

  water-10-01579




water-10-01579







Water 2018, 10(11), 1579; doi:10.3390/w10111579




Article



Impacts of Legal and Institutional Changes on Irrigation Management Performance: A Case of the Gezira Irrigation Scheme, Sudan



Ahmed E. Elshaikh 1,2,*[image: Orcid], Shi-hong Yang 1,*[image: Orcid], Xiyun Jiao 1 and Mohammed M. Elbashier 1[image: Orcid]





1



State Key Laboratory of Hydrology, Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China






2



Ministry of Water Resources, Irrigation, and Electricity, Wad Medani 318, Sudan









*



Correspondence: ahmedhayaty@live.com (A.E.E.); ysh7731@hhu.edu.cn (S.Y.)







Received: 25 September 2018 / Accepted: 30 October 2018 / Published: 5 November 2018



Abstract

:

This study aims to offer a comprehensive assessment of the impacts of policies and institutional arrangements on irrigation management performance. The case study, the Gezira Scheme, has witnessed a significant decrease in water management performance during recent decades. This situation led to several institutional changes in order to put the system on the right path. The main organizations involved in water management at the scheme are the Ministry of Irrigation & Water Resources (MOIWR), the Sudan Gezira Board (SGB), and the Water Users Associations (WUAs). Different combinations from these organizations were founded to manage the irrigation system. The evaluation of these organizations is based on the data of water supply and cultivated areas from 1970 to 2015. The measured data were compared with two methods: the empirical water order method (Indent) that considers the design criteria of the scheme, and the Crop Water Requirement (CWR) method. Results show that the MOIWR period was the most efficient era, with an average water surplus of 12% compared with the Indent value, while the most critical period (SGB & WUAs) occurred when the water supply increased by 80%. The other periods of the Irrigation Water Corporation (IWC), (SGB & MOIWR), and (WUAs & MOIWR) had witnessed an increase in water supply by 29%, 63%, and 67% respectively. Through these institutional changes, the percentage of excessive water supply jumped from 12% to 80%. Finally, the study provides general recommendations associated with institutional arrangements and policy adoption to improve irrigation system performance.
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1. Introduction


The need for more food production and water supply have become urgent with significant growth of the world population [1]. Irrigated agriculture is of major importance to overcome these challenges, since it provides food, public investment, and rural development. Regardless of their potential for food production, there is a remarkable decrease in the performance of many irrigation projects, particularly in developing countries in drought-prone regions [2,3,4]. This situation has increased the attention directed towards enhancing the performance of irrigation projects [5]. There have been several studies in the literature reporting performance assessments of irrigation systems, and many researchers have shown an increased interest in linking management practices to irrigation project performance [6,7,8,9,10,11]. All these studies have shown the importance of having good regulators and institutions, and how they enhance water management performance.



In this study, the performance of water management at the Gezira scheme is represented and analyzed. The project is considered one of the largest irrigation projects in Africa [12]. The scheme had played a vital role in the history of irrigation in the region since it became a model for many irrigation schemes in the colonial period of sub-Saharan Africa [13]. The system is more typical for projects developed in countries such as Niger and Mali, where irrigation schemes are similar to Gezira in terms of design and operation system [14]. These facts reflect the historical importance of the scheme; therefore, any research to improve water management in Gezira scheme is not only beneficial for the project, but also for similar systems on the national and regional scale.



There is a large volume of published studies describing the performance of water management in the Gezira scheme from different perspectives [12,15,16,17,18,19,20,21]. In spite of the wide range of topics covered by these studies, however, to the best of authors’ knowledge, there is no deep analysis for the organizational role and its impact on the performance of irrigation systems. The attention is usually focused on hydrological, engineering, economic, and agricultural aspects. In this study, the legal and intuitional impact on the performance water management is illustrated to identify the suitable water management organization for the scheme. A critical analysis has been carried out for different organizations to show the reasons that led to the institutional changes, and after that, to judging the performance of each institute to identify the most suitable form of water management for the Gezira scheme. The results presented here may facilitate improvements in the institutional arrangements related to different irrigation systems.




2. Materials and Methods


2.1. Study Area


The Gezira Scheme is located between the Blue Nile and the White Nile Rivers to the south of the capital Khartoum in a semi-arid zone (Figure 1). The early start of the scheme was in 1911 when an experimental farm was established at Tayba village on the west bank of the Blue Nile. The scheme is one of the largest irrigation schemes in the region, comprising 880,000 hectares (ha) [12]. Each farmer has 8.4 ha (as average) divided into 4 plots; the farmers’ main crops are cotton, wheat, sorghum, groundnuts, and vegetables [22].




2.2. Climate


The Gezira scheme is located in a hot and semi-arid region. There are three distinct seasons: winter (November to February), summer (April and May), and autumn (July to September), while March, June, and October are transitional months. Rainfall intensity increases from north to south. The long-term annual rainfall is 156 mm at Khartoum, 354 mm at Wad Medani, and 472 mm at Sennar (Figure 1). The daily mean temperatures at Wad Medani are 25 °C, 29.4 °C, and 31 °C in winter, autumn, and summer, respectively [23].




2.3. Irrigation Management


The irrigation system consists of two main canals running from Sennar Dam; the Gezira canal with a capacity of 168 m3/s and the Managil canal with 186 m3/s [17,24]. Figure 2 below shows the main canal, which delivers water to Major canals. Then, water is conveyed to minor canals with determined and fixed levels; these levels are used to ensure equity in distribution at field canals (Abu Ishreen). The internal canals (Abu Sitta) are used by farmers to irrigate their farms.



The management of Gezira scheme used to be undertaken by three institutions: the Sudan Gezira Board (SGB), the Ministry of Irrigation and Water Resource (MOIWR), and the Water Users Associations (WUAs). The SGB was responsible for agriculture management, the MOIWR was responsible for controlling the irrigation system, and the farmers were responsible for managing and irrigating their farms [18,25]. Through the history of the Gezira scheme, five organizations, in combination from the above organizations, held the responsibility of managing the irrigation system.



The MOIWR was responsible for the whole irrigation system from 1925 to 1994, with limited participation from SGB. In the early 1990s, the Sudanese government adopted a policy of economic liberalization, which is the main reason for establishing the Irrigation Water Corporation IWC in 1994, as part of the MOIWR. The costs of operation and maintenance should be covered by water fees that are collected from farmers [25]. In 1999, the operation and maintenance of the Minor canals, which are the irrigation key in the system, were transferred to SGB, while the Main and Major canals were kept under MOIWR supervision [17]. This situation continued until the issuances of the Gezira Scheme Act of 2005. The law entrusted that the management of the irrigation system be shared between WUAs and MOIWR. The Main and Major Canals were to be managed by the MOIWR, while the Minor canals are the responsibility of the WUAs [17].



In 2010, the Gezira irrigation unit has been moved from MOIWR to SGB, and by 2012 the MOIWR was resolved [26]. At that stage, the responsibilities were shared between SGB and WUAs. The Main and Major canals were under SGB, while the Minor canals under WUAs. Finally, by late 2014, the Act of 2005 was modified; the WUAs were resolved, and the irrigation management at Gezira Scheme returned once again wholly to the MOIWR [27]. Table 1 below shows these organizations and their historical periods.




2.4. Methodology


This study is a combination of analytical and descriptive methods, which is based on data collected from the MOIWR and the SGB. Water supply and cultivated areas data were collected for the period of 44 years from 1970 to 2015. The selected data start from 1970 because the scheme area was growing significantly until completion in that year [28]. The criteria for evaluating the irrigation performance are based on a comparison of water supply with the system designed value (Indent) and the Crop Water Requirements (CWR).



The water management performance will be evaluated for the different periods based on comparing the actual water supply (measured data) with the system based Indenting method (calculated). The CWR method is used for justifying the results (calculated). For the calculation of water surplus, the following equation was used:


    Water   Surplus   %   =    (  water   supply   −   X  )    /   X   ×   100 %    



(1)




where X is the value of Indent or CWR.



2.4.1. Irrigation Water Requirement Determination Methods


The irrigation water requirement includes water needed for both evaporation and transpiration (Evapotranspiration (ET)), in addition to the losses during the water delivery from the source to the field [29]. In this study, two methods were used to determine irrigation requirements: a crop water requirement method, and a water ordering method (Indenting system).




2.4.2. Crop Water Requirement


This method mainly depends on the determination of the crop evapotranspiration (ETc), which is affected by two factors: evapotranspiration and crop characteristics. The reference evapotranspiration (ETo) is the rate of evapotranspiration from an extended surface of a green cover, completely shading the ground, and not short of water [30]. The crop coefficient (Kc) is the factor that represents different ET levels for different types of crops under identical environmental conditions [31]. This coefficient is a function of crop height, roughness, reflection, ground cover, rooting characteristics, and resistance to transpiration. The CWR was calculated as shown in Equation (2) below [32]:


    CWR =  (    ET  o  ×  K c   )  −  R  eff      



(2)




where



CWR = crop water requirement (mm/day)



Kc = crop coefficient



ETo = reference evapotranspiration (mm/day)



Reff = effective rainfall (mm/day)



For the evaluation process, the data for CWR calculation was taken from the Nile Basin Initiative Tool-Kit climatic data [32]. Table 2 below shows the average climatic data (from 1970 to 2015) and Kc values for Gezira scheme main crops (for calculations annual climatic data were used, and the average data here were used as a sample). The seasonal CWR for the Gezira scheme was determined by considering annual variations in the cultivated area for each crop.




2.4.3. Water Order (Indent) Method


The empirical Water Order (Indent) method was developed by Farbrother [33] to estimate the water requirements for the Gezira scheme. The method considers crop requirements, soil characteristics, and distribution system efficiency. Based on this calculation, it was estimated that one hectare will require about 71.4 m3/day (=30 m3/day/feddan, 1 ha = 2.4 feddan), inclusive of field losses at the head of the farm [34,35]. This method was used at the scheme to schedule irrigations because it is quick, easy, and does not need technical support. These advantages make it more practical for large-scale irrigation systems; however, the estimated amount of water is not very accurate (see Table 3).





2.5. Data Analysis


For the different management periods, the irrigation water requirements were calculated by both CWR and Indent methods considering the seasonal variation in the cultivated areas. Figure 3 represents the seasonal water supply and cultivated area for the Gezira scheme. It was observed that, during the last two decades, there is a significant decrease in the cultivated area; nevertheless, the water supply conversely keeps growing. The analysis of water supply and cultivated area data is shown in the next part.





3. Results


1925–1994: Ministry of Irrigation and Water Resources (MOIWR)



The chart below gives information about the volume of water supply compared with Indent and CWR for 23 seasons from 1970 to 1994 (Figure 4).



In the early 1970s, the water supply was slightly more than the Indent value (by 0.5 billion m3) for the period from 1970 to 1975. Over the following years, until 1982, the volume of water supply was less than Indent. For this period, in general, the water supply values were fluctuating around the Indent value (with a variation of around 1 billion m3).



1995–1998: Irrigation Water Corporation (IWC)



The chart below provides the analysis for water supply, Indent, and CWR volumes for the IWC period from 1995 until 1998.



This is period had witnessed a significant increase in the water supply volume, which jumped from 0.14 billion m3 in 1994/95 to 1.85 billion m3 in 1997/98 (Figure 5). In the seasons of 1995/96 and 1996/97, the excess water reached 0.14 billion m3 and 0.84 billion m3 respectively.



1999–2005: SGB and MOIWR



In this stage, the operation and maintenance of the Minor canals were transferred to SGB, while the Main and Major canals were kept under the MOIWR supervision. The bar chart below illustrates the water supply, Indent, and CWR volumes generated from 1999 to 2005 (Figure 6).



From the chart, in the 1998/99 season, the water supply volume increased by 2.63 billion m3, and continued growing to reach 2.73 billion m3 by 2002/03. In the seasons of 2003/04 and 2004/05, the excess water had reached 2 and 2.48 billion m3 respectively. In general, it seems that over the seven seasons, the water supply was much higher than the Indent and the CWR.



2006–2010: WUAs and MOIWR



The graph below shows how the water supply, the Indent, and CWR volume has changed from 2006 to 2010 at WUAs and MOIWR period.



According to the graph (Figure 7), the water supply volume was higher than the Indent value, for the seasons 2005/06, 2006/07, 2007/08, and 2008/09, where the excess water had reached 2.12, 1.56, 1.98, and 2.2 billion m3 respectively. In the 2009/10 season, the water supply volume increased dramatically by 3.362 billion m3, which represents an increase of 102% for Indent and 78% for CWR values.



During this period, over the whole five years, the water supply was higher than required with rising and falling trends from season to another. Throughout the period, the average water surplus value was 63% compared with Indent value.



2011–2015: SGB and WUAs



The bar chart below illustrates the volume of water supply compared with Indent and CWR for SGB and WUAs period.



It is obvious that this period witnessed a significant increase in the water supply volume (Figure 8). For the seasons 2010/11, 2011/12, 2012/13, 2013/14, and 2014/15 the excess water had reached 2.59, 3.29, 3.65, 3.88, and 3.52 billion m3 respectively.



Water surplus for the different periods



The figure below shows the percentage of excessive water supply compared with Indent and CWR for the different periods.



From the chart, it is clear that during the MOIWR period, the water surplus values were generally about the reference values, with average water surplus of 12% for Indent and 1% for CWR. For the other periods of (IWC), (SGB & MOIWR), (WUAs & MOIWR), and (WUAs & SGB) the average water surplus was 29%, 67%, 63%, and 80% for Indent and 13%, 61%, 44%, and 53% for CWR respectively.



According to the graph (Figure 9), the difference between the values of the Indent and the CWR is due to the fact that the Indent gives a fixed quantity of water for the different crops, while the CWR values consider the water requirement for each crop separately.




4. Results Justification


From the analysis above, it is clear that there is a significant increase in water supply against water requirements for the different periods. However, a question may arise about whether the intensive water supply had a positive impact on crop productivity or not. Therefore, further analysis was done to investigate the impact of excessive water supply on crop productivity (Figure 10).



Figure 10 shows the relationship between water supply per hectare and crop productivity at the Gezira scheme. It is noted that, for all crops, the correlation values are very low (R2 values: 0.005, 0.1238, 0.0665, and 0.1857 for Cotton, Wheat, Groundnuts, and Sorghum respectively). This indicates that the relationship between excessive water supply and crop productivity is weak, and hence, intensive water supply was not valuable for crop production.



On the other hand, climate conditions are of major importance to the irrigation process. The Gezira scheme is located in the semi-arid zone (see Section 2.2), and the annual volume of rainfall is extremely very low compared with irrigation water (e.g., in season 2000/01 the volume of water supply was about 6.27 Billion m3, while the volume of rainfall over the cultivated area was 84,566 m3, which represents only about 0.0013% from irrigation water).



From above, it can be concluded that large quantities of water have no effect on crop productivity, and the impact of rain and climate change is relatively low. Therefore, the large increase in water supply can be considered to be a result of poor water management.




5. Discussion


In this part, the reasons that led to the different institutional changes in the Gezira scheme are discussed. The irrigation management at the Scheme was the responsibility of the MOIWR from 1925 until 1994. During this period, the irrigation management was running smoothly, and the water supply was generally based on the system requirements. The average water surplus was 12% compared with the Indent value.



The period of the IWC had witnessed an average increase in water supply of 29%. The main reason for this increase was an insufficient budget, which negatively affected water management performance. The task of water fees collection was the responsibility of the SGB, which failed in this mission, and due to its inadequate performance, the IWC was terminated in 1998 [25,36].



In 1998, the SGB requested full control of the irrigation system. The argument raised by the SGB was that they cannot hold responsibility for low productivity while irrigation water is not under their control [37]. The corresponding argument of MOIWR was that the irrigation system is complex and requires high technical knowledge and expertise to control [12]. To solve this conflict, the Minor canals were transferred to the SGB. Nevertheless, this period witnessed an average increase in water supply of 63%.



According to Ahmed [12], during this period, the system experienced the most serious deterioration throughout its long history. He stated that the inappropriate program of silt removal had negatively affected the hydraulic characteristics of canals, and consequently, the water distribution performance. This situation continued until the Gezira Act was introduced in 2005 [20,38].



After the serious deterioration of the scheme’s performance, the Sudanese government invited an international consultant agency to “assist in assessing the main factors which constrained the sustainable development of the Gezira Scheme” [17]. The consultant agency recommended that the farmers should have more participation in the irrigation process [18]. However, the MOIWR did not accept this recommendation, for the same objections raised previously against the SGB, which are the lack of both technical background and expert labors. Nevertheless, in 2005, the Gezira Act was issued, and ensured that the management of the Minor canals be transferred to the WUAs. However, the water performance did not show any progress, and the water supply had increased by 67% in this period.



An evaluation study was conducted by the same consultant agency in 2010 to evaluate the situation of the scheme after the Gezira Act. The study stated that the main reason for the failure was an incorrect application of the 2005 law. The agency argued that the transfer of irrigation responsibilities over from the MOIWR to the WUAs effectively ended any role for the MOIWR, and that this was why it did not cooperate. Therefore, in 2010 a decision was made to move the Gezira irrigation unit from MOIWR to SGB, and by 2012, the MOIWR was resolved [26]. However, the period of (SGB & WUAs) was the most critical period for water management at the scheme, since water supply increased by 80%.



Makadho and Ubels [39] stated that the approach of farmer participation in irrigation management seems very practical for small schemes; nevertheless, for larger schemes, i.e., several hundreds or thousands hectares (such as the Gezira scheme) it would require more elaborate investigation and study.



The irrigation engineers argued that the MOIWR have several departments which were involved in the irrigation process, such as (i) Irrigation operation department, (ii) Mechanical and electricity department, and (iii) Projects and planning department. The irrigation operation department is just one unit that works in coordination with other directories, and the absence of all these parties had a significant role in the failure of the irrigation system [25]. Finally, by the end of 2014, the Act 2005 was modified, whereas the WUAs was resolved and the irrigation management at Gezira Scheme returned again to the MOIWR [27].




6. Conclusions


The Gezira Scheme has witnessed vital changes in irrigation management responsibilities over the last three decades. These changes have significantly affected water management performance at the scheme. The period of MOIWR is considered to be the most efficient era, and then, gradually, the failure started at the period of IWC due to the limitation in financial resources and funding issues. In the third period, the contradicting interactions between SGB and MOIWR responsibilities, in addition to the SGB lack of knowledge and skilled labors, led to high damage in the irrigation system. The era of WUAs was slightly less damaging than the previous one; however, the situation had become more complicated due to the Gezira scheme Act arrangements. In the last period, the MOIWR was resolved, and the responsibility for irrigation was moved to the SGB & the WUAs; yet, the irrigation performance did not show any progress, and instead, the scheme faced further deterioration. During these periods, the water surplus had increased from 12% to 80%. It could be concluded that changes in policies and the institutional arrangements had negatively affected the irrigation performance in the Gezira scheme.




7. Recommendations


Suitable irrigation management institutions must comply with the design and operational standards of the irrigation project. When the operating system is changed, enough investigation and pilots are required to ensure that the new organization is qualified for system management. Furthermore, farmers’ participation in water management requires efficient training to raise their awareness and skills, while the participation in system management should be implemented gradually. In conclusion, each irrigation project is a unique case, and any institutional modifications should take into account the technical, economic, and social needs that are commensurate with the system.
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Figure 1. The location of the Gezira scheme. Source: Adapted from [19]. 
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Figure 2. Field irrigation system in Gezira scheme. 
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Figure 3. Variations in seasonal water supply and cultivated area. 
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Figure 4. Water supply volume against Indent and CWR at MOIWR period. 
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Figure 5. Water supply volume against Indent and CWR at IWC period. 






Figure 5. Water supply volume against Indent and CWR at IWC period.



[image: Water 10 01579 g005]







[image: Water 10 01579 g006 550] 





Figure 6. Water supply volume against Indent and CWR at SGB and MOIWR period. 
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Figure 7. Water supply volume against Indent and CWR at WUAs and MOIWR period. 
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Figure 8. Water supply volume against Indent and CWR at SGB and WUAs period. 
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Figure 9. Water supply volume against Indent and CWR through the different periods. 






Figure 9. Water supply volume against Indent and CWR through the different periods.



[image: Water 10 01579 g009]







[image: Water 10 01579 g010 550] 





Figure 10. The relationship between water supply and crop productivity. 
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Table 1. The main organizations responsible for irrigation management.
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	Organization
	Period
	Duration (Years)





	MOIWR
	1925–1994
	69



	IWC
	1995–1998
	3



	SGB & MOIWR
	1999–2005
	6



	WUAs & MOIWR
	2006–2010
	4



	WUAs & SGB
	2011–2015
	4
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Table 2. Average climatic data and Kc values for Gezira scheme main crops.
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Crops/Month *

	
ETo

	
Effective Rainfall Reff

	
Cotton

	
Groundnut

	
Sorghum

	
Wheat

	
Vegetables




	
mm/Day

	
mm/Day

	
Kc

	
Kc

	
Kc

	
Kc

	
Kc






	

	
I

	
8.3

	
0.5

	

	
0.5

	

	

	




	
June

	
II

	
8.6

	
0.6

	

	
0.5

	

	

	




	

	
III

	
8.1

	
1.2

	

	
0.5

	
0.5

	

	
0.7




	

	
I

	
7.5

	
1.7

	

	
0.5

	
0.5

	

	
0.7




	
July

	
II

	
7.0

	
2.3

	
0.5

	
0.6

	
0.6

	

	
0.9




	

	
III

	
6.5

	
2.3

	
0.5

	
0.8

	
0.9

	

	
1.0




	

	
I

	
6.1

	
2.3

	
0.5

	
0.9

	
1.1

	

	
1.1




	
August

	
II

	
5.6

	
2.2

	
0.5

	
1.0

	
1.2

	

	
1.1




	

	
III

	
5.6

	
2.2

	
0.6

	
1.1

	
1.2

	

	
1.1




	

	
I

	
5.6

	
2.1

	
0.8

	
1.1

	
1.2

	

	
1.1




	
September

	
II

	
5.6

	
2.0

	
0.9

	
1.1

	
1.1

	

	
1.1




	

	
III

	
5.7

	
1.5

	
1.0

	
1.0

	
1.0

	

	
1.1




	

	
I

	
5.8

	
1.0

	
1.1

	
0.9

	
0.8

	

	
1.1




	
October

	
II

	
5.9

	
0.5

	
1.2

	
0.7

	
0.7

	

	
1.0




	

	
III

	
5.9

	
0.3

	
1.2

	

	

	

	
0.9




	

	
I

	
6.0

	
0.2

	
1.2

	

	

	

	
0.9




	
November

	
II

	
6.0

	
0.1

	
1.2

	

	

	
0.5

	
0.8




	

	
III

	
5.8

	
0.0

	
1.2

	

	

	
0.5

	
0.5




	

	
I

	
5.6

	
0.0

	
1.2

	

	

	
0.8

	
0.5




	
December

	
II

	
5.5

	
0.0

	
1.2

	

	

	
1.0

	
0.5




	

	
III

	
5.5

	
0.0

	
1.1

	

	

	
1.2

	
0.8




	

	
I

	
5.4

	
0.0

	
1.0

	

	

	
1.2

	
1.0




	
January

	
II

	
5.4

	
0.0

	
0.9

	

	

	
1.2

	
1.2




	

	
III

	
5.7

	
0.0

	
0.8

	

	

	
1.2

	
1.2




	

	
I

	
5.9

	
0.0

	
0.7

	

	

	
1.2

	
1.2




	
February

	
II

	
6.1

	
0.0

	

	

	

	
1.1

	
1.2




	

	
III

	
6.5

	
0.0

	

	

	

	
0.9

	
1.2




	

	
I

	
6.9

	
0.0

	

	

	

	
0.7

	
1.1




	
March

	
II

	
7.3

	
0.0

	

	

	

	
0.6

	
1.0




	

	
III

	
7.4

	
0.0

	

	

	

	

	
0.9








* The cultivation season at Gezira scheme starts at June and ends in late March. The period from early April to late May is located for hydraulic structures maintenance and canals clearance [25].
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Table 3. Comparison between the Indent method and crop water requirement method.
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	Method
	Concept
	Measurement
	Advantages
	Disadvantages





	Water order method (Indent)
	Gives a fixed amount of water per unit area based on long-term calculation.
	Fixed irrigation intervals and volume.
	1. Easy to use.

2. Simple.

3. Can improve accuracy with experience.
	Low accuracy.

Fieldwork and experiments are required to update the values.



	Crop Water Requirement
	Substituting the water consumed by crop through calculating evapotranspiration from climatic data.
	Based on updated climatic parameters: temperature, radiation, wind, humidity and expected rainfall.
	1. No fieldwork required.

2. Flexible.

3. Forecast future irrigation needs.

4. The same equipment can schedule many fields.
	Needs calibration and high-quality data.

Calculations cumbersome without the computer.
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