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Abstract

:

Irrigation facilities in the cold winter deserts (CWDs) of Uzbekistan are very traditional and poorly managed, resulting in low water use efficiency and low productivity. Improving the irrigation facilities in these deserts is a key priority for the country. This study intended to contribute towards the development of the irrigation systems through identification and quantification of the relative implicit values smallholder farmers confer to the key characteristics of irrigation facilities. We elicited preferences with discrete choice experiments, estimated willingness to pay for these attributes using random parameters logit models, and analyzed heuristics in the choice process using a series of latent class models. Our results show that farmers have clear preferences for higher watering frequency and no interest in sharing irrigation water with downstream users. We also observed that there are distinct groups of farmers with comparable but different levels of preference. The development of irrigation facilities in the water-scarce parts of Uzbekistan would benefit from careful consideration of the preferences of the target communities and targeting of the schemes based on the broad heterogeneities within the communities. This will aid in the maintenance of irrigation systems and, as a result, increase agricultural production and productivity.
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1. Introduction


Ecosystem services are critical for the sustainability of the natural environment, food security, and livelihoods of the resource-poor inhabitants of the cold winter deserts (CWDs) in Uzbekistan. CWDs are not well endowed with natural resources, and food production heavily depends on the availability of water. Even though some efforts are being made by government agencies to sustain the ecosystem services in the CWDs, there is no evidence to suggest that these efforts will continue or grow to make a difference in these deserts. On the other hand, the farming community in the CWDs generally tends to rely on government investments for improvement and management of the ecosystem services.



Fast growing urbanization and the investment required are making it increasingly difficult for the government of Uzbekistan to give as much emphasis to these important, but very fragile CWDs. Therefore, contributions by the local community will be essential to improve and sustain ecosystem services in the CWDs of Uzbekistan. It is necessary that the communities in these deserts engage more actively in the planning and implementation of sustainable land and water management activities. An important tool in managing common pool resources is payment for ecosystem services [1]. The government agency managing the deserts may enforce such a payment in the future. However, without the users’ willingness to participate in the process, the governmental decision on the payment system for ecosystem services may not be sustainable [2,3]. CWDs provide a number of ecosystem services, including biomass production, sand fixation, firewood, and below- and above-ground carbon storage and buffer functions in the inter-annual carbon cycle [4]. Access to and use of irrigation water is one of the most important ecosystem services in CWDs of Uzbekistan. It can be argued that irrigation schemes developed based on the needs and preferences of the target users are more likely to be owned and efficiently managed by the users. Hence, the costs and benefits of the irrigation schemes need to be estimated and compared from the perspective of the target users as well.



The key components of the cost are mainly direct and can be measured relatively easily. However, the direct and indirect benefits of the irrigation services can hardly be measured with as much simplicity. This is why non-market-based economic valuations are gaining traction in estimating the value of access to irrigation services or the different attributes of irrigation services. The value of the access to irrigation is commonly estimated using different adaptations of contingent valuation [5,6,7,8,9,10]. Direct elicitation methods would not, however, enable us to look into the relative importance of different components of the irrigation services. The services are the sum total of the different attributes characterizing them. Discrete choice experiments (DCEs) are one of the stated preference-elicitation methods that can help us assess the relative importance of the components. Compared to the other elicitation methods, DCEs would enable us to rank the different attributes and the attribute levels.



A few studies have employed DCEs to estimate implicit prices of the attributes of irrigation services [11]. This study analyzed the way irrigation water should be managed in South Africa and recommended a shift towards on-farm volumetric water pricing in the irrigation schemes. Another study that used DCE reported positive and significant willingness to pay (WTP) for cropping intensity, frequency of watering, and crop under production aspects of the irrigation system among smallholder farmers in Ethiopia who have never paid for irrigation water use [12]. A DCE study in Punjab, Pakistan reported that sample farmers had a WTP much higher than the current average rates for improved surface water reliability [13]. A study in four regions of India and Pakistan investigated preferences of farmers for different forms of irrigation fees and models of local governance [14]. The study emphasized the heterogeneity across the study areas and the need for localized approaches in determining irrigation fees and governance.



Despite the popularity of DCEs in other field of applied economics research, we could not find other peer reviewed studies that used DCEs to elicit preferences for characteristics of irrigation services. In fact, there is not any study on the valuation of irrigation services from the perspective of the target users in Uzbekistan or in Central Asia in general.



Uzbekistan’s agriculture is cotton and wheat-centric and almost entirely dependent on irrigation. About 90% of the water resources in Uzbekistan are used in the agriculture sector, and it is used with low efficiency [15]. Only 11–12% of the water consumed in the country comes from within the country [16]. Most of the food and feed production happens in irrigated agriculture, which covers merely 10% of total cultivable land (4.3 million ha), demonstrating the importance of water to people’s livelihoods not only in the CWDs but also in the entire country. CWDs and semi-deserts constitute about 85 percent of Uzbekistan’s land mass [17]. It is almost impossible to overemphasize the importance of these deserts and the implications of the availability of water in Uzbekistan and in our study area. Agrarian livelihoods in the CWDS are becoming more and more fragile and vulnerable because of scarcity and high variability of the water supply.



A report in 2009 indicated that the welfare of the republic depended on the possibility of ensuring the water supply for almost 29 million people, for the irrigation of 4.3 million hectares, and for industry and for the environment [16]. At present, the total annual water use in the republic is 55.1 km3, of which irrigated agriculture uses 49.7 km3 and the domestic and drinking water supply for urban and rural populations uses 3.4 km3 [16]. The immediate solutions revolve around increasing water use efficiency (WUE) and developing sustainable water-management systems.



Shortages of water and deterioration of water and land resources are observed throughout Uzbekistan [15,17,18]. Most of the irrigated area is subjected to salinization [19], waterlogging, water erosion, agro-biodiversity losses, and other very hazardous processes [20,21]. This hampers the development of the economic system—including the agriculture sector—and aggravates the challenges faced by the poor rural communities. Almost one fourth of Uzbekistan’s population (more than 6 million) suffers from the negative effects of polluted water [22,23]. Research has also shown that, in Uzbekistan, the low income of the rural population is linked to the irregular supplies of irrigation water and the deterioration of land due to, among others, salinization and waterlogging [17].



Water shortage has become a key factor limiting the sustainable development of Central Asia, especially for the downstream agricultural countries like Uzbekistan [15,24]. It is not only the availability of water that is an issue but also the level of efficiency of its use. A recent study [25] argues that low water-use efficiency is a main factor contributing to water shortages in Central Asia. Irrigation facilities in the region are relatively backward, and the cropland relies on furrow irrigation, leading to low crop yields and a low utilization efficiency of water resources [25]. Improvement of these facilities is among the most-important political-economic priorities of Uzbekistan. Improvement will, however, happen only if it is based on careful and well-informed planning.



Irrigation is a technology with different characteristics or components. Farmers’ interest in each of the components of the irrigation scheme determines their level of engagement and efficiency in use. This is the basis of our study, where we estimated the willingness to pay for the different attributes of irrigation schemes in this vulnerable ecosystem. By investigating farmers’ choice strategies, we also looked into the relative importance of the different components of the irrigation schemes.



Planning sustainable development without proper valuation of ecosystem services can hardly be meaningful, as the focus will be predominantly on direct, local, and immediate benefits [25]. There is no better evidence than the Aral Sea crisis to show the failure associated with focusing on direct benefits from ecosystem services [26,27]. Currently, the most-degraded pastures are located in the Central Kyzylkum deserts, covering the Bukhara, Navoi, Khorezm, and Karakalpakstan, regions, where the misuse emanates from inadequate access to land, inappropriate land-management systems, and a lack of knowledge on sustainable use and management of these resources [18,21]. Weak institutional structures and procedures, as well as a lack of law enforcement, also contribute enormously to the challenges of sustainable development [24,28].



We identified five key attributes of irrigation schemes in the Bukhara region’s Karakul District, one of the most-fragile ecosystems in Uzbekistan, and elicited preferences and estimated implicit prices. The attributes considered were water availability in the dry season (May to October), crop water frequency, irrigation water quality, water sharing with downstream users, and the fee for irrigation. We elicited preferences with discrete choice experiments and estimated willingness to pay for these attributes using a random-parameters logit. We also estimated a series of latent class models to investigate the relative focus given by farmers to the different attributes while choosing among the hypothetical irrigation schemes.



The results of this study will serve at least two purposes. First, the evidence will inform policymakers on what the focus of the irrigation development effort should be. Not all components of the irrigation schemes are equally important to farmers and the community. Second, we strongly believe that scientific evidence-based designing and implementation of irrigation schemes helps farmers cope with the unforgiving environment better, as they will have a scheme that addresses their priorities and the implied challenges thereof.




2. Description of the Study Area


The study was conducted in Durmon village in Karakul District, which is a central south region of Uzbekistan (Figure 1). The Karakul District Forestry Department, established in 1925, includes forest, pastures, and non-used land resources. The entire land resources in the district cover 73,542 ha. These land resources are geographically located at 39.582991° N latitude, 63.905707° E longitude, and an altitude of 242 m above sea level. The territory of the forest department encompasses part of the Kimmerikum desert, the West Kyzyl Kum plains, and the ancient valley of the Zerafshan River. Durmon village has an area of 517 ha.



Water availability is the most-important determinant of the land-management practices of farmers. In terms of land use and management, the study area has two distinct populations—the smallholder farm households who are always trying to eke out a living in this harsh environment and the employees of the Forestry department whose focus is controlling the natural resources both for political and conservation reasons.



Durmon village was selected as a representative site for cold winter deserts that cover different provinces in Uzbekistan and across other countries around the Aral Sea region in Central Asia. Livelihoods of the farming communities in Durmon depend entirely on the ecosystem services provided by the cold winter desert, and the CWDs are a major policy agenda in Uzbekistan. It is within the national strategy to improve management of the CWDs to enhance their contribution to rural food security on a sustainable basis.



The study site is characterized by quick climatic fluctuations, constant wind activity, the prevalence of sand, extremely low precipitation and humidity, aridity, and extensive degradation of the natural resources. The long-term average precipitation in the pilot area is only 108 mm—which is very low for rain-fed crop production. An important part of this precipitation during the growth period of the vegetation (mostly in spring) is around 30 mm only. During summer periods, the precipitation is totally absent, and the relative humidity sharply decreases with a long-term average of 36%. Although rare, timing of the first snow in the project pilot area varies from year to year, and usually starts in December and continues falling until January, sometimes lingering until mid-March.



The annual average air temperature is 14.8 °C, ranging from −22 °C (in January) to 47.1 °C (in July). The last days of cold weather happen in mid-spring (18.04 °C), while the first frost comes in mid-autumn (13.10 °C). The hot dry weather lasts 40–50 days during June–August and causes extreme heat and drying of vegetation. There is constant wind activity in this region, with dry and hot winds (locally called garmsel). Garmsel wind can happen for 45 to 50 days a year, blowing in June through August. This wind speed is a reason for slight-to-moderate soil erosion and movement of sand in the direction of wind. The common soil types in the study area are desert sands, takyr-like soils, grey-brown desert soils, meadow solonchak soils, and meadow irrigated solonchak soils. Soil salinity is common in this area and happens due to shallow mineralized groundwater.



The operations and management of the study area represent what is happening in the rest of the CWDs where irrigated agriculture is practiced. Depending on water availability, which is pumped from the source and delivered through canals, large parcels of land can be irrigated; however, due to water scarcity, only 13% of the total arable land is cropped, demonstrating the importance of water overall for the study site. Major crops grown in the area are vegetables, legumes, and wheat, typically requiring 5–10 thousand m3 per hectare.




3. Materials and Methods


3.1. The Choice Experiment


Valuation of ecosystem services—including irrigation water—is best done with stated choice methods, as almost no services are directly marketable. Discrete choice experiments (DCEs) are a widely used data-generation method in stated choice analysis. Lancaster’s characteristic theory of value (ToV) [29] and McFadden’s random utility theory (RUT) [30] form the basis for estimating the relative importance of the attributes characterizing the service at hand, in this case, irrigation. The implicit prices of the characteristics show their relative importance and the structure of the latent satisfaction from the consumption of the service [29].



RUT assumes that the choice behavior of individual decision makers is probabilistic conditional on the characteristics of the services available to them and other factors that affect their choice decision. It is, therefore, expected that the choice behaviors of the individual decision makers vary because of variability in the underlying factors. The underlying factors include unobserved attributes, unobserved individual characteristics (or taste variations), and/or measurement errors [31]. The RUT also enables us to model unobserved heterogeneity in choice behavior among the sample households.



Irrigation water is a quality-differentiated service that can be described by its attributes. Transaction of such attributes does not happen in actual revealed markets, hence the need for stated choice methods such as discrete choice experiments [32]. Sample households are currently accessing irrigation water based on arrangements made by the government or water-user associations with support and guidance from the government. Sustainable use of the irrigation water resources, however, depends on farmers’ actual demand for irrigation services. The demand for irrigation water services is a consolidation of the demand for the different components of the service. We derived the demand for the attributes of irrigation water services by eliciting sample households’ preferences for the experimental designed irrigation schemes presented in the form of pair comparison with the option of opting out included.



The identification, definition, and prioritization of the characteristics of the hypothetical irrigation schemes in the choice experiment involved iterative focus-group discussions and a reconnaissance survey. A structured questionnaire survey was undertaken involving a sample of 200 farmers in 2020 to generate socioeconomic data and the attributes of irrigation services. The discussions with farmers resulted in the following attribute and levels for the choice experiment (Table 1).



Therefore, our design had five attributes of irrigation schemes. We used Ngene [33] to generate experimental designs that combine the attributes and create hypothetical irrigation schemes. Using main effects only, there could be 2 × 34 or 162 combinations of irrigation schemes with different levels of the five attributes. We, however, used fractional factorial design to limit the number of alternatives to a reasonable level. Our final D-optimal design had a D error of 1.32 and generated 36 alternatives paired in two to create nine choice sets. Each choice set therefore included two hypothetical irrigation schemes and an opt-out option—added to avoid forced choices.



To simplify farmers’ choice decision-making process, we used pictorial representations for each level of the attributes in preparing the choice cards with which we elicited the choices. The DCEs were conducted at the residential homes of the respondents, and they were presented with nine choice sets to choose one among three alternatives in each of the sets. Before the interview, each respondent was briefed about the research and the mechanics of the irrigation scheme choice experiment. To ensure that that farmers have understood the experiment, one or two randomly selected choice sets were presented to them without recording the responses. Then, the nine sets were presented in random order for each of the sample respondents.




3.2. Analytical Framework


Decision makers’ choices among alternatives in a choice situation can be analyzed using discrete choice models [34]. The decision makers in our case were sample households, and the alternatives represent hypothetical irrigation schemes characterized by different attributes and attribute levels. Assuming a utility-maximizing individual ( n ), the probability that a hypothetical irrigation scheme (  i  ) in a choice situation (   C t   ) is chosen is equivalent to the probability that the expected utility from this alternative is higher than the utility from other alternatives in the choice set. Due to RUT, we can formulate this mathematically as:


  P    C  n t   = i   = P    U  n i t   >  U  n j t     ,   ∀ i ≠ j    



(1)







The utility function      U  n i         has both deterministic and unobserved components. It can be written as:


   U  n i t   =  V  n i t   +  ϵ  n i t    



(2)




where    V  n i t     is an observable, and hence deterministic, component of the expected utility from alternative   i ,     and    ϵ  n i t     is the idiosyncratic random error term.



We assumed the utility function to be linear in the covariates and utility to be separable in price and non-price attributes to re-specify the utility function as:


   U  n i t   = −  α n   p  n j t   +  β n ′   x  n j t   +  ϵ  n j t    



(3)




where    α n    and    β n    are individual specific parameter estimates, and    ϵ  n j t     is the distributed extreme value type I with variance given by    η n 2       Π 2   6     , where    η n    is a scale parameter. Dividing Equation (3) by    η n    does not affect behavior and results in a new error term, which is an IID extreme value distributed with variance equal to    Π 2  / 6   [35,36]. Because of the division      U  n i t   = − (  α n  /  η n  )  p  n j t   +      β n  /  η n     ′   x  n j t   +  ϵ  n j t   /  η n   .



Therefore, the utility model in preference space can be written as:


   U  n j t   = −  λ n   P  n j t   +  c n ′   x  n j t   +  ε  n j t      



(4)




where the utility coefficients are defined as    λ n  =  α n  /  η n   ,    c n  =  β n  /  η n   , and    ε  n j t   =  ϵ  n j t   /  η n   .



Equation (4) can be estimated using either conditional logit (CL) or random-parameters logit (RPL) models. CL, however, assumes the preferences for the attributes to be similar across individuals and requires the strong assumption of irrelevance of independent alternatives (IIA) to hold. RPL, on the other hand, is a flexible model that allows for random taste variation, unrestricted substitution patterns, and correlation in unobserved factors over time [34]. In this study, we report results of different specifications of the RPL model.



Our main interest is quantifying the relative implicit prices or the willingness-to-pay (WTP) values for the attributes of the irrigation services. The WTPs are ratios of two randomly distributed coefficients. Depending on the choice of distributions for the random coefficients of the RPL model, this can lead to WTP distributions that are heavily skewed and that may not even have defined moments [35,36]. Hence, the need to estimate RPL in WTP space arises [35].



The WTP for an attribute is the ratio of the attribute’s estimated coefficient to the estimated coefficient of the annual payment, i.e.,    w n  =    c n     λ n    =      β n     η n         α n     η n      =  β n  /  α n   . Therefore, we can rewrite the utility function given in Equation (4) as:


   U  n j t   = −  λ n   P  n j t   +      λ n   w n     ′   x  n j t   +  ζ  n j t   .  



(5)







We estimated Equation (5) with the assumption of correlated WTP coefficients as suggested by [35] and [36]. We are therefore reporting RPL models with and without correlated random coefficients estimated in WTP space.



We also analyzed sample individuals’ choice-simplification strategies and the effect of the scale parameter on unobserved heterogeneity using latent class models (LCM). LCM is type of mixed logit (or RPL) model where the mixing density function of the coefficients to be estimated is of discrete nature, and hence the estimated coefficients take a finite set of distinct values [34]. We assumed that  β  takes  Z  possible values labeled    b 1  ,   … ,    b Z   , with probability    s z    that   P   β =  b z    =  S Z   . In this case, the RPL becomes the latent class model, and the choice probability is given as:


   P  n i t   =  Σ  z = 1  Z   s z       e   b z ′   x  n i t        Σ j   e   b z ′   x  n j     t      



(6)







We estimated constrained latent class models [37] to look into attribute non-attendance (ANA) patterns employed by the respondents—to simplify their decision making and scale-adjusted latent class models [38] to assess preference heterogeneity while considering response error.



ANA refers to the simplification strategy respondents employ by disregarding one or more attributes characterizing the alternatives in the choice sets. ANA can be stated or inferred. Stated ANA occurs when sample respondents state the attribute/attributes they disregarded or ignored in choosing between alternatives in a choice set, and inferred ANA is implied from the relative weights of the estimated random coefficients of the utility model. We are presenting inferred ANA patterns, as we did not generate data on stated ANA. The latent class models were gradually estimated with constraints on the coefficients of the attributes assumed to be ignored at every step, following earlier studies [39,40,41].





4. Results and Discussion


4.1. The Sample Population


This section is based on the socioeconomic survey on 200 farm households that preceded the DCE survey. As summarized below in Table 2, the sample is entirely of smallholder farmers (with cultivable farmland of 0.1 hectare per household). Most (68%) of our sample respondents were men. The sample had an average age of 43 years and 19 years of farming experience. Only 37.5% of the sample households depend on farming for their livelihoods, while the rest of the households complement it with one or more income generating activities. Yet, two-thirds of the annual income a typical household generates is from agriculture. Most of the households (~96%) were either in secondary or in professional/vocational school. Most of the respondents (88%) indicated that agricultural water shortage happens sometimes, while 11% of them indicated that it happens all the time. The average number of months with a serious agricultural water shortage was three.



A given sample household was, on average, 2 km far from the nearest agricultural water source. Expectedly, almost all (96%) of the respondents consider the quality of the agricultural water to be good, as the primary source water is a perennial river. Households use different types of pump for irrigation. Most of the respondents (94%) use their own irrigation pumps, whereas 82.50% of the respondents use pumps rented from neighbors. Only 2% of the respondents were found to be using the Sayyod pump station that provides water for several villages. It is important to note that farmers use more than one pump whenever they afford to do it.



Direct elicitation of the amount farmers are willing to pay for irrigation water showed that most of the farmers (~87%) are willing to pay up to UZS 10,000 per year. Almost 13% are willing to pay even more than that.




4.2. Willingness to Pay


The WTP estimation was based on the DCE conducted on 300 farm households after the socioeconomic survey discussed above. We report the results of the RPL models estimated in WTP space over 1000 Halton random draws (Table 3). Our discussion will be based on the RPL model with correlated coefficient estimates (Model 2). We also presented the model estimated with the assumption of uncorrelated random coefficients (Model 1) to show the consistency of the relative weights farmers attach to the different aspects of irrigation water.



The first attribute of irrigation service is the availability of canal water in the dry season (mainly May to October). There is a very high WTP for this component in the study area. The mean of the marginal WTP for one more month of water in between May and October was UZS 150,000. This implies that farmers have a high effective demand for irrigation facilities meant for making water available in the dry seasons—especially during production of key crops. The key crops were a mix of vegetables, legumes, and wheat for farmers’ own consumption; and wheat; and cotton produced for commercial purposes. The Sayyod pumping station provides water through an irrigation network, and, although canal water is usually available, its distribution to consumers in different parts of the irrigation scheme is the key and is managed by water authorities.



The second attribute of irrigation facilities is crop-watering frequency per month. The watering frequency each farmer enjoys is determined by the water demand of the crops and, more importantly, water availability and the actual distribution determined by the water-user association (if functional) or water authorities that manage the distribution of water. Farmers have little control over the frequency, and yet this is an attribute that determines the level of production and the productivity of crops grown by farmers. One more watering per month has an implicit price of UZS 177,000. This is slightly higher than the implicit price for canal water in the dry season component of irrigation schemes.



Another important attribute of irrigation is water quality. This is usually the case when there is water scarcity, consumers revert to groundwater resources, and its quality is affected by high salinity, making it subsequently detrimental to crop production. Our model was specified in such a way that we could compare WTP for medium compared to bad quality and for high-quality compared to bad-quality irrigation water.



Farmers have a clear preference for high water quality over bad irrigation water quality. Farmers are willing to pay UZS 121,000 for high-quality irrigation water over low-quality irrigation water, everything else held constant. The model also shows that farmers are not interested in slight improvement of the quality; rather, they are keen on considerable improvement in the quality.



The results also show that farmers were not interested in water sharing with downstream users. This is not unexpected behavior of human beings whenever they are dealing with scarce resources, and irrigation water is very scarce in this desert.



The results also show that, for farmers, the most-important feature of an irrigation scheme is watering frequency (Table 3). The higher the number of times they obtain water, the better. Similar results were reported for Ethiopian smallholder farmers [12]. Farmers are willing to pay more for irrigation water in the dry seasons than for improvements in irrigation water quality. The priority is therefore more water in the irrigation schemes.



The lower half of Table 3 shows that there is unobserved heterogeneity around the mean WTP values for the different irrigation scheme components. The heterogeneity is very strong and significant in all attributes, except medium water quality (cf. bad water quality). Particularly, there is significant variability around the marginal WTP values for water sharing with downstream and high water quality (cf. bad water quality). We further disentangle the unobserved heterogeneity to see if there are any latent classes of preference among the respondents. We also look into heuristics that respondents might have applied to simplify the choice decisions.




4.3. Irrigation Scheme Attribute Preference Heterogeneity


The unobserved heterogeneities (Table 3 above) imply the presence of differences in preferences among our respondents. Assuming that the scale heterogeneity is discrete, we estimated scaled-LCM to see whether there are meaningful homogeneous segments within the sample based on their preferences for the attributes. The level of response error variance (or scale) determines the quality of the segmentation and hence the part-worth values estimated for each of these classes [31]. We estimated three sets of six latent class models each to see whether the scale parameter influences the segmentation of the respondents. We first estimated non-SLCM Model1-Model6 class models that are homogeneous with respect to response error. Then, we estimated six LCMs (Model7 to Model12 with two scale classes assumed. Lastly, we estimated six LCMs (Model13 to Model18) with three scale classes assumed (Table 4).



Model 10, Model 4, and Model 15 are the three best-fitting LCM models estimated to see whether there are any discrete segments of preference heterogeneity. Model 10 (two scale segments*three preference segments) is the best-fitting model based on BIC. Yet, the correct classification rate of Model 10 (87.11%) is the least of the three models. Model 4 (four preference segments and no scale heterogeneity) correctly classified the respondents in 89.74% of the cases. Model 15 has a correct classification rate of 87.52%. As the magnitude (Model 10, scale for class 2 = 0.174; Model 15, scale for class 2 = 0.174, and scale for class 3 = 0) and influence on the segmentation of the response error variance is negligible, we focus on Model 4 to describe the different preference segments of the sample.



The four classes of Model 4 contain farm households with overlapping interests. In fact, the level of interest in the attributes of the hypothetical irrigation schemes was different. Respondents in Class 1 (64.3% of the sample) were highly interested in higher irrigation water frequency (Table 5). They were also interested in water availability in the dry season, slight improvement in the water quality, and sharing water with downstream users. They were, however, disinterested in low water quality and the fee they have to pay for irrigation services. In fact, respondents in all segments were expectedly not interested in paying for the service. Except for water-quality-related attributes, respondents in Class 2 (19.25% of the sample) had a comparable preference map for irrigation scheme attributes with Class 1, albeit with lower intensity. These farmers were not interested in both low and medium irrigation water quality. They were, however, willing to pay for high-quality (cf. low-quality) irrigation water. They also had a strong interest in sharing the irrigation water with downstream users. This is very different from what we saw in Class 3 and Class 4.



Farmers in Class 3 (14.3% of the sample) had a very concentrated preference map. They were highly interested in higher water frequency and high water quality (cf. low quality). They also showed a strong disinterest in low irrigation water quality and sharing water with downstream users. This class of farmers was the only one not willing to share water with farmers in the downstream (Table 5). Their unwillingness was very strong, and it might have resulted in the sample level indifference despite their small proportion. Farmers in Class 4 (only 2.3% of the sample) showed a slight interest in increased watering frequency and high-quality (cf. low-quality) irrigation water and a slight disinterest in payment for irrigation. Farmers in Class 3 and Class 4 appeared to be indifferent in some of the attributes or levels in the choice experiment. We discuss this below in detail.



This analysis revealed that our respondents do have distinct differences in terms of their preference for the irrigation scheme attributes considered. It is therefore important to make note of these differences when designing irrigation schemes to ensure that the interventions are in harmony with the expectations of the farm households and, hence, the sustainability of the irrigation facilities to be developed.




4.4. Irrigation Scheme Attribute Nonattendance


In this section, we present the results of the latent class analyses for identifying unobserved groups based on attribute nonattendance patterns. We estimated three latent class models gradually to capture the extent to which respondents used heuristics to simplify the choice task. The first LC model (LC Model 1 in Table 6) included full attribute attendance or full compensatory choice, complete non-attendance or pure random choice, and one-attribute non-attendance. Therefore, LC Model 1 is a model with seven classes. The second model (LC Model 2 in Table 6) included full-attendance, full non-attendance, one-attribute non-attendance classes with class membership probability greater than 5% from LC Model 1, and two-attribute non-attendance classes. This model has 13 classes. The third model (LC Model 3 in Table 6) has four classes. The classes are full-attendance, full non-attendance, and two other two-attribute non-attendance classes with a membership size of greater than 5% in LC Model 2.



The final ANA model showed that 22% of the respondents attended to all attributes (Class 1), and 47.1% of them ignored all attributes (Class 2). Similarly, 23.2% of the respondents ignored the quality of irrigation water and access to water by downstream users (Class 15). Of the farmers, 7.6% also ignored access to water by downstream residents and the annual fee for irrigation water.



The results show that there was a high level of random choice among the respondents. There was also low interest in water sharing with downstream, irrigation water quality and the annual irrigation water user charge. This implies that irrigation development and efficiency interventions must take into account the relative importance of these attributes as perceived by farmers.



This reinforces the observation we made above that there is considerable heterogeneity in preferences among sample farmers. This implies that there is a need for understanding the interests and heterogeneities among target users in identifying and targeting irrigation schemes. It will be difficult to develop a scheme and get it accepted by all farm households in each community or agro-ecology. Our study area was relatively small, albeit with a very heterogeneous landscape and farming system. Yet, the level of heterogeneity in the sample population is a reminder of the limit of the extrapolations we can make and the extent to which our recommendations will be relevant to our target community.





5. Conclusions


Irrigation agriculture drives rural livelihoods in the cold winter deserts of Uzbekistan. An agrarian community inhabits Karakul district, and its welfare depends entirely on the access and use of irrigation services. The government of Uzbekistan is very keen about the irrigation system, and the system is geared towards the production of export and strategic commodities as part of national agenda of crop diversification and sustainable management of underutilized cold winter deserts. Both crop diversification and sustainable land management depend on the quantity and the quality of irrigation water.



The long-term sustainability and ecological soundness of the irrigation system in the cool deserts of Uzbekistan depends on farmers’ interest in and hence the effective demand for the irrigation service. There is, however, no empirical evidence on the preferences for and implicit prices farmers, particularly small holders, are willing to pay for irrigation services.



Taking a small village of 750 hectares, we conducted a choice experiment survey on 300 sample farmers and estimated their willingness to pay for the different attributes of irrigation and the relative importance of the attributes in choosing the irrigation schemes.



The analyses revealed that farmers are most interested in a higher irrigation watering frequency. We also observed that farmers are willing to pay more for irrigation water in the dry seasons than for improvement in irrigation water quality. It is, therefore, clear that farmers are rather keen on having more water in the irrigation system. This needs to be an important consideration in designing or redesigning irrigation schemes in areas where irrigation is crucial for livelihoods.



We also observed that there was a high level of random choice of the irrigation schemes. There was low interest in irrigation water quality and even lower in water sharing with downstream users. There was, in fact, a considerable level of heterogeneity among the sample respondents. Farmers’ preference for a higher frequency of irrigation without considering quality may affect the soil properties in terms of sustainability [43]. This aspect, not addressed in our study, needs to be investigated in future studies to ensure that land in the cold deserts is cultivated in a sustainable manner. The issue of water quality could be associated with the fact that most farmers consider the current quality of irrigation water to be good. Lack of interest in sharing irrigation water with downstream users can only emanate from the water shortage.



Given the history of inefficient management of water resources in the region, it is not illogical to expect further deterioration of water resources. This deterioration will profoundly affect agricultural productivity and, hence, livelihoods in the cold winter deserts. This will create tension between upstream and downstream users of water resources. Possible solutions entail the designing and implementation of demand-driven and carefully targeted irrigation schemes. We hope our findings and similar further studies will assist decision makers to develop such irrigation programs that will address human needs and sustainability in terms of both environmental and social justice.
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Figure 1. Map of Bukhara and its land cover. Note: Map prepared by ICARDA’s geo-informatics unit. 
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Table 1. Attributes of irrigation schemes in the choice experiment.






Table 1. Attributes of irrigation schemes in the choice experiment.










	Attribute/Characteristic
	Description
	Levels Considered





	
	1.

	
Canal water available in dry season (mainly May–October)






	The number of months that irrigation water is available in the canals for irrigation purposes. It shows the level of water shortage during the cropping season.
	4 Months

5 Months

6 Months



	
	2.

	
Crop water frequency






	This is the number of watering for a crop farm from the irrigation canals during the cropping season.
	2 watering/month

4 watering/month

6 watering/month



	
	3.

	
Irrigation water quality






	The purity of the irrigation water based on farmers’ subjective assessments.
	Bad

Medium

Good



	
	4.

	
Water sharing with downstream users






	Some farmers directly use the canal water for themselves, while others share with neighboring farmers. Our measure is sharing once or twice per month with downstream farmers.
	Once/month

Twice/month



	
	5.

	
Semi-volumetric irrigation water user charge/annum






	The amount of money the water-user households pay for irrigation in the cropping season.
	UZS † 250K

UZS 350K

UZS 450K







† UZS stands for Uzbekistan Soms. In May 2020, 1 US Dollar was equivalent to 10,138.19 UZS.
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Table 2. Characteristics of the sample households.
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Mean

	
St. Dev.

	
Frequency

	
Percentage






	
Age

	
43.23

	
11.87

	

	




	
Household size (0.1 ha)

	
15.34

	
7.98

	

	




	
Gender (1 = female)

	

	

	
64

	
32




	
Education

	

	

	

	




	
Primary

	
4

	
2




	
Secondary

	
157

	
78.5




	
Professional school

	
35

	
17.5




	
Bachelor’s degree

	
4

	
2




	
Mainstay of livelihood

	

	

	

	




	
Farming only

	
75

	
37.5




	
Farming and others

	
125

	
62.5




	
Farming experience

	
18.72

	
9.58

	

	




	
Distance to the water source

	
2.06

	
0.88

	

	




	
Water shortage months

	
3.07

	
1.31

	

	




	
Pump user †

	

	

	

	




	
“Sayyod” pump

	
4

	
2




	
Private pump

	
188

	
94




	
Neighbor pump (rent)

	
165

	
82.5




	
Water shortage experience

	

	

	

	




	
None

	
2

	
1




	
Sometimes

	
176

	
88




	
Always

	
22

	
11




	
Water quality (1 = good)

	

	

	
192

	
96




	
WTP for irrigation water

	

	

	

	




	
<5K UZS

	

	

	
81

	
40.5




	
5K to 10K UZS

	

	

	
94

	
47




	
>10K UZS

	

	

	
25

	
12.5




	
Single irrigation expenses (,000 UZS)

	
40.17

	
17.23

	

	




	
Annual irrigation expenses (,000 UZS)

	
351

	
196.59

	

	




	
Annual income from the household (Mil. UZS)

	
2

	
0.98

	

	




	
Other monthly income (Mil. UZS)

	
1.16

	
0.68

	

	




	
Observations

	
200

	

	

	








† Frequencies calculated for each pump separately (n = 200).
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Table 3. Willingness to pay for irrigation schemes.
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Model 1

	
Model 2






	
Mean

	

	

	

	




	
Alternative specific constant

	
9.468 ***

	
2.413

	
5.102 **

	
2.076




	
Canal water available in dry seasons

	
1.142 ***

	
0.280

	
1.500 ***

	
0.346




	
Crop water frequency

	
1.707 ***

	
0.315

	
1.769 ***

	
0.320




	
Medium irrigation water quality

	
0.019

	
0.187

	
0.248

	
0.216




	
High irrigation water quality

	
1.187 ***

	
0.323

	
1.205 ***

	
0.355




	
Water sharing with downstream

	
−0.116

	
0.340

	
0.094

	
0.445




	
Annual irrigation fee

	
−1.523 ***

	
0.172

	
−1.417 ***

	
0.170




	
SD

	

	

	

	




	
Canal water available in dry seasons

	
−0.846 ***

	
0.292

	
0.997 ***

	
0.227




	
Crop water frequency

	
1.131 ***

	
0.232

	
1.250 ***

	
0.253




	
Medium irrigation water quality

	
−0.142

	
0.307

	
0.955 *

	
0.491




	
High irrigation water quality

	
1.715 ***

	
0.414

	
1.797 ***

	
0.424




	
Water sharing with downstream

	
3.822 ***

	
0.730

	
4.351 ***

	
0.795




	
Annual irrigation fee

	
−0.053

	
0.085

	
0.543 ***

	
0.066




	
Observations

	
8100

	

	
8100

	




	
LL

	
−1832.139

	

	
−1769.525

	




	
AIC

	
3690.277

	

	
3595.050

	




	
BIC

	
3781.272

	

	
3791.040

	








Note: * p < 0.10, ** p < 0.05, *** p < 0.01. Model 1 is RPL with independent random coefficients, and Model 2 is RPL with correlated random coefficients. LL stands for log likelihood; AIC stands for Akaike Information Criterion; and BIC stands for Bayesian Information Criterion.
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Table 4. Latent class models with and without scale heterogeneity.
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Group of Models

	
No.

	
LCM Model

	
LL

	
BIC(LL)

	
Npar






	
Non-scaled 1-6 LCM

	
Model1

	
1-class choice

	
−1913.62

	
3867.16

	
7




	
Model2

	
2-class choice

	
−1782.51

	
3650.57

	
15




	
Model3

	
3-class choice

	
−1720.20

	
3571.58

	
23




	
Model4

	
4-class choice

	
−1684.70

	
3546.22

	
31




	
Model5

	
5-class choice

	
−1666.99

	
3556.42

	
39




	
Model6

	
6-class choice

	
−1637.40

	
3542.87

	
47




	
Scaled 1-6 LCM with 2 scale classes

	
Model7

	
2-sclass 1-class choice

	
−1896.54

	
3844.42

	
9




	
Model8

	
2-sclass 2-class choice

	
−1733.59

	
3564.15

	
17




	
Model9

	
2-sclass 3-class choice

	
−1700.95

	
3544.49

	
25




	
Model10

	
2-sclass 4-class choice

	
−1676.49

	
3541.20

	
33




	
Model11

	
2-sclass 5-class choice

	
−1656.46

	
3546.77

	
41




	
Model12

	
2-sclass 6-class choice

	
−1639.75

	
3558.98

	
49




	
Scaled 1-6 LCM with 3 scale classes

	
Model13

	
3-sclass 1-class choice

	
−1896.50

	
3855.74

	
11




	
Model14

	
3-sclass 2-class choice

	
−1724.66

	
3557.70

	
19




	
Model15

	
3-sclass 3-class choice

	
−1694.69

	
3543.39

	
27




	
Model16

	
3-sclass 4-class choice

	
−1677.28

	
3548.50

	
34




	
Model17

	
3-sclass 5-class choice

	
−1655.08

	
3549.73

	
42




	
Model18

	
3-sclass 6-class choice

	
−1642.98

	
3565.45

	
49
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Table 5. Estimated part-worth values for the preference classes.
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Attributes

	
Class1

	
z-Value

	
Class2

	
z-Value

	
Class3

	
z-Value

	
Class4

	
z-Value






	
Class size

	
0.6430

	
0.1925

	
0.1432

	
0.0213




	
Canal water availability (dry season)

	
0.098 **

	
2.178

	
5.405 **

	
2.130

	
−0.394

	
−0.945

	
0.027

	
0.064




	
Crop water frequency

	
0.126 ***

	
5.764

	
4.309 **

	
2.271

	
2.436 ***

	
6.497

	
0.398 *

	
1.831




	
Low irrigation water quality

	
−0.150 ***

	
−3.696

	
−0.529 *

	
−1.942

	
−2.916 ***

	
−6.142

	
−4.124

	
−1.509




	
Medium irrigation water quality

	
0.102 **

	
2.216

	
−2.204 *

	
−1.867

	
0.237

	
0.494

	
0.858

	
0.612




	
High irrigation water quality

	
0.048

	
0.993

	
2.733 **

	
2.041

	
2.679 ***

	
4.019

	
3.267 **

	
2.314




	
Water sharing with downstream

	
0.140 **

	
2.385

	
7.862 *

	
1.965

	
−7.337 ***

	
−6.106

	
−0.864

	
−1.215




	
Annual irrigation fee

	
−0.147 ***

	
−3.766

	
−0.865 *

	
−1.703

	
−1.464 ***

	
−4.013

	
−0.475 *

	
−1.177




	
Alternative specific constant

	
4.211 ***

	
8.020

	
−40.982 **

	
−2.211

	
13.639 ***

	
3.553

	
−0.537

	
−0.169








Note: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 6. Irrigation scheme attribute nonattendance pattern.
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Class

	
LC Model 1

	
LC Model 2

	
LC Model 3




	

	

	
Class Size

	
Class Size

	
Class Size






	
Full attendance

	
1

	
26.4%

	
21.2%

	
22.0%




	
Full non-attendance

	
2

	
59.1%

	
53.8%

	
47.1%




	
Availability NA

	
3

	
2.1%

	

	




	
Frequency NA

	
4

	
2.0%

	

	




	
Quality NA

	
5

	
0.1%

	

	




	
Downstream NA

	
6

	
10.0%

	
0.1%

	




	
Fee NA

	
7

	
0.3%

	

	




	
Availability and frequency NA

	
8

	

	
1.7%

	




	
Availability and quality NA

	
9

	

	
0.0%

	




	
Availability and downstream NA

	
10

	

	
0.1%

	




	
Availability and fee NA

	
11

	

	
0.3%

	




	
Frequency and quality NA

	
12

	

	
0.4%

	




	
Frequency and downstream NA

	
13

	

	
1.6%

	




	
Frequency and fee NA

	
14

	

	
0.2%

	




	
Quality and downstream NA

	
15

	

	
15.3%

	
23.2%




	
Quality and fee NA

	
16

	

	
0.1%

	




	
Downstream and fee NA

	
17

	

	
5.3%

	
7.6%




	
LL

	

	
−1845.92

	
−1809.40

	
−1844.14




	
BIC(LL)

	

	
3760.28

	
3721.46

	
3739.62




	
AIC(LL)

	

	
3715.84

	
3654.79

	
3706.29




	
Class. err.

	

	
0.12

	
0.18

	
0.21








Note: the three models are all latent class models with different patterns of restriction on the coefficient of the attributes. The models were estimated using LatentGold 5.1 [42]. NA denotes nonattendance. LL is log likelihood. BIC is Bayesian Information Criterion. AIC is Akaike Information Criterion. Class. err. is classification error indicating the level of misclassification.
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