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Abstract

:

The inefficient water use, and variable and low productivity in Kenyan public irrigation schemes is a major concern. It is, therefore, necessary to periodically monitor and evaluate the performance of public irrigation schemes. This prompted evaluation of performance of three rice growing irrigation schemes in western Kenya using benchmarking and principal component analysis. The aim of the study was to quantify and rank the performance of selected irrigation schemes. The performance of the irrigation schemes was evaluated for the period from 2012 to 2016 using eleven performance indicators under agricultural productivity, water supply and financial performance categories. The performance indicators were weighted using principal component analysis and combined to form a single performance score using linear aggregation method. The average performance in the Ahero, West Kano and Bunyala irrigation schemes was 48%, 49% and 56%, respectively. Based on performance score, the Bunyala irrigation scheme is the highest performing rice irrigation scheme in western Kenya. The three irrigation schemes have an average performance. Operation and management measures to improve the current performance of the irrigation schemes are needed.
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1. Introduction


Irrigated agriculture occupies 4 percent of the total land area (2.9 million ha) under agriculture in Kenya [1]. It accounts for 3 percent of the Kenya’s gross domestic product (GDP) and 18 percent of the total value of all agricultural produce [1]. The main irrigated crops in Kenya are rice, wheat, maize, vegetables, coffee, fruits, sugarcane, cotton and horticulture [2]. Rice is the third main cereal crop grown in Kenya after maize and wheat [3]. It is mainly grown in government-established irrigation schemes managed by National Irrigation Board (NIB). These are Ahero, Bunyala, West Kano irrigation schemes located in Western Kenya and Mwea irrigation scheme in Central Kenya. The other NIB-managed irrigation schemes are: Hola, Perkerra, Bura and, more, recently the Galana-Kulalu Food Security Project [4]. The continuous flooding method of water application is used in rice farming in Ahero, West Kano, Bunyala and Mwea. This system of rice farming utilises a lot of water, and production is highly reduced during drought periods [5]. Rice production in Kenya is below demand, and the gap is filled through imports. Currently, 54,000 metric tonnes of milled rice are produced in Kenya, whereas the current national demand for rice is 693,000 metric tonnes [6]. Rice consumption is expected to increase due to rising population, change in eating habits and urbanisation [3]. The population in Kenya has been growing rapidly, with an increase from 28.7 million in 1999 to 38.6 million in 2009, and is expected to reach 69.5 million by 2030 [4,7]. Increased demand for food and competition for water among various sectors of the economy is therefore expected. Kenya is a water-scarce country with access to 647 cubic metres of freshwater per capita per annum. This is way below the international acceptable levels of 1000 cubic metres per capita per annum [8]. Water scarcity limits water available for irrigation. Efficient utilisation of water, land and other resources increases productivity and promotes sustainable development in irrigated agriculture.



The inefficient water use, and the variable and low productivity of public irrigation schemes in Kenya is a major concern. Heavy investment is channelled into these irrigation schemes, but their productivity is below the expectation [2]. In addition, poor productivity of public irrigation schemes in Kenya hinders their expansion [9]. There is therefore a need to improve productivity and increase the efficiency of the utilisation of water and other resources. Comparative evaluation of performance using the benchmarking tool can be applied. Benchmarking is a tool used for evaluating performance of irrigation systems over time and comparing the performance with comparable irrigation systems or own set goals [10]. Comparative performance evaluation of irrigation systems enables identification of the performance gap between current and best practices [11]. The benchmarking tool was developed by the International Programme for Technology and Research in Irrigation and Drainage (IPTRID) as a management tool for improving productivity and efficiency in the irrigation and drainage sector [12]. The IPTRID, the Food and Agriculture Organisation (FAO), the World Bank, the International Water Management Institute (IWMI) and the International Commission on Irrigation and Drainage (ICID) have laid an emphasis on measuring performance in the irrigation and drainage sector as a way of achieving sustainable development in agriculture. Evaluation of the performance of irrigation schemes is based on standard performance indicators. A performance indicator is a description of actual achievement in relation to one of the goals set in an irrigation system [10]. Performance indicators can be categorised into either internal or external indicators.



External indicators examine inputs and outputs of an irrigation system [13]. The indicators describe the overall performance of irrigation systems using ratios that compare inputs to outputs. These indicators give an expression of various efficiencies related to water, budgets or yields. External indicators do not provide an insight into what should be done to improve performance. They only give an indication that improvement is needed [14]. IPTRID benchmarking indicators fall in the category of external indicators [14]. External indicators are suitable for use in cross-comparison of the performance of irrigation systems [15]. Internal indicators, on the other hand, examine the internal processes of the system and the level of water delivery service provided by the project. The indicators look into operations, hardware of the system, institutional and management set up, and water distribution and delivery [13]. Internal indicators provide an insight into what should be done to improve performance. This study was based on cross-comparison of the irrigation schemes and only external indicators were used.



Evaluation of performance of western Kenyan rice irrigation schemes was done using benchmarking indicators and principal component analysis (PCA). Comparison of performance indicators does not provide a clear picture of the overall performance of one irrigation scheme relative to others. Therefore, other tools are required when measuring the overall performance. The efficiency of nine irrigation districts in Andalusia, Spain was evaluated using performance indicators and multivariate data analysis (cluster analysis and principal component analysis) [16]. The study used principal component analysis to develop quality index for detecting performance weakness of the various irrigation districts. Also, [17] applied agglomerative hierarchical cluster analysis to group water users association (WUAs) and compared the performance of drip and sprinkler irrigation systems using performance indicators. Hierarchical cluster analysis (HCA) and data envelop analysis (DEA) was used in evaluating efficiency of performance of seventeen small and three large irrigation schemes along Senegal Valley, Mauritania [18]. The irrigation schemes were grouped into three groups using hierarchical cluster analysis and only four irrigation schemes with an average land productivity of 4.75 ton/ha were found to be technically efficient.



Principal Component Analysis (PCA)


Principal component analysis is a statistical multivariate technique that uses orthogonal transformation to convert several correlated observed variables into a smaller number of linearly uncorrelated variables known as principal components [19]. The first principal component accounts for the highest variation in data and the subsequent component has the highest variance possible, as long as it is orthogonal to the preceding component. The number of p original features is reduced into a few unobserved variables, k known as principal components. The principal components (k) account for the maximum variance such that k ≤ p [20]. Original features p represents the original number of observed variables for each of the case (1–n) before transformation. An example of original data with n objects and p observed variables is presented in Table 1.



The principal components (Z1, Z2,…, Zi) are generated through linear combination of variables X’s.


Z=αTX



(1)




where; Z = Z1, Z2, Zp—vector of principal components; αT-matrix of coefficients αij for i, j = 1, 2,…, p


Z1=α11X1+ α12X2+…+α1pXp



(2)




Z1 is the largest combination of p features under the condition that


α112+α122+…+α1p2=1



(3)







The second principle component Z2 has the second-largest possible variance in X1, X2,…, Xp, which is orthogonal and uncorrelated with Z1. The jth principal component with the largest possible variance is defined similarly, provided it is uncorrelated with the ith principal component for i < j. The principal components obtained are in decreasing order, i.e., variance (Z1) > variance (Z2) >…> variance (Zp). If λi is the variance (eigenvalue) for Zi and αij is the eigenvector for Zi then the following conditions hold:


λ1≥λ2≥λi≥ 0



(4)






α1Tαi=1



(5)






α1Tαh=0



(6)







The eigenvalue represents the level of variation caused by the associated principal component. The variance for the principal component for k-retained principle components is computed by


tk=∑i=1kλi∑i=1pλi



(7)







Principal components can be extracted using covariance or correlation matrix. Covariance matrix is applied where the variables do not have gross variance. For such data, standardisation of data should be done prior to using a covariance matrix. The correlation matrix, on the other hand, is applied to data with a wide variance [19]. It is suitable for analysis of variables with different measurement scales, and no prior transformation is needed. Use of the correlation matrix is not possible for data with small variance [19]. The researcher chooses the appropriate transformation matrix based on the data structure. When using the correlation matrix, only principal components with eigenvalues greater than 1 are retained. Principal components with eigenvalues greater than the average of total eigenvalues are retained when the covariance matrix is used [20]. PCA is objective and relies on the underlying data structure to generate non-subjective weights [21].



The combination of benchmarking indicators and PCA in this study enabled the description of performance using a single performance score. The performance score gives a measure of the level of performance of an individual irrigation scheme relative to the others. This study provides information to scheme managers on areas of weakness that require improvement. Furthermore, it sheds some light for stakeholders and policy makers on areas that require policy interventions.





2. Materials and Methods


2.1. Description of Study Area


The study was carried out in the Ahero, West Kano and Bunyala irrigation schemes in western Kenya managed by National Irrigation Board NIB (Figure 1). Rice is the main crop grown in these schemes. In all the schemes, water is abstracted using electric-powered pumps, conveyed with open earth canals and applied using basin irrigation method. Drain water is pumped back to Lake Victoria in the West Kano irrigation scheme because the outlet is on lower ground than the lake. The schemes have no gauging stations. Western Kenya is hot and humid, with a bimodal rainfall pattern. The schemes are underlain by deep black cotton soils [22].



A detailed description of the main features of three irrigation schemes studied is presented in Table 2.




2.2. Data Collection


Secondary time series data for five years (2012–2016) was obtained from records kept by management of the various irrigation schemes. The data collected was only for rice production. Rice is grown in the first season, while the other crops are grown in the second season. The production of the other crops has not been formalised, and their production is not documented. Data on total yield per season, local crop price per season, cropped area, total command area, revenue collected, expected revenue, cost of production, water supplied, pump speed, and pumping hours was collected from records kept by the irrigation scheme offices and field survey. Meteorological data was obtained from Ahero research station, West Kano weather station, the Kenya Meteorological Department (KMD) and the NASA POWER Centre. Key informant interviews, observation, and focus group discussion methods were used to collect data on farming practices, cropping pattern, status of the irrigation systems and maintenance of the system.




2.3. Data Analysis


Field data was first processed to obtain variables for calculating performance indicators. The variables were computed as follows:



(a)   Crop water requirement



Crop pattern, transplanting date and weather data was used in calculating rice crop water demand and crop irrigation water requirement using CROPWAT 8.0 software (developed by FAO, Rome, Italy). Computation of reference crop water demand (ETo) is based on the Penman Monteith equation. The effective rainfall was computed using USDA-Soil Conservation Method, in-built in CROPWAT 8. Number of sunshine hours, temperature, humidity, rainfall data, wind speed, soil type, transplanting date and crop pattern were used as input for the model. The total annual volume of water consumed by all crops in the irrigation schemes was computed using Equation (8) [10].


VEtc=∑cropsEtc×A



(8)




VEtc = Total volume of crop water demand (m3); Etc = crop evapotranspiration from planting to harvesting (m3); A = cropped area.



Total annual volume crop irrigation demand was then calculated using Equation (9) [10].


VEtNet=IRnA



(9)




VEtNet = Total volume of water consumed by crops less effective rainfall (m3); IRn = net irrigation water requirement (m3); A = cropped area



	(b)

	
Total annual volume of irrigation water supply (m3). This was obtained by summing the daily volume of water pumped for the rice growing season in each year. Daily volume of water pumped was obtained as the product of pump efficiency, pumping hours and the pump operating speed.




	(c)

	
Total annual volume of water supply (m3). This was obtained by summing the total volume of water pumped for irrigation and total effective rainfall for the rice growing season in a year. The effective rainfall was computed using the USDA-Soil Conservation Method, in-built in CROPWAT 8. The effective rainfall in terms of depth was converted into volume by multiplying by the total annual cropped area.




	(d)

	
Total annual cropped area (ha). This was calculated by summing up all the area under rice crop in each year.




	(e)

	
Total command area of the system (ha). This is the net area serviced by the scheme less the right of way for canals, drains, roads and villages. It was obtained from the design office of each irrigation scheme.







The performance indicators used were obtained from the IPTRID benchmarking indicators presented in Table 3 [10].



The methodology adopted entails: (i) selection of suitable indicators to describe performance of the irrigation schemes; (ii) combining the indicators into a single performance score using principal component analysis. Some of the proposed key performance indicators (Table 3) were not computed because of lack of data.



2.3.1. Performance Indicators


Fourteen performance indicators were computed as shown in Table 4. The indicator values were compared among the three schemes in each year.



To allow for global comparison, the total value of agricultural production is converted into gross value of production using Equation (10).


GVP=⌊∑cropsAiYi⌋ MU currency exchange rate



(10)







GVP—gross value of production; Ai—area cropped with crop i; Yi—the yield of crop i; Pi—local price of crop i; MU—currency exchange rate (US$ per unit local currency).




2.3.2. Calculation of Overall Irrigation Scheme Performance


The overall scheme performance was determined by computing a single performance score. The total volume of irrigation water supply, total annual agricultural production and total annual value of agricultural production indicators were excluded in the computation of overall performance score. These indicators are based on extensive scale rather than relative scale and their inclusion might distort the results. Indicators were first tested for statistical correlation using the Pearson correlation method. Ten indicators with low correlation were selected. The indicators were weighted using principal component analysis, then normalised using the reference to target method and finally aggregated into a single performance score using the linear aggregation method. Weighting of indicators was done using PCA.



Principal Component Analysis (PCA)


PCA was done using SPSS windows version16 software. Prior to PCA, the data was tested for suitability using Kaiser-Meyer-Olklin (KMO) and Bartlett Test of Sphericity (BTS). The extracted components were rotated using orthogonal varimax method to achieve significant components. The indicator weights were computed using rotated factor loadings and eigenvalues, as shown in Equation (11).


Wk=∑j=1j=n(Factor loadingkj)2eigenvaluej×eigenvaluej∑j=1j=neigenvaluej



(11)




Factor loadingkj—factor loading of indicator k in the principal component j; eigenvaluej—eigenvalue for jth principal component; j = 1, j = 2, …, j = n the extracted principal components with an eigenvalue above 1.



The indicators were normalised using reference to target using Equation (12).


Iqst=xqstxb



(12)




Iqst = normalised value of indicator q for scheme s at time t; xqst = indicator value for scheme s at time t; xb= threshold value for indicator value.



The threshold values used for normalisation of indicators are shown in Table 5.



A single performance score was finally computed using Equation (13).


CIst=∑k=1k=nWkIks



(13)




where; Wk = indicator weight; Iks =normalised indicator k for scheme s; CIst = performance score for irrigation scheme s at time t.







3. Results and Discussion


The results of comparative evaluation of performance using performance indicators are presented as follows.



3.1. Water Supply Performance


The indicators under this category give a measure of water supply relative to demand. Water abundance or scarcity of water can be deduced from these indicators [28]. The results of water supply indicators are presented in Table 6. The command area and irrigated area used in computation of various performance indicators for each scheme is also presented in Table 6.



The available irrigable area (command area) in all the schemes has not been fully exploited. Some of the command area is not irrigated due to the inability of farmers to acquire farming inputs. Irrigated area in Ahero and Bunyala irrigation schemes is close to command area. The low irrigated area in West Kano in 2013 and 2014 can be attributed to lack of interest in irrigation by farmers following the collapse of the revolving fund committee. The annual volume of irrigation supply for the schemes ranges between 2.2 and 8.4 MCM. All the schemes divert water by pumping using electricity. The amount of water abstracted at any given time depends on cropped area. The irrigation schemes have a high fluctuation in the amount of water supplied due to frequent power outages experienced in the region. The amount of water abstracted is estimated using pumping hours recorded, pump speed and pumping efficiency. The amount of water delivered to irrigation blocks could not be computed.



The relative irrigation supply (RIS) values varied from 0.68 to 3.38 during the study period. RIS and RWS values should be above 1. This is because irrigation efficiency is always below 100% due to unavoidable conveyance and application losses. Values below 1 indicate water deficit [26,27]. The average RIS in the Ahero, west Kano and Bunyala irrigation schemes was 1.17, 2.22 and 2.26, respectively. A low RIS value of 0.4 was reported in Muda irrigation scheme, Malaysia [15]. The low RIS was associated with the use of real-time monitoring of water depth in rice farms, which enabled effective use of rainfall. The relative water supply (RWS) varied between 1.14 and 2.44 for all the schemes. RWS above 2 shows that the amount of water supplied is adequate [15]. High RIS and RWS values in the West Kano and Bunyala irrigation schemes show that there is adequate supply of water. The Ahero irrigation scheme suffers from inadequate supply of water, which is evident from the low RIS values, the majority of which are below 1. The Ahero irrigation scheme draws water from the river Nyando, which is occasionally affected by drought and siltation. The Ahero irrigation scheme was in drought, which lowered the amount of water available for irrigation in 2013. In 2016, one of the water pumps, with a discharge capacity (100 L/s), broke down. This contributed to a very low RIS of 0.68. The water shortage in all the irrigation schemes is due to frequent power outages.



The average RIS values obtained are comparable to the average RIS value of 2.31 recorded in the large public rice irrigation schemes in the Senegal Valley in Mauritania [18]. An average RWS of 0.77 was obtained in Karacabey surface irrigation system, Turkey [29]. This irrigation scheme was reported to have a water shortage. Elsewhere in Turkey, [30] obtained RWS values ranging between 0.37 and 1.97. In Malaysia, RWS varied between 0.4 and 4.3, while RIS ranged between 0.5 and 5.7. The high values in Malaysia are attributed to extensive rice farming using open channels. An average RIS value of 1.38 was obtained for sprinkler irrigation systems and 1.03 for drip irrigation systems in Spain [17]. Sprinkler and drip irrigation systems have a high irrigation efficiency compared to the surface irrigation method. That is why the RIS values are lower compared to the values obtained in the Ahero, Bunyala and West Kano irrigation schemes.



The quantity of water supplied per unit area varies with the availability of water, climate, soil type, cropping pattern, system conditions and system management [31]. The annual water delivery per unit command area (WDCA) varied between 2269 m3/ha (West Kano in 2014/2015) to 11,089 m3/ha (Bunyala in 2016/2017). The WDCA was 4389 m3/ha−7586 m3/ha in Ahero, 2269 m3/ha−8583 m3/ha in West Kano and 6050 m3/ha−11,089 m3/ha in the Bunyala irrigation scheme. WDCA was highest in Bunyala, and least in the Ahero irrigation scheme. The annual water delivery per unit irrigated area (WDIA) varied from 5294 m3/ha to 7785 m3/ha in Ahero; 11,238 m3/ha to 12,310 m3/ha in West Kano and 6285 m3/ha to 12,130 m3/ha in the Bunyala irrigation scheme. This is equivalent to supplied depth of water of 529.4 mm–778.5 mm in Ahero, 1123.8 mm–1231 mm in West Kano, and 628.5 mm to 12,130 mm in the Bunyala irrigation scheme. According to the FAO, the average crop water needed for paddy rice should be 450 mm–700 mm [32]. Considering low irrigation efficiencies associated with surface irrigation schemes—usually 30–40% [32]—the WDIA is adequate in the West Kano and Bunyala irrigation schemes. The Ahero irrigation scheme, on the other hand, supplies inadequate water, which is not enough to meet crop water needs. WDIA values are relatively lower compared to the 22,029.43 m3/ha, 16,026.37 m3/ha, 11,289.10 m3/ha, and 9795.96 m3/ha obtained in MARIIS, Divisoria, Lucban and Garab SWIPs, respectively, in the Cagayan river basin, Philippines [23]. In southern Italy, high WDIA values ranging between 6500–14,900 m3/ha were reported by the Water Users’ Association (WUA’s) of Calabria [33]. WDIA values of 5578 m3/ha were obtained in sprinkler irrigation systems and 1084 m3/ha in drip irrigation systems in Castilla-La Mancha, Spain [17]. These values are much lower than the values obtained in this study. Drip and sprinkler irrigation systems have high water application efficiencies of 75% and 90%, respectively [34]. Surface irrigation systems, on the other hand, have a low irrigation efficiency of 60%. Therefore, more water is supplied in surface irrigation systems compared to sprinkler and drip irrigation systems. In the Susurluk river basin in Turkey, WDCA values varying from 1465 m3/ha to 13,086 m3/ha and WDCA values ranging from 2169 m3/ha to 22,098 m3/ha were obtained [30]. A high amount of water is supplied to irrigation schemes in the Sursurluk basin because rainfall is limited during the irrigation period.




3.2. Financial Performance


The financial performance indicators measure the efficiency with which irrigation systems use resources to provide service to farmers [23]. The results are shown in Table 7.



Water fee collection performance (WFC) values obtained are 80–90% in the Ahero irrigation scheme, 45–57% in the West Kano irrigation scheme, and 92–97% in the Bunyala irrigation scheme. According to [18], water fee collection values below 70% are considered unsatisfactory. Bunyala has the highest average fee collection performance, at 94%, while West Kano has the lowest average value, at 51%. The ideal desirable value should be close to 100% [10]. De Alwis and Wijesekara [35] obtained an ideal WFC of 100% in the Beypazarı Başören irrigation system, Turkey. Similarly, a WFC of 103% was recorded in the Karacabey irrigation scheme in Turkey. Values of WFC equal to or above 100% show that water users are willing to pay for the cost of irrigation. WFC values above 100% are possible to obtain due to payment of accumulated arrears. Low WFC values point out an unwillingness of farmers to pay water fees, poor organisation of the Irrigation Water Users Association (IWUA), poor collection programs, and financial problems within the schemes. Bunyala is able to sustain a value above 90% because of the well-organised farmer groups that are mandated with the mobilisation of the water fee. Also, in Bunyala, the policy of water fee payment prior to ploughing is strictly followed.



The average revenue per unit cubic meter varied from 0.79 to 1.26 US cents in the Ahero irrigation scheme, 0.35 to 0.44 US cents in the West Kano irrigation scheme, and 0.79 to 1.45 US cents in the Bunyala irrigation scheme. These values are below the economic value of irrigation water of 7.54 US cents per cubic meter obtained by [27] in the Ahero irrigation scheme. Pricing of water is an economic aid to improving water allocation and sustainable water utilisation [30]. The water fee charged is US$31, US$36.40 and US$40 per acre in the Ahero, West Kano and Bunyala irrigation schemes, respectively. The pricing is based on area cropped per farming season and not the quantity of water consumed. There is no limit to the quantity of water that a farmer can use. This explains why the value of water per cubic meter is below 1 US$. This is a weakness and is unsuitable in terms of efficiency of water use and water conservation. Bunyala is the best performing irrigation scheme under the financial performance category.




3.3. Agricultural Productivity


Agricultural productivity gives the relationship between inputs and output. It gives an indication of efficiency of crop production in terms of land used, amount of water used and the income generated [36]. The indicators are presented in Table 8.



The output per unit irrigation supply (OIS) ranges between 0.11 US$/m3 and 0.42 US$/m3 in all the schemes. The average, OIS is 0.34 US$/m3 in Ahero, 0.17 US$/m3 in West Kano, and 0.20 US$/m3 in the Bunyala irrigation scheme. Ahero irrigation scheme utilises water more efficiently compared to the others. The output per unit water supply (OWS) puts into consideration the contribution of effective rainfall. The values vary between 0.07 and 0.22 US$/m3. The highest OCWD value (0.34 US$/m3) was obtained in the Bunyala irrigation scheme in 2015/2016, while the lowest value (0.16 US$/m3) was recorded in Bunyala in 2013/2014. The Ahero and Bunyala irrigation schemes have the highest average OCWD of 0.27 US$/m3, while West Kano irrigation scheme has the lowest average value of 0.26 US$/m3. The Ahero irrigation scheme is leading in terms of water productivity while West Kano is the poorest. According to [15], if OCWD is greater than OIS, some of the irrigation water supplied is unproductive. In both West Kano and Bunyala, OIS is greater than OCWD. This shows inefficient use of water. The Ahero irrigation scheme is the most efficient water user, with all OIS values less than OCWD except in 2012/2013. The difference in water productivity is brought about by differences in yield and crop market price. In similar studies in Malaysia, [37] reported OWS values ranging between 0.01 US$/m3 and 0.2 US$/m3 and OCWD values varying from 0.01 US$/m3 to 0.4 US$/m3 for paddy rice. Compared to this, the Ahero, West Kano and Bunyala irrigation schemes registered higher rice water productivity. The difference is attributed to the yield and market price. Mchele [38] obtained OIS values of 0.95 US$/m3 in Shina-Hamusit and 0.62 US$/m3 in the Selamko irrigation scheme, and OCWD values of 1.46 US$/m3 in Shina-Hamusit and 1.15 US$/m3 in the Selamko irrigation scheme, Ethiopia. These irrigation schemes do not grow rice. This shows that rice is a competitive crop in terms of returns per water used. In Turkey, OCWD values varying between 0.191 US$/m3 and 1.262 US$/m3 were obtained [30]. The highest values of rice water productivity of 1.77 kg/m3, 1.75 kg/m3 and 1.51 kg/m3 have been reported in the USA, Sri Lanka and Spain, respectively [26].



Land productivity indicators give a reflection of crop intensity [39]. The output per unit command area (OCA) varies between 1020 US$/ha (Bunyala in 2013/2014) and 2311 US$/ha (Ahero in 2016/2017). The average OCA computed was 2047 US$/ha in Ahero; 1921 US$/ha in West Kano and 1671 US$/ha in the Bunyala irrigation scheme. A high value is an indication of intensive irrigation. The sudden fall in output per command area in West Kano between 2012 and 2014 can be attributed to the collapse of the Revolving Fund Committee. The committee was mandated with the responsibility for production and marketing in the West Kano irrigation scheme. Consequently, there was a decline in production activities during that period associated with governance issues. From 2015 each block in the scheme established a production management structure which induced competition amongst the blocks in terms of production activities. An increase in production was therefore realised in 2015/2016. The Bunyala irrigation scheme experienced hail in 2013 which shattered mature rice crops in one of the phases (Muluwa phase 1). This contributed to a low harvest, as depicted by the sudden decline in the output per unit area in the scheme. The output per unit irrigated area (OIA) for all the schemes varied from 981 US$/ha to 1841 US$/ha. The OIA values computed are comparable to the OIA values of 1300 US$/ha and 1310 US$/ha obtained during the rainy season and dry season in rice farming in Thailand [40]. OIA values ranging from 100 US$/ha to 800 US$/ha were reported in Malaysia [37].




3.4. Estimation of Overall Scheme Performance


Correlation analysis of the 11 selected indicators is presented in Table 9. RWS and RIS are strongly positively correlated (r = 0.950). This means that the indicators measure similar elements. To avoid double counting, only one of them can be used in the computation of the composite indicator/performance score. RIS focuses on irrigation water supply alone and is therefore used for computation of the performance score.



Principal Component Analysis


The extracted principal factors, Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s sphericity test (BTS) results are presented in Table 10.



According to [41], if the KMO value is greater than 0.5 and the BTS less than 0.05, the data is suitable for PCA. In this study, the KMO co-efficient of 0.510 is adequate and the Bartlett’s test is significant at 99% (p < 0.0001). The principal components extracted with their factor loadings are presented in Table 11. The indicator weights are also presented in this Table 11.



The first principal component (PC1) determines 34.9595% of the total variance in performance. The first principal component is mainly linked to indicators with absolute factor loading greater than 0.673 (WDIA, WFC, RIWS, OCA). The second principal component (PC2) accounts for 34.918% of the variance in performance. It is influenced by RIS, WDCA, OIS and OWS indicators (absolute loadings > 0.794). The third principal component (PC3) factor loading accounts for 19.93% and is linked with OIA and OCWD indicators.



The results of weighted indicators are presented in Table 12. The performance score for each scheme in each year was obtained by summing up the weighted indicator values.



Comparison of the trend in irrigation scheme performance of each scheme is presented in Figure 2.



The overall performance score obtained was 45–52% in Ahero, 43–54% in West Kano and 48–62% in the Bunyala irrigation scheme. The average performance was 48%, 49% and 56% in the Ahero, West Kano and Bunyala irrigation schemes, respectively. The performance in all of the schemes was moderate. The performance in the West Kano and Bunyala irrigation schemes increased with time. The performance in the Ahero irrigation scheme was seen to be decreasing with time. The West Kano irrigation scheme experienced a fall in performance in 2014 due to the collapse of the Revolving Fund Committee which was mandated with the responsibility of production and marketing. The establishment of the production management structure, which created competition among the blocks in terms of production, increased performance from 2015. The sudden decline in performance in Bunyala in 2013 was due to hail stones that shattered mature rice crops in one of the phases (Muluwa phase 1). The reduction in the amount of water available due to drought led to a decrease in performance in the Ahero irrigation scheme in 2013. In 2013, there was strong sensitisation in the System of Rice Intensification (SRI) technology in Ahero. SRI involves changes in plants, water soil and nutrients management aimed at increasing productivity of rice under irrigation. Most farmers in the Ahero irrigation scheme adopted SRI, which led to an increase in performance from 45% in 2013 to 49% in 2014. A high performance of 83% [12] was obtained in the Samrat Ashok Sagar major irrigation project in India using a balanced score card method based on the Delphi technique. Agricultural productivity in India is highly enhanced by the government through artificial fixing of the minimum price of crops. The prices are therefore reasonably high, leading to the high economic value of crops. This is not the case in Kenya, where the price of rice produce is governed by market forces. In times of surplus, rice fetches low prices, reducing its economic value. This contributes greatly to low agricultural productivity performance, leading to low overall performance of irrigation schemes. Zema and Nicotra [42] used PCA to identify areas of weakness in seven Water Users’ Association (WUA’s) in Calabra, Southern Italy. The Ionio Catanzarese (ICZ) WUA was ranked as the best performing with a quality index of 4470, while the Basso Ionio Reggino (BIRC) was found to be the least performing with a quality index of −1410. BIRC was found to have a weakness in both system operation performance and financial management. Lowering water prices was found to be the solution to improving performance of BRIC WUA’s in Calabra, Southern Italy [42].






4. Conclusions


The combination of benchmarking and Principal Component Analysis forms a powerful tool for evaluating the efficiency of irrigation schemes. The quantitative evaluation of performance of three rice irrigation schemes in western Kenya using a set of benchmarking indicators revealed the areas that needed improvement. Analysis of water supply indicators shows that, the water supplied by the irrigation schemes is sufficient to meet crop water demands. The irrigation schemes have low water use efficiency. In terms of financial performance, the irrigation schemes are not financially self-sufficient. The water fee charged was not sufficient to pay for the cost of irrigation. Land and water productivity in western Kenyan rice irrigation schemes was found to be generally good. Computation of a single performance score using performance indicators and principal component analysis enabled ranking of the irrigation schemes. The Bunyala irrigation scheme was found to be the best performing scheme, whereas the Ahero irrigation scheme was the least performing in the region. The overall performance of public rice irrigation schemes in western Kenya is average. Operation and management measures should be put in place to improve performance. The schemes need to adopt a systematic routine data collection and management to aid in the monitoring and evaluation of performance. Stakeholders and scheme managers can use this information to reformulate policies and strategies to enhance performance of public rice irrigation schemes in Kenya.
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Figure 1. Study Area. 
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Figure 2. Comparison of performance score. 
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Table 1. Form of data for Principal component analysis with n cases each with p features.
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	Case
	X1
	.
	Xp





	1
	X11
	.
	X1p



	2
	X21
	.
	X2p



	.
	.
	.
	.



	.
	.
	.
	.



	n
	Xn1
	.
	Xnp










[image: Table]





Table 2. Main characteristics of irrigation schemes benchmarked in western Kenya.
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Description

	
Irrigation Scheme




	
Ahero

	
West Kano

	
Bunyala






	
Command area (ha)

	
900

	
980

	
728




	
Latitude

	
00°10′ South

	
Between 00°04′ South and 00°20′ South

	
00°06′ North




	
Longitude

	
34°58′ East

	
Between 34°48′ East and 35°02′ East

	
34°04′ East




	
Location

	
Kano plains, Kisumu county

	
Kano plains, Kisumu county

	
Kisumu/Siaya county




	
Land ownership

	
Government

	
Government

	
Government and private




	
Main crops

	
Rice, Soybeans, maize, Watermelon, sorghum

	
Rice, sorghum, maize

	
Rice, pulses and horticulture




	
Number of seasons

	
2 seasons

1st season-rice

2nd-other crop

	
2 seasons

1st season-rice

2nd-other crop

	
2 seasons

1st season-rice

2nd-other crop




	
Number of farmers

	
556

	
845

	
1934




	
Farm size (acres)

	
1–4

	
2–4

	
1–5




	
Water source

	
Surface water

River Nyando

	
Surface water

Lake Victoria

	
Surface water

River Nzoia




	
Type of water distribution

	
On demand

	
On demand

	
On demand




	
Method of water abstraction

	
Pumping using electricity

2 pumps each 1100 L/s

2 pumps each 650 L/s

	
Pumping using electricity

3 pumps each 750 L/s

	
Pumping using electricity

4 pumps each 300 L/s




	
Water delivery infrastructure

	
Open earth canals

	
Open earth canals

	
Open earth canals




	
Type of water control equipment

	
None

	
None

	
None




	
Discharge measurement facilities

	
None

	
None

	
None




	
Irrigation system

	
Surface-Basin

	
Surface-Basin

	
Surface-Basin




	
Water availability

	
Sufficient-occasionally not sufficient

	
Abundant

	
Abundant




	
Type of surface drain

	
Open earth channel by gravity

	
Pumped through open earth channel.

Using four 500 L/s outlet pumps.

	
Open earth channel




	
Type of revenue collection

	
Charge on irrigated area

	
Charge on irrigated area

	
Charge on irrigated area
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Table 3. Proposed key performance indicators.
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Domain

	
Performance Indicator

	
Data Required






	
Service delivery performance

	
Total annual volume of irrigation water delivery (m3/year)

	
Total daily measured water delivery to water users




	
Annual irrigation water delivery per unit command area (m3/ha)

	
Total daily measured water inflow to the irrigation system




	
Total command area serviced by the system




	
Annual irrigation water delivery per unit irrigated area (m3/ha)

	
Total daily measured water inflow to the irrigation system




	
Total annual irrigated crop area




	
Main system water delivery efficiency

	
Total daily measured water delivery to water users




	
Total daily measured water inflow to the irrigation system




	
Annual relative water supply

	
Total daily measured water inflow to the irrigation system




	
Total daily measured rainfall over irrigated area




	
Total daily/periodic volume of crop water demand, including percolation losses for rice crops




	
Annual relative irrigation supply

	
Total daily measured water inflow to the irrigation system




	
Total daily/periodic volume of irrigation water demand (crop water demand excluding effective rainfall), including percolation losses for rice




	
Water delivery capacity

	
Current main canal capacity




	
Peak month irrigation water demand




	
Security of entitlement supply

	
System water entitlement




	
10 years minimum water availability flow pattern




	
Financial performance

	
Cost recovery ratio

	
Total revenues collected from water users




	
Total management, operation and maintenance (MOM) cost




	
Maintenance cost to revenue ratio

	
Total maintenance expenditure




	
Total revenue collected from water users




	
Total MOM cost per unit area (US$/ha)

	
Total management, operation and maintenance expenditure




	
Total command area serviced by the system




	
Total cost per person employed on water delivery (US$/person)

	
Total cost of MOM personnel




	
Total number of MOM personnel employed




	
Revenue collection performance

	
Total revenues collected from water users




	
Total service revenue due




	
Staffing numbers per unit area (persons/ha)

	
Total number of MOM personnel employed




	
Total command area serviced by system




	
Average revenue per cubic meter of irrigation water supplied (US$/m3)

	
Total revenues collected from water users




	
Total daily measured water delivery to water users




	
Agricultural Productive efficiency

	
Total gross annual agricultural production (tones)

	
Total tonnage produced under each crop




	
Total annual value of agricultural production (US$)

	
Total annual tonnage of each crop




	
Output per unit serviced area (US$/ha)

	
Crop market price




	
Total annual tonnage of each crop




	
Crop market price




	
Total command area serviced by system




	
Output per unit irrigated area (US$/ha)

	
Total annual tonnage of each crop




	
Crop market price




	
Total annual irrigated crop area




	
Output per unit irrigation supply (US$/m3)

	
Total annual tonnage of each crop




	
Crop market price




	
Total daily measured water inflow to the irrigation system




	
Output per unit water consumed (US$/m3)

	
Total annual tonnage of each crop




	
Crop market price




	
Total volume of water consumed by the crops (ETc)




	
Environmental performance

	
Water quality: Salinity (mmhos/cm)

	
Total daily measured water inflow to the irrigation system




	
Electrical conductivity of periodically collected drainage water samples




	
Total daily measured drainage water outflow from the irrigation system




	
Water quality: Biological (mg/litre)

	
Biological load of periodically collected irrigation water samples




	
Total daily measured water inflow to the irrigation system




	
Biological load of periodically collected drainage water samples




	
Total daily measured drainage water outflow from the irrigation system




	
Water quality: Chemical (mg/litre)

	
Chemical load of periodically collected irrigation water samples




	
Total daily measured water inflow to the irrigation system




	
Chemical load of periodically collected drainage water samples




	
Total daily measured drainage water outflow from the irrigation system




	
Average depth to water table (m)

	
Periodic depth measurement to water table




	
Change in water table depth over time (m)

	
Periodic depth measurement to water table over 5 year period




	
Salt balance (tones)

	
Periodic measurement of salt content of irrigation water




	
Periodic measurement of salt content of drainage water
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Table 4. Computation of performance indicators.
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	Performance Indicator
	Definition/Calculation





	Total annual volume irrigation supply
	Total annual volume of irrigation water pumped or diverted



	Annual relative water supply
	total annual volume of water supplytotal annual volume of crop water demand



	Annual relative irrigation supply
	total annual volume of irrigation supplytotal annual volume of crop irrigatio demand



	Annual irrigation supply per unit irrigated area (m3/ha)
	Total annual volume of irrigation supplyTotal annual irrigated area



	Annual irrigation supply per unit command area (m3/ha)
	Total annual volume of irrigation supplyTotal annual command area



	Total gross annual agricultural production (tones)
	Total annual tonnage of each crop



	Total annual valueof agricultural production (US$)
	Total annual gross value of production (GVP) received by producers



	Output per unit irrigated area (US$/ha)
	Total annual value of agricultural productionTotal annual irrigated area



	Output per unit command area (US$/ha)
	Total annual value of agricultural productionTotal command area



	Output per unit water supply (US$/m3)
	Total annual value of agricultural productiontotal annual volume of water suply



	Output per unit irrigation supply (US$/m3)
	Total annual value of agricultural productiontotal annual volume of irrigation suply



	Output per unit crop water demand (US$/m3)
	Total annual value of agricultural productiontotal annual volume of crop water demand



	Water fee collection performance (%)
	Gross revenue collectedGross revenue invoiced×100



	Average revenue per unit irrigation supply (US$/m3)
	total annual revenue collected Total annual volume of irrigation supply
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Table 5. Indicative threshold values.
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	Performance Indicator
	Threshold Values
	Reference





	Relative water supply
	2
	[23]



	Relative irrigation supply
	2
	[23]



	Annual irrigation water delivery per unit irrigated area
	450–700 mm
	[24]



	Annual irrigation water delivery per unit command area
	450–700 mm
	[24]



	Output per unit irrigated area
	3.8 ton/ha
	[25]



	Output per unit command area
	3.8 ton/ha
	[25]



	Output per unit irrigation supply
	2 kg/m3
	[26]



	Output per unit water supply
	2 kg/m3
	[26]



	Output per water consumed
	2 kg/m3
	[26]



	Water fee collection performance
	100%
	[10]



	Average revenue per unit irrigation supply
	7.5 US dollar cents
	[27]
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Table 6. Water supply indicators.
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Irrigation Scheme

	
Year

	
Command Area (ha)

	
Total Annual Irrigated Area (ha)

	
Total Annual Volume of Irrigation Water Supply (m3)

	
RWS

	
RIS

	
Annual Water Deliver per Unit Irrigated Area (m3/ha)

	
Annual Water Delivery per Unit Command Area (m3/ha)






	
Ahero

	
2012/2013

	
900

	
877

	
6,827,820

	
1.98

	
2.15

	
7785

	
7586




	
2013/2014

	
900

	
846

	
4,938,460

	
1.14

	
0.86

	
5837

	
5487




	
2014/2015

	
900

	
783

	
4,867,840

	
1.45

	
1.31

	
6217

	
5409




	
2015/2016

	
900

	
824

	
4,362,330

	
1.28

	
0.86

	
5294

	
4847




	
2016/2017

	
900

	
720

	
3,950,460

	
1.24

	
0.68

	
5487

	
4389




	
Average

	

	

	
810

	
4,989,382

	
1.42

	
1.17

	
6124

	
5544




	
West Kano

	
2012/2013

	
980

	
617

	
6,934,097

	
2.31

	
3.38

	
11,238

	
7076




	
2013/2014

	
980

	
206

	
2,540,691

	
1.94

	
1.64

	
12,310

	
2593




	
2014/2015

	
980

	
196

	
2,223,590

	
2.21

	
2.74

	
11,376

	
2269




	
2015/2016

	
980

	
650

	
7,115,034

	
1.92

	
1.75

	
10,955

	
7260




	
2016/2017

	
980

	
690

	
8,411,680

	
1.86

	
1.58

	
12,191

	
8583




	
Average

	

	

	
472

	
5,445,018

	
2.05

	
2.22

	
11,614

	
5556




	
Bunyala

	
2012/2013

	
728

	
701

	
4,406,847

	
1.98

	
1.94

	
6287

	
6050




	
2013/2014

	
728

	
701

	
6,215,776

	
2.17

	
2.25

	
8868

	
8533




	
2014/2015

	
728

	
701

	
5,401,296

	
2.06

	
2.26

	
7706

	
7415




	
2015/2016

	
728

	
625

	
5,387,886

	
2.24

	
2.40

	
8622

	
7396




	
2016/2017

	
728

	
666

	
8,077,590

	
2.44

	
2.46

	
12,130

	
11,089




	
Average

	

	

	
679

	
5,897,879

	
2.18

	
2.26

	
8723

	
8097








RWS—Relative Water Supply; RIS—Irrigation