Direct and indirect effect of irrigation water availability on crop revenue in northwest Ethiopia: A Structural Equation Model
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Abstract
Development of a clear understanding of the relationship between the availability of dam-driven irrigation water and crop revenue is important in poverty reduction and food security process. As a result, large research efforts are devoted to understand the relationship between availability of irrigation water and crop revenue. However, earlier studies do have several limitations. For example, without considering its indirect effect, prior studies focused solely on the direct effect of availability of irrigation water on crop revue. In this study, using a structural equation model analysis, the direct and indirect effect of availability of dam-driven irrigation water on crop revenue is decomposed and quantified specifically for the Koga irrigation scheme, located in the Mecha district in Amhara region in Ethiopia. A primary data set was collected from a randomly selected sample of 450 households in the Koga irrigation scheme. More than half of the households (254) are supported by the Koga Dam irrigation water during the dry season, and the other 196 households depend only on rainfall. The results of the study showed that, in addition to its direct effect, the availability of irrigation water indirectly affected crop revenue through receptivity of the farmers to use modern farm inputs. Around 27 percent of the total effect of dam-driven irrigation water on crop revenue was mediated by farmers’ receptivity to use yield-enhancing modern farm inputs. The results of this study suggested that the availability of irrigation water is essential to improve both crop revenue and receptivity of the farmers to use modern farm inputs. This finding also drives a strategic framework that the receptivity of the farmers to use modern farm inputs is crucial for utilizing the positive effects of irrigation water availability on crop revenue.
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1. INTRODUCTION 
Over the last century, dams have played a role in the process of development by supplying irrigation water to arid and semi-arid areas. Dam-driven irrigation water is an important agricultural technology that has a strong positive impact on agricultural production and crop revenue (Olayide et al., 2016). Even with rising international tensions about water allocations as water resources become scarcer, dams have become an outstanding tool for economic development all over the world (Thomas and Adams, 1999). More than 45,000 large dams and 800,000 small and medium dams have been constructed worldwide for a variety of purposes, ranging from electric power generation to flood control or the development of irrigation schemes (Brandt, 2000; Zhang et al., 2016). Ethiopia recently constructed Koga Dam in the Lake Tana basin in the northwestern part of the country. It is specifically located in the Mecha district in Amhara regional state, around 30 kilometers from Bahir Dar city. The study area map is shown in Figure 2 below. 
The Koga Dam was inaugurated in 2008 with the capacity of supplying irrigation water for more than 7000 hectares of land of smallholder farmers. The main reason for constructing this dam was to boost agricultural production and food security around the Koga irrigation scheme. Nevertheless, the economic effect of availability of Koga Dam irrigation water on crop revenue has not yet been fully investigated. In fact, it is well documented that the economic effect of dam-driven irrigation water on crop production and crop revenue is positive (DeJonge et al., 2007). There are also a number of studies showing that irrigation water availability has a positive effect on agriculture in general and crop revenue in particular. However, earlier studies’ (see, e.g.,  Dahal, 2015; Huang et al., 2005; Huang et al., 2006; Mengistie and Kidane, 2016; Olayide et al., 2016; Silalertruksa and Gheewala, 2018; Zhou et al., 2009) estimations of the economic effect of dam-driven irrigation water on crop production and crop revenue do have various limitations. The first is the omission of an important variable, the receptivity of farmers to use modern farm inputs, which has a positive and statistically significant effect on crop revenue (Aregay and Minjuan, 2012; McArthur and McCord, 2017).  Previous studies, without considering the possible effect of receptivity of the farmers to use improved farm inputs, have almost exclusively focused on the effect of irrigation water on crop yield by controlling certain variables – including plot level characteristic, household characteristics, livestock asset per capita, and prices (Huang et al., 2005); plot level characteristic and prices (Huang et al., 2006); plot level characteristics and household characteristics (Zhou et al., 2009); labor, seeds, and fertilizers (Dahal, 2015); and livestock income, off-farm income, and household characteristics (Mengistie and Kidane, 2016).

The second limitation pertains to the absence of prior studies that have considered both direct and indirect effect of irrigation water availability on crop production and crop revenue. For instance, previous studies (see, e.g., Dahal, 2015; Mengistie and Kidane, 2016; Huang et al., 2005; Huang et al., 2006; Zhou et al., 2009) focused solely on the direct effect of availability of irrigation water on crop revenue without considering its indirect effect. However, it is well known that irrigation water availability has both direct and indirect effect on crop revenue. For example, as demonstrated in (Silalertruksa and Gheewala, 2018), having access to irrigation water directly leads to intensive crop production practices and yield improvement. It is also well documented that having access to irrigation water induces the farmers to use yield-enhancing modern farm inputs such as fertilizers and high yield varieties on their fields (Aregay and Minjuan, 2012; Wakeyo and Gardebroek, 2013). Similarly, using yield-enhancing modern farm inputs in the farm plots positively affects crop production and crop revenue (McArthur and McCord, 2017). This means that there is a possibility that the availability of irrigation water is indirectly linked to high crop production and crop revenue. This indirect effect focuses on the concept of riskiness of purchasing and applying expensive improved farm inputs in the field of rainfall dependent agriculture. In Ethiopia farmers are highly depend on rainfall; and they do not know whether the rain will be good or bad over a season. Purchasing and applying modern farm inputs in the farm plot is, therefore, risky to the them. Conversely, having access to irrigation water reduces the risk of crop failure; induces farmers to use yield-enhancing modern farm inputs; and increases crop yields (Amede, 2015; Wakeyo and Gardebroek, 2013). Therefore, for a better understandings of the relationship between irrigation water availability and crop revenue, it is important to simultaneously consider both direct and indirect effect of irrigation water availability on crop revenue. However, earlier studies didn’t consider the direct and indirect effect of irrigation water on crop revenue simultaneously.   
In this study, we basically aimed at replicating previously tested hypotheses about the effect of irrigation water on agriculture in general and crop revenue in particular. However, we started from an integrative framework that synthesizes the existing impact of irrigation water on crop revenue. In this respect, our approach differs from previous studies in two ways. First, the framework simultaneously considered all important variables: the farmers’ receptivity to apply yield-enhancing modern farm inputs in the farm plot, crop revenue, availability of dam-driven irrigation water, and other important control variables (see Figure 1). Second, we considered that availability of dam-driven irrigation water has two effects: direct and indirect. In general, to overcome the research gap explained above we have presented a comprehensive and integrative framework through which we can simultaneously consider both the direct and indirect effect of availability of dam-driven irrigation water on crop revenue. Based on this comprehensive and integrative framework we have also tested the following hypothesis: 
Hypothesis 1: The receptivity of farmers to use yield-enhancing modern farm inputs has a positive and statistically significant influence on crop revenue.
Hypothesis 2: The indirect effect of availability of dam-driven irrigation water on crop revenue is mediated by the receptivity of the farmers to use modern farm inputs.



                                                       

                                    

                                                                                                                                   
                                                            

Figure 1: A proposed model of causal relationship among the study variables. Potential control variables of this study are: education (education level of the household head); farm experience (farm experience of the household head); marital status (marital status of the household head); loan (household heads’ access to loan); soil quality (soil quality of the household’s farm plot); crop type (cash or staple crops). 
2. MATERIALS AND METHODS
2.1.  Sampling
Primary and cross-sectional data was collected through a structured household-level survey questionnaire in 2017. According to (Iacobucci, 2010), the minimum sample size in structural equation model (SEM) is 50. However, others have suggested that the sample size in SEM depends on model complexity and basic measurements of model characteristics. For instance, according to (Wolf et al., 2013), sample size requirements in SEM range from 30 (simple cofactor factor analysis with four indicators and loadings around .80) up to 450 cases (mediation models). Therefore considering the complexity and characteristics of the model applied in this study – a mediation model with a latent variable – the sample size of this study is 450 respondents (households). These sampled households are located in 12 sub-districts (local name: Kebele
 ) of the Mecha district (local administrative name: Woreda), where the Koga Dam irrigation water can be brought by gravity (Figure 2). 
Only plots that can be reached by gravity and are relatively level are irrigated. Among these sampled households, 254 are supported by the Koga Dam irrigation water during the dry season. The other 196 households depend only on rainfall. Before the dam construction all farmers (irrigated and no-irrigated) didn’t have access to irrigation water either from the river or anything else. Only after the Koga dam construction some farmers, whose plots can be reached by gravity, got access to irrigation water. This irrigation water, basing on gravity, flows from the Koga reservoir to the farm plot via a cement canal. The sampled households were randomly selected and interviewed with a structured household-level survey questionnaire that had been developed with Qualtrics
.  This questionnaire was first distributed to four tablet computers. The data was then collected by the first author of this study with the help of three well-trained data collectors using the tablet computers via the offline mode of Qualtrics. This helps to minimize non-sampling errors (for example, data encoding error). The collected data was then analyzed using the STATA-15 statistical package.
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Figure 2: Location map of the study area (Koga Irrigation Scheme)

2.2. Variables and Measures
The main endogenous observed outcome variable is crop revenue per hectare (CRPH), which is simply measured as the crop production in 2016/17 multiplied by the local market price of each crops divided by the size of land where each crops has been cultivated. Availability of dam-driven irrigation water (irrigation water) is exogenously observed variable and is measured as a dummy variable (1 for households with access to irrigation water and 0 for households without access to irrigation water). The receptivity of the farmers to use modern farm inputs was modeled as a latent variable. To enable the analysis of receptivity of the farmers to apply modern farm inputs on the farm plot (receptivity) as a composite measure, the survey asked for the application of six yield-enhancing modern farm inputs: (1) manure, (2) improved seed, (3) pesticides, (4) chemical fertilizer, (5) line planting, and (6) herbicides. Responses to each question were scaled qualitatively, as illustrated by the example on the application of manure: “How many times did you apply manure in your field during the previous 12 months of 2016/17 cropping year?” (0= if not applied throughout the year; 1= if yes only for once throughout the year; 2= if yes only for two times; 3= if yes only for three times; and 4= if yes for four times throughout the year). The internal consistence coefficient, Cronbach’s coefficient α, was 0.96. This indicated that these six items have good reliability and validity in measuring the latent construct, receptivity (Tavakol and Dennick, 2011).
To account for the effect of difference in socio-demographic and other potential variables across the sampled households, we have also included potential socio-demographic and other important variables such as crop type (dummy variable: 1 if the crops cultivated in 2016/17 cropping year were cash crops and 0 otherwise), soil quality (measured based on the opinion of the farmers for the question: “How do you rate the soil quality of your farm plot?” with a five-point Likert scale ranging from 1 = very unsatisfactory to 5 = very satisfactory), marital status of the household head (a dummy variable: 1 = married and 0 = otherwise) referring to the 2016/17 cropping year, education level of the household head (a continuous variable measured by the number of years studied at the school), farm years of farm experience of the household head, and loan (a dummy variable: 1 for those farmers who have received a loan and 0 for those farmers who have never received a loan) referring to the previous three years from the data collection period (2016/17).    
2.3.  Method of Data Analysis 
The proposed model of this study (Figure 1) has been tested using a structural equation model (SEM). SEM is an extension of factor analysis and is designed primarily to test substantive theory from empirical data. It is a system of linear equations among several unobservable variables (constructs) and observed variables. SEM is composed of two parts: The first is a structural part, linking the constructs to other unobservable variables (constructs) and observed variables. The second is a measurement part, linking the constructs to observed measurements. The second part resembles a confirmatory factor analysis model (CFA). We used a CFA to assess the measurement properties of a scale of the latent variable, receptivity of the farmers to use modern farm inputs. In order to examine precisely unidimensionality, reliability, and the convergent, construct, and discriminant validity of the measurement items, a confirmatory factor analysis using STATA-15 SEM builder was conducted.

The hypothesized mediation model of this paper was analyzed using a two-step procedure (Anderson and Gerbing, 1988). In the first step, to construct a measurement model with an acceptable fit to the data, a CFA was used. In the second step, the hypothesized structural model was tested. The hypothesized mediation model comprised one observed dummy exogenous variable (irrigation water), one latent mediator variable (receptivity), one observed endogenous outcome variable (crop revenue per hectare, CRPH), and six observed exogenous control variables (crop type, soil quality, marital status, education, farm experience, and loan). The evaluation of model fit was based on chi-squared plus recommended criteria for a set of fit indices. Chi-squared/degree of freedom < 3.0 was deemed acceptable (Marsh and Hocevar, 1985). Comparative Fit Index [CFI] and Tucker Lewis Index [TLI] > 0.90, which indicates adequate fit of the model (Yuan et al., 2016). The root mean square error of approximation (RMSEA < 0.05) was considered as a good fit (Bentler, 1990); values between 0.05 and 0.08 indicated a reasonable fit (Feinian Chen et al., 2008). Value of standardized root mean square residual (SRMR < 0.1) was also deemed acceptable (Bentler, 2006).
3. RESULTS

3.1.  Characteristics of the Study Sample 
The sample comprised 450 households (respondents) with and without access to Koga Dam irrigation water (Table 1). As shown in Table one below, in the cropping year of 2016/17, the average yearly crop yield per hectare of smallholder farmers practicing dry season irrigation is more than six times higher (98,444 Ethiopian Birr
) than that of the farmers without access to irrigation water (15,823 Ethiopian Birr). This crop revenue difference remains significant even in the summer season (rainy season), when crops are produced without irrigation water. In the rainy season, the revenues of farmers who have access to irrigation water in the dry season remain about two times higher (27,721 Ethiopian Birr) than the crop revenue of the farmers who have no access to irrigation water in the dry season (15,823 Ethiopian Birr). This is actually because, as we can see from the SEM estimation result below, households with access to irrigation water are more acquainted with modern farm inputs than the households without access to irrigation water. Moreover, household heads with access to Koga Dam irrigation water had a mean educational level of 2.5 schooling years, whereas the households without access to irrigation water had a mean educational level of only two years of study at school. Descriptive statistics for the total sample and by Koga dam irrigation water availability are presented in Table 1.
Table 1: Characteristics of sample households   

	
	Households with access to irrigation water
	Households without access to irrigation water

	Number of households in the sample 
	254
	196

	Average crop revenue per hectare in 2016/17 (in Ethiopian Birr)
	98,444
	15,823

	Average crop revenue per hectare during the rainy season when there is no irrigation water (in Ethiopian Birr)
	27,721
	15,823

	Household heads education level in year (mean)
	2.5
	2.0

	Percentage of the farmers who produced cash crops in 2016/2017 cropping year  
	4.7
	2.0

	Household head farm experience in year (mean)
	34.0
	36.6

	Percentage of the farmers who had access to loan
	56.0
	41.0

	Percentage of married household heads
	97.6
	94.0


The mean, standard deviation, skewness, and kurtosis of the endogenous and continuous observed outcome variable – crop revenue per hectare (CRPH) – was examined to check for normality of distribution. The skewness and kurtosis test of normality for the CRPH endogenous observed outcome variable (Prob > chi-squared = 0.00) indicated a non-normal distribution (Ghasemi and Zahediasl, 2012). In addition, all the manifest indicator variables (chemical fertilizer, herbicides, improved seed, manure, pesticides, and line planting) from which the latent variable of this paper (receptivity) has been constructed were all categorical variables. In general, the scores from this sample can be characterized as not having a normal distribution. However, a logarithmic transformation was performed for the CRPH variable. This variable was derived and named LnCRPH. The kurtosis and skewness test of normality for the LnCRPH (prob > chi-squared = 0.98) indicated a normal distribution. Moreover, the CRPH and LnCRPH were highly correlated (r = 0.73). Thus, LnCRPH transformed variable was used in the subsequent analyses.
3.2.  Measurement Model 
The confirmatory factor analysis considered one latent variable and six observed variables (Appendix A). Since our six manifest indicator variables of the latent variable were categorical, the measurement model of this study was assessed using the asymptotically distribution-free (ADF) categorical data estimation technique (Browne, 1984). A test of the measurement model indicated that our six items all loaded significantly and strongly on a single receptivity dimension, but the fit of the initial model was not satisfactory, so we ran a modification indices command. The modification indices indicated several possible changes for our model and allowed the error terms to be correlated. Allowing these error terms to be correlated means that there was at least one common unmeasured cause variable that would influence the corresponding manifest variables (for instance, pesticides and herbicides). There are many of these variables, such as off-farm income of the farmers and agricultural government policy (domestic measures, including price and income support, investment support, input subsidies, risk management, and capacity building, such as provision of essential skills needed to implement modern farm inputs). Input subsidies and provision of essential skills about how to apply farm inputs increases the applicability of modern farm inputs on the farm plot (Sims and Kienzle, 2016). According to (Levidow and Bijman, 2002), for instance, provision of input subsides causes high pressures on farm inputs (pesticides and herbicides, improved seed and line planting, chemical fertilizer and manure, pesticides and line planting) to be used on the farm plot. Therefore, allowing the error terms to be correlated makes a lot of sense. By allowing the error terms to be correlated we found a very good model fit (Appendix A and Appendix B). The formulated measurement model gives an acceptable description of the data. The result (Appendix B) also indicated unidimensionality, reliability, and high discriminant validity of the measurement model (Koyano et al., 1991). It confirms that the theoretical construct is measured in a sufficiently valid and reliable way.
3.3 Structural Equation Model (SEM)
According to (Holmbeck, 1997), testing for partial mediation effects in SEM involves the evaluation of two phases. In phase one, a direct-effect model was used to assess the effect of the predictor (irrigation water) on the outcome variable (LnCRPH) in the absence of the mediator, receptivity. It is necessary to determine that there is a direct connection between the predictor (irrigation water) and the outcome variables (LnCRPH). The direct path coefficient from irrigation water to LnCRPH was statistically significant (β1= 0.72, P< 0.001). Phase two involved testing a partial mediation structural model that estimated the direct relationship between irrigation water and LnCRPH and added paths from irrigation water to receptivity and from receptivity to LnCRPH (Figure 3). 
As Figure 3 shows, both the direct (0.53) and indirect effects (0.19= 0.22*0.87) of dam-driven irrigation water on crop revenue are positive and statistically significant. That is, the availability of dam-driven irrigation water is directly and indirectly linked to high crop revenue. As hypothesized, in addition to its direct effect, availability of dam-driven irrigation water is indirectly linked to high crop revenue through receptivity of the farmers to apply modern farm inputs in the farm plot. A significant portion, around 27 percent (0.19), of the total effect (0.72) = direct effect (0.53) + indirect effect (0.19) of irrigation water on crop revenue is mediated by the receptivity of the farmers to use modern farm inputs.
The partial mediation structural model had an appropriate fit: Chi-squared= 148.06, df= 50, p= 0.000 (Chi-Squared/df < 3), RMSEA= 0.06 (90% [CI]: 0.054 to 0.078), CFI= 0.97, TLI= 0.96, SRMR= 0.05 and CD= 0.81. Moreover, the direct effect of irrigation water on LnCRPH decreases when we added the mediator latent variable (receptivity) to the model. That is, the direct path in this model (β= 0.53) is weaker than the simple (without introducing the mediator variable, receptivity, in the model) direct effect of irrigation water on LnCRPH (β= 0.72).
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Figure 3: Partially mediated structural equation model (N= 450). All the estimated parameters are standardized, and the standard errors (SE) and p-values are for the standardized estimates of the parameters. Receptivity: willingness of the farmers to apply modern farm inputs; irrigation water: availability of dam-driven irrigation water; LnCRPH: crop revenue per hectare (after transformation); education: education level of the household head; farm experience: farm experience of the household head; marital status: marital status of the household head; loan: household heads’ access to loans; soil quality: soil quality of the households plot; crop type (cash or staple crops). The path with light (not bold) standard error and p-value are statistically insignificant. 
4. DISCUSSION 
In this study, we have simultaneously considered availability of dam-driven irrigation water and crop revenue in relation to the receptivity of the farmers to apply yield-enhancing modern farm inputs on the farm plot. The SEM results of this study confirmed that there is relationship among these three dimensions. It also showed that the relationship between irrigation water and crop revenue is both direct and indirect. The direct effect of availability of dam-driven irrigation water on crop revenue is positive and statistically significant. This compares favorably with findings in similar studies (Cao et al., 2018; Mengistie and Kidane, 2016; Saavoss et al., 2016). Parallel to the SEM result, the descriptive result of this study also showed that – in the 2016/2017 cropping year - crop revenue per hectare of irrigation water users were almost six times higher than the non-users. Surprisingly, this crop revenue difference remains even in the rainy season when crops are produced without irrigation water. In the rainy season, the crop revenue of farmers who have access to irrigation water in the dry season was about two times higher (27,721 Ethiopian Birr) than the crop revenue of the farmers who have no access to irrigation water (15,823 Ethiopian Birr). Potential explanations can be that (i) the irrigation user households are relatively more educated, and are producing cash crops compared to the non-user households; (ii) the irrigation user farmers are more acquainted with modern farm inputs than the non-user farmers or (iii) a combination of both.  
The result of this study provided two reasons for why the crop revenue difference between irrigated and non-irrigated farmers remains significant even in the rainy season: the first is the difference in education level of the household head, and the difference in percentage of farmers who produced cash crops in the 2016/2017 cropping year.  The descriptive result of this study stated that the average education level of household heads, and the percentage of the household heads who have produced cash crops in the 2016/2017 cropping year were higher for the irrigation user farmers than the non-users. This high education level of the household head and percentage of the farmers who had produced cash crops have positive and statistically significant effect on crop revenue. The second reason is that irrigation user farmers were more acquainted with modern farm inputs than the non-user farmers. As hypothesized, consistent with the findings in similar studies (Barker and Koppen, 2000), the SEM result of this study confirmed that dam-driven irrigation water availability, in addition to its direct effect on yield improvement and intensive production practices, indirectly affects crop revenue by enhancing input receptivity of the farmers like fertilizers and high-yield varieties. Similar to the results of (McArthur and McCord, 2017), using modern farm inputs in farm plots has a positive and statistically significant effect on crop production and crop revenue. This positive relationship between availability of dam-driven irrigation water and input receptivity of the farmers were expected since in sub-Saharan African context, one of the reason why farmers are characterized by low uptake improved farm inputs on the farm plot is that they are frequently exposed to uncertainties of weather. They do not know whether rainfall will be good or bad over a season. This risk is not under the control of farmers. Consequently, these uncertainties discourages them to purchase and apply expensive improved farm inputs on the farm plot. On the other hand, having access to irrigation water decreases this kind of risk, and makes them certain about availability of water over a season, and encourages them to apply improved farm inputs on the farm plot. Applying improved farm inputs on the farm plot then resulted in high crop production and crop revenue (Aregay and Minjuan, 2012; McArthur and McCord, 2017). The results of this study offered satisfactory confirmation for the hypothesized structural model. In line with the results of (Aregay and Minjuan, 2012; Wakeyo and Gardebroek, 2013), availability of dam-driven irrigation water induces the farmers to use modern farm inputs on the farm plot. Similar to the results of (McArthur and McCord, 2017), applying modern farm inputs in farm plots has a positive and statistically significant effect on crop revenue as availability of irrigation water enables the farmers to practice intensive crop production, and then causes high crop production and crop revenue. 
In general, the SEM estimation result of this study suggested that the links between the availability of dam-driven irrigation water and crop revenue is not simply a direct relationship. Rather, receptivity of the farmers to use modern farm inputs is an important dimension that plays a mediating role between availability of dam-driven irrigation water and crop revenue. A significant portion (around 27 percent) of the total effect of dam-driven irrigation water on crop revenue is mediated by receptivity of the farmers to use yield-enhancing modern farm inputs. The results of this study suggested that the availability of irrigation water is essential to improve both crop revenue and receptivity of the farmers to use modern farm inputs. This finding also drives a strategic framework that the receptivity of the farmers to use modern farm inputs is crucial to utilize the positive effects of irrigation water availability on crop revenue. That is, out of the total crop revenue per hectare difference (the total effect = direct + indirect) between irrigation users and non-users, a SEM result of this study revealed that, the 27 percent (the indirect effect) crop revenue difference was depended on the receptivity of the farmers to apply improved farm inputs in the farm plot. Receptivity of the farmers to use improved farm inputs played a mediating role between irrigation water availability and crop revenue. This implies that to achieve high crop revenue, our model suggested that, it is important not only to work on the provision of irrigation water, but also on the farmers’ willingness to apply modern farm inputs in their farm plots. In other words, if the concerned bodies failed to keep supporting the irrigation user farmers to have better access to improved farm inputs, the 27 percent crop revenue gain might be vanished as their willingness is depended on having or not having access to improved farm inputs. Therefore, to fully utilize the positive effect of availability of irrigation water on crop revenue, the concerned bodies should facilitate the way in which the farmers will have more access to improved farm inputs. Moreover, as seen in (Shang et al., 2014), there is a positive and statistically significant relationship between crop revenue and soil quality of the farm plots. Thus harvesting cash crops, having quality soil of the farm plots and high educational level of the household heads are important to earn high crop revenue. 
UP TO YOU: but you can add some sentences about unequality e.g. Our results showed the potential direct and indirect impact of irrigation on crop revenues. We did not explore the impact of having access to irrigation water. Given the large differences between users and non-users of irrigation water and the current low price of water (Explain how the pricing works !), the impact on agricultural communities can be high. In fact, irrigation schemes can result in conflicts between users and non-users and can potentially increase unequality in the longer term. This is an interesting avenue for further research. 
5. CONCLUSION AND RECOMMENDATIONS 
Development of a clear understanding of the relationship between the availability of dam-driven irrigation water, and crop revenue is important in poverty reduction and food security process. To better understand this relationship, it is crucial to evaluate, simultaneously, both direct and indirect effect of irrigation water availability on crop revenue. As a result, in this study, using a structural equation model analysis, the direct and indirect effect of availability of dam-driven irrigation water on crop revenue is decomposed and quantified specifically for the Koga irrigation scheme, located Mecha district in Amhara region Ethiopia. The results of this study confirmed that dam-driven irrigation water has a positive and statistically significant direct effect on both crop revenue and receptivity of the farmers to use improved farm inputs. Similarly, the descriptive result of this study showed that the average education level of household heads, and the percentage of the household heads who have produced cash crops in the 2016/2017 cropping year were higher for the irrigation user farmers than the non-users. The SEM result of this study also suggested that the links between availability of irrigation water and crop revenue is not simply a direct relationship. Rather, receptivity of the farmers to use modern farm inputs is an important dimension that plays a mediating role between availability of dam-driven irrigation water and crop revenue. A significant portion (around 27 percent) of the total effect of availability of dam-driven irrigation water on crop revenue is mediated by receptivity of farmers to use modern farm inputs on the farm plot. This indirect effect is positive and statistically significant. This study results suggested that the availability of irrigation water is essential to improve both crop revenue and receptivity of the farmers to use modern farm inputs. Moreover, this finding drives a strategic framework that receptivity of the farmers to use modern farm inputs is crucial to utilize the positive effects of irrigation water on crop revenue. In fact, the results offered satisfactory confirmation for the hypothesized structural model. Indices of fit indicated that, overall, the model was a very good fit to the data. 
It is, therefore, important for the farmers as well as the policy makers to consider and understand the importance of applying modern farm inputs on the farm plot so as to utilize the positive rewards of availability of dam-driven irrigation water on crop revenue. To achieve high crop revenue, our model suggested that it is important not only to work on the provision of irrigation water, but also on the farmers’ willingness to apply modern farm inputs on the farm plots. Thus, the concerned bodies should facilitate the way in which the farmers could easily access modern farm inputs. We also recommend that the concerned bodies provide training for the farmers on how to apply modern farm inputs on the farm plot. In sum, the farmers’ receptivity to apply modern farm inputs on the farm plot in the Koga irrigation scheme can be considered as a good example for the other less organized and not well developed irrigation schemes. Because the significant difference in crop revenue of the rainy season between irrigated and non-irrigated farmers indicated that the former group are more acquainted with modern farm inputs than the latter. 
This study significantly increases our understanding of the underlying mechanisms between availability of dam-driven irrigation water on crop revenue. The study findings presented meaningful evidence for the external validity of the receptivity, mediated model. Moreover, the significant path from availability of irrigation water through receptivity to crop revenue sheds further light on the complex relationships among these variables. However, the results of the present study should be considered in the context of its limitations. First, the data was cross-sectional, so it may not offer a better possibility of initial evidence for the direction of causation. Although the findings are in line with the assumption of a causal effect of availability of irrigation water leading to high receptivity of the farmers to apply modern farm inputs and, in turn, to high crop revenue, prospective studies are needed to support causality. Second, in this study, we used only self-reported tools that are associated with limitations such as inaccurate reporting and social desirability bias. Third, we have no data on government agricultural policy issues, which may have an influence on the receptivity of the farmers to apply modern farm inputs. Finally, the performed modeling permitted significant correlations between error terms, which some regard as a statistical sleight of hand. However, it has been argued that if there are substantive reasons for specifying disturbance covariance, it is better to estimate the model with these terms than without them. Nevertheless, since we have substantive reasons for specifying disturbance covariance, it appears unlikely that this aspect may have biased the results.

Future studies should examine and consider, from a longitudinal perspective, the relationship among the three dimensions: availability of dam-driven irrigation water, receptivity of the farmers to apply modern farm inputs, and crop revenue – because longitudinal SEM procedures offer a better possibility of initial evidence for the direction of causation. It would be interesting to include an evaluation of potential factors such as government policies (agricultural policy). It would also be worthwhile to analyze in depth the relationship between availability of dam-driven irrigation water, receptivity of the farmers to use modern farm inputs and crop revenue, focusing on farmers who are receiving support (for instance, training and input subsidy) on yield-enhancing modern farm inputs and those farmers without receiving support. Most importantly, future research should replicate this study in other less developed and not-well-organized irrigation schemes so that we could compare it with the already well-organized Koga irrigation scheme. This would give insights into a better possibility of initial evidence for the direction of causation.
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Appendix A: The measurement model 
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Appendix B: Goodness of fit summary, validity and reliability tests of the measurement variables for the latent variable, receptivity.

	Goodness of fit summary

	Latent variable 
	Chi-squared
	DF
	RMSEA
	CFI 
	TLI
	SRMR
	CD

	Receptivity
	0.96 (P = 0.916)
	4
	0.000
	1
	1.023
	0.004
	0.957

	Measurement equations with standard errors and test statistics


	Latent variable
	Measurement items
	Standardized estimate
	Standard error
	P-value

	Receptivity
	Improved seed 
	0.86
	0.018
	0.000

	
	Chemical fertilizer 
	0.94
	0.012
	0.000

	
	Manure 
	0.83
	0.025
	0.000

	
	Pesticides 
	0.84
	0.020
	0.000

	
	Herbicides 
	0.87
	0.017
	0.000

	
	Line planting 
	0.91
	0.014
	0.000

	Composite reliability and average variance extracted


	
	Composite Reliability (CR)
	Average Variance Extracted (AVE)

	Receptivity
	0.952
	0.767

	This table indicates the results of validity tests on measurement items constructing the latent variable: receptivity. The overall fits of the confirmatory analysis were judged to be satisfactory. In addition to this, all the standardized estimates of the loadings were positive and exceeded 0.83 and all the corresponding p-values were statistically significant at the 1 percent significance level. Together these indicate convergent validity of a measurement variable designed in this paper. To more precisely identify convergent validity, the composite reliability index and average variance extracted were computed by using completely standardized solutions derived from CFA. As can be seen in the last row of the above table, the composite reliability indices (CR) and average variance extracted (AVE) were 0.952 and 0.767, respectively, thus verifying convergent validity (Bagozzi and Yi, 1988). All of the modifications provided from STATA-15 revealed no parameter that could be released to significantly improve model fit. This reflects the high discriminant validity of our measurement model.
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� The smallest administrative unite in Ethiopia.


� Qualtrics is a web based software that allows the user to create surveys and generate reports.


� At the time of survey, 1 United States Dollar (USD) = 26.9584 Ethiopian Birr (ETB).
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