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Abstract: Existing watershed project development guidelinelnidia does not have specific target to
reduce the local migration to address the isswcoiil development through poverty eradicatiors & big
social problem in India, especially for the aridleaemi arid rain fed agricultural areas. As a mattdact,
the existing watershed projects in India do notiemsninimum level of income generation which is kieg
for the success of such activities. To overcomsetdrawbacks the present paper attempts to estthete
optimal income level that each watershed shouldegga primarily to stop or reduce local migratitm.
this study, the issue of migration from the watetshreas has been linked to the reduction of waigeof
the workers associated with the agricultural figicand around the watersheds. It has been obsénatd
the average wage rate is highly inversely corrdlédethe rate of labour migration. Lower the wagges in
the region higher the migration rate and vise vemsd the watershed projects have no control on that
migration process. Finally some policies are pibscrto achieve long term sustainability of the evghed
and also to reduce local migration.
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1. Introduction

Watershed development, in general, not only aint®atrolling land degradation and
increase in productivity of soil through proper glypof water but it also takes into
account of broader issues like social forestry| sonservation, land shaping and
development, pasture development, water conservatiol reduction of migration from
the rural to the urban areas by ensuring sustanébélinood of the stakeholders
associated with the watershed. The first comprehenstep towards watershed
development in India came in the form of waterstiedelopment program at the time of
mid term appraisal of the Seventh Five Year Plamatafdhed Development has been
taken up under different programs of Governmenindfa like the Drought Prone Area
Program (DPAP), the Desert Development Program (DDP1990 National Watershed
Development Program for Rain fed Areas (NWDPRA) waioduced to coordinate and
integrate the development of natural resourcess program was not a successful one
because the participation of people was ignoredhamte the structures developed by
government agencies could not be sustained fon@ p@riod. So in 1994 a Technical
committee under the Chairmanship of Prof. C.H.Haamtima Rao, was appointed to
assess the DPAP and the DDP with the purpose ofifgag weaknesses and suggesting
improvements.

The Committee made a number of recommendations farndulated a set of
guidelines that brought the DDP, the DPAP, andihegrated Wastelands Development
Program (IWDP) under a single umbrella. These duee were revised in 2001 and
2003 again under the namekddiryali Guidelines The National Rainfed Area Authority
(NRAA) has been set up in November 2006, keepingimd the need to give a special
thrust to these regions. In coordination with th@nRing Commission, an initiative has
been taken to formulat€ommon Guidelines for Watershed Development Ptsjem
order to have a unified perspective by all minestri These guidelines are therefore
applicable to all watershed development projectsaih Departments/Ministries of
Government of India concerned with watershed derebmt projects. Out of the total
geographical area of the country of 329 million thee, about 146 million hectare is

degraded and 85 million hectare is rain fed arkdyid.



This new unified approach aims towardseaedtralizing system by delegating
power to the states regarding implementation ofevgaied projects and also argues for
dedicated implementing agencies along with addifiofinancial assistance at the
national, state and district levels for managing thatershed programs. The project
duration has been enhanced in the range of 4 yearyears depending upon the nature
of activities spread over three distinct phases, yeparatory phase, works phase and
consolidation phase. Most importantly this new apph aims to promote farming and
allied activities to enhance local livelihood.

A large part of the literature on watershed managenn India has focused on issues
like “watershed plus. The concept ofwatershed plusieals with not only on various
problems related to water and water managemenalsat covers much broader issues
associated with the stakeholders of any watershepqt as per DFID guidelines on
“sustainable livelihood”. It deals with participagoapproach to watershed development
with the aim of enhancement of livelihood. One cafer to the works of Rao (2000),
Samra (2001), Kolavalli and Kerr (2002) etc. irstbontext. The authors have considered
watershed development as a strategy for protedteg livelihoods of the people
inhabiting the fragile ecosystem and experienciog erosion and moisture stress.
Another issue that we find in the context of thterature on watershed management is
migration of the people associated with the watmisfrom rural to urban area. Shah
(1994, 2001) has discusséide impact of watershed development program to ventioe
problem of migration. Her study is based on thelerces from Gujarat and examines the
impact of watershed development program on mignaamong farm workers from
landed as well as landless households. She hasdatigat the success of such watershed
projects to stop migration depends on size and ositipn of investment made and the

mechanism of benefit sharing across household.

Deshingkar (2006) has considered the ‘push’ andphi factors behind outmigration

from the watershed. She has argued that drougla ctassic push factor and has
mentioned that many dry areas like stretching acreastern Maharashtra, eastern
Karnataka, western Andhra Pradesh, and southermydaBradesh have very high rates

of migration. The most important ‘pull’ factor thhis been considered by Deshingkar



(2006) in her study is ‘expected’ urban and ‘actualal wage differential. Reddy et al
(2001) in the context of a study on watershed dgprakent programme in Andhra
Pradesh have compared the extent of migration &edod after the watersheds. They
have found that though significant increase in @ymlent has been generated during the
project period there has been significant increéaseigration from the watershed after its
completion. Earlier studies on watershed developrireiMaharashtra, for example the
work by Deshpande and Reddy (1991) also foundahees

The motivation behind this study originates frone tfact that one of the major
drawbacks of the existing watershed policies inidnt that though participatory
approach to watershed development has been fullgreed as the most suitable method
to achieve sustainable development, it has faibedchieve its target within the project
boundary. Apart from this, in most of the projedssues related to assured income
generation and reduction in labour migration fromwatershed project is poorly
addressed. The watershed projects/ programs i@ ltolinot ensure minimum level of
income generation which is an important factortf@ success of such activities. Along
with this, conservation of local ecosystem (at\key basic level) is also not considered
in the watershed planning and development.

To overcome such drawbacks, the present paper @tetn estimate the optimal
income level that each watershed should generateaply to stop or reduce local
migration and would to provide long term sustaifigbito the watershed projects by
improving the income level of the beneficiaries. $¥lof the studies on Indian watershed
are either case study based qualitative analysishwhainly focuses on the institutional
arrangement of the program or static partial elgudim econometric analysis of certain
behavior of any parameters of the upstream or diears activities. Hence a dynamic
optimization model needs to be developed to eséintia optimal path of the income
generation potential of the watershed project. &istmodel may not be sufficient to
capture the varied nature of income generationnpaleover the period of time. The
present paper attempts to fill this gap in the ernbf the existing research works on
sustainable watershed management in the Indiaexbont



The reason behind selection of the states of Mahtieaand Madhya Pradesh for our
case study is based on the fact that both thesssatiféer from climatic variations and
climate related adversities. Some of the villagasefless rainfall whereas some of the
villages face erratic rainfall. Both these factaffect agricultural productivity and hence
livelihood of the people. This causes migratiomfrthe watershed to the urban area in
many villages of this state. In fact the villagkattwe have covered in both the states use
backward agricultural methods for the productiorraips.

We have surveyed all total twelve watershed prejecthe western and central parts
of India in the states of Maharashtra and Madhyad&sh respectively. Among the
twelve watershed projects, six are from droughtprarea and six are from high rainfall
or assured rainfall arédn the state of Maharashtra, six of the ten waedsprojects are
from Ahmednagar district, two are from Aurangabastritt and one each is from
Wardha and Beed districts. Both the watershed giojef the state of Madhya Pradesh
are from Jabalpur district. Three of the six watetsprojects of Ahmednagar district are
in drought prone areas and three projects of thlegict are in the high rainfall areas.
Both the watershed projects of the district of Awgabad are in drought prone areas.
Finally the only watershed project we have survelpeWardha district falls in assured
rainfall area and the watershed project that weshgwveyed in Beed district falls in
drought prone area. Both the watershed projectdabllpur district of the state of
Madhya Pradesh are in the high rainfall areas.

[Table 1 here]
[Figure 1 here]

In this paper we want to construct a dynamic oaton model where a
representative farmer wants to maximize the netgmevalue of profit over a finite time
period subject to the net accumulation of cultieabhnd. A Cobb-Douglas type
production function has been considered for thigppse where water, land and labour

are the three major inputs. The water requirementpit of land has been assumed to be

! The classification between drought prone areahagi rainfall area has been done in this studyhen t
basis of annual rainfall in the particular area.aN'a particular area has annual rainfall of leag $60mm

we shall refer to it as drought prone area, othsaiti falls under assured rainfall or high raintaia. To

be more particular we shall consider annual rdiifaany area in between 650mm and 700mm as assured
rainfall area and any area where annual rainfatéster than 700mm as high rainfall area. (Soueaseper
discussion with NGO like Watershed Organizationstiju



given. We have considered sensitivity analysisstoaexamine the impact of migration
on the optimal income from the watershed. Our $eitgi analysis also helps us to
determine the level of income each watershed shgeitrate to check or reduce out-
migration.
2. TheTheoretical Model

The farmers in the watershed form the Village Watted Committee (VWC) with the
aim of maximization of welfare. We assume a contppetiramework with given price of
the agricultural productn a competitive partial equilibrium framework, Viake can be
approximated by the sum of producer’'s and conswsm&riplus. When the farmers are
price takers, the consumer surplus is Zeamd welfare is approximated only by
producer’s surplus or profit. So maximization ofifaee by the farmers by forming VWC
can be interpreted as maximization of profit by tggregative of farmers or by a
representative farm&Here we interpret maximization of profit in termsf the
representative farmer.

We consider the agricultural production function as

Yi=AWK:L¢

where Y, = Agricultural output per year (kg/year), WWater used in agricultural field in
the watershed (number of tanks), K Stock of land capital(acres), L= Labour force
involved in agricultural activities per year (magdéear). A = Constant (may be
considered as technical efficiency parameter. b ise noted that the specification of the
production function requires that the unit of tealagy parameter should be kg per acre
(or yield) per mandays and standardized by per.tank

It is assumed that water per unit of agricultuaald is given by so that we can write
WK =a

2 We have considered an aggregative framework aedgtice of the agricultural product is actually the
price of the representative agricultural commodity.an also be interpreted in terms of the aggregar
the average agricultural price.

% The demand curve for agricultural product in tase is given by a horizontal straight line.

* We can interpret this case as maximization ofiptof a representative farmer instead of aggregativ
farmers .The representative farmer is consideres et of the representative household. We asshate
the representative farmer owns the land with weflretd property rights. The VWC ensures the prgpert
rights of the farmers.

® Here stock of land is treated just like stoclpbysical capital.

® Balancing of the production function requires thahe wunit of A should be
[(kg/year)/{acres.tanks.(mandays/year)}] or [{(kgfa)/mandays}/tanks] ,where kg/acre implies unit of
agricultural yield, whereas the unit of agriculfusatput per year is kg/year.



The unit ofa is number of tanks required per acre of land (remalh tanks/acre).
Hence we write the agricultural production functas{
Yi =A aK{Ly

The cost for maintenance per unit of cultivabledlger year in producing the product
is ¢ the unit of which is {(Rs/acre)/year}.Similarly éhcost of maintenance of labour
force is given by £the unit of which is (Rs/mandays). Hence total @dgproduction is
given by

G=cKi+ ¢ Lt
The average market price of the agricultural prodsi@iven as p the unit of which is
(Rs/kg)

We consider a dynamic set up in order to consiterissue of sustainability of
watershed. The representative farmer wants to maithe net present value (NPV) of
profit (NPVI1 hereafter) over a finite time horizon (from O t9 Jubject to the net
accumulation of cultivable land capital stogk.

The accumulation of cultivable land can be judtifan the ground that a large part of
the total land available to the farmers are wastidaSo the farmers always invest their
savings to augment the stock of land available &odtivation (Solow type
assumption).Here accumulation implies an increagbe cultivable area out of the total
land available to the representative farmer. Téssie is also important in the context of

migration of agricultural workers. As in most paftour study area we find that the land

’ It may appear bit puzzling to the readers that ayincreasing returns to scale’ type productionction

has been used in the watershed .We have a feviigastins behind the use of such a production fiomct
First, it is to be noted that output per unit didar (Y/L) can be assumed to vary positively whh size of
land holding as well as water use referred to esmaposite variable (WK) we can write(Y/L)=AWK. As
water use is proportional to the size of land hajdive can write (Y/L) = A ¢K?). It implies the
production function that we have considered in aalysis exhibits increasing returns to scale. Tdes

has been borrowed from the theory of natural resouananagement, especially fishery theory, where we
consider Gordon-Schaefer production function wistdtes yield per unit of effort is a function o$Hi
stock. Second, we can argue that though we havsidemed backward agriculture, there some studies
which argue that though in general for Indian agtice we find production function exhibits congtan
decreasing returns to scale in case of multiplerangd farming there are some evidences of inongasi
returns to scale. One can refer to the work of Kenee and Naik(2006) in this context. In our stutBaa
for most of the villages we find existence of nplki farming. This justifies the specification ofrou
production function

8 NPVI is actually the net present value of the benefitagated from the watershed during its total
lifespan of say 30 years.



is unproductive and the income generated from aljui@l activities is insufficient to
meet the subsistence needs of the people, a laigeopthe agricultural workers are
forced to migrate to the urban areas in search afeb jobs’ Our idea behind
accumulation of land will take care of this forceulgration problem. So we write our
equation of motion for accumulation of land as
Ki+1-K=BY = 0K

wheref3 is the fraction of output that is saved and isested to augment the stock of
cultivable land (measured in (acres/kg)).In the vabeequation® is the rate of

depreciation of cultivable lard.

In the above equation of motion, an increasgd implies increase in the level of
investment to augment the stock of cultivable laMde thus write our dynamic

optimization problem as
T

Max> p'(pAaK{L: - ciKi— ¢z Ly) 1)
t=0

p = (1/(140)) wherep is the discounting factor andlis the discount rate(measured as

(dimensionless (dmnl)/year)).

subject to

Kes1-Ki = B AaK L — 0K, (2
Maximization of (1) subject to (2) implies maximimm of NPV of profit over a

finite time horizon (from O to T) subject to thet mecumulation of cultivable land capital

stock.

We thus write theurrent valueHamiltonian as follows

He = [p A aKPELi-CiKi-Col ] + prsa[B A oK 2Li- 0K ] 3)
In equation (3) Kis the state variable, lis the control variable angi.; is the co-state

variable. From equation (3) we get
(SHJ/BL)= p A aK-c2+ ppea fp A aK?=0 (4)

° Farmers do not have the required capital to miadeand productive.

191t actually means that how much of acres of laedymit of output should be used for cultivatiortlie
future. It shows the propensity to accumulate eatile land for future, given the level of outpupatsent.
If we express both acres and output in monetarngemwe can interpre as some sort of saving
propensity.



The equations of motion for the state and the atestariables respectively as
Kiss — Ki = O H o /5pH1+1) (5)
and

Phicer - o= (B H /3K (6)
Under steady-statkit can be shown that the optimum value of L (whish* at steady-
state) is

L=6/ (B A oK) (5.1)
The optimum value of K (which is K*) at steady staain be derived as (see the
appendix)

K*=~[ c2(6-8){ A a(c1 B-p(E+6))}] (7)
K*>0, iff, 6>6 and p<g3/(3+6) .The first condition implies that the rate of dadation

of land is greater than the rate of discount aedsétcond condition implies low-priced

agricultural product in the watersh&d.

Once the value of K* is known, the value of L* cha determined from equation
(5.1) and hence the optimum value of Y* can be meteed from the production
function. On the basis of the values of Y*, K* abhtland also on the basis of the values
of the parameters we can determine the optimumevaliprofit at steady state and it is
given by[l*. We refer to it as sustainable level of prdfit.Thus the level of optimum
NPV of profit (NPM1*) can be determined.

On the basis of the data collected from field syrwe have estimated the values of
the parameters and can determine the values oL K*y*, T*and NPM1*.We refer to
these base values as the ‘Business as Usual' szerf@nally, we have conducted
sensitivity analysis to examine the impact of pdyations of various socio-economic
parameters on K*, L*, Y*[T*and NPMV1*.

3. Data Sour ces

1 Though in our model we have finite time horizosasty-state is achievable due to bang-bang nature of
the problem
12 0n the basis of the collected data we have chettiatdhe above restrictions are valid for our gtacka.
13 [ *— * * *
M*=(pY* —c,K* —c,L*)



We have already mentioned earlier the reasons th¢heselection of the watersheds
that we have selected for our study and also thsinguishing features. From equations
(7) and (5.1) we find that the optimum values Kddrt are dependent on the values of
the parameters. Hence the values of the paramwiktralso help us to determine the
levels of Y* and NPVI*. Field surveys have been conducted to cover apkarof
households from the villages under each watersheldaéso to gather information on
various socio-economic variables and parametensm feach VWC. We have already
mentioned earlier that the main purpose behindsihigey is to determine the parameters
of our model for our dynamic analysis and also awehan idea of the socio-economic
profile of each watershéd.For this purpose household surveys are conduotedfew
selected watershed$election of the households is partly purposive partly random.

It is purposive in the sense that only those hasrdét village are selected where people
are dependent on agriculture. Within each hamkehthuseholds are selected at random.

Majority of the values of the parameters are eitherctly computed on the basis of
data obtained from field survey or are estimatedhenbasis of information available for
various socio-economic variables. For example, dataost of maintaining the labour
force per unit of mandaysicis approximated by the total wage cost of labfmuce
divided by the number of mandays and it is equal daly wage rate per
labour'®*According to National Rural Employment Guaranteet ADIREGA), as
introduced in India, in the year 2009 the daily wagte per labour is considered as
Rs100. For our study we have used this figure foflte cost of maintaining per unit of
cultivable land per year;chas been estimated on the basis of average ptaugbst per
acre of land per year. It has been estimated t®$870 per acre per year. Data on price
of the agricultural product is actually the averggee of various agricultural products

produced by the farmers in different seasons theeviar which has been estimated to be

11t is to be noted in this connection that we coubd get data on water catchment area and watergsto
Initially it was our idea to measure both the egatal sustainability and environmental sustaingbih the
watershed areas through maintaining a certain lefeVater level in the catchments. We agree that th
issue of ecological sustainability is one of thestrimportant aspects of a watershed and a dynamiteim
should take into account of such an aspect. Howéaek of data on water catchment and water storage
prevented us from considering such an issue eHglici our model. So we have confined ourselves to
socio-economic issues and have considered onlgrittedem of environmental sustainability from a seci
economic viewpoint.

5t is to be noted that daily wage rate is actuRffman/day or Rs/manday.



17.75 (Rs/kg).This is consistent with the nature of backward @agdture in our study
area. Depreciation rate of land capital stBckas been subdivided into two pafisand
0., where0; implies the rate of wastelands in the study aeyaypar and®, implies the
natural land degradation rate due to soil condstiddn the basis of our field survey we
have estimate®, as 0.13 per year and we have found (as per outiquesire) 0, as
0.12 per year so th& is estimated as 0.25 per year. The value oftebknological
parameter in the agricultural production functi@s been estimated first household wise
for the relevant crops. This has been done by whgicgricultural yield with respect to
the mandays and then it has been standardized t®r wexqjuirements for the relevant
crops cultivated by per househdfdThen a grand average has been constructed to
determine the average value of the technologicamater. We find that its value is 0.02.
The value of the paramet§y has also been assumed as 0.02 on the basis of the
information gathered from field survey. The lowwalof3 reflects the fact that in our
study area which we have considered the stakelsotitean average are poor leading to
large-scale forced migration. Finally, the valudgha discount rate has been fixed at 10%
on the basis of the World Bank (1997) estimatiorsatial discount rate for developing
countries. We have summarized the values of thenpaters in table 2.

[Table 2 here]

We put the values of the parameters in equatiorfif&t)to obtain the value of K*.
Once the value of K* is known, using the valuestlod parameters we can determine
from equation (5.1) the value of *Using the estimated value of A and also using the
values of K* and L* we can obtain from the agricmétl production function the value of
Y*.Thus the sustainable level of (optimum) profitf, can be determined. Finally using

M* and also using the value of the discount ratecaredetermine the net present value of

16 see footnote 6 for interpretation of A.

17 0n the basis of the parameters we find that theevaf L* is very low(equal to 3). It is to be ndt¢hat
though the unit of L* is mandays /year. When we putear as 365 days we can interpret mandays/365
days as number of labour required per day for fiterum amount of land available for cultivation.daor
computation of L*(on the basis of the given valeéparameter) we find that it is ultimately expredsn
terms of labour per day. For production purposes iparticular year we actually need the number of
labour required in agricultural field not on theslsaof per day requirement but for the number ofkivagy
days in a particular year. Hence we multiply thgufe for labour required per day with the number of
working days on an average (here it is 189 as meffiom the data) per year. After this standaribratve
express the unit of L* as mandays/year.

10



total benefit generated from the watershed forvemifinite time horizon. It is actually
our NPMT*.*8 To take into account of the issue of sustainabilie assume that our time
horizon is for thirty years. As most of the selécteatershed projects were completed in
2003, a planning horizon of thirty years implieattthe impact of our selected watershed
projects can be realized till 2033.We refer to these values as the ‘Business As
Usual’'(BAU hereafter) situation and the valuesraorted in Table 3.

[Table 3 here]

From table 3 we find that the optimal sustainalbleome level that the watershed
should generate is given by Rs 67,8466&6 year. The optimum level of land required to
achieve the optimal income is 3.2 acres and theesponding level of labour required to
achieve this target is 567 mandays per year. Thienam yearly output consistent with
these figures is given by 7,083.42 kg per year. Wakare implication of the project if it
can be sustained for 30 years is given by NP\And it is Rs. 7, 03,543.4. We shall
explain later that these figures are ideal not diwlyachieve optimality as well as

sustainability but also to check out-migration frime watershed.

4. Sensitivity Analysis

We now want to consider sensitivity analysis thitoyggrturbations of some of the
parameters of our mod&l.We mainly focus on the migration issue in termsoaf
sensitivity analysis. An increase fhimplies a higher fraction of agricultural outpst i
saved and invested to augment the stock of culeviEmnd. This can be considered as
proxy for high migration from the watershed. Theason being, as the stakeholders
associated with the watersheds in our study aneapaor, higher investment on land is
possible only when the migrants from the watershedthe urban area can send
remittances to their native villages. Thus suchiruestment implies that there is large
scale migration from the watershed. Apart ffyran increase in,dmplies less migration
from the watershed as an increasezimwlies an increase in earning of the agricultural

workers. Finally, an increase in the discount datenplies an increase in opportunity

18 See footnote 8 in this context.
19 We have used computer software ‘MAPLE-V’ for cortgiion of the values under BAU and also for
sensitivity analysis.

11



cost of working in the watershed and hence canobsidered as a proxy for more out-
migration from the watershed. Out of these threedaiction in ¢ can be considered as a
direct and the most important cause of migratiomfthe watershed.

First we consider change in the valug3ofompared to the BAU situation. We have
considered both increase and decrease in the vallesompared to the BAU case. We

have referred to these situations as various sicsnartable 4.

[Table 4 here]

From table 4 we find that as the valuegBahcreases from its base level the optimum
amount of land required for cultivation so as toxmaze profit falls and the labour
required for cultivation increases. This is becaas increases less land will be used for
cultivation at present and more land will be cowedrfor cultivation in future so that
there will be an increase in the accumulation dtivable land for the next period. On the
basis of our production structure we find that ¢hisra fixed relationship between the use
of water and the amount of land available for galiion (given bya).Thus, when there is
a reduction in the amount of optimum land therd i a reduction in the amount of
optimal water requirement. Hence water and land@i@e substituted by an increase in
labour use. Increase halso reduces the level of agricultural output msnarease i3
implies a high level of labour is engaged in a $iplait of land that uses limited amount
of water. The impact will be exactly opposite wives consider reduction in the values of
B.The effects of change in the valuespobn optimum land, labour (mandays per year)
and agricultural output are expressed in termgdigd-3 in the appendix.

Secondly, we consider the sensitivity analysis wispect to change in cost of
maintaining labour force,dRupees per man, per day).An increase implies less out-
migration from the watershed .The impact of chainge values of £is summarized in
table 5.

[Table 5 here]

The effects of change in the values gface shown in terms of figures 6-10 in the
appendix. From table 5 we find that as the value,aficreases the optimum amount of
land required for maximization of NPV of profit ngamally increases, as the level of

optimum labour force required to maximize profit (nandays per year) remains more or

12



less same, the level of output also marginallyegases. The same is true for profit and
NPV of profit. The opposite happens in case ofducdon in ¢ except when £is equal

to Rs. 80 or Rs. 50. There is a sudden fall inekiel of profit when gfalls to Rs 40 (per
man per day). The level of optimal sustainable ll@ferofit falls to Rs.45,778.89er
year and also a fall in optimum NPVto Rs4,74,709.3When ¢ is further low, profit
and NPV falls to further lower levels. In general the @ass simple. When,ds low,
implying a fall in the cost of labour, we find thidilere is an increase in the demand for
labour and hence more workers will be employed. didy that a fall in ¢ implies that
the representative farmer will be able to maxinpzefit by owning a relatively small
plot of land but his requirement for water will @l&ll. This is because land and water are
used on a fixed-coefficient basis in our study. ¢&a interpret £as the wage rate of per
worker per day in the watershed. From the poingefierating a sustainable optimum
profit (income) the wage rate of Rs 50 per worker gay is crucial. Any wage rate
below this level will drastically reduce the profiiom the watershed and there is every
chance that there is out-migration of the workessnfthe watershed.

Thirdly, we consider the effects of change in the discoat®, 6. We have already
mentioned earlier that an increase in the discoate implies an increase in the
opportunity cost and hence it can also be considasea proxy for migration from the
watershed. The effects of change in the discouat dais summarized in terms of table
6.As an increase in the discount rate leads to mmgration, there is a reduction in
workforce engaged in agriculture. It also impliéstt more land is required by the
farmers for their survival in the watershed. Tisiseflected in table 6. In fact from table 5
we find that whem is as high as 0.17 the opportunity cost is exttgrheggh and the
workers will not work in the watershed as they w#larch for alternative opportunities
for their survival® In general, whe® increases (falls), K* increases (falls) and L*4al
(increases). Hence it is difficult to predict theaet movements of Y*[1* and NPMVT*.

In fact the movement of NHV* is most difficult to predict as profit is deflateby the
discount rate. The results are summarized in tble
[Table 6 here]

2 From equation (7) it means that it is not possibldetermine K*due to complex roots. Hence itd$ n
possible to determine L*, Y¥41* and NPMV1*.
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The impact on the variables as a result of chamgjee discount rate will be clearer if
we look at the graphs shown by figures 11-15 asvehno the appendix.

From table 6 although it is difficult to predictetimovements of Y*[1* and NPM1*
as a result of change in the discount rate, frgurés 13-15 we can say that if we look at
the graphs we find that on an average the reldigiween change in discount rate and
optimal output, optimal profit and optimal NPV ofafit are positive. The discount rate
0.16 can be considered as the critical discouet &t that discount rate though the level
of profit is very high if it increases further praztion will not be feasible.

In the Indian context there is not much direct ewick of the amounts of remittances
brought in by migrants, but some indirect evidenees available from the surveys
conducted by the National Sample Survey organiggidMSSO). These surveys give the
percentage of out-migrants making remittanceshtheseholds receiving remittances and
also the households who are dependent on remittafasel consider it as the major
source of livelihood§! Evidence regarding investment from the remittarisesixed. It
is to be noted that investment by households oth, laousing and consumer durables are
quite common. Apart from this there are also sowidemces of increasing productive
potential of source areas by the rural out-migragtsending their remittancés.

From our analysis we thus find that both high ealof3 and low values ofcare the
two most important factors for increase in out-ratgm from the watershed. On the basis
of our field survey we find that in many of the lades that we have covered the
stakeholders associated with the watershed are p@oy and they accept even a low
daily wage like Rs 50.In Parasiya of Madhya Pradéshworkers are even willing to
work at a low daily wage rate of Rs.30 and we finat the migration rate in this village
is quite high and is equal to 0.27. In village®|Revgaon-Pabhulwandi, Wankute, Kareli
etc where the migration rate is high we find thdydaage rate is quite low and it is
below or around Rs.58At this level of ¢ sustainable level of optimal income (profit) is
Rs 57,358.92 per year. Thus when the value, @ enuch lower, say equal to Rs.40 or

Rs.30 there should be forced out-migration of tleekers from the watershed. If we

21 See Srivastava (2008) for details.

22 One can refer to the works of Rogaly et.al.(208riJ Srivastava (2009) in this context.

% However, in most of the villages the daily wageria quite high and is almost equal to NREGA wage
rate of Rs100.So for our base value we have assgreexdRs100 implying it as the median wage rate in
the study area.
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consider the values @ we find from table 5 that wherf is equal to 0.021 optimal
sustainable income (profit) is Rs. 39,211.66 paryény further increase ifi reduces
optimal profit drastically so that there is evergspibility of migration from the
watershed. So to check out-migrati@rcannot increase much above 0.021. From table 6
we find that when cis as low as Rs.30 per day per person the leveptifnal income is
Rs 41,395.85 per year and at this level of anma@me there are evidences of migration
from the watershetf: So other things remaining same, foequal to 0.021 and, equal

to 30 (considered separately) we have almost gineileels of annual sustainable optimal
income (profit).As reduction inycds a direct cause of migration we can say from our
analysis that for the range of rom Rs 50 to Rs 40 or for the range of incomenfris
57,358.92 per year to Rs 45,778.89 per year therample evidences of migration of
workers from the watershed. Hence each waterstmddigenerate an income aff least
greater thanRs 57,358.92 per year to check or reduce migratiothe workers. This
income is thaninimum incomeavhich every watershed should generate as belowhwhi
there is every possibility of migration from thélage. Howeverideally every watershed
should try to generate an income of Rs. 67,846&6ypar so as to achieve optimal
welfare along with environmental sustainability amdo to check out-migration. This
optimal income will generate a profit over its §f@n of the net present value of Rs. 7,
03,543.40. It is to be noted that for reductiomofgration from the watershed we have
referred to the income of Rs.67, 846.66 per yedhasleal incomeas corresponding to
this income daily wage rate per worker is Rs.10& dhly that, the values b andd are
also at their ideal levels (the values being 0.62(&g) and 0.1 per year respectively)
from the point of view of out-migration from the teashed.

We thus find that for the daily wage rate per wonkéhin the range Rs 50 to Rs 100
and income within the range between Rs.57, 385692%par to Rs. 67,846.66 per year
are crucial to restrict migration of workers. Withhis range the optimal size of land is
around 3 acres (on an average) and optimal outpuaround 7 ton/year (on an
average).These two figures can thus be treatedirashiold levels of land and output

respectively of the watershed.

% As we find in Parasiya of Madhya Pradesh.
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4. Conclusions

Our research demonstrates the importance of hathneshold level of income
generating capacity of each watershed projectdp et reduce migration of the local
beneficiaries and to provide long term sustainghbib the watershed itself. Here we have
considered a dynamic model to take care of the ¢eahpmpact of watershed projects
over the period of time of around 30 years in tlomtext of sustainability of the
watershed project and in the context of sustaindélelopment of the beneficiaries.

In this study, the issue of forced migration frame twvatershed areas has been linked
to the reduction of wage rate of the workers asdediwith the agricultural field in and
around the watersheds. It has been observed thawtdrage wage rate is highly inversely
correlated to the rate of labour migration. Lowse tvage rates in the region higher the
migration rate and vice versa and the watershegegs have no control on that
migration process. This has been further observethé watersheds situated in the
villages like Devgaon-Pabhulwandi, Wankute and Blwwadi of the state of
Maharashtra and Parasiya and Kareli of Madhya Bhadehis study has helped us to
determine the optimum income (as a cooperativeitppbfthe water users’ association)
that is required for each watershed to generatengikie local wage rate to stop forced
migration. As a result, we have estimated the agtimcome that each watershed should
generate per year to check or reduce the migraifothe local beneficiaries of the
watershed as Rs. 67,846.66 per year. We have aggdlaarlier that why this income
should be treated as tigeal incomefor any watershed to check out-migration and we
have also shown that tmeinimumincomethat each watershed should generate to check
out-migration from there is Rs. 57,358.92 per year.

Apart from migration from the watershed, from omabysis we find that long term
sustainability of the watershed program can beeaglti so as to improve the income
level of the beneficiaries if we assume that thgjqmt can be sustained for a finite time
horizon (say thirty years). We have shown thatlon liasis of our dynamic model it is
possible to achieve this target if the watershad generate a profit over its lifespan of
the net present value of Rs. 7, 03,543.40. Besittees,model has also predicted the
threshold size of the watershed fed agriculturaddlarea along with its total cut-off

production level which is around 3 acre and 7 tearfyof agricultural output per
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watershed project. This further emphasizes the rtapoe of comprehensive approach of
watershed development in India for its long termstaunability and significant impacts on
the society.

This study recommends that to achieve the targebrg term sustainability of the
watersheds and reduced migration, country like dnslhould emphasize on poverty
alleviation activities in the rain fed areas where the watatshare most likely to be
developed. For example, National Rainfed Area AUthdNRAA), established in the
year 2006, should consider incorporating a new sdaaf threshold level of income
generating condition for every new watershed ptajewelopment plan. Apart from this,
Government should ensure effective implementatiothe National Rural Employment
Guarantee Scheme (NREGS) especially in terms afgithreshold level of wage to the
labourers. Minimum wage rate can be linked to theall or district level economic
condition rather than national standard. It hasnbaleserved that in the villages where
daily wage rate per worker is close to Rs100 asadet by NREGA there is much less
migration than the areas where the daily wagepatevorker is lower than Rs100. Every
watershed project should incorporate the minimucallovage rate in the cash flow
calculation to determine the minimum income genenahreshold.

The watershed programs that are undertaken in Indi@neral are yet to fulfill their
full potential. This is also true for our study asethough some of the NGOs like WOTR
have done a lot for the improvement of the wataisfigus the thrust of our policy
recommendations is that the government should debig policies in a manner so as to
sustain the watersheds and also to maximize thefitefrom the watersheds in terms of
income generated from them. It will help the staktdérs associated with the watersheds
to sustain their livelihood and will also check magon from there. The proper
implementation of such policies will depend upormrcination and cooperation among
various departments of the government, various téthe government and also with the
local NGOs.
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APPENDI X

Derivation of the optimum valuesof L and K
From the current value Hamiltonian, as shown byaéqu (3) we get;
SHJ/0K=2p A aKiL-C1+2ppe1 B A oKL ppig1 0 (5a)
SH/S ppei= B A aKLi- OKt (6a)
Using equation (5a), the equation of motion forc¢bestate variable (given by equation
6) can be written as;
prer-pu=-[{2p A aKLi-Ci}+2ppi1 B A aKilt- ppes1 0] (6b)
Using equation (6a), the equation of motion fordtete variable (given by equation 5)
can be written as;
Ku1-K= B A oKL 0Kt I5b
Steady-state implies
Kit1=K=K; Lu1=L=L and pu1=p=p
From equation (4) at steady-state we get
p A aK?-cot+ pp B A aK?=0

or, p=[ c- p A aK?)/ [pp A aK?] (4a)
From equation (5b) at steady state we get

B A aK?L= 0K

L=6/ (B A aK) (5¢)

At steady-state equation (6b) becomes
pu-u=-2p A aKL+c1-2pp B A aKL+pud
The above equation after some manipulation gives
L =[c: B A aK 2+(c- p AaK?)(0+8)]/(2¢; B A aK) (6¢)
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Comparing equations (5¢) and (6¢) we get
0/ (B A oK)= [c1 B A oK 2+C8+C0- p A aK?0- p A aK?3]/(2¢, B A aK)
After some simplification we get from the above atipn
K*=~[ co(0-8){ A a(cy B-p(E+6))}]

Figures explaining the results
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In the above figures the red point implies the Byddues. From table 3 we find that the
level of profit (and hence NPV of profit) falls 8sincreases. In fact whehis 0.024 we
find that the level of profit (and hence NPV of firas negative). Hence 0.023 is the
critical value off3 below which profit is negative. The impacts onfgirand on NPV of

profit as a result of change [fhare shown in terms of figures 4 and 5.
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Tablel: Selected watershedsfor field survey
Name of the| Typeof Area State Villages Year of
water shed covered Commencement
Bhoyare Khurd| Drought Prong ar  Maharashtra Bhoyare 2000
Khurd
Darewadi Drought Prone ar  Maharashtra  Dadiesnd 1996
Shelkewadi
Dhanora Drought Prong d Maharashtra Dhang 2000
Wadgaon Drought Prone| Aurangabad Maharashtra  Wadgaon 2001
Jaitkheda Tanda Jatikheda
Tanda
Devgaon High/Assured | Ahmednagar| Mabharashtra Devgaon and.000mm 2000
Pabhulwandi Rainfall Pabhulwandi
Garamsur High/Assured Maharashtral Garamsut m 2001
Rainfall
Wankute High/Assured, Ahmednagar| Maharashtra Wankute m 2002
Rainfall
Ambewadi Drought Prone Maharashtra Ambewadi 2000
Mhaswandi Drought Pron ar Maharashtra Wiragi 1993
Purushwadi High/Assured Ahmednagar| Maharashtra Purushwadi 957mm 2002
Rainfall
Parasiya High/Assured Madhya Parasiya 2007
Rainfall Pradesh
Kareli High/Assured Madhya Kareli 2007
Rainfall Pradesh

Source: Watershed Organization Trust
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Table 2: Values of the parameters

Parameter < Values (with units)
0 0.25( per yea
0 0.1(per yeal
B 0.02(acre/k¢
o 61 (tanks/acre
A 0.02(kg/acre/mandays/tan
P 17.75(Rs/kg
C 370(Rs/acrelyee
C 100(Rs/mancys)

Source: Field Survey and World Bank Report(1997)

Table 3: Optimum values of land capital stock, labour, agricultural output, optimum pr ofit
and NPV of profit: BAU case

K* (acres) L*(mandays/year) Y*(kg/year) M*(Rslyear) NPV*(Rs)
3.2 567 7,083.4. 67.846.6¢ 7,03,543..
Source: Field Survey
Table 4: Sensitivity Analysis: Changein 8 (acre/kg)
Scenarios B K*(acres) L* Y* n* NPVIT*
(acrelkg) (mandayslyear) | (kg/year) (Rslyear) (Rs)
Scenario 1 0.023 2.31 756 4,921.59 10,903.b 1,53%06
Scenario 2 0.022 2.52 756 5,85710 27,431.1 2,8445
Scenario 3 0.021 2.81 567 5,462,05 39,211.66 400634
BAU 0.02 3.2 567 7,083.42 67,846.6 7,03,543.4
Scenario 4 0.019 3.87 567 10,360/12 1,25,760.2 416
Scenario 5 0.018 5.24 378 12,662/35 1,85,017.9 81363
Scenario 6 0.017 12.61 189 36,665/01 6,27,238.2 046516

Source for BAU case: Field Survey
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Table5: Sensitivity Analysis: Changein ¢, (R¥mandays)

Scenarios C K* L* Y* n* NPVIT*
(Rs (acres) (mandaysyea (kglyear) (Rslyear) (Rs)
/mandays) r)
Scenariol 150 3.9 567 10,521.3} 1,00,261.2 10,89,67
Scenario 2 140 3.8 567 9988.72 96,513.88 10,00,811
Scenario 3 130 3.6 567 8964.95 84,085.87 8,71,93)7.7
Scenario 4 120 3.52 567 8570.94 82,791.Y 8,58,51)7.7
Scenario 5 110 3.37 567 7856.02 75,827.49 7,863011.
BAU 100 3.2 567 7083.42 67,846.66 7,03,543.4
Scenario 6 90 3.05 567 6434.91 62,061.18 6,43,550.2
Scenario 7 80 2.87 756 7597.06 73,305.87 7,60,158.3
Scenario 8 70 2.69 756 6674 64,548.2 6,69,339.6
Scenario 9
60 2.49 756 5718.48 55,221.65 5,72,627
Scenario 10 50 2.27 945 5940.78 57,358.92 5,94789.
Scenario 11 40 2.03 945 4750.986 45,778.89 4,743709
Scenario 12 30 1.76 1134 4285.468 41,395.85 4,8825
Scenario 13 10 1.01 1890 2352.14Y 22,476.9 2,33/076

Source for BAU case: Field Survey
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Table 6: Sensitivity Analysis: Change in &(per year)

Scenarios o K* L* Y* n= NPVI*

(per (acres) (mandays (kg (Rslyear) (Rs)

year) lyear) lyear)
Scenario 1 Not Not Not Not Not

0.2 Calculablé Calculable | Calculable| Calculable | Calculable
Scenario 2 Not Not Not Not Not

0.19 Calculable Calculable | Calculable| Calculable | Calculable
Scenario 3 Not Not Not Not Not

0.18 Calculable Calculable | Calculable| Calculable | Calculable
Scenario 4 Not Not Not Not Not

0.17 Calculable Calculable | Calculable| Calculable | Calculable
Scenario 5 0.16 7.76 189 13,885.fy1  2,24,700.1 18500
Scenario 6 0.15 5.22 378 12,600 1,83,915.9 13,88,72
Scenario 7 0.14 4.34 378 8707.8b 1,15,156.6 9,8%24
Scenario 8 0.13 3.87 567 10,387.Y9  1,26,249.3 18189
Scenario 9 0.12 3.58 567 8854.06 99,1357 8,947382.
Scenario 10 0.11 3.37 567 7859.40 81,5572 7,87,036

BAU 0.1 3.2 567 7083.42 67,846.6 7,03,543.4

Scenario 11 0.09 3.10 567 6646.15 60,1223 6,73,267
Scenario 12 0.08 3.00 567 6248.94 53,1067 6,45268
Scenario 13 0.07 2.93 567 5933.7)2 47,539]8 6,319218
Scenario 14 0.06 2.86 756 7569.96 57,7067 8,417943
Scenario 15 0.05 2.81 756 7286.74 52,6997 8,500630
Scenario 16 0.04 2.76 756 7048.1)7 48,4821 8,714889
Scenario 17, 0.03 2.72 756 6844.44 44,88019 9,06,0177
Scenario 18 0.02 2.69 756 6668.46 41,7702 9,564214
Scenario 19 0.01 2.66 756 6514.90 39,056/1 10,98,02

Note : Not calculable due to complex roots.

Source for BAU case: Field Survey
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Figure 1: Distribution of watersheds for our study

Source: Watershed Organization Trust
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