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Abstract

Groundwater over-exploitation is a phenomenon experienced by many semi arid and arid regions including these in the developed world. The approaches to manage groundwater have been varied from macro engineering interventions (artificial recharge using imported surface water) to institutional (regulatory and market based) and policy interventions to a combination of all or some of them. North Gujarat has been experiencing the undesirable consequences of groundwater over-draft over the past three to four decades. Still, no comprehensive approaches to tackle the problem are forthcoming from the government, except schemes to support decentralized recharging of groundwater using local runoff which are neither systematic nor effective.  

The IWMI-Tata Water Policy Research Program’s North Gujarat Initiative explored farmer-initiated agricultural water demand management as a strategy to reduce the stress on groundwater resource in the region. The fountainhead of the strategy is improving water productivity in agriculture. The initiative involved introducing water-efficient irrigation technologies; water-efficient crops that give high returns per unit of both land and water; and practices that improve the productivity of land and in turn the productivity of water used for crop production. The paper discusses the theoretical foundations of the strategy; analyzes how far the strategy has been effective; assess the outcomes and impacts; draws up learning from north Gujarat for other semi arid and arid regions of India; and identifies future challenges to make the programme yield the desirable outcomes. 

1. Introduction


Groundwater over-exploitation is a phenomenon found in many arid and semi arid regions of the world (Custodio, 2000). With an annual draft of 231 BCM, India stands atop with regard to groundwater withdrawal for agriculture (Kumar, 2007). If one goes by the official estimates of groundwater development, which considers only the hydrological data, only 23.1 M ham out of the 43.2 M ham of renewable groundwater in the country is currently utilized
. But, if one goes by the disaggregated data, only 15 per cent (839) of the blocks/talukas/mandals in the country are over-exploited; 4 per cent are critically exploited and 10 per cent (550) are in the semi critical stage (GOI, 2005). 
But, a comprehensive understanding of the management alternatives--physical, economic, institutional, policy and legal--, were lacking. Water policy makers are aware of the need for groundwater management, but often not familiar with the range of physical, economic, legal and policy instruments for groundwater management and their potential implications. While “legal and regulatory measures” are common terminology in the groundwater management parlance, the social, equity--both inter and intra-generational--, legal and institutional implications of the same have hardly been analyzed in detail.  This “command and control” syndrome has come from the lack of proper understanding of the hydrological, socio-economic and institutional setting under which groundwater use takes place (Kumar, 2007). 

Within India, north Gujarat is one of the intensively exploited regions. Groundwater supports irrigated crop production and intensive dairy farming in the region. Well irrigation is critical to the region’s rural economy and livelihoods (Kumar, 2007; Singh, 2004). Hence, managing groundwater is crucial for the survival of the rural communities in that region.
Internationally, discussions on approaches to manage groundwater/aquifers include: enforcement of tradable property rights (Rosegrant and Gazmuri, 1996; Tobani, 1997), metering agricultural pump-sets and energy pricing (Kumar, 2007; Saleth, 1997; Zekri, 2008); creating local management regimes with a nested hierarchy of institutions from village to aquifers, along with tradable water rights (Kumar, 2000a; Kumar, 2007); energy rationing (Zekri, 2008); decentralized water harvesting and recharge (Shah et al., 2003); conjunctive management of groundwater using water from large surface reservoirs (Llamas, 2000; Ranade and Kumar, 2004). 

IWMI’s initiative in north Gujarat under IWMI-Tata water policy research program, which started in 2002, explored at farmer-initiated agricultural water demand management as a strategy to reduce the stress on groundwater resource in the region. The fountainhead of the strategy was improving water productivity in agriculture. This was quite contrary to the popular thinking about the ways to deal with groundwater problems in the region. It was widely propagated by researchers that large-scale water harvesting and local groundwater recharging activities, if undertaken in the region, would help, to a great extent in reducing the rate at which groundwater is depleting in the region (see for instance, Shah et al., 2003).

 The North Gujarat Initiative (currently managed by SOFILWM) involved introducing water-efficient irrigation technologies; water-efficient crops that give high returns per unit of both land and water; and practices that improve the productivity of land and in turn the productivity of water used for crop production. The paper discusses the past initiatives in managing groundwater in north Gujarat; the groundwater management strategy adopted by ITP in north Gujarat; its theoretical foundations; analyses the effectiveness of the strategy and the outcomes and impacts; draws up learning from north Gujarat for other semi arid and arid regions of India; and identifies the future challenges to make the programme yield the desirable outcomes. 
2. Past Initiatives in North Gujarat on Groundwater Management
The past initiatives on managing north Gujarat’s groundwater resources looked at water harvesting and artificial recharge solutions. The approaches being tried never considered the macro hydrological reality of the region. 

The earliest work was of UNDP which undertook a pilot project of artificially recharging the alluvial aquifers of north Gujarat. In 1999, government of Gujarat launched a major programme of water harvesting and groundwater recharging under the popular Sardar Patel Participatory Water Conservation Programme. The main activity was construction of check dams, farm bunds and farm ponds, and de-silting of village tanks (IRMA/UNICEF, 2001). Though a few pockets in the north-eastern parts of Mehsana and Banaskantha provided favourable conditions for construction of water impounding structures like check dams, generally the drainage pattern and hydrology of the alluvial parts of north Gujarat does not permit large-scale interventions like this for the region as a whole (Kumar, 2002). 

The low to medium rainfall conditions, high aridity, permeable soils, and the high coefficient of variation in rainfall (Kumar, 2002) meant very low runoff potential and huge inter-annual variability in runoff (Kumar et al., 2008b). Also, the basins in north Gujarat viz., Rupen, Banas, Saraswati and Sabarmati are “closed”, with no water flowing out of the basin even in normal years (Kumar, 2002). Also, the presence of deep unsaturated zone in most parts of alluvial Cambay basin demand sophisticated artificial recharge systems against the simple activities undertaken by the Panchayats, including check dams and pond de-silting work in order to ensure that the captured flood water goes into the aquifers that are being pumped. Ranade and Kumar (2004) understood a quick analysis of physical and economic feasibility of conjunctive management proposal. The proposal involved transfer of surplus water from Narmada basin
 to north Gujarat and then using it for recharging the phreatic aquifers through two ways: 1] diverting water to around 800 ponds through the planned network of canals in the designated command area of SSP on the western side of the NMC; and 2] lifting water to existing 14 large reservoirs (75 m lift) and 2,500 ponds through additional pumping and conveyance infrastructure, and then taking it to the non-designated command area on the eastern side. 
The paper argued that economic cost of recharge in the command area of SSP could be justified in view of the economic value generated from well irrigation. However, the study found that the cost of recharge outside the command area would be economically unviable in view of the high cost of recharging groundwater (Ranade and Kumar, 2004). The authors, however, noted that at the full economic value of water is not realized at present owing to farmers not being confronted with the real marginal cost of lifting groundwater, while the same was considered for estimating the cost of groundwater. The argument was that once the marginal cost is induced through appropriate pricing policies, the farmers might actually go for economically efficient crops thereby increasing the marginal value product of groundwater

3. The Strategy in North Gujarat Groundwater Initiative


According to some estimates done for the White Paper on Water in Gujarat, the total water used in agriculture is 5372.5 MCM in 1996-97 in the region (IRMA/UNICEF, 2001). On the other hand, while the total renewable water resources of the region is 6105 MCM (as per GOG, 1996 cited in IRMA/UNICEF, 2001), the total water use was estimated to be 6008 MCM as far back as 1996-97(Table 8: IRMA/UNICEF, 2001). The per capita annual water withdrawals in north Gujarat exceeded the renewable water availability by 2000 (Kumar and Singh, 2001).
From these figures and the earlier statement that the basins in north Gujarat are closed, it is clear that supply side approaches to deal with groundwater depletion problems are not going to make any impact on the region’s groundwater regime, and the solution only lies in water demand management. Since agriculture takes lion’ share of the total water diverted from surface systems and aquifers in the region (nearly 92 per cent), water demand management in agriculture was chosen as the strategy for improving the demand-supply balance in groundwater of the region in order to achieve long term sustainability in its use, through enhancing water productivity in the sector. Three specific interventions were identified to achieve water productivity improvement: 1] use of efficient irrigation technologies for crops which helps improve the crop yields and reduce the consumptive water use (depleted water); 2] introduction of crop that are highly water-efficient in terms of net return per unit of water consumed (Rs/ET); and 3] improving the primary productivity of land through improvement soil nutrient management measures.   
Table 1: Per Capita Renewable Freshwater Availability in Gujarat by Region

	Name of the Region
	Total Freshwater Availability

(MCM)

	S & C Gujarat
	37926

	North Gujarat
	6105

	Saurashtra
	9287

	Kachchh
	1275

	Gujarat
	54593


Source: IRMA/UNICEF, 2001: White Paper on Water in Gujarat
4.
Theoretical Foundations


The theoretical foundations for the strategy were two: 1] use of micro irrigation devices would reduce the actual amount of water depleted in crop production. While this goes by the conventional wisdom, internationally, the concept of using micro irrigation to reduce consumptive use of water for crop production and water saving in agriculture have not been widely recognized. Instead, there are many in the water management circles who believe that use of MI systems would eventually increase the consumptive use of water. They make a distinction between applied water saving and real water saving (Allen et al., 1998; Molle and Turral, 2004). The contention is that while the amount of water applied could be reduced through efficiency improvements, the consumptive use of water remains the same. But, since the farmers are concerned with how much water they pump out and use for irrigation, they would eventually expand the area under irrigation, resulting in increase in consumptive use of water. 
But, in the case of north Gujarat’s the hydrology of water use is different. The water, which goes into deep percolation under conventional method of irrigation, is “non-recoverable” as eventually part of it gets lost in non-beneficial soil evaporation (after the land becomes fallow) and the remaining part gets held up in the unsaturated zone as hygroscopic water (see Allen et al., 1998 for various terminologies). In sum, use of micro irrigation technologies would reduce the consumptive fraction (CF) leading to real water saving. Further, the issue of return flow less relevant for row crops, in which the non-beneficial soil evaporation from the land which is not covered by the crop canopy can be reduced using technologies like drip irrigation. Hence, the real water saving would be more in the case of drip systems used for row crops (Kumar et al., 2008a).  

Second: use of water-efficient crops that give higher returns per unit of land and water would also help towards reducing the depletion of groundwater.

4. Major Achievements 

The activities undertaken by NGI in the project area to promote agricultural water demand management technologies and practices included: village meetings and awareness programmes; direct farmer contacts in the fields; training and workshops on various topics related to the theme of agricultural water demand management including women; exposure trips; and supply chain management for MI products. As a result of these various interventions over the past seven years in the region, the following physical achievements were made.

Table 2: Key Physical Achievements of North Gujarat Initiative
	Sr. No
	Type of activity
	No. of farmers in the project villages
	Total Area in the project villages (ha)
	Total No. of farmers outside the project area
	Total Area outside the project villages (ha)

	1
	Drip irrigation
	656
	1519.0
	10,689
	21,537.0

	2
	Sprinkler irrigation
	542
	1229.0
	
	

	3
	Plastic mulching
	15
	    62.1
	
	NA

	4
	Organic farming
	801
	  792.0
	
	NA

	5
	Horticulture
	680
	  320.0
	
	NA

	6
	Drum kit
	411
	411
	
	

	7
	Vegetable kits
	1670
	1670
	
	NA


Source: SOFILWM office records
5.
Outputs, Outcomes and Impacts


The most significant impacts expected of North Gujarat initiative is the improving in crop water productivity and saving in agricultural water use at the basin level and enhanced income returns for the farmers. That depends on two important factors. They are: 1] whether there are real water savings at the first place; whether there are economic benefits from the adoption of technologies and crops; and, 2] what farmers do with the saved water. These crucial aspects are dealt with in the subsequent section.
5.1
 Physical and Economic Impacts at the Individual Field Level


Several experiments and studies undertaken in the past in north Gujarat had highlighted the potential impacts of physical interventions being pursued there on crop water productivity. While some of them are studies on experimental farms (see Kumar et al., 2008a), some of them are done as action research in farmers’ fields (Kumar et al., 2004). Some others are based on large-scale surveys of farmers who had actually adopted various water-efficient irrigation technologies and crops (Indu, 2008). The results are summarized here.
Table 3 shows water application rates for four sample (drip-irrigated) and control (flood-irrigated) plots for four alfalfa plots selected for on-farm demonstration (see Kumar et al., 2004 for details of the research). In all the cases, the water application rate is less for drip irrigated fields. 

Table 3: Water Saving Impact of Drip Irrigation in Alfalfa

	Plot. No
	Water Application in Drip
	Water Application in Flooding 
	Reduction in water application rate (%) 

	
	Duration of application (days)
	Water application rate

(mm/day)
	Duration of application
	Water application rate

(mm/day)
	

	1
	200 
	8.10 
	224
	13.66
	40.70

	2
	200
	6.54
	200
	7.90
	17.60

	3
	208
	8.07
	208
	8.70
	  7.20

	4
	203
	6.60
	203
	11.60
	43.00


Kumar et al. (2004)
Nevertheless, the extent of reduction in water use varies from plot to plot. The highest reduction in water use was obtained in the fourth case and is as 43 per cent. In irrigation management, often, reduction is water use is interpreted as water saving. But no reduction in water use can be interpreted as water saving unless and until the crop consumptive needs are fully met even with reduced water application and no adverse impact is observed in crop yields.   


That said, yield figures for the control and sample plots were compared for all the four cases and it showed considerable improvements in yield with drip irrigation in all the four cases. Hence, the reduction in irrigation water use achieved here can be termed as actual water saving from the farmers’ perspective. A close look at the water saving figures throws some interesting insights regarding management aspects of drip irrigation technology.  


The yield figures obtained for the control plots and sample plots are given in Table 4. The table shows the number of cutting actually done during the period observation and the total yield obtained from one square metre area from all the cutting. Since the duration of observation is different for control plot and sample plot in one of the cases, the yield per day is estimated by dividing the total yield per unit area (one sq. m) by the number of days of observation for all the four cases to maintain consistency. The yield figures show that the drip irrigated field yields larger quantities of alfalfa. 

The yield improvement in drip irrigated plots might come from three factors: 1] good uniformity in distribution of water, which is hardly possible in the case of flooding; and 2] frequent watering which prevents the chances of wilting, unlike flooding where in water is applied only once in a week or 10 days; and 3] better aeration of the soils as soils do not get fully submerged but only remain partially saturated. In flooding, the tail reaches might suffer from water stress after a few days of watering. Water stress towards the tail portion can cause poor growth of plant. At the head reaches, speedy movement of water delivered at the head reach causes soil erosion, which also damages the crop.
Table 4: Yield Impact of Drip Irrigation in Alfalfa Field

	Plot. No
	Yield of alfalfa in Drip-irrigated Field (one sq. m)
	Yield of alfalfa in Flood irrigated Field (one sq. m)
	Percentage increase in Yield  

	
	Duration of observation (days)
	Average 

Yield (gram/day)
	Duration of observation
	Average 

Yield

(gram/day)
	

	1
	210 
	72.38
	234
	67.09
	  7.90

	2
	200
	73.00
	200
	68.00
	  7.40

	3
	208
	63.50
	208
	57.70
	10.05

	4
	203

	45.30
	203
	40.88
	10.80



Since data on yield improvements and water saving are available from action research, the economics of drip irrigation for alfalfa is worked out using the following formula. 

B/C Ratio = Net incremental benefit accrued from drip irrigation over the entire life of the system/ Incremental costs associated with the system


Following are the incremental benefits: benefit due to increase in yield; benefit due to saving of labour required for traditional irrigation; and any benefit arising out of saving in water and or electricity used for groundwater pumping. As regards water saving, though water markets are extensive in the region, the well owners are not confronted with the opportunity cost of wasting water. This is because the amount of water they could pump from their wells is still much higher than their own irrigation demand and demand from neighbouring farmers (see Kumar, 2002). Hence, water saving does not result in any private gains for well owners. As regards benefit due to energy saving, well-owning farmers of this region are not confronted with marginal cost of using energy due to flat rate system of pricing electricity in agriculture, and hence for them energy saving does not result in any private gain. But, from a macro economic perspective, if one wants to examine the economic viability of the system, it is important to consider the cost of supplying electricity to the farms, which would be saved due to drips while evaluating the economics of irrigation using the system. 

If one considers the price at which water is traded in the market for irrigation (ranging from Rs.1.5/m3 to Rs.2.5/m3) as the economic value of water
 then any saving in water resulting from drip use could be treated as an economic gain. The private income benefit due to water saving is applicable to only those who purchase water on hourly basis. The private income gain from the use of drip system depends on the price at which water is purchased (volumetric) and the reduction in water use achieved. 

There could be significant social benefits due to water saving in water scarce regions, owing to the reduced stress on precious water resources (Dhawan, 2000: pp 3775), resulting from reduced pumping. In situations like north Gujarat, such social benefits could not be over-emphasized. But this is beyond the scope of the present enquiry.

Keeping in view these perspectives and situations, economics was worked out for four different situations. In the first case, the saving in water through drip use and the energy saving due to subsequent reduction in groundwater pumping are not considered as a direct economic benefit and therefore the analysis is limited to a private cost-benefit analysis (level 1). Yield increase and labour saving are the private gains here. The annual yield benefit was estimated by taking calculated daily yield increase and multiplying by 240, which is the approximate number of days for which the fodder field yields in a year. The labour saving benefit was calculated by taking the irrigation equivalent (in daily terms) of total water saved (total volume of water saved/discharge of pump in 8 hours) and multiplying it by the daily wage.

In the second case, the actual economic cost of using every unit of electricity is considered as a benefit from saving every unit of the energy (level 2). In this case, the energy saving and cost saving depend on two factors: the energy required to pump unit volume of groundwater, which is a factor of the geo-hydrological environment; and the total volume of water saved. In the third case, the unit price of water in the market was treated as economic gain from “actual saving” of every unit of water and was added to the cost of electricity to pump unit volume of water (level 3). This was multiplied by the total volume of water saved to obtain the total economic gain in excess of the gain from yield increase and labour saving. A fourth situation is that the farmers are irrigating with purchased water. Here in this case, the unit price of water could be considered as a private gain from saving every unit of water (level 4). 


The benefits and cost of using online drippers for alfalfa is analyzed here for the four different situations mentioned above. The number of variables in the denominator and numerator of the equation would change according to the situation chosen. The results of cost-benefit analyses are presented in Table 5. 

As Table 4 shows, private benefit/cost ratio (level 1) is highest for second farmer (1.29), followed by third farmer (1.10) and lowest for the fourth farmer (1.05). The economic benefit/cost ratios (level 2 and level 3) are highest for the first farmer (1.83 and 2.78 respectively), followed by the fourth farmer (1.73 and 2.79 respectively). This is owing to the large extent of water and energy saving obtained in these cases. The private benefit/cost (level 4) is also highest in the case of first farmer (1.39), followed by fourth farmer (1.33) and lowest for the third farmer (0.88). Again, the greater return in the case of first and fourth farmers is owing to the large water saving obtained.  

Table 5: Economics of Drip Irrigation in Alfalfa Economic Benefit/Cost for Four Different Situations

	Plot No.
	Initial Cost of the System

(US $)
	Total Water Saving/Year

(M3)


	Equivalent Energy Saving/

Year

(K.W. hr)
	Labour Saving /Year

(person days)
	Yield Increase

From the entire plot

(Kg)
	Private Benefit/Cost

(Level 1)
	Economic Benefit/

Cost Ratio

(Level 2)
	Economic Benefit/

Cost Ratio

(Level 3)
	Private Benefit/

Cost Ratio

(for water buyers)

(Level 4)

	1
	157.0
	479.50
	149.00
	4.00
	448.00
	1.09
	1.83
	2.78
	1.39

	2
	136.0
	111.30
	  92.30
	6.00
	409.00
	1.29
	1.48
	1.74
	0.99

	3
	201.0
	  63.60
	  31.60
	4.90
	586.00
	1.10
	1.18
	1.28
	0.88

	4
	168.0
	468.00
	232.80
	6.00
	414.00
	1.05
	1.73
	2.59
	1.33


Kumar et al. (2004)

The action research on drip irrigation in alfalfa threw some very interesting insights. The water saving, yield benefits and consequently the benefit-cost ratio are dependent on how the farmer manages the system. Also, the incentive farmers have to adopt any micro irrigation system depends on the situation in which he/she is in. Also, while the private benefit-cost ratio is not significant, the economic benefit-cost ratio is quite significant when both energy-saving and water-saving benefits are considered (level 4). This means the positive externalities induced by the use of drip irrigation in alfalfa on society through energy saving and water saving are quite significant.

A large-scale survey of adopters and non-adopter of MI systems carried out by Indu (2008) showed substantial increase in yield and a much greater increase in net income of the adopters for several crops (Indu, 2008). The results are presented in Table 6. The only case where the yield had reduced was in the case of wheat (not shown in the table). But, in this case also, the net income was found to have increased by 42 per cent. The disproportionately higher increase in net income in certain cases was due to the fact that the crop fetches higher price by virtue of the better quality of produce. For instance, Indu (2008) reported that potato grown with micro sprinklers fetched a price of Rs. 5/kg against Rs. 4/kg for that grown under traditional method of irrigation.   
Table 6: Percentage Change in Income from Various Crops

	Sr. No
	Name of the crop
	Percentage Change in Yield after Adoption of MI System
	Percentage change in Income After Adoption of MI System

	1
	Fennel
	    2.04
	  89.47

	2
	Potato
	    5.78
	105.82

	3
	Bajra (kharif)
	  32.48
	274.54

	4
	Bt cotton
	  48.36
	  56.00

	5
	Castor
	172.39
	394.40

	6
	Cotton
	  46.93
	153.84

	7
	Groundnut 
	  37.23
	  97.34

	8
	Bajra (summer)
	
	


Source: Indu, 2008
5.2 
Is there Real Water Saving, at the field and aquifer level? 


A major criticisms of the strategy used in north Gujarat was that even large-scale adoption of MI systems and water efficient crops would not result into reduction in groundwater draft by farmers. Conversely, it was argued that with reduction in water requirement per unit of land achieved through water use efficiency improvements, the farmers would have greater incentive to expand the area under irrigation by allocating the “saved water”. Further, with higher income return from every unit of water pumped, the farmers would be tempted to invest more in well irrigation for growing high valued cash crops. But the project outcomes proved them all wrong. 

But, field surveys showed that in most situations, the farmers did not go for expansion in area under irrigation after the adoption of MI systems and water-efficient crops like pomegranate. One reason for this was that they were already irrigating their entire land, as “electricity”, and not “water”, was a constraint in expanding irrigation. The region is experiencing power supply rationing with total power supply to farm sector in a day limited to 8 hours. In a few situations, where the land holding was large, and it was practically impossible to irrigate them fully due to limited hours of power supply, the farmers resorted to expanding the irrigated area as water requirement per unit of land reduced with MI adoption. But, even in such situations, the income from farming increased remarkably. Hence, in both the situations, the water productivity (Rs/m3) got enhanced, and in most situations the aggregate groundwater use at the farm level reduced. 

Another important criticism of the strategy was the increased dependence of the project on MI systems for improving water productivity at the basin level. Some critiques argued that use of MI systems would only result in “applied water saving” and not “real water-saving” as according to them, the return flows under conventional method of irrigation would be available for reuse, and the real water saving can occur only if there is reduction in crop ET.  But, north Gujarat has alluvial aquifers with deep vadoze zone. In such situations, the return flows would not be available for reuse, and instead would be part of the total water depleted water, consisting of “non-recoverable deep percolation” and soil evaporation (see Allen et al., 1998 for details). Hence, MI adoption actually led to real water saving at the basin/aquifer level in north Gujarat. This was also confirmed by field investigations and discussions with well drillers.

Scholars have argued that the water-saving and energy saving (depending on the type of system) benefits from the use of MI systems do not result in income benefits for most farmers who are not confronted with positive marginal cost of using water/electricity. Further, it was argued that they are not confronted by opportunity cost of over-pumping groundwater for irrigating their own fields. As a result, they have minimum incentives to adopt water saving technologies under the current policy regime (see Kumar et al., 2008a). But, the NGI interventions also showed that it is possible to motivate farmers to adopt water-saving micro irrigation systems without providing subsidies, even in the absence of efficient electricity pricing in the farm sector that can encourage efficient water use in agriculture. One strong incentive for farmers to go for MI systems was the reduction in drawdown in wells, and the consequent reduction in incidence of well failures experienced by the earlier adopters. This was mainly due to drastic reduction in pumping resulting from improved water productivity.  Another incentive was the higher income farmers obtained from the use of MI devices for most crops. 

NGI also showed that the indirect impacts of the interventions are much larger than the direct impacts. The impacts of the extension activities went beyond the project villages and farmers from many villages within the same and neighbouring talukas went for adopting the technologies that were promoted through extension activities.
5.3
Overall Outcomes

One of the significant outcomes of the project was that the adopter farmers could raise their income substantially with the new cropping system. While wheat-cotton rotation gives a net return of Rs. 27,000 per acre, pomegranate gives a net return of Rs. 73,400 per acre, thereby giving an incremental return of Rs. 46,400 per acre over wheat-cotton combination (Singh, 2009). The incremental returns at the farm level owing to adoption of various crops, technologies and practices ranged from Rs. 4,437 to Rs. 1,14,250 per annum (source: Sustaining North Gujarat’s Groundwater Economy: Opportunities and Challenges, presentation in the session on North Gujarat Initiative, 6th Annual Partners’ Meet, IWMI-Tata Water Policy Research program, Anand). The lowest incremental return was found in the case of adopters of organic farming, whereas the highest was in the case of farmers adopting orchards with drip irrigation. The income rise is not because of one technology or crop, but was the combined effect of efficient irrigation technologies (which raised yield and income), and shift in cropping pattern towards high valued crops. 
As a matter of fact, a big outcome was that farmers of this region increasingly prefer high-valued crops such as vegetables (mainly potato, chilly, brinjal and ladies finger), oil seeds (cotton and castor and groundnut) and fruits (pomegranate, papaya and lemon) to the traditional crops such as wheat and bajra. A study by Indu (Indu, 2008) showed significant shift in cropping pattern among the selected adopter farmers.


Indu (2008) notes that the adopter farmers went for high return crops with the adoption of MI technology. The first change was noticed in area under bajra which reduced by 79% over the surveyed areas. There was an increase in area in cotton, fennel, potato and groundnut by about 117%, 20%, 14% and 32% respectively. There was a shift of choice of cotton crop from Bt cotton to the local hybrid varieties. All these four crops give higher returns as compared to wheat and bajra. The reduction in the area under vegetable probably does not reflect the actual field reality. The reason was that the intercropping of fruit crops with vegetables was common particularly during the gestation period. The return from inter-cropped vegetables covers half the investments for drip and sprinkler within one or two seasons of vegetables growing. The sum total of those areas could be quite large, which may show much increase in vegetable adoption, particularly among orchard farmers. 
As most of these crops require precision irrigation for plant protection and for obtaining good yields and irrigating them with efficient traditional ways of irrigation (like ditch method of irrigation) would be highly labour-intensive, the next step is to go for micro irrigation systems, particularly drips. Today, around 24,285 ha of crop land in the region is irrigated by micro irrigation systems including drips and sprinklers. The actual cropped area covered by these systems would be much more as many farmers who grow vegetables take at least two crops in rotations. Most of the MI irrigated area is under fruits, potato, ground nut and vegetables (such as chilly and brinjal). The physical outcome is improved productivity of water at the farm level. Table 6 shows that pomegranate under drip irrigation gives a net return of Rs. 37 from every cubic metre of irrigation water applied, against Rs. 6.88 for the traditional cropping system of the area.
Table 6: Water Productivity Comparison for Traditional Crops and MI Irrigated High Valued Crops
	Sr. No
	Name of the Crop/Cropping System
	Net Irrigation Water Productivity (Rs/m3)

	1
	Traditional Cropping System
	6.88

	2
	Potato with Drip Irrigation
	7.13

	3
	Pomegranate
	37.1


Source: Sustaining North Gujarat’s Groundwater Economy: Opportunities and Challenges, Presentation by M. Dinesh Kumar, Manoj Kumar Sharma and Ajinkya Borkar on North Gujarat Initiative, 6th Annual Partners’ Meet of IWMI-Tata Water Policy Program, Anand.

5.4
Impacts


The impacts of the interventions are physical, social, economic and environmental. As regards the physical impacts, the most significant one is the reduction in groundwater pumping by individual farmers. This is owing to the reasons discussed under section 5.2. Many of the farmers who had adopted various agricultural water management technologies reported to have reduced their annual groundwater withdrawals owing to efficient irrigation water use technologies and replacement of water intensive crops by low water intensive crops. 
On the socio-economic front, replacement of seasonal crops by perennial crops such as orchards (pomegranate and papaya) and chilly is resulting in farmers are now moving away from dairying. One reason for this is the lack of availability of green and dry fodder. The second reason is that dairying is quite labour-intensive, and farmers find it hard to allocate their family labour for both dairying and high valued cash crops like chilly which require intensive care. This is also slowly changing the labour dynamics. Earlier, the labour demand was met by family labour (especially women) and people from within the village. Now, farming operations in orchards like pruning etc. require skilled labour, and is hired from Maharashtra. On the social front, the risk taking ability of the farmers has gone up. Many farmers are now willing to invest in high risk crops which go along with precision irrigation and bring high returns from market.

A recent review of NGI project showed that the adoption of various water management technologies and practices are skewed towards large and medium farmers, with very few of the marginal farmers adopting them.  Even today, finance is becoming a major constraint for marginal farmers to adopt micro irrigation systems. From the point of view of resource management, it is important that large and medium farmers who corner lion’s share of the resource, which is a natural heritage, adopt the efficient water use technologies in crop production and save some water for others to use promoting intra-generational equity. But, from the point of view of reaching the project benefits to large number of farmers,  it is important that the small and marginal farmers also adopt these technologies and enjoy the benefits such as increased yield and higher returns from farming.

The environmental impact is the increased use of organic bio-fertilizers in agriculture in the area. Farmers who are using bio-fertilizers produced from vermi-culture and scientific composting have reported reduction in frequency of irrigation to their crops, and overall reduction in water dosage to crops. Though there are no visible impacts on the soil biota,  
6.
Learning from the Experience for Other Semi Arid Regions in India

Most of the international experiences with managing groundwater are institutional, wherein legally recognized formal institutions have initiated large-scale actions. These actions are sometime engineering interventions (California Central Valley Project); sometimes regulatory (Iran, Jordan, Oman); and sometimes market-based (Murray-Darling basin, Kansas groundwater management district) in nature. There are several instances in India where farmers have taken up groundwater management schemes involving decentralized water harvesting and recharge (Shah et al., 2003), though not met with much success (Kumar, 2000b; Kumar et al., 2008b). On the other hand, attempts have been made to get farmers around social institutions that introduce voluntary cuts in groundwater pumping. The APFMGS project being implemented in Andhra Pradesh is one good example. Under this project, farmers were taught on monitoring groundwater use, and the same was used to create greater awareness about the need to conserve the resource. This was a successful case for farmer education on groundwater. However, this has not led to any concrete actions on the ground in terms of farmers investing for reducing the pressure on groundwater. 
But, there are no instances where the farmers themselves have responded by acting locally to rescue a large aquifer through demand management interventions, with external interventions only in the form of education and extension services. One of the reasons why the farmers of north Gujarat could be motivated to demand management interventions is that farmers were already growing several crops in the regions which are amenable to MI systems that improve the efficiency of water use. These crops are castor, cotton, groundnut, fennel and potato. While castor, cotton and fennel are amenable to drip irrigation, potato and groundnut are amenable to both sprinklers and drips (Kumar et al., 2008a). Most of these crops are high valued. Hence, a minor improvement in yield results in high incremental returns from micro irrigation thereby providing economic incentives for the farmers to adopt them without subsidies (Dhawan, 2000). 
Another important reason is that a new crop, for which drip irrigation is highly suitable, was introduced in the region. The soils (sandy loam and sandy soils) and climate (arid) of the region were quite favourable to the cultivation of pomegranate. Even the early adopters of the crops secured good yields and income from the crop. The crop became highly popular among the farmers because of the very high returns per ha of land and the low water-intensiveness of the crop. Farmers were easily convinced about the need to use drip systems for watering the crop to save labour and time for irrigation. Also, it was economically efficient. It costs only Rs. 28,000 to bring one ha of pomegranate crop under conventional pressurized drip irrigation, whereas the net return was to the tune of Rs. 2.3 lac per hectare (Indu, 2008). As the system became popular, the farmers who were growing other row crops also got motivated to adopt it.  

In nutshell, the north Gujarat experience suggest that it is necessary to introduce crops that give high returns per unit of land and that are low water-intensive, while simultaneously being amenable to micro irrigation even if water productivity improvement is the key strategy to achieve demand management.   
6.1
Distinction between Efficiency and Sustainability 

The north Gujarat example however does not suggest that promotion of micro irrigation technologies and water-efficient crops would help reduce the stress on groundwater in all semi arid regions. In hard rock areas, reduction in groundwater draft may not be achieved through large-scale promotion of micro irrigation systems. The reason is that it is there is acute shortage of groundwater which prevents farmers from bringing their entire land under irrigation. In such areas, introduction of MI systems and water-efficient crops would at best help improve the productivity of use of water and enhance the economic outputs, but may not reduce the groundwater draft. The reason is farmers would be able to pump out all water using the available power supply and expand the area under irrigation.

It such areas, caution should be exercised to see that only such crops are introduced which are low water consuming (ET) as well as highly water-efficient so that even if the area expands, the aggregate groundwater use would still be less. In nutshell, if the water productivity improvement, which comes from the reduction in consumed water per unit of land, is to an extent of 200 per cent, then it means that farmers have to double the area under irrigation in order to maintain the same level of pumping. Hence, the distinction between efficiency and sustainability needs to be made while trying to achieve groundwater management objectives.  
7.
Conclusions

Groundwater generates enormous economic wealth in semi arid regions like north Gujarat and is an important contributor to the rural livelihoods (Kumar, 2007). In north Gujarat, its degradation has caused several negative economic, social and ecological effects on the society. Hence, major investments to manage groundwater would be justifiable if we consider the economic value of the positive economic, social and environmental benefits they could generate (Kumar et al., 2001).  More importantly, regions like north Gujarat significantly contribute to national food security, at the cost of the degradation of its own environment. The embedded water in the dairy products exported from north Gujarat comes to around 2,116 MCM annually (Singh et al., 2004). This is far higher than the total groundwater over-draft from the region. So, managing the region’s aquifer is important from the point of view of national food security.
The experience so far suggests that the strategy adopted in north Gujarat for arresting groundwater depletion is sound, and effective. The reduction in groundwater draft is happening as a result of introduction of technologies and practices, with positive effects on economic returns from farming. Nevertheless, the potential negative welfare effects such as reduced employment opportunities for the farm labourers owing to replacement of traditional crops by high valued cash crops, which require specialized labour, need to be carefully analyzed. This would help in future refinement of the strategy.
Unlike what the critiques say, the impact of the interventions on groundwater draft cannot be predicted in relation to the “real water saving” effect of efficient irrigation technologies at the field level. The reason is that adoption of MI systems (drips and sprinklers) which is the major intervention by farmers in the area is associated with change in cropping pattern also. Many of the new crops, especially pomegranate, cotton, groundnut, potato and castor are less irrigation water-intensive than the traditional crops such as wheat and bajra. The consumptive use of water (ET) is less. Therefore, the issue of whether water saving is real or notional becomes a non-issue. More importantly, going by Kumar et al. (2008a), in most parts of north Gujarat applied water saving obtained by MI system results in real water saving owing to the arid climate, the deep unsaturated zone, and dominance of row crops. Also, at the aggregate level, the adopters are not found to be expanding the areas, except in a few cases, where part of the arable land remained idle before adoption due to water shortage. Hence, the issue of whether field level water saving results in farm level water saving also does not arise.
8.
Future Challenges


The ongoing interventions had helped individual farmer adopters, and to a lesser degree the farming community in general. The earlier one is in terms of higher yield and return from the new crops, and overall increase in income from farming. The latter is in terms of enhanced knowledge of growing high valued crops and using precision irrigation technologies. From a long term perspective, if the programme is to generate the desired impacts on equity and resource sustainability, the scale of intervention should be much larger than the present one.  If large number of farmers in the region adopts MI systems and water-efficient crops, it would bring about major reduction in groundwater draft, which can cause “positive physical externalities” in terms of rise in groundwater levels and reduced well failures. That in turn can improve access equity in groundwater, with more small and marginal farmers making direct investments in well irrigation instead of water purchase.  
On the other hand, if all the farmers in a village or a cluster of villages adopt MI systems, the impacts would be seen in terms of increased demand for MI system repairers, assemblers etc. in the village. Also, it would attract, fruit and vegetable traders to the village, giving the farmers remunerative price for their produce. Thus from the point of view of generating social benefits, up-scaling is very crucial.
More importantly, as has been noticed in an impact study, benefits of micro irrigation such as improved yield, reduced irrigation water requirement and improved quality of produce go to only small, medium and large farmers. The benefits of government subsidy also go to these farmers. Financial viability is still an issue for many micro irrigation systems, in spite of subsidies from the government. The fact that these systems are most amenable to high valued crops, also make their adoption difficult for the marginal farmers, who shy away from taking risk in growing those crops. As the analysis provided in Singh (2009) shows, the constraints faced by marginal farmers could not be adequately addressed as the coverage of different water efficient irrigation technologies and water-efficient crops was very low among them.
Another unique challenge in north Gujarat is that a large percentage of irrigators of the region, especially in the alluvial areas, do not own individual wells. They secure irrigation water through purchase from well owners or become partners in tube well companies. They receive irrigation services once in a week or sometimes once in a month.  Hence, conventional pressurized MI systems are not technical feasible for farms owned by them. Systems need to be designed for small non-well owning farmers: the conventional micro irrigation systems which well-owning farmers adopt cannot be adopted by poor water buyers and tube-well partners. New systems need to be designed to suit their physical environment. Appropriate farming system also has to be found out for these investments to become viable economically. Our analysis suggests that under most such situations, providing subsidies to those farmers could be justified, as adoption of Mis would induce positive externalities due to water saving. 

Caution needs to be exercised while transposing the groundwater management strategies employed in north Gujarat in other regions, especially hard rock regions of India, where groundwater availability is extremely limited. Much larger institutional and policy interventions would be required to affect improvement in water use efficiency and cuts in groundwater withdrawal. The most important of them are: pro rata pricing of electricity in the farm sector, and establishment of volumetric water allocation through establishment of water rights. As Kumar et al (2008a) notes, if electricity pricing in agriculture is on pro rata basis, then water saving would result in cost saving for farmers. That would encourage them to adopt efficient irrigation technologies. Similarly, volumetric water allocation would encourage farmers to allocate more water to economically efficient crops.   
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� 	Source: key note speech by Kirit S. Parikh, member, planning commission, GOI in XII World Water Congress, New Delhi, 22-25 November, 2005. 


� 	The surplus water refers to the un-utilized portion of the total water allocated by Narmada Water Disputes tribunal in the basin to Madhya Pradesh, which is yet to build storages to utilize the water. This water would eventually be available to Gujarat for diversion through Sardar Sarovar Reservoir till MP completes construction of its reservoirs.


� 	Though the actual economic value of the groundwater would be equal to the economic surplus generated by the use of that water for irrigation, which would vary according to the type of crops farmers grow, this would be a reasonable assumption that can lead to more conservative estimates of economic benefits of water saving.





