and 84%
decrease inwheat vields inhighlv saline Land.

Future pressure om water resources by urban and
industrial uses advocabes the need for suitable strategies to
combat reduced water availability for ireigation based on
whether the water available would be enough to grow
encugh food to meet the requirements of the population.

Total renewable water resources (TRWR) and per capita water resources in the Indus and

Gangetic regions of India and Pakistan

I Basins TEWR

{hem’} 1990
Indus- India 97 2487
Indus- Pakistan 140 1713
Ganga- India 63 1831

going to be reduced to the level that it will become a
water stressed area In addition o the nse in water
demand, land-use changes contributed by population
growth is also adding to the pressure on water
resources, Sub-basin scale analysis of Gorai-
Madhumati sub-bazin in Bangladesh has shown that
outlet runoff is affected by land use within the
catchment as well as the inflow coming from the
Ganges.

Though Ganges basin is relatively underdeveloped
with more than 40°% of the tokal resources as net flows
to the sea, the river in most pact of its flows in the
plains [downstream of Haridwar) is highly polluted in
spite of it being declared as the Mational Biver of India
and a much publicized Ganga Action Plan to reduce
the pollution load in the nver. Ganges and its
tributary, Yamuna have turmed into stinking sewers
fromn industries and population on its banks. Studies
show that 75% of the pollution in Ganges is from

2000 2025 2050
g 1590 1732
1332 Tl 4.5
1490 Qe 73

Crweer extraction of water for industrial and domestic
U posses leave bess flows available for environmental
requirements. Intensified agriculture to feed the growing
population steps up the wse of chemical fertilizers,
pesticides, herbicides etc. polluting much of the
watercourses in the Ganges. This coupled with the
alarming levels of industrial waste loads dumped o water
bodies and sewage disposal in turn reduces the amount of
utilizable flows. Challenges lie in checking sewage
discharges from an ever-increasing population as well as
effective implementation of policies to confrol industrial
wastewater discharges,

Adding to the Threat: Climate Change Impacts

Water resources of IGB are at risk from changes in
temperature, glacier retreat, floods and droughts and sea
level rises, Predictions on alarming rate of retreat of
glaciers, as for example the Gangotri glacier, signal the
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Country-wise climate risks for the Indus-Gangetic basin countries

Climate risks India
Temperature rise High
Clacier retreat High
Frequent floods High
Frequent droughts High
Sea-level rise Modest

Asbapded fromy Hleatbrrvren ef (2009

reduction of river flows and their impact on food
production. Average annual rate of retreat of Gangotri
glacier, the source of Ganges, has increased from 14.6m
during 14934197 to 354m during 1962-2000 (142°%
increase] and has retreated around 2 km since 1780

In contrast, anobber r:l'ulJ_-.-' I.'\t']'.|LIr|:!'i Hhat Eldt'it'rh- 151
Central Karakoram, source of Indus river, is actually
advancing, surveys done between 1997 and 2002 have
shown 13 glaciers of intermediate size to be
advancing,

The runofl potential of the Ganges and the Indus
Rivers are on decline trajectory due to fast melting of
the glaciers and ice and higher evaporative demands
Indus Basin Irrigation System (1B15), relying heavily
on summer flows contributed by winter snow and ice
in Himalayas and Karakoram, will be faced with new
challenges with the change in snow and ice potential.

Frequent droughts im dry western region  and
recurrent floods in eastern [GE, mostly in Bihar state of
India and Bangladesh, cause huge economic losses,
which gets much more severe with climate change.
Studies suggest increase im the frequency and
intensity of extreme events in most of the sub-hasins of
Ganga basin under the changed scenario. Farming
systems and water use still has to find effective ways
b adjust to such umcertainties in climate. Such
adjustrnents has to be tapered to the regional needs as
the level of adaptation needed for rural poor
communities, especially in Bihar and Uttar Pradesh, to
the impacts of climate change being different from
those im wrban settings. Technology aimed at
developing and disseminating new varieties that can
survive floods and drought spells are the need of the
hasur to build climate rhnnl.}_:' ;.'llJ..'l'Frl'..'llllm.

High Very high High

High High il

Low High Very high

High Highinsomeareas  Highinsome areas
Modest - Very high

Concerns about the Role of Groundwater

Thewell-developed surface irrigation systerm in Indus
basin does not deter it from being one of the biggest

The share of groundwater in the water
footprint of IGB is considerably
large and is increasing at a rapid pace.

groundw ater usage regions in the world. This s partly due
to the aging amd less actively managed canal irrigation
systems. Cheer the last decade, share of area irrigated by
groundwater has increased by 33% in 1G basin countries.
Contimuous and  increased  agricultural - groundwater
extraction contributed much to the regional development
of Punjalr and Harvana in western IGE, but these camse at a
costof environmental degradation in the form of depleting
veater levels. More than three fourth of Indian Punjab is
experiencing issues on water table decline. On the other
hand, seepage and percolation from canals leave Sindh
and parts of Punjab provinces in Pakistan, with issues on
waterlogging and salinity.

Eastern IGB has a rich endowment of groundwater
resources, which is largely underdeveloped at present.
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Lack of human, financial and political capital as well
a5 POor infrastructure act as aor i1:u|'.a-e:|Ii.|1'||.-nI!H i
groundwater development of the region. Presently,
miost of the poor farmers access groundwater through
diesel-operated pumps, which are expensive to
operate and manage. More than 50% of the farmers do
rcd heave Bhvedr owen prummpes anad IJ-I."]"I:'I'II'J upon albernate
mechanisms to have access to the groundwater at a
high cost. Large investrnent on rural electrification
and devizing of low-cost pumping technologies can
help a long way in improving the current sibuation.
Croundwater markets, with suitable pricing and
contractual mechanisms, need to be established and
encouraged Lo assuUTe ACOESS IO FESOUTOR POOT [armers,

& icors

Unsustainable levels of groundwater development in
meost areas of western 1GB is favoured by inappropriate
policy amd energy subsidies, that often fail to regulate
over-exploitation of this valuable resource, Politics play a
substantial role in this and reforms aimed at eliminating
subsidies would be politically difficult. Although
regulations exist on limiting groundwater extraction from
dark and grey zomes, governance is not efficient enough
for their effective implementation. The real challenge lies
in defining a groundwater policy framework, which
allows for its future sustainability, but at the same time
acceptable to all the stakeholders. The framwework should
also be able to address the nexus existing between water,
energy and food security in the basin, Policy-makers also
nmeed to understand and establish tradecffs between

sustainability and economic development,
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de Condappa, 1, L. Bharati, B.E. Sharma 2009, Aszessment and planning of water resources of the Indo-Ganges
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Where the Potential Lies? Disparities in Water

Productivity across Indus-Gangetic Basin
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Remote Sensing and Census based Assessment
and Scope for Improvement of Rice and Wheat
Water productivity in the Indo-Gangetic Basin

Traditional methods of water productivity assessment
at I:i.-h]rll:" farm or small rL-Hiunat lesvres] banves lirmibesd wesses im
proper understanding and making basin level
recommendations. This Project developed an innovative
methedelogy by integrating the different interactive
factors, which has the capability to estimate land and
waber productivity both at the pixel and basin and the
termediate levels. Water e, CTop darmmmance, actual
ET, yield and crop water productivity for rice-wheat
cropping system of Indus-Cangetic hasin was assessed
by combining meteorological data, ground survey,
national censws with remotely sensed imagery,

erManE
The av t-rut';rmr'wl d|ls For IGE Pakistan, India, ht-pul
amd E:.1|:|.5|a-:ir-.~:|"| pa.rh\ ared 6,253 354 and 2.75 t,-"]m
respectively.

* The "bright spot” in Indian Punjab state with some
adjacent areas from Haryana and Rajasthan states
has an average vield of 618 t/ha, which is
significantly greater than most of other areas within
the basin. There are small areas of wvery high
productivity in Mechi district of Mepal and Rajshahi
district of Bangladesh.

= The “hot spots” of low vield rice is found in Indian
Madhya Pradesh, Rajasthan, Bihar States and
Bangladesh Dhaka Dhvision with average vield of
118, 149, 2.04 amed 1.97 ¢/ ha respectively.

#  The “bright spots™ of wheat productivity is found in
Punjab and Harvana states in India whereas the “hot
spots” were found in Madhya Pradesh, Bihar states
af India and parts of Khulna and Diaka pn:_n-'in:q' in
Bangladesh.

ETMaps:

¢ The seasonal average paddy rice ETa from Jume 10—
Oictober 15, 2005 is 368 mum, ranging from 147 to 536
murn with standard deviation of 92.6 mim. The average
ET for non-rice cropland of the same period is 305
mirn, with a slightly higher standard deviation of %34
mrn. These values are much lower than the potential
ET of the crop indicating water deficit in different
regions during the crop growth,

# The average wheat evapolranspiration over the
averaged wheat growth pericd from Movember 24,
2005 to April 14, 206 is 210 mm with standard
deviation of 61 mam,

Wﬂfrrpmdﬂffml!}rﬂ‘b’ﬂ IS
Average rice water productivity in the basin is (.64
kg/m’, with minimum, maximum and standard
deviation values of 0.2, 204, and 0372 kg/ m’
respectively,

¢« The Indian I‘l,l_n'r.pl;l and al,‘ljl_un'ing Aras, 1:|11'q'ring &'
of total rice area, have very high rice water
productivity with an average valueof 1.51 kg/m',

o A much as 19% of total rice areas have W bess than
0.5 kg/m’, which occur mainly in Indian Madhya
Pradesh, Bihar States and Bangladesh Dhaka
Dhvision,

LY high rice WP '\»:I:rip, argand 10 =70 km in width,
starts from 735'N (longitude], 2°E (Jatitude) in
southern Haryana State and goes towards the east kil
the Southern Bihar State, India (385.2°N (lomgitude),
24°E (latifude]). The vield for this area is relatively
loww with an average valueof 3.2t/ ha.

* The Bihar State in India has the largest areas with
lowest W

+ The average wheat WE is 1.36 kg/m’ with standard
variation of (L&& kﬁ,l":m'. e tor thee L-:-'.I:rmm'.[]: bowe ET
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Water productivity of rice and wheat in 1GB for year 2005 — 2006.

in the Indian Fajasthan and Madhva Pradesh states,
water productivity in these areas showed higher
valuwes despite low yield.

Scope for WP improvement

Rice and wheat water use and water productivity are
relatively low with tremendous variation in Indus-
Gangetic River Bazsin, which indicates significant scope
for improvement. The inconsistent yield and WP
distribution against rainfall shows that the main
constraint is not water availability, but the fiming of
wiater :1-1.1|.1E:|_1_,- and others on farm rmanagement. Well-
developed irrigation and drainage system together with
matching management practices can help to maximize
utilization of rainfall and achieve high yield and water
productivity. Other land and crop interventions, e.g.,
|r.w'.||:in_5. risecks and digsease contral, ferhillizer. va r.it-l:_'.-'.
are also important factors bo be considered along with
waler management. Besides the variation in crop to be
irrigated, the source of irrigation water alzo has major
role for conserving/ saving water and thus improwve the
water prlldu:'l:ivil:_'r'. Gr.rlﬂra!]_l.-', irrigation with
groundwater was found to be more efficient due ko
better control over the amount and timing and
manageable flows. Surveys and analyses conducted in
FPunjab showed that the vields were lowest for farmers
using only canal water for both paddy and wheat and
farmers with conjunctve use of both canal and well
water gol higher yields

The bright spot in Indian Punjab State and adjacent
areas, with 5% of basin rice and wheat cropping area, has

TO'E BI'E A0°E

35°W

30°W

Fl |

35N

W

25°N

Rice and wheat ET, to ET  ratio
is higher in high rainfall areas.

WATER & FOOD
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high W of 0,433 USS/m’. If the basin average value of
0,302 USS/ m’ could be increased to e same as in bright
spots, the basin could then theoretically save 30% of
agricultural water consumption with sarme quantity of
production or increase 3% of production with same
quantum of water input, Although this is limited by
many constraining factors, a small increase in WE still
has a lot of potential toensure regional food security.

Spatio-temporal analysis of districk level rice
water productivity in Bangladesh

A case study emploving time series (37 vears) of water
pr:rdurl:'i'l.-"ii'_y. hath average and m.arﬁinn.l, was
conducted at a disaggregated [districk) level for
Bangladesh.

The analysis found a very high level of inter-district
1.r.a111|.1|||hr im rice prcs-l.h:u-rn.'lhr which waz t‘:-tp'all'lt‘d
by hy dro-climatic, technological diffusion and
agncullural inten=ification factors.

Location of the districts in the Ganges basin and the
prevailing policy regime alse helped in higher
productivity,

[nterestingly, the WP has improved historically
indicating farmers are producing more rice with the
same quantity of water, but still the yields levels are
very low,

Early 2000s

o Environmental capital

I current scenario, Bamgladesh rice production
15 more environment - infemsive  given  the
high propensiby o breat endirommment (groudimefer)
s @ now-sorrce or alwndant foctor or worse
sl az a '.‘|'|_'|'.l.:'|'."." .C!I' HiTHire
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* Bangladesh needs to achieve internal water
augrmentation to enhance and sustain land and water
productivity which needs to be supported by both
market-based and non-market based and
institubional policy support.

Water productivity in Rechna-Doab in
Pakistan

The performance of Upper Indus Basin Irrigation
Systern was evaluated by the application of surface
energy balance techniques using remotely sensed data,

*  The wabter ]:!n:nlu-:'l:ivi.l::l.' . Babi is 11||5|:| and n:la.l:ivt-]}'
le=s variable than Kharif values across Rechna Doal
{due to low evaporative demand in Rabi [winter
season| and efficient use of limited canal supplies in
marginal o poor groundwater quality areas as well
as o the povernment FH:-|:ir_:,l af support price of
wheat, which is the major Rabid crop.

¢ The annwal wvalues of sub-divisional water
productivity are found to be high in subdivisions
with good groundwater quality areas (mostly in
upper Bechna) and with adequate and reliable water
supplies. The highest water productivity was found
in Sikhanwala subdivision, which is attributed to
high wvalue fruit, wvegetable cultivation, highest
cropping (1%9% | and acoess to markets in Lahore city,

*  The highest annual water consumption is seen in the
upper and upper-middle reaches of the Daab, where
both surface and ground water supply are
plentiful, amd rice amd sugarcane are grown as
summier; annual cash crops.

* Water productivity, in terms of GVP per cubic meter
of ETa are found to be generally higher for
subdivisions with good quality water, but exceplions
are there as in case of Dhular and Sultanpur.
Although the gross margin for wheat is relatively
loww, especially compared to rice and sugarcane, the
average winter water productivity is high for three
reasons: low waler consumplion, judicious use of
groundwater, and expamnded areas compared to

Kharif, resulting from a combination of the first fwe
factors.
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Publications:

1. Aklmad, Mobin-Ud D, Milantha Ga e, M, Muni‘l‘-::lrinlq .-’l.z.;ril:'u[l:u ral Water I.fum»:umpl:i-::-n amcd |rri5.a+i|:m
Performance Using Freely Available Modis Images for a Large Irrigation System in Pakistan, Proceedings 2
International Forum on Water and Food, {Volume-1), Addis Ababa, Movember 10-14, 2008, CPWF, Colomibso,
PplZ3-124.

rd

Ahmad, M.}, H, Turral, A. Nazeer 209, Diagnosing irmigation performance and water productivity through
satellite remote sensing and secondary data im a large irrigation system of Pakistan, Agricultural Water
Managemment 96:551-564.

Ahmad, M.D, H. Turmal, A. Nazeer, A. Hussain 2009, Satellite based assessment of agricultural water
consumption, irrigation performance and water productivity in a large imigation system of Pakistan. In
Thenkabail, P.; Lyon, .G, Tumal, H.; Biradar, C. {Eds.), Remote Sensing of Global Croplands for Food Secarity.
Eemote Sensing Applications Series, Taylor and Framcis Series in Remote Sensing Applications, CRC Press,

s

4 Cai, X.L;BE. Sharma. 2009 Integrating remote sensing, census and weather data for an assessment of rice vield,
walter consumption and water productivity in the Indo-Gangetic river basin. Agricultural Water Managemment
(Elsevier). Dol 101016/ . agwat 2009 07021, B pages.

5 Cai, X.L., Bharat Sharma. 2009, Eemote sensing and census based assessment and scope for improverment of rice
and wheat water productivity in the Inde-Gangetic basin. Science in China Series E: Technological Sciences(
Springer): 52(11):1-9.

& Xuoeliang Cai, Bharat B. Sharma, Matin Mir Abdul, Devesh Sharma, Gunasinghe Sarath. 209, An assessment of
agricultural water productivity in the Indo-Gangetic River basin: Current status and scope for improvement.
[WMI Research Report (Draft).

This note forms part of the Challenge Program on YWater and Food {CPWF) sponsored Basin F ‘roject for the Indus
Gangetic Basin (BFP-HGR), For detailed project report, leg on o http: ) Sbfp-indogangetic.iwmioo o write to

Email: b.sharma@cgar.org Project related publications are available at http:
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Policy and Institutions

Analysis for the Indus-Gangetic Basin

Water managerent af the river basin level hes wndergone several shifls in paradigm over the lest several decades, from
targely ignoring the hydrological wspects af a river basin and resorting lo inferlesin bransfers on the one fund, to
etriphasizing the interconnectedness of wnigue ecological systerns and encomeraging an infegralad approach te plinning, on
the obher. Biver basin organizabions supporl the integraled physical and fechmice] management of waler resources mnd, if
develaped adequately, can respond ko e growing compelition for waler amang agricaltionl, industeial, wrban and
instreamt sises within basins, However, the Indws-Gangetic brsin in Sowll Asin presenls pery complex managenianl
clhillenges. The geegraplic and geopoliticel challenges of Indinn and e neighbouring riparian covenfries gewerally do sl

Javonr integrated hydrologic perspechive. The reasons include a slart bt infense monsoon senson of waler aoailabilily
Solloeved by o lowg rindess period {instead of steady river flmes), end signifcant decenfralized rainmaler haroesling in

peaweys parts of Bee st wirelated do the Tadistic basin perspectioe. The Basin is alse swnique in i1z lerge-zeale dgpendence on
grovcrdioater wage, whick i3 equally seen as seemingly unrelated to Bhe Basin perspective. Witker resmicree legislations in Hhe
basin cmrlries are also wol very effechive amd condicioe fo dntegnited basin suneagement, The more devanding and
coarpilex funchons relaked fo consermvation of waler and amprovement of aker prroduchoiby, ellocabion ofuster mmong Hie
coapeting sechors, inbegriting entirpirmenial wied soctal corcerns related fo Bhe resouroes, enswring aqiity B acoess and
coarpertsading for lasing acoess or relocating e iindequately adidressed

The Basin-Focal [’11+e;'rr for the |I'I|:]Il'|i-'r.-:..'ll.1_5-l"‘|'i|:' Basin
(BEFP-IGB) adopted a broad view of "institutions™ to
encompass water-related policies, laws and
administrative structures but also informal water
institutions such as water user organizations, water
markets and civil society organizations working in the
water resource sector. Both sector specific and basin
wide policy and governance analysis were done on some
of the relevant themses.

Water Contral and Land-lease
Markelsin G basin

Frim..'n-_-' BUrYEYS conducted at the :I'I:"FI‘:I'I:'.\IH"l'lL1 tive sabess in
the IG basin indicated that the property rights of the land

are 4,:|uih'-1.-'r| riable in these countres where farmers own
only about 50 ke 75% of the holdings and the rest of the
land is either “leased- in” /° leased-out ™ or form part of
the commeaon property resowrces. Ownership of land was
only 51% im Incia (Bihar), 7% in Pakistan {Funjab) and
7% in Mepal, About 20 % of the land holding was
leased-in by the farmers in all the three countries.
Leased-out land was 18% in India and only 0.5% in
Pakistan and 1.28% in Mepal. Comumon property lands
were about 12% in India and practically absent in
Pakistan and Mepal.

[ the eastern G.a:l'lt.';,l-'_'t bagin, the scoess b waker
resources is also very poor and about 68% of the farmers
with smallholdings purchased water from the

(a)

L] pyrgras I owrersip 21 I Public iCansty 5%

ib)

. Laasid m 19%

u Commuom 12%
I:I Lazasend oast 16%

B owrerstip 1%

Water resources property rights (a) and land property rights (b) in Bihar, India (1GB)
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neighbouring  farmers with tubewell ownership.
Situation is quite similar in Ganges part of Bangladesh
but much different in the Indus basin where most
farmers have the ownership of land and water resources,
51 h'e].'lal_. |!|:a.i:|1|._-.-' thres forms of tenancy practices were
found in the studied area: mortgage, share crop and
contract (Hunda in terai). Irrigation is the major
determinant in all the studied areas for leaschold in
terms of lessee’s preference and the rent it commands,
Irrigation availability found to be a must incase of
contract farming in all the studied areas. Electric
operated shallow tubewell irmigated land is preferred by
the contractor for lease than the surface and diesel
operated  shallow tubewell, 1t shows that both the
availability of assured irrigation and cost effectiveness is
the first priority of the lessee.

Evolution of Water Sector Policies and Laws in
the Indus-Gangetic Basin - Drivers and Trends

The K basin countries (India, Pakistan, Nepal and
Bangladesh) have witnessed an exponential growth in
policvmaking and legislation in the recent past, with a
significant increase in activity from the 19%0s o date.
The progression of policy and legal frameworks has
witnessed a shift in focus from water development (up

to the 1970s) to water management and water
governance, There has been change in priorities frorm
hydropoveer generation to irrigation and drainage and
then to integrated water resources management,
participatory irrigation management and more recently
to groundwater governance and management.

There has been a general increase in attention to
groundwater across the 1GB since the 1990s; the most
evident feature is the rise of groundwater as a key
consideration in India both at the federal and the state
levels [t s also :|1|.'rlﬂwu:'|:|"|}' that oL ndwater featured
in 20 af the 25 instruments assessed for India for the
1990-200% period, with 15 classified as having either a
primary or substantial focus on groundwater. But the
relevant instruments identified a substantial n;ll,-_grm- af
similarity in content (and language) between several of
the more recent instruments, notably the Model
Groundwater Bill of several states.
Governance of Informal Water Economies
in the IG Basin

Water EOVErnAnce is the sum  total of processes,
mechanisms, systems and structures that a State evolves
and puts imto place in order to shape and direct its water

B2000 fo I009
940 fo PoE
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BI1930 o 1939
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W1010Ee 1919
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Dominance of groundwater legislations in India
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economy o conform to its near and long term goals. But
the core hypothesis is that "governance capacity” of the
state is a scarce resource, which governments ration
mru,-l’ull:.-'. Another ]'l:r'l_'.lﬁt"bl_'ﬁ:i!ﬁ ix that all EOVErNANE of
sectoral political economies take the form of three kinds
of direct instruments: public production, promotion and
regulation, and prices, taxes and subsidies. Under public
production, governments build dams and systems/
irrigation services that private entrepreneurs are
unwlll'ing or unakble tn m:ppl}' ar the governments want
to control for strategie reasons. Under promotion and
regulation of waler governance, governments may
support public-private partmership in water supply,
promote  participatory  irfigation management and
regulate energy and water supplies and abstraction
through specific laws and operations. For deniving
immediate results and ensure some kind of a fimancial
viability the povernments mav take the route of
imposition of prices, taxes and subsidies, Governments
tax private actions deemed undesirable (pollution tax),
or subsidize those deemed desirable (power subsidy,
diesel subsidy, food price support, irrigation water
subsidy), levy a water service fee to finance water
services (immigation revenue); subsidise irmigation it
farmers need protection,

All these instruments are still in the evolutionary phase
in all the four countries and have not stabilised. Often
times the instrurments deployed by the states may be in
conflict with the advisories of the federal governments
and can vary considerably within a country; eg., free
electricity supply to farmers in Punjab state versus
advanced time-of-day-electronic metering of

agricultural power in West Bengal, India.

Econmomics of lrrigation Water and Coping
strategies of Small and Marginal Farmers in the
Indus-Gangetic Basin

Global debate on “water as an economic  good”
presumes that irfgation water supply is delivensd,
controlled, and priced by public insttutions; that in the
developing world, the price of water is kept 5o low that
water use cost leaves farmers no incentive fo use it
cfficiently, In the eastern Gangetic basin region where
irmigation @5 viewsd as an instrument to alleviate
agrarian poverty, the dominant emerging trend is the
opposite of what the “waler-as-aneconomic good'
debate highlights. Pulblic irrigation systems and their

Thriving groundwater markets in eastern
Indus-Gangetic basin

pricing policies are losing relevance to the irmgation
dynamics of the Indo- Gangetic basin, including in their
command areas.

In the real irrigation economy of the IGB dominated by
diesel tube wells and pervasive pump irrigation service
markets, the ~surrogate water price” facing millions of
srnall-holder irmgators has forquite some time been well
above the De Fraiture -Perry “low-threshold,” and is
niow crossing the upper threshold bevond which water
demand becomes highly responsive to the “surrogate
water price,” Particularly post-2000, the energy squeeze
--and the soaring use cost of groundwater —is inducing
smallholders to adapt/respond in myriad ways. At
prevailing irrigation water wse cost, small-helders
fostering efficiency responses, that is, shifting to water-
saving crops, water and encrgvsaving irrigation
tﬂt']'ll.'l-l:lliil_E.H.‘ﬂ_. anad i.m|:ln::l'.-'t'd COTTVE Y anoe eHil:'ir.nn:'_l,-'. But
the poorest are also forced into distress responses, that
is, switching o high-risk crops, reducing irrigated areas,
and even getting out of farming itself

Since the onset of the 19905, smallholder agriculture in
the 1GE has been stressed by an overall input cost-price
squesze anyvway; but rising diesel prices are proving the
last straw on the camel's back. Here, the major challenge
i= o find ways of bringing down water use cost belowthe
“wpper threshold" beyvond which abundantly available
water becomes too expensive for the poor to use to
maintain livelihoods and food security, llwtfxl:ing m
farm electrification and providing rationed electricity at
an affordable price -as under Gujaral's new Jyotigram
Scheme might provide succour to smallholders in
eastern Gangetic basin,
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Classes of Irrigators in India
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Fublications:

1. Shah, T., M.U.Haszan, M £ Khattak, FS Banerjee, OF Singh, SU Eehmarn. Z008. Is irrigation water free? A reality
check in the Indo-Gangetic basin. Water Development, 37(2): 422-434.

2 A Mukherji, 5. De Silva. 2009, Evolution of water sector policies and lawes in the Indus- Gangetic Basim - Drrivers
and Trends. IWMI Eesearch Beport [ in progress)

3 Pant, Dv 2009 [rrigation and tenancy in Nepali agriculture: A rapid appraisal in three districts. Draft Project
Feport

4 Malik, BPS; Shah, T, 2009, Governance of informal water economies: A preliminary framework for study of water
governance in the I1GB. Draft report {in progress).

S De &ilva, 5, AL Mukherji. 2009 An inventory of national, sub-national and trans-boundary water-related legal

instruments in the G basin countries. Project drafl report and an electromic wersion [under developrnent).

Ii'i--u-".-'-"l"'-|'|I af the Challenmge Program on Water and Food {CPWF) sponsored Basin B *rovject for the [ndues

Email: b.sharma@cgar.org Project related publications are available at http:
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Water-Land-Poverty Nexus in the
Indus-Gangetic Basin

Water-Land-Poverty MNexus in the Indus-
Gangetic Basin

The Indus-Cangetic basin (IGB) is the largest contiguous
poverty hol-spot in South Asia (SA). The IGE, which
imecludes ]'lurl‘-.:-: of Imdia, Pakestan, Hﬂﬂﬁ]ildﬂh arad h'r]'mL
covers about 45% of the total area of 5A and
accommaodates nearly 46% of the region’s population
{2000 estimation), Poverty in5A and in particular in the
[GE, islargely a rural phenomenon. The rural poverty in
Bangladesh, Pakistan and in Mepal are 56, 39 and 35%
respectively, which is significantly higher than urban
poverty, which represenmts 36%, 23% and 7%
rr.wp-e-rri'l.'rl:,'. Fural plwrrl::,' ire the Indian states, Bilar,
[harkhand, Uttar Pradesh, Madhya Pradesh and
Chhattisgarh, which cover a major part of the IGB are
above 3%, Since a major part of the population in this
region live in rural areas, rural poverty dominates the
overall poverty. Agriculture 15 the major source of
livelihood for the majority of the rural population in
[GE. Thus reducing rural poverty through improving

Framework for understanding and
analysis of the water-land-poverty nexus

agriculture income 5 a major pathway for reducing
poverty in the IGB, Adequate access to reliable water
and quality land resources are crucial for agriculture
productivity growth, And there s clear evidence of
strong linkages of growth in agriculture produectivity
and reduction in rural poverty. The water-poverty
analysis aimed at mapping sub-national poverty in the
IGE and identifying the determinants of poverty, by
ELI’E'L‘I"!-:II:'I.E o waker, land and P |:'r|'l.-' fexis. The |'.'|-1'|.'|-p|!|."|'
also identifies coping mechanisms of the people living
under poor conditions of water and land, and
interventions that could alleviate poverty. The analysis
applied the following framework for understanding the
water-land-poverty nexus.

Demographic and Poverty Trends

High population pressure and large agriculture
dependent liveliboods are key demographic drivers
affecting natural resource use in the npanan countries of
the 1GB. In recent decades, the four riparian countries of
the IGE also have some of the highest population growth
rates im Asia. High population growth is a significant
driver of depleting and degrading the natural resources
in the KGB, This increases pressure on natural resources
in the IGE, which extensive agriculture has already over
exploited.

Low ranking of the Human Development Indicator
(HD} of the four riparian counitries (India-128, Pakistan-
138, Bangladesh-140, Mepal-142) show the plight of the
progress of health, education and economic growth in
this region, These countries in [GB also do not also fare
well in terms of magor indicators in the well known
Millennium Development Goals (MDG). However, a
bright spot appears to be the access to improved water
source for drinking,. which is progressing well in India,
Fakistam and Nepal. Bangladesh has lagged behind in
this aspect, where more than a quarter of the population
has no proper access to drinking water supply in 2000,
with only a 2% growth in the last decade. Further, the
overall Human Poverty Index rankings of the four
countries are some of the lowest armang the Asian
coumntries,
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Head count ratio in IGE countries
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Head Count Ratio, Poverty Gap and Inequality

Head count ratio (the extent of poverty as the proportion
of population below a poverty lime, HCR} of the riparian
countries of 1GB has significantly improved lately. In
India, income of more than half of the population was
below the poverty line before mid 1970s. HCR has
decreased since then, to about 36% by 1993, and 26'% by
2000, About 21% of the Indian population lived below
the poverty limse im 20005, About 22% of the FH!ITHIL'I"‘il:H'I in
Pakistan was poor im 2005 In MNepal and Bangladesh,
about 31% and 40% of the population were poor in 20005
and 2005, respectively. In spite of these gains, the
poverty associated with high rural population is a major
concern in all four countries, A major reduction in rural
poverty will have a significant impact in reducing the
overall poverty in these countries

Although the spatial resolution is low, the available
poverty mapsd shall shaows Ii.'IIE_I." variations of poverty
across the IGB. The HCR is relatively lower im north and
north-wastorn parts af 1GE, which malnl}' includes
northern part of Pakistan Punjab and Indian Punjab,
parts of Kajasthan in the Indus basin and Harvana and
the western parts of Uttar Pradesh of India, and
Eathmandu region in Mepal in the Ganga basin, The low
HUR regions in the Indian and Pakistan parts of the 1GE
are known to have high agriculture productivity and
growth

The HCR is high in the southern and easterm parts of
G, |.1:m.=:|.~:|:i.ng of states of Bihar, l'.'.“hal:tlﬁﬁarh,_lhurka.nd,
and western part of Uttar Pradesh, and Madhya Pradesh
in [ndia; southern Punjab, Morth West Frontier (MWEF),
Sindh, and Baluchistan provinces im Pakistan; south-
west divisions of Bangladesh; and all NLSS regions
except Kathmandu in Mepal.

10-30 H 20-30 B 3G-40
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Water-Land-Poverty Nexus in the IGB

Agriculture sector contributes to about 20% of the GDT
in India, Bangladesh and Pakistan, Yet, due to large
population base, livelihoods of many of the rural poor
still depend on agriculture, There are still large
opportunities for reducing rural poverly in the IGB
through agriculture growth. Among others, access to
irrigation 15 4 kF:.-'-ﬂl.ﬂ.l:rnnin&nl of red ucing rural vty
A reliable irrigation supply i=s a key deterrninant for
better inputs use, such as better seed varieties, fertilizer,
pesticide ete. They increase productivity and income
and reduce poverty, This is clearly the case in Punjab
{Indus basin}) and Harvana (Ganga basin} where
irrigation- mostly through groundwater, covers a large
part of croplands. These twao states have some of the
Iowest rural poverty.

Adequate access to quality land is alse 2 major
determinant of low rural poverty. In the IGB countries,
incidence of rural poverty is evidently high among the
landless and marginal farmers. India has the world's
large=st number of rural peor and largest number of
landless prople and they are intrinsically  linked
between each other. Marginal {<Tha) to small [1-Zha)
lands, comprising 82% of all operational holdings, is a
constraint for poverty alleviation. In Bangladesh, more
than 50% of the landless people are poor, and the
poverty among the small landholders are throe-fimes
!‘IiEI‘IEI’ than the |a:rE;l' landhalders, Moressrver, rural
poverty in Bangladesh ks high in low-land and high-land
areas. In Pakistan, more than half of the landless
population, whose livelihood depends on agriculture, is
poor. However, in Mepal, more than half the population
belonging to landless to small landholders is poor, bast
poverty among the large land-holders is not strikingly
Iower either. Lowland productivity is a major factor that
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Contrasting pictures of poverty in the western and eastern regions of 1GB

separates the rural poor from non-poor in Mepal. Access
to irrigated land, and associated productivity growth is
proved to be a mapor determinant of decreasing rural
poverty, Howewver, intensive irrigation could also
contribute o land degradation and threaten the very
benefits that irrigation has delivered to the rural people.
The linkages of water-logging and salinity with
intensive irrigation in the IGE are well known.,

Insights from Case Studies in India, Pakistan
and Nepal

Primary surveys were conducted in selected locations in
all the four basin countries for a better understanding of
the detailed village and household profiles, scattering of
the holdings and views of the experts for alleviating the
existing conditions, Initial analysis of the data revealed
the: |:4,1|||;:-wing trencds:

i. Water and Property Rights:

It is surprising to reveal that in Bihar (India) about 2/3 of
the respondents buy agricultural water from unofficial
trade schernes, In effect, 57% of the sample purchases
water from 111:.,‘“11!:_: mechanisms, 19% B5% make
comjunchive use of pump and traded water while |.||:|||_1,-
about 3%make use of public water [canal irrigation). In
the case of Mepal, the pumping practices are quibe rare
and the camal water is ackmowledged as a public
property, Therefore, the public use of canal weater almost
mcmlrpllli.ﬂ-ﬁ the water property  stabus wihile the
ownership condition of a tubewell k= minimal.

if, Land and Property Rights:

Oy about 50% of the land was directly ownied, about
A37% was leased-infleased —out and 13% were the
COmmon property sourcesy vague titles in the sample
villages of Bihar state of India. Im Pakistan amd Mepal
sites, about B0% of the land was directly owned and the
rest was leased-in with minimal area as commeaon

property.
itl. Sowrce of New Knowledge:

In spite of the huge expenditure and large institutional
structures of the agricultural extension; the farm friends,
self-oxperiment, knowledge from the elders and the
retail business persons comtinue o be main source of
knowledge in all the three locations. The NGOs and the
public institutions consist of the almost last choice of the
farmeers.

1. I'_'.::ua.*;rrumjtﬁ_,l".::.rJ'mprr.:r'r:“-.:rn.ur'.lig.'

Farmers inm Bihar cifed n-::-n-..w.d'ila.hili‘i'_'.-' i eredit,
inadequate water supply. eods/droughts, poor
vielding varieties and poor availability of fertilisers as
the main constraints. Farmers in Pakistan cited
insufficient supply of water as the major constraint
followed by low use of fertilisers, poor vielding varieties
and high input pricing. The Nepalese farmers. also found
water scarcity as the most vital constraint follewed by
non-availakility of credit, poor yielding varieties and
smiall land sizes as the major constraints for improved
farming.
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v. Farnning Challenges:

Farmers comsider the sufficient and regulated supply of
water as the most potential intervention for improving
the ]'lr|1n|u-:'|:i'.-'i|‘:.-'. Hiﬁh in'|'l|:|.|: cists, n-::-n-..11'.1:||:|'|'li|'il:}' of
the credit and poorly managed canal systems are
perceived as the main challenges for farming. Most
farmeers felt the urgent need for training im mew
technologies, production improvement and agriculture-
r¢'|:|1{'|.|.:'nﬂ'rp1'.im.-.'\;.

Fublications:

vh, Micro-credit Use and Reasoning:

The farmers felt a severe meed for the availability of
affordable micro-credit to meet their agriculture and
related needs, About 40% of the Farmers in India (Bihar),
14% i Pakistan and 50% in NL"FL]] used formal and
informal channels for obtaining micro-credits. Only
albout 52 % of this credit was used for agriculture related
activities in Indian case as against about TP % in
Pakistan and Nq*]'.!:l.| Blorrer than 75% of the farmers made
a proper use of this credit.

1. Xenarios, 5., U. Amarasinghe. 2009, Nexus of Water, Land and Poverty - Lessons from Case Studies in India,

Pakistan and Mepal, IWMI Research Report {Ciraft]

Ik

Basin: A 5:,::1|:|'|E:iih. Dreaft F:t'r::::lrl'.

a

Diraft report,

lij.'IIi F. hm.:rnﬁingjw, K. Sirinivasulu , Madar Samad. 2004, 'I.'l.'.':Wr-I.und-ﬁWrrl‘_l,r Mexus in the Indo-Ca ng:'l:i-.r

Xenarios, 5. and Sharma, B. 2009 Welfare and Water Use in Less Developed Regions of Ganges Basin [Bihar).
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Investing on Interventions for Water Productivity

improvement: A poverty reduction strategy in
Indus-Gangetic Basin

Agriculture remamins the main livelihvood ophion for reral populetion i the Indus-Cangetic basin (IGB} countries. Hemoe

oL,

inferventions bused on inrproving weker produchioiiy e agricnlbire om lelp reral poor o wey owd of poverty, Many
intercentions huree heer tried 17 varlops pirts of the basin fo ooercome local comstraints med provade et e BT P A for
mcrensed produchion, The project identified specific water-related physical, imshifnbional and pelicy level ophions, which

-

furre the potertinl for waler productivify improvement in the rice-woheal predomeinant region of IGB. Delailed mabrices were

prepared based on Hreir locakion, coverage, method wsed, primary purpose, financial aspects, stmkeludd
specific impacts. Avmliahle worter wse med yield ditir from Hiese mafrices were wsed fo esfimake water produc

different intervenfions and crops

Intervention analysis using Analytic Hierarchy
Process (AHP)

AHP was used as the tool for intervention analysis.
Cuestionnaires for different crops were prepared for
intervention ranking and sent to experts covering the
whole KZB for their opinion. Petential inferventions
were identified u'\»:in?; AH on expert :rpi.n'il.rm»: and the
identified interventions were ranked hierarchically for
specific crops based on which, crop-wise high potential
interventions were identified as below:

*  Including sugarcane and mustard in the cropping
system could enhance the WP in the 1GE

*  Proper irrigation scheduling was found to be the
potential imtervention for crops like rice, wheat,
sugarcans and other major crops

#  For maize and oilseeds, use of hybrid seeds is most
critical for productivity improvement

* For potato, use of quality seeds was identified to be
the potential intervention,

#  Crop diversification using short duration pulses s
SUMMET CTop  Can pntrnl'i:ill:.r il e pulsr
Hh:rrl::g,r and nukrition 1:|q-ﬁrn~11r1.- among the poor,

# Bescicles i.rriﬂ::l:lnn. wl‘uﬁ'.lanH, b other imp-c:-rl'.unl:
interventions in the case of rice are transplanted rice
on raised bed (Bed planted system) and selection of
short duration {early transplanting) and
photoperiod  sensitive (delaved  transplanting)
cultivars,

& Ei:nilurh,r for wheat, the ather two i:nFr-::-rl'..'lnI:

T linkages and

ity (WP for

interventions were Bmelines in SV, |.'||J|:-:ra||:i.-|:|r'|.-
sOwing b]: Ard week of Movember and El::rl.rTi]la.El.-.

FPotential of Resource Conservation
Technologies in saving water and improving
water productivity in Indo-Gangetic Basin

Resource Conservation technologies [RCTs) are
directed towards productivity gains through efficient
utilization of natural resources, Land amd crop
management practices promeoted by such technologies
have the potential to improve vields and ensure better
returns to farmers through efficient input managerment.
However, it remains still 1o be investigated whether
vrater in fact is ‘really saved’ at larger irrigation system
or basin scales,

Zero Tillage (ZT)

Zero-tillage is widely adopted in the rice-wheat systems
of 1GB, to enable timsely sowing of wheat after rice crop.
Around 3.0 million ha of land are planted using zero till
drills as of 200607, [rrigation water savings are effected
by cffective utilization of residual soil moisture (12%
more utilization) coupled with the reduction in number
of irrigations per season.

* Water savings of around 36% is reported by
adopling zero lillage in rice-wheat systems.

+ By ZT, the duration of irrigation for wheat is
reduced considerably; it saves about 6.4 hours of
irrigation per season in wheat, but does not reduce
the mumber of irrigations significantly.
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*  Reduction in total water application in Punjab and
Sindh areas with saline groundwater can bring
about “real water savings” by reducing the amount
of water lost to the sink, the saline groundwater
aguifer.

Laser-assisted Precision Land Levelling (PLL)
Precision levelling of land by emploving laser
technology helps in uniform soil moisture distribution
and better control of water distribution by reduced
topagraphic varability.

= PLLrequires 12-14% lower water application when
compared with traditional land leveling in the rice-
wheat sysfem of [GE,

= If the whole of western Uttar Pradesh is to adopt
laser-levelling technology, it is expected to save an
amount of 55 BCM of water and would vield a
corresponding eneTgy savings equivalent to 673
million INE,

*  Farmers reported about 15-20% higher vields under
the laser-levelled fields. PLL iz now widely
practiced in the Indian Punjak.

Raised Bed Planting
Planting in raised bed makes possible vield increase
through reduced crop ledging. better weed control
and improved fertilizer and irrigation application

efficiencies.

*= Raized bed planting of rice with furrow irrigation
has been reported to have irrigation water saving of
upto 4%,

* Better drainage created by raised bed system
reduces crop damage by water logging, thus having
potential to provide ‘real water savings' im the
water logged areas of Indian and Pakistan Punjab
and Sindh,

Water Saving Regulation: The Punjab
Preservation of Subsoil Water Act

Punjab state in India has promulgated “The Punjab
Preservation of Subsod Water Act” as a regulatory
response to its falling groundwater levels. The Act made
mandatory for all farmers not to sow paddy before May
10 and not te go for transplanting before June 10.The
project investigated the potential of the act in bringing
Hl'h:m.'.ﬂﬂml[.'ﬂ‘l'ﬂ'll I'I:'ﬂ] wakor !'H’I'-'II'IE:".

* ET gains from 14 mm to %0mem could be obtained
for the long duration rice, PE113 by a delaying the
transplanting date from May 1 ko June 10,

i [f the whaole rice :'n::-p-];!ﬁ.:l area of Pun.j.ah Follaaw late
transplanting by 10th of June, water savings of
around 2180 MM could be achieved.

* Transplanting onlOth of June would ensure a

100
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g-May 15-May 2 3-May mE*E'-May G- 12-un
—a— AT & —u— Bahinda Fanokot Faengam —a— FirgZpur
—-—Eun:la:-pur —— Hofharpur —— Jalandhar Kapurhala Ludhana
Mansa Kioga Mlutsar Nawanshahr —=— Fahala
Rupragar —=— Sangnr

Evapotranspiration (ET) gains in the districts of Indian Punjab by delaying the
transplanting date from May 1st to 10th June
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savings of 7% in annual GW draft for ireigation.

* Studies report that decrease im water requirement
by 26 to 30 cms, effected by the act would check the
water table decline bj'l.‘lll‘h:_:-h"!-'!’..

¢ Simulation studies report increases in mean water
productivity by around 10% and 21% for paddy
tramsplanted on June 1 and June 16 respectively, as
compared tothat of May 16,

« It is estimated that farmers could save
approximately 175 million KWh of electrcity by
checking real water loss.

= Actual electricity savings of 276 million units for
agriculture reported by Munjab State Electricity
Board in 20085 in spite of am increase in rice area
by 1.53% and increase in tubewell conmections by
3.7% paddy season has also been attributed to the
impract of the act.

Water saving through Water-course
Improvements

Arvurad 45% of the original water diversion to the
channels of Indus Basin Irrgation System 1z lost
enroube, which if salvaged, could be profitably used by
the farmers. The Government of Pakistan initiated the
Mational Program on lmprovement of Watercourses
(MNPIW) with an objective of controlling excessive
seepage from unlined and poorly maintained
watercourses, is expected to improve a total of 28000

CGIAR Chal BT G
WATER & FOOD

watercourses in the canal irrigated areas of Punjab,
falling under the [ndus basin of Pakistan.

o QY Iining and H9% marthen im provement ressulied in
B-13% increase in delivery efficiency at various
sections of the watercourse.

¢ [Delivery efficiencies were improved in the range of
4-10°% for regularly improved watercourses while
for accelerated or low cost improved watercourses
delivery efficiencies increased in the range of 1-6%
al various sections.

¢ The saving of water due bto watercourse
improvement had a positive impact on crepping
intensities of the command aren. Different size
farms located at head, middle and tail of the sample
watercourse had pre-improvement cropping
intemsities of 115, 121 and 115%, which were
increase to 138, 151 and 1352%, respectively after
improvement of watercourses

o I2%, 0% and 19% saving of irrigation time were
achleved at head, middle, and tail reaches of the
watercourse respectively after improvement of
walEToouTSE,

Micro-irrigation Technologies and Multiple
Use Scheme (MUS) in Nepal

The slopy terraces and the insufficient availability of
water were nod suitable for the development of surface

Improvement in delivery efficiency as a result of watercourse improvement

Head Middle Tail Average Head — Middle  Tail Average
Pre-Improvement 78 n Al 70 i Al 54 &1
Post-Improverment B2 81 74 &0 ™ 73 i 72
Major benefits of watercourse improvement irrigation in the hills of Nepal and this necessitates
i developrment of non-conventional form of irrigation
Particulars Extent (%a) including various technmologies [(drip irrigation,
Savings inirrigation time bl sprinkler irrigation, pond irrigation, treadle pump) and
mLIS,
Labor saving 50
Increase incropping intensity e The Agricultural Development Bank of Mepal took
1 ; : imitiative in 1980s in collaboration with CARE, MNepal in
incropyiekis e financing and introducing micro irfigation technologies
Inereage in net farm inooime X = Tube wells and Treadle |"'1.:|.'n]'l:1 in ferai, and h:r'llra:m,
Increase incropped area 17 sprinkler, drip irrigation systems in hill region by

providing lean and technical support. MUS scheme was
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implemented in MNepal with an aim to explore ways to
improve livelihood of the poor, reduce unpaid
vorkloads, alleviate poverty and enhance gender equity
through more p-ﬂ_u]m_':' v opse of small-scale water
SUpp
western regions of Mepal. Within a period of 5 vears

2 in nine hill districts of both the western and far-

ELT L)

4

"y

The technology facilitated productive wtilization of
smiall water sources. The communities were positive as
they could access to water for multiple needs from a
!_v:-'il'l._gli_" system, also he_-l.r.-e_'-,{ in time saving amid
reducton in dru-ﬂge:r:r' forr weomen who fetch water for
the household.

T A ST v &

WATER & FOOD

&), the mumber of MUS has imcreased to 122,

Micro irrigation technologies provided
beneficial to the small holders mainly
through vegetable production,

MUS [Thai jar): Meeting both drinking water
and irrigation needs in Mepal hills.
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Fisheries Water Productivity in
Eastern Indus-Gangetic Basin:
Constraints and Opportunities for Improvement
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Temporal and spatial variation of productivity
in the Gorai-Madhumati sub-basin

Caprbure fisheries

Beel syatewn : Beel fisheries productivity in terms of catch
per unit area (CPUA) has a clear peak in the northeastern

part of the sub-basin, especially in Farndpur and
followed by Rajban, Madanpur and Gopalgan). The

least |.'l-:|.rd:.u.|:nr. districts are located in the Southeast,
coanciding with the lower part of the Sub-basin
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Baor (bowwr lake) Ecosystenmt @ The intensity of fish
production in baors ia higher in the northwestern region
and gradually decreases towards the south-sastern
areas. The highest walue s in Chuadanga district,
followed by its neighbouring district, Kushtia

A comparison between productivity of privately
managed and government managed baors showed that
privately managed baor productivity increased over
time at a much higher rate than government managed
baors. However, the productivity remains low (<1 £/ ha),
considering that the productivity insimdlar water bodies

Districts MName of the water Water Productivity Water Productivity
body (kg tem *) { BD Tk Htem)
Chuadanga Rais ar Beel 2zl 1.710
Mathavanga River 25 2,240
Mazrail Dhalina beel 18 140
Guakhaola beel 9.5 7ol
Mabaganga River 4.5 540
Bagerhat Badokhali beel 0.6 70
Kulirjorr River 1dd.6 17,350

“tewe= Thonsand culic maebne

#A0 Tie= Famgpladedal Takka; (LISD= B Ti 69
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Spatial variation of (a) Beel , and (b) Baor fish productivity
in Gorai-Madhumati sub-basin, Bangladesh

in China and Vietnam are approximately 5 to 10¢/ha. In
the .-lud.:r' areas, the fish water pmdu-:tlvil:_-.r varied
substantiallv among the locations and systems,

High productivity is in the districts with proximity of the
Padma River which ensures good water guality, can
cause wabter flushing. and ensures beels to be mostly
|.'|E|.‘-L|'||'|:|a| henoe HH-::I'r'rI:I'Ih ].'II"L'IIiIJ{"I:L-::II'I all year I:'-I.IIJI'II.‘l
Further away from the rivers, the pmduclw:t'-.- in begls
decreagos, ﬁl hl.EI"I Baor PH’H.‘IIJL"':II-I*.'.-' h-:‘:lb.p{:ll: in the
north may be as a result of a good management svstem of
the fishery in that area.

Agquaculture and Integrated Aguaculture-
Agriculture (IAA) System

Freshavrater Pond Habitals : Overall, the seestern area of
the basin is most productive, with Jessore as the
productivity hotspot of the study area. The high
productivity in the westernmost zome; in Jessore,
appeared to be the result of a well-established private
hatchery zone and seed dissemination system,
facilitating the high production. Additionally, support
of research institutions [e.g. BFRI), local government
and NGOs i ]-E-Hl.'r:rr. Areas '.-'l.-l.]d.-l.-d r.'li:mtn-q. Brerefil o the
farmers in ]-:.l'l-::l'.-.-ll.-dEE diffusion and Frn::lliu-l'.'ll-::ll'l
capacity enhancement, and have overall spread of
aquaculture activities on small as well as commercial
scale. Effort needs to be made to create similar enabling
environment in most of the eastern 1GB.

Sheimp Farm ProducHedly: The traditionally
established shrimp farming reglons of Bagerhat and
Ehulna have shown  a steady and high productivity
whille there 15 no visible trend in the other areas of the
qaib hasin. The ne:lg,]'ll'.'ﬂ.'tul'i.l'lg diakrecta, ﬂﬂpel."iall_'.r Mlarail,
Gopalgan] and Jessore, witnessed an increase in
productivity since 2002 that has remained steady. Marail
had an exceptional increase in production which
coincides with the implementation of South West Area
Integrated Water Resource Management Project
(SWAIWEREMP) which facilitated culture fisheries
including shrimp farming within the small scale water
resources project boundary.

Pond Harvest

DEAR
WATER
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Variation in culture fisheries productivity

Based on the agro-hydrological and other enabling
conditions, the following are the major hot-spots for
different ty pe of fisheries activities in Bangladesh:

*  The Morth-Eastern part of the GM sub-basin s the
hotspot for beel systems.

*  The Morth-Western slde s concentrated for baor
[ox-bow lake) productivity.

*  The South-Western side is specifically favourable
for pond aguaculbure and shreimp Farming.

*  The coastal zome of the sub basin and s nearby
districts. has highest productivity for shrimp and
prawncultivation,

Threats to Fisheries Productivity

The farmers foresee several potential threats, extraneous
to the lamdowners, which may hamper the fisheries
productivity in the sub-basin,

*  Waler resoiirce development tnlerventions: Several
of the water development projects were found to be
detrimental o open water fisheries causing a
reduction of water area and volume, hampered the
migration and spawning of aquatic organisms,
imcreased siltation of beel beds and reducing or
eliminating overwintering shelters. These project
interventions have also caused delinking of the
rivers and together with the draining of beels for
irrigation purposes and wetland contamination
through agro-chemicals and pesticides.

*  Clhimale and lawd wse change: The respondents
perceive that drought has become severe over the

aﬁ'ﬁﬁﬁ"ﬁ

decades and its frequency and duration has been
increasing. Fishers of Marail district reported a
drought that has prolonged from mid of March to
muld of June. This may be due bo dreigation to paddy
field that resulbed in less water availlable for the
fishers to catch fish. Salindty in water is also
increasing. Being situaked adjacent to the coast,
inhabatants told that, dunng dry season salindty
becomes intolerable.

v Environmental fTow changes @ Due to enhanced
development and upstream land use changes water
flow in river measured in terms of water depth has
reduced during the last decades, and the situation
tends to become worse during the dry season. In
case of Chuadanga, participants reported a
minkmum depth of water in most beels including
Raisar Beel. This must have had detrimental effects
on the life cvele of some aquatic species,
particularly in the overwintering shelter of the
spawning fish stock.

o Access bo waler Access to waker resources was
asgessed on the basis of leasing method of open
water bedies. According to the fishers, earlier it was
practiced to lease out the open water bodies to the
poor fshers through project based initatives but
the new leasing policies are not pro-poor and their
acceds o water bodies & restricked.  Another
problem s that currently some influential people in
the localithes have enlisted themselves as fisher
though they are not actually fisher by profession.
Poor fishers are the ultimate losers.

fish

Potential interventions for
water productivity

improving

Based on extensive farm visits, specific group discussion
and ohservation and professional and expert jud gement,
the followin aotential interventions have been
identified for different systems:

Clpen water bodies

v Develop more fish sanctuaries followed by habitat
restoration, which have wider beneficial impact on
fisheries productivity.

v Conservabtion of natural breeding habatats, amd
sanctuary development and management.

v Leasing system of public water need to change to
enhance productivity and sustainable fisheries.



IWRAL

Internatinnal
Water Management

Institute

This is already being attempted to some extent in
the new Wetland Palicy 2009,

*  Moveaway from standardized training programs io
demand orented ones, which focus on specific
systems or community needs,

*  Agriculture policy needs be integrated and
synchronized with the other natural resource
policles e.g. water policy, fsheries policy,
erviFonment |.'|-.:-|i{‘_',.'_: those that advocate for
mechamisms toenhance ecosystem productivity.

*  Decentralized fish seed techmology extension can
minimize input costs for produchon and improve
local l."v:‘:ll'l'll'ﬂunit_'.-"h livelihood.

+  Extension services should be strengthenaed u[f to
union level by increasing sufficient skilled
:M:'lpu:lwe:r.

Sermi-closed and closed (pond) culture system

v Community based fish culture and management in
large open and sernk- closed water-bodbes.

v Hatchery, nursery and feed mills should be
established more evenly throughout the sub-basin,
which presently are concentrated in small area.
Government has established - but non functional -
hatcherses and farms which could help meet the
demand.

*  Fish-depols and processing plants should alse be
facilitated more evenly across the sub basin as its
demand grows from downstream o upstream,
whereas the supply s concentrated down to middle
sttearm.

*  Strengtheming of marketing linkages would
improve the root level producers and at the same
time reduce middlemen interception.

xte part of the € 3 arm on Yater and [
n [BFP-LLE). B

v Dhelbd Odhice

Ema shan R AT, O Project related p

Nursing Pond

Shrimp and coastal aguaculture

These culture systems should develop into more
qustainable amnd I."J'I'n-'i:l'i.ll'll"l"ll."l:l‘lﬁll..l.l' FJ’I.EI'II.”:F
technologies.

Ensure quality of fingerling and post-larvae by
uaranteeing the avau?&huluh of high quality and
EIE]'I '.lI.IEIIjI:I'Ib '-ﬂl"lh"":]. 1:l|'"|.'ln::-|:l|:'|

e ko the ired ustrialized nature of r:|:'|.r:||:'|:'|].'l fal.‘l'l'llr'l.fr.
the facilitation of credit support could benefit those
interested in farming.

Introducing =alt tolerant varieties will provide
adaptation measures for the coastal regions
|:"v:'|.'l|."|‘1|."|'||.i|l qalt inbrusion, wheeh 19 prt"l.‘”r."l:ed Lo
increase with the -:'hangmﬁn.]umatu Desep-water rice
vartety along with fish shall be helpful.

Introduce shrimp farm registration to avoid
management conflicts.

Development of rural infrastructure and efficient
marketing channel.
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