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	URL
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	https://www.dropbox.com/sh/fon27voo6acz4ky/AADoTPGXTmkea9bAyym5Nv1wa/2-Field%20Data/5%20-%20Baseline%20assesm.methodology?dl=0

	5. Gender analysis methodology
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	https://wle.cgiar.org/markets-offer-women-opportunities-capitalize-ecosystem-services

	Policy brief based on the findings of the study in the area of the Arys-Turkestan region 


	http://carececo.org/knowledge/bazy-dannykh/database-of-the-project-valuation-of-ecosystem-services-for-improving-agricultural-water-management-/

	Announce on the project goal, its objectives, partners and other project information on the CAREC web-site
	http://carececo.org/projects/otsenka-ekosistemnykh-uslug-dlya-uluchsheniya-upravleniya-vodnymi-resursami-v-selskom-khozyaystve-v-/ 

	Article on results of project coordination meeting, devoted to the celebration of the World Environment Day which was held on 5th of June 2015
	http://carececo.org/news/sem-milliardov-zhelaniy-odna-planeta-potreblyay-berezhno-/?sphrase_id=181

	Article on results of the republican contest "Best in Profession", attended by project Master student, Daulet Egemberdiev, who was the winner
	http://carececo.org/results/poluchil-diplom-ot-ministra-obrazovaniya-i-nauki-rk-kubok-pobeditelya/


	Sharing on CAREC’s FB account the ICARDA article on seeking novel ways to share water and improve ecosystem services in Kazakhstan
	https://www.facebook.com/permalink.php?id=102585569825985&story_fbid=820671381350730
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	3. Report on Focus Group meetings to understand the water value, possible changes in water availability and use and willingness to pay for water
	https://www.dropbox.com/home/Project%20Database%20(ICARDA)/6-Activities/14-15%20of%20December%202015%20%20Focus%20Group%20Meeting?preview=Report+of+Local+Expert+on+Focus+Group+meetings+to+understand+the+water+value_14-15+December+2015.docx 
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Project summary 
The project was aimed at improving agricultural water management in the lower Syr Darya River Basin in Turkestan Region of Kazakhstan. The project territory was chosen as a part of the South Kazakhstan Province, populated by about 2.8 million people, 63% of which resides in rural areas and most of them are farming.  The province ranks first in the Republic of Kazakhstan with regards to the area of irrigated agricultural lands. Part of the water resources available for irrigation originates in the Karatau range, but most of it is diverted from the Syr Darya River, hence it originates from the Chardara reservoir (Figure 1). 
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Figure 1: Location of the project area within the Syr Darya River basin

While the Syr Darya River is the main source of water for irrigation and other economic activities, it carries a high concentration of nutrients, pesticides, sediments and sewage water from upstream irrigated areas of riparian states. Associated with unsustainable water uses, outdated irrigation systems and riparian forests logging, current water usage creates many difficulties for downstream water users and harms productivity and their livelihoods. Furthermore, water users and water uses are numerous, with different needs for water and impact on this resource, and there is no clear picture of the extent to which each of the stakeholders involved are affected, and for which reason. Similarly, there is no quantitative information about the nature of water users’ problems, such as water quantity, quality or timing, which are crucial pieces of information for solving these issues. Finally, the impact of each water user on the others has never been studied, documented, which prevented from identifying key actions to resolve the issues.

To support the region in improving downstream ecosystem services, three pilot research areas in the lower Syr Darya River Basin were selected - Karashyk, Staryi Ikan and Bugun villages. They were chosen through identification and valuation of main water-related ecosystem services and because represent the whole basin and were chosen due to different land and water problems they face. The project was implemented with a hypothesis that water productivity could be substantially increased by optimizing 
irrigation, by improving on-farm irrigation management, introducing proper irrigation methods, introducing new crop varieties, and integrating appropriate agronomic practices in the crop production system with suitable institutional arrangements and policies. The research involved farmers and local communities and got a support and full cooperation of the governmental bodies. 
The project was started in the second half of 2014 and has ended in December, 2015ct had the following objectives: 

1) To identify current conditions of agricultural water management in lower Syr Darya River basin using SWAT and RIOS/InVEST models; 
2) To conduct targeted capacity building and stakeholder engagement in order to promote alternative ways of land and water use in project territory; 
3) To understand gender constrains and/or challenges to access and use irrigational water and do possible interventions to increase the gender capacities.
Three main types of achievements, briefly described below, were generated by the project: methodological, research findings and capacity building for individuals and institutions.
Methodological concepts designed to understand the local context, generate information and data for scenario development and RIOS and SWAT models helped identify the most efficient usage of water in the pilot area. The methodology involved assessment in agricultural, irrigation, environmental aspects and assessment of water value and willingness to pay, as well as gender analysis. The scenario based methodologies (RIOS and SWAT) allowed project stakeholders to identify ecosystem services that are affected by alternative agricultural practices modeled with SWAT, and then to evaluate changes in provision of these services, using RIOS. Also, participatory research approach was used for identifying stakeholders, mapping and engagement.
The project also used a participatory research approach consisting of focus groups discussions, field surveys and community/national consultations. Three rounds of community consultations, accompanied by focus group discussions and interviews, which were held in the three pilot villages in March, June and December 2015. 

These meetings aimed first to introduce and discuss the project rationale, approach, expected, mid-term and final outcomes to local partners. On the other hand, these consultations were used to collect data on water users and uses, drivers of water use and on the role of women in water resources management. They were very useful to map stakeholders involved in water management and understand the current water governance scheme. On the final focus group consultations, local partners 
from state authorities, research and educational organizations, as well as from farmers and local communities were encouraged to cooperate with the national experts in conducting the research activities planned for the selected sites. In particular, project involved Biogen NGO, Turkestan Kazakh-
Turkish University, South Kazakhstan Water Management Organization (Ugvodkhoz), Karatau Nature Reserve, Aral-Syr Darya Basin Council, individual farmers and farmer associations, village authorities and local women groups. Representatives of project stakeholders served  as a members of the project Working Group and met once a year to discuss the project activities, lessons learned and to orientate the project team.

The main research findings are the following:
· Water use: Main water user in Turkestan Irrigation System (TIS) is the irrigated lands and crops, livestock, populations, and the environment. The irrigation water application levels are very high, reaching up to 6000 m3/ha at field level (almost 11000-12000 m3/ha in total).  Number of irrigation for cotton is 3 times and for vegetables only 2 times, indicating water application per irrigation is huge (3000 m3/ha).  This is maybe due to higher salinity levels of irrigated areas (sodicity) or irregular/unreliable water supply. Total water withdrawals for all purposes in TIS is equal to 118.87 million cubes.
· Water management: Social and technical aspects of water management in TIS are determined by the fact that irrigated crops remain main source of living for the rural population. Water management in Turkistan Irrigation System is organized in semi-hydrological order; state control and water planning is conducted by basin inspections - Aral-Syrdaryanskiy Bassyenovya Inspectsya, while the distribution is the administered by the territorial water management organizations (UgVodkhoz). The water users are organized through Agricultural cooperatives of water users (SPKV) which are set up along the borders of former collective and state farms. 

· Major factors/drivers of water resources use: The following factors are important in decision making on the water usage:
1. Agricultural factors: crops, operations, knowledge and skills for cropping

2. Access factors: location of irrigated land, pumping equipment 

3. Land factors: quality of land, productivity

4. Financial factors: investment, credits and subsidies.

· Gender constraints: There are no gender based constrains in access and usage of water, but the potential of local women for more effective use of water and land services needs. This potential has not been used, despite the fact that the shortage of water in irrigation season negatively affects both men and women, and economic development of the region in total. 
At the same time, women participate rather little in water related decision making on all levels: family, village, region and even national, because of their ascribed traditional role being as the priority: maintaining household and raising children. Moreover, poor economic development of the region causes lack of business opportunities for the entire population, but it affects women especially, as they have less opportunities for employment, changing life strategy, business and education. Women’s opportunities to benefit from the ecosystem services can be influenced by various factors, including cultural, traditional and religious norms. However, in the case of Karachik, access to markets is the most prominent factor granting women active economic participation and, by extension, greater equality with men;
· Water service value and willingness to pay: Project stakeholders have a slight idea about the ecosystem services and their value as well as the difference in opinion between men and women. The consultations revealed that in general majority of the farmers were willing to pay for the irrigation water under improved irrigation infrastructure. While men expressed consent to pay and tentatively indicated 
a percentage - up to 3% of the income from the harvest, women are strongly against any payments. At the moment farmers pay approximately 0,001 % of the income for water. 

Therefore, capacity building was set as a high priority in order to ensure effective progress for the project and its sustainability after completion. Different activities were carried out in this regard, including provision of technical support for Master’s degree student of Taraz State University. Additionally, trainings and demonstration days were held jointly with project partners on various subjects. Out of these, strengthening of CAREC’s institutional capacity, in particular through organization of trainings on SWAT modeling and GIS technologies, using ArcGIS 10 software were organized earlier in the project phase and were highly appreciated by the CAREC staff as well as by the main local partner - the South Kazakhstan Hydrogeological and Melioration Expedition (SKHME) under the Ministry of Agriculture. Two demonstration days on technologies of fruit drying and greenhouses promoting the women-led agricultural business were held in all pilot villages.
Background

The project pilot area is situated 250 km downstream from the Chardara reservoir, between the Syr Darya River course and the Karatau mountain range (Figure 3). 
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Figure 2: Turkestan city administration area
Table 1: General information on the South Kazakhstan Province and Turkestan city administration area 

	
	South Kazakhstan Province
	Turkestan city administration area

	Population in 2012
	2,734,700
	244,100

	Population density 
	22,4 person per km2
	33,0 person per km2

	Total area, thousand km2
	117.2
	7.4

	Number of agricultural units in 2012  
	74,050
	4,968

	Total cultivated area (ha)
	772,183.8 
	38,944.1

	Soil types 
	Grey soils and grey brown soils
	Bright southern and ordinary serozems, sand and gravel

	Agro climate characteristics 
	Dry arid zone
	Dry arid foothill zone

	Annual precipitation 
	Plain – 50-250 mm, 

foothill – 750 mm
	180-200 mm

	Average air temperature 
	January -9.6°C in the north part,

-0.9°C in the south part

July +20/+30°C
	January -10/-15°C

July +35/+40°C

	Main economic drivers 
	Agriculture
	Tourism, agriculture


Turkistan irrigation system is one of largest irrigated areas of South Kazakhstan (Figure 2), with a total of 237562  ha receives water from a Turkistan Main Canal (TMC) of 143 km which is fed from Bugun Reservoirs of 372 млн м3.  The Bugun Reservoir is fed by water from Arys River (Syr Darya sub-basin). 
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Figure 3: Map of the Study area-Turkistan irrigation System

The TMC originates from Bugun water reservoir (370 million cubic meters) and flows towards the west on about 130 km. The reservoir is fed from the Arys River basin via the Arys Canal. The reservoir provides water to Turkistan Main Canal (TMC) mainly for irrigated crops and to the Bugun River, which flows to the Chushkul wetlands, a complex of lakes and meadow (Figure 3).  Water from Bugun reservoir is not sufficient to provide irrigation water to the whole Turkistan Irrigation System, and about 30,000-35,000 hectare of lands situated on the right bank of the TMC are irrigated from numerous small rivers flowing from the Karatau mountain. 
The study focused on the left bank of the TMC, irrigated only from the canal. The study area encompasses rich and important ecosystems, which are part of the larger Syr-Darya ecological corridor. The Chushkul wetland complex, situated south form Turkistan city and fed by the Bugun River, is remarkable on one hand for its biodiversity and ecosystems (e.g Tugai forest ecosystem). On the other hand, it plays an important role in the local economy with development of (i) hunting, (ii) fishing and (iii) livestock grazing activities. It therefore provides a wide range of ecosystem services. The biological balance of this wetland complex and businesses associated with it are tightly correlated to water availability. Management decisions of the Bugun reservoir and trade-offs between providing water to irrigation lands and to natural ecosystems can therefore strongly affect this natural area. In this context, the Chushkul wetland will be the main natural area considered during project activities. Closer to the Syr Darya River, the recently established Syrdarya – Turkistan Nature Park, is one of the biggest in Kazakhstan and aims at protecting riparian ecosystems of great biological significance. Finally, the Karatau Nature Park, north of the TMC along the Karatau mountain range, includes rare mountain ecosystems and listed fauna and flora species protected by law.

The pilot area includes three villages - Bugun, Stary Ikan, Karachik. The Syr-Darya River is the main source for irrigation agriculture and the main source for Bugun Reservoir situated in Bugun village (Figure 3).
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Figure 4: Project pilot area

Bugun village is in the head-end of the canal. Families here have the easiest access to the water, the highest average land holding (three to five hectares) compared to the other two villages, but they lack access to markets. The population is about 4, 117, according to the statistical data of 2009.  
Staryi Ikan, located in the middle of the canal, has less easy access to canal water, compared to Bugun.  Staryi Ikan is located slightly closer to the market. Families here own much less land than those in Bugun, only between one and four hectares. The population is about 14, 294, according to the statistical data of 2009.  
Karachik village is located at the tail-end of the canal. Families here have the worst access to water. Family plots average one and a half to four hectares. Karachik is closest to the market. The population is about 6 880 people, according to the statistical data of 2009.  

Local population in the area of the watershed of the Bugunski Reservoir, which includes three pilot villages, mainly grow irrigated crops: cotton, fruits and vegetables. Livestock farming includes large and small cattle, mostly within households. 
Currently, the area is experiencing a general decline in the production volumes of agricultural crops, including cotton. This is explained by the decline in the volumes of water supplied mainly from the Syr-Darya River and the Bugunski Reservoir, and flooding and salinization that take fertile lands out of production. The latter occurs partly because of the drainage networks which are obsolete or broken, which cause flooding of soils. The lands were contaminated with pesticides, residues of the fertilizers from the fields, which also impair the productivity of these lands and the quality of harvests. 
Over the last two years, The Regional Environmental Center for Central Asia (CAREC, www.carecnet.org) has been implementing in Turkestan area a project aiming at creating cooperation mechanisms between local stakeholders in order to enhance ecosystem services provision. Specifically, CAREC worked on creating a formal relationship between the Karatau nature reserve, farmers, herders, schools from Khantagi and Ikansuu villages, and a local NGO. After a rapid assessment, water quality and landscape aesthetics were identified as main ecosystem services to be maintained. The former impacts local communities through irrigation and drinking water supply, while the latter is the main basis for developing ecotourism in the area. Two local cooperation schemes were created. The nature reserve committed to develop a plan for rational pasture management in its buffer zone to limit soil erosion and grazing in the Khantagi Riverbed. Meanwhile, water points are being built on remote pastures to destock degraded rangelands. Finally, in order to reduce the grazing pressure, the nature reserve held trainings on alternative sources of income such, e.g. greenhouse construction and management, and promoted the use of water-saving technologies (drip irrigation).

Under these circumstances and existing experience, CAREC initiated and implemented with support from ICARDA the project “Valuation of ecosystem services for improving agricultural water management in Kazakhstan”, in order to review the use of water and land resources and identify new alternatives for agriculture and water management, which may contribute to the sustainable development of the region. This project was a part of the CGIAR Research Program on Water, Land and Ecosystems (WLE) and supported by CGIAR Fund Donors.
The overall project goal: Improving agricultural water management in the low Syr Darya River Basin will lead to improvement of other downstream ecosystem services sharing same water, and through the identification and valuation of main water-related ecosystem services, a plan can be developed for payment for improvement of agricultural water management.
Research methods and focus

The focus of the research were defined with the hypothesis that water productivity could be substantially increased by optimizing additional irrigation, improving on farm irrigation management, introducing proper irrigation methods, introducing new crop varieties, and integrating appropriate agronomic practices in the crop production system with suitable institutional arrangements and policies. The key to the realization of the hypothesis was the involvement and participation of farmers and local communities as well as the full cooperation of the governmental organizations. Gender issue was another project focus, in particular the role of women in water management and their specific needs (technical, financial) to develop income-generating activities.

This approach generated research methods as a combination of quantitative, qualitative and participatory research techniques, and could be replicating widely.

Several types of data were collected, according to the methodological concepts developed for gender analysis, agricultural, irrigation and environmental assessments as well as the methodology of assessment the water value and willingness to pay. 

· The Agricultural Assessment was designed to understand the role of agriculture in the local (TMC) economy, livelihoods and interaction with environmental systems. It was based on: i) quick assessment of cropping structures, yields and farming practices; ii) data collection from secondary sources; iii) direct measurements in the selected farms, fields; iv) interviews and field observations, the methodology supported collection of data on use of water, types of crops,  yields, productivity, agricultural practices, cropping systems; 

· The Irrigation Assessment was designed to understand irrigation practices, water use for irrigated agriculture, irrigation efficiency in study area (TMC) and potential water saving, opportunities for water use efficiency improvements, best practices and champion farmers. It was based on: i) secondary data collection; ii) direct measurements; iii) field observations and interviews, the methodology supported collection of data on water application rates, return water (drainage), water use indicators (quantities, qualities) and irrigation practices, identification of best water saving practices and champion farmers;
· The Environmental Assessment was designed to identify the main ecosystem services (ES), their providers and beneficiaries, as well as methods for economic valuation. Using monetary and non-monetary approaches, and depending on data availability, methods were: i) Market price valuation; ii) Contingent valuation, used to identify the monetary value of each of the ecosystem services and average contribution of these services to the incomes of ES beneficiaries;
· The Assessment of Water Value and Willingness to pay was designed to understand peoples’ feeling about the value of water, possible changes in water use and willingness to pay. The contingent choice method asked local communities, on focus group discussions (FGD) whether would they pay for water and for what quantity, quality and availability of water is reduced or deteriorated;

· The Gender Analysis was designed to understand if there are gender based constraints and/or challenges in access to and use of different water resources and if yes, how existing and potential water issues affected women in comparison to men (groups and individuals). Additionally, methodology supports the understanding of local women needs in specific empowering and capacity building along 
with incentive-based mechanisms for enabling women groups, adopting a more rational use of water resources.

Scenario based methodologies (RIOS and SWAT) identifies a suite of ecosystem services that are affected by the alternative agricultural practices modeled with SWAT, and then evaluates changes in provision of these ecosystem services using RIOS. In particular, SWAT based research identifies of a suite of ecosystem services that are affected by the alternative agricultural practices and evaluation of alternative irrigation practices and cropping systems that can conserve water in the Syr Darya River while maintaining farmer productively level in a similar manner. In addition to that, RIOS allowed identifying a set of alternative land use management practices and then optimizing these practices in the watershed, based on the economics of crop production and the number of beneficiaries affected.  RIOS model also specified different levels of investment and then optimized the allocation of alternative practices, based on the costs of establishing each practice.   
Baseline assessment 

The baseline assessment comprised quantitative, qualitative and participatory research methods, which included stakeholder identification and mapping, identification of drivers of water use and gender aspects, collection of main indicators and data used in the SWAT and Re/Invest models.
Stakeholder mapping 

Stakeholder mapping was an important step to understand project stakeholders, interrelationship among them, as well as their role in water and land management in pilot area. Qualitative methods, in particular participatory research technique was the main research method, which used to carry out and analyze the project stakeholders. 
The assessment used both primary and secondary data. The prevalence was given to the primary sources (especially official / internal sources: databases, official documents). Moreover, a dedicated community consultation was conducted in December 2014, to list relevant groups, organizations, and people from government, industry, community, farmers and water users, etc. 
Once we identified a list of stakeholders, the second phase of stakeholder mapping exercise, organized within CAREC project team (Picture 1)., was the analysis of stakeholder perspectives, interests and roles and visualizing their relationships to objectives and other stakeholders. The following criteria supported the analysis of each identified stakeholder: 
• Contribution to the water and land management in national, province and local levels; 
• Power: How stakeholder uses power in decision-making process, relating with financial, environment and legislation context? 
• Influence: How much influence does the stakeholder have? 
• Communication: How is the communication set between project stakeholders? 
Picture 1: Stakeholder map by CAREC project team (November, 2015)
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The second one, designed to update the map, organized jointly by representatives of local communities, farmers, water users and authorities, during the policy consultations in December 18, 2015 (Picture 2). 
Picture 2: Stakeholder map by key stakeholders and WG (December, 2015)
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Identification of drivers of water use
The process of identification of drivers of water used considered quantitative and qualitative research methods and consisted of community consultations as a participatory research method, as well as irrigation and agriculture data assessment.

Several community consultations to identify drivers of water use and water governance bodies were conducted in the pilot area in 2014.  Participants represented village authorities, herders and farmers, water cooperatives, agro-processing companies, village elders’ council, village women council, NGO, representatives and schoolteachers. These meetings organized in a open discussion format in order to collect a large range of information. Project guided participants in their discussions through a series of questions:

· Which stakeholders use land and water resources (LWR) in your village?

· Who manages and regulates the use of LWR? 

· What are the main driving forces towards expanding, enhancing, changing or updating your agricultural practices and approach to land and water resources management?

· What are the main barriers towards expanding, enhancing, changing and updating your agricultural practices and approach to land and water resources management?

· How do women primarily use LWR in your area?

· How do women participate in LWR management?

· What are the barriers preventing a more active position of women in LWR management and use? 

Secondary data collection, direct measurements, field observations, interviews and questionnaires used as a main data collection method, identified by methodological concepts on irrigation assessment, which were designed to understand irrigation practices, water use for irrigated agriculture, irrigation efficiency in the study area (TMC) and potential water saving, opportunities for water use efficiency improvements,  best practices and champion farmers. 

Structure of the assessment:

1. Initial irrigation assessment: water application rates, return water and irrigation practices via interviews with water experts, farmers and other users

2. Data collection and analysis of last 5 years irrigation information for TMC area

3. Field assessment of water use in irrigated agriculture and infrastructure situation in TMC

4. Field measurements for 3 selected farms for detailed data and information collection.
According to the methodology, the data to be collected and information sources are following:

Table 2: Type of data and source for irrigation assessment
	Type of data
	Source

	Quantity of irrigation water withdrawals from Bugun reservoir and TMC for irrigation (daily)
	Bugun reservoir authority and Turkistan Canal Management 

	Quality of irrigation water for irrigation from Bugun reservoir  and TMC for irrigation (daily)
	Bugun reservoir authority and Turkistan Canal Management

	Quantity and quality of return water from irrigated areas (daily)
	Hydrological – amelioration expedition of South  Kazakhstan, Turkistan unit

	Water-salt balance for TMC (as whole and separate for 3 zones)
	 Turkistan Canal Management and/or Hydrological – amelioration expedition of South  Kazakhstan

	Water application rates for 3 selected farms (in three zones)
	Field measurements

	Water quality applied for irrigation in 3 selected farms
	Field measurements

	Ground water levels in 3 selected farms
	Field measurements

	Climatic indicators for TMC zone
	Data from meteorological station in Turkistan and Bugun

	Irrigation practices in the study area: furrow irrigation area, drip irrigation area, basin irrigation area
	 Field observations and data from Turkistan Canal Management

	List of water saving “best practices”
	Field observations


The methodological concept on agricultural assessment was designed to understand role of agriculture in the local (TMC) economy, livelihoods and interaction with environmental systems and collect the data on use of water, types of crops, yields, productivity, agricultural practices and cropping systems.
Structure of the assessment:

1. Initial irrigation assessment: water application rates, return water and irrigation practices via interviews of water experts, farmers and other users

2. Data acquisition and analysis of last 5 years irrigation information for TMC area

3. Field assessment of water use in irrigated agriculture and infrastructure situation in TMC

4. Field measurements for 3 selected farms for detailed data and information acquisition
Methodology required consideration of the following data collection methods:

-quick assessment of cropping structures, yields and farming practices

-data collection from the secondary sources

-direct measurements in the selected farms, fields

-interviews and field observations 

According to the methodology, the data to be collected and information sources are following

Table 3: Type of data and source for irrigation assessment

	Type of data
	Source

	Quantity of irrigation water withdrawals from Bugun reservoir and TMC for irrigation (daily)
	Bugun reservoir authority and Turkistan Canal Management 

	Quality of irrigation water for irrigation from Bugun reservoir  and TMC for irrigation (daily)
	Bugun reservoir authority and Turkistan Canal Management

	Quantity and quality of return water from irrigated areas (daily)
	Hydrological – amelioration expedition of South  Kazakhstan, Turkistan unit

	Water-salt balance for TMC (as whole and separate for 3 zones)
	 Turkistan Canal Management and/or Hydrological – amelioration expedition of South  Kazakhstan

	Water application rates for 3 selected farms (in three zones)
	Field measurements

	Water quality applied for irrigation in 3 selected farms
	Field measurements

	Ground water levels in 3 selected farms
	Field measurements

	Climatic indicators for TMC zone
	Data from meteorological station in Turkistan and Bugun

	Irrigation practices in the study area: furrow irrigation area, drip irrigation area, basin irrigation area
	 Field observations and data from Turkistan Canal Management

	List of water saving “best practices”
	Field observations


Database design and development
Starting from 2014, CAREC identified and collected data, which included into open ACCESS and GIS databases and used for calibrating the SWAT model, in particular:

· Alternative use of irrigation water in cubic meters (alternative to surface irrigation, i.e. use of underground water);

· Drainage flow per drainage canal in cubic meters;

· Position of monitoring wells (monitoring of underground water level and salinity);

· Meteorological data (temperature and precipitation);

· Land use per type of culture in hectare;

· Groundwater level and salinity;

· Agricultural technologies (per type of drop. Crop rotation, cropping sequence, application of fertilizers/pesticides, etc.);

· Bugun reservoir’s water inflow/outflow in cubic meters;

· Water intake (water taken from the irrigation system) and water supply (water supplied to farmers) in cubic meters;

· Water quality (following priklonskii standards).
Economic and financial data (agricultural technologies, crop rotations, subsidies, side incomes from non-agricultural related activities) were collected through individual and group interviews with farmers. 
The open ACCESS and GIS databases (http://www.carececo.org/knowledge/bazy-dannykh/database-of-the-project-valuation-of-ecosystem-services-for-improving-agricultural-water-management-/) consisted the data on:

· Administrative boundaries and settlements 

· Hydrology (lakes, reservoirs, rivers, irrigation and drainage networks)

· Land uses (crop type)

· Type of soil

· Land melioration (soil quality according to a USSR classification) 

· Monitoring network (gauging stations, observation wells)

In 2015, project team continued work on data collection and delivered socioeconomic data for the model, as well as an information on subsidies, investments and budgets available in the region to use for RIOS modeling. 
Additional farmer surveys through structured questionnaires, were used along with SWAT modeling in understanding of their willing to change from flood irrigated cotton to alternative irrigation methods and cropping systems.  

Gender assessment
Gender issues are one the main project focuses, in particular the role of women in water management and their specific needs (technical, financial) to develop income generating activities. 
The gender analysis methodology was designed to understand if there any gender based constraints and/or challenges to access to and use of different water resources existed and if yes, how existing and potential water issues affects women in comparison to men (groups and individuals). Additionally, methodology supports the understanding of local women need specific empowering and capacity building activities along with incentive-based mechanisms for enabling women groups adopting a more rational use of water resources. Gender research also supported the identification of gender-disaggregated data on the region and village level (population, age, education, agriculture, poverty, economic activity, unemployment). 

Secondary data collection, focus group discussions, survey-choice experiment was recommended to use as a main data collection method for the following research data. 

Table 4. Type of data and source for gender  assessment

	Data 
	Data sources and methods 

	Gender-disaggregated statistics: population, age, education, agriculture, poverty, economic activity, unemployment 
	Village profiles, statistical analysis (depending on data availability)

	Family: average number of children, family composition, distribution of responsibilities for housekeeping among (broken down by gender) 
	Discussion in separate focus groups (separate men and women) with at least 10-20 participants

	Family land: Average size of the land per family? Who owns the land, what do they do as land management practices, who decides what to plant, when, etc.? or what inputs to buy? Who sells the produce?
	Discussion in separate focus groups 

	Kitchen garden: average size of kitchen garden per family? Who works in kitchen garden? What do they do as kitchen garden practices? Who decides what to plant, when, etc.? or what inputs to buy? How kitchen garden is watering? Who sells the produce?

	Discussions in separate focus groups 

	Agricultural water use: water use practices on fields and kitchen gardens? Is there applied water saving technologies? Is there are incentives to use new technologies? Who (men or women) use those technologies and makes decisions to bay, install them?  
	Discussion in separate focus groups 

	Non-agricultural water use: what are the non-agricultural sources income in the area (for men and women) , how dependent are these alternative sources of income on water? which water source?
	Discussions in separate focus groups 

	Access to information: how do men and women access information on new technologies, or recommended water management practices?
	Discussions in separate focus groups 

	Access to markets:  nearest market. Who sells what in the market? Any packaging involved? Harvest processing? Post harvest storage (dairy products, vegetables etc.)?
	Discussions in separate focus groups 

	Access to credit: availability and accessibility of credit for both men and women and at what cost (interest, collateral, etc)?
	Discussions in separate focus groups 

	How much do men and women value different sources of water?

For example, if changes in provisioning services e.g. reduced water availability, reduced quality happened… how their life would change if this were to happen? How much they would pay for obtaining the same volume of water?
	Survey – choice experiment

in separate focus groups (at least 5-10 participants) 

	Stakeholders: what groups of stakeholders, which deal with agriculture water issues, exist? Gender composition of those groups? If women can influence decisions/activities of those groups? What relations between those groups of stakeholders?
	Stakeholder mapping game 

in separate focus groups (at least 5-10 participants) 


SWAT and RIOS model based assessment 
At the practical level, the SWAT and RIOS based research aimed to support decisions towards sustainable water management in project territory, by quantitatively estimating the availability of water-related ecosystem services in the lower Syr Darya River basin. At the conceptual/methodological level, the research developed and applied a method to carry out such predictions.

The Soil and Water Assessment Tool (SWAT) model is a biophysical model, which used to simulate the impacts of alternative land use management practices on crop yield, stream discharge, and water quality.  In this research, the modeling exercise conducted to evaluate alternative irrigation practices and cropping systems that can conserve water in the Syr Darya River while maintaining farmer productively level in a similar manner. The data collected from the limited survey and expert opinions were used as input into the SWAT model to setup the entire Syr Darya river basin from the Kazakhstan country border based on the water release from the Chardara dam during 2009-2013 monthly data.

Initially using the baseline data, the SWAT model was setup to Bugunski reservoir such as cropping patterns, cropping management, water requirement, nutrient management etc. to make sure model was producing reasonable results. Only few gaging data for limited time were available to calibrate the flow. Then the calibrated model parameters were transferred to the large Syr Darya River Watershed to simulate the entire large basin flowing into Aral Sea. There were not enough data to calibrate spatially or temporally across the large basin. 
Alternative practices evaluated included:

· Better irrigation water management (sprinkler and drip)

· Reduced fertilizer application 

· Substitution of flood irrigated cotton with more water efficient crops (alfalfa, grapes, pomegranates)

Impacts of alternative practices evaluated included:

· Improvements in water conservation through reduced irrigation demand from agricultural lands

· Improvements in water quality (reduced phosphorus, nitrogen and sediment losses from farms) 

Methods

As shown in the Figure 7, the watershed of Syr Darya was simulated for the period of 1981 to 2013 with the available reservoir release data from Chardara Dam for the period of 2009 to 2013. In Figure 1, it is also shown (in red color) Bugunski reservoir where most of the data were collected from surveys for this study. The modeled watershed was divided into 68 subbasins.

Farmer sample surveys were conducted in the Bugun, Steri Ikan and Karachik villages downstream of the Bugunski reservoir (a tributary river of the Syr Darya. Surveys assessed cropping systems and irrigation practices used by farmers, along with costs of fertilizer inputs and prices paid to farmers for their crops.  
Survey results indicated that up to 60% of the farmers in these villages were willing to change from flood irrigated cotton to alternative irrigation methods and cropping systems. These alternatives could include drip irrigated cotton, drip irrigated orchard crops (e.g. pomegranates or grapes), and sprinkler irrigated alfalfa.
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Figure 7: Syr Darya river watershed from Chardara Dam (red outline is the Bugunski reservoir watershed).

Results

The total modeled watershed is 119,500 km2 from Chardara Dam to Aral Sea (Figure 7). Based on the baseline model setup of existing landuse and simulation of 1981-2013 period, the average annual hydrologic watershed budget is shown in Figure 8. 
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Figure 8: Hydrologic water budget of the Syr Darya basin 1981-2013.
With the average annual rainfall of 339.1 mm of which 230 mm is the evapotranspiration (ET) with about 109 mm of water yield from the 115,900 km2 watershed. This shows a long-term average of 68% of the hydrologic budget was the ET and 32% was the stream flow,  31% of stream flow was base flow and 69% was direct runoff. The land use distribution of the watershed is shown in Figure 3.
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Figure 9: Land use distribution of the Syr Darya River Watershed.

Table 5 shows average annual SWAT simulated output for hydrologic budget, sediment yield and nitrogen yields for the period of 1981-2013. Most of the irrigation were for the winter wheat in the southeast part of the watershed, rice along the major river with irrigation canals in the flood plains, cotton were mostly grown in Bugunski reservoir area and corn were above the floodplains also along the river. The agricultural land was only 9% of the total watershed area. Most of the sediments come from the steep slopes with barren or very sparsely-vegetated land with cool season grass. Cotton, corn and rice use most of the water for irrigation in this watershed. With cotton being the largest consumer of the water for irrigation with about 3% of the watershed in cultivated area.  Also several of these landscapes have degraded due to excess grazing by sheep and goats.
Table 5: Average annual SWAT simulated output for hydrologic budget, sediment yield and nitrogen yields for the period of 1981-2013

	Landuse
	Area Km2
	AWC mm
	Irrigation mm
	Rainfall mm
	Runoff mm
	GWQ mm
	ET mm
	Sediment t/ha
	NO3- kg/ha
	Org N kg/ha
	Biomass t/ha
	Yield t/ha

	BARR
	55,064.22
	148.97
	0
	291.9
	97.84
	6.94
	176.17
	11.67
	0.1
	4.59
	0
	0

	FESC
	33,011.49
	101.86
	0
	504.26
	88.88
	105.04
	264.77
	35.89
	0.14
	10.13
	2.33
	1.66

	WPAS
	13,442.99
	122.57
	0
	453.02
	94.55
	63.44
	252.59
	0.07
	0.03
	0.23
	0.53
	0

	RYER
	8,067.44
	97.14
	0
	530.28
	136.5
	106.14
	244.29
	1.69
	0.03
	3.35
	0.48
	0

	WWHT
	3,501.80
	62.42
	275.16
	539.39
	163.52
	104.21
	485.86
	2.81
	1.67
	8.51
	16.92
	5.23

	COTS
	3,057.46
	130.92
	559.22
	422.96
	96.01
	105.07
	734.87
	7.99
	0.51
	10.69
	4.82
	0.4

	RICE
	2,014.20
	176.95
	361.78
	210.91
	5.61
	0.25
	562.52
	0.02
	0.12
	0.09
	4.03
	1.54

	CORN
	1,018.67
	171.59
	483.99
	771.25
	173.55
	182.64
	861.57
	1.55
	2.22
	10.14
	33.12
	11.02

	WATR
	291
	122.74
	0
	247.64
	0
	0
	1,211.48
	0
	0
	0
	0
	0
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Figure 10 shows the pathways to water quality movement in the landscape and in the soil as attached to direct runoff and sediment as well as subsurface movement. There were no field-observed data to calibrate, based on the experience and literature these ranges seems reasonable.
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Figure 10: N and P pathways in the Syr Darya River Watershed (in kg/ha).
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Figure 11 shows the average annual SWAT simulated sediment yield from the landscape simulated for the period of 2009-2013 since the reservoir release from Chardara data were available for only this period. As already noted, most of the sediment yield is from the southeast where the rainfall is relatively high with very steep slopes and very sparsely vegetated or barren land.

Figure 11: Average annual SWAT simulated Sediment Yield (in tons/ha) (2009-2013)
Figure 12 shows the average annual SWAT simulated total N and P contribution by the subbasin for 2009-2013 period. It is evident, due to high sediment the organic N and P contribution were higher in the south east part of the watershed. Relatively comparing with organic vs inorganic N and P, organic contribution were higher as shown in Figure 4 the pathways of N and P movement in the watershed.
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Figure 12: Average Annual SWAT Simulated Total N and P in Kg/ha for 2009-2013 by sub basins.
Figure 13 shows the average annual SWAT simulated soluble nitrates and phosphorus contribution across the landscape by sub basin for the period of 2009-2013 in kg/ha. Relatively, the contribution from the agricultural land was very limited at the sub basin scale as cropland was only 9% of the watershed and distributed throughout the basin. However, since most the croplands were located close to the water resources such as reservoirs and rivers, the local load from agricultural landscapes were higher. In addition, as the water moved from upstream to downstream, the water were abstracted along the river through diversions for irrigation and municipal use, the water quality concentrations were very high near the tail end of the watershed.
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Figure 13:  Average annual SWAT simulated nitrates and phosphorus in soluble form (2009-2013).

Figure 14 shows the total irrigation demand by year for various agricultural watershed in million m3. The average water demand was about 3.9 billion m3 (Bm3) per year for irrigation. This does not consider any of the irrigation efficiencies. If one assumes the irrigation efficiency of 50%, since most of these area are under flood irrigation, the annual irrigation requirement is 7.8 Bm3.
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Figure 14: SWAT simulated irrigation demand in million m3 for all agricultural land (2009-2013)

Figure 15 shows the probability of exceedance curve for total N and total P in millions of kg at the watershed outlet that were reaching the Aral Sea Basin based on the SWAT model simulation for the period of 2009-2013. As the figure shows, the total N in the river is above 0.5 million kg or 500 tons of N and about 220 tons of total P reaching the Aral Sea by month.
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Figure 15: Load duration curve of SWAT simulated total N and P at the watershed outlet (2009-2013)

The Resource Investment Optimization System (RIOS) model is an economic model that allows users to identify a set of alternative land use management practices and then optimize these practices in the watershed based on the economics of crop production and the number of beneficiaries affected.  RIOS allows users to specify different levels of investment and then optimizes the allocation of alternative practices based on the costs of establishing each practice. In this research, the RIOS evaluated changes in provision of ecosystem services that are affected by the alternative agricultural practices modeled with SWAT. 

According to the results of farmer’s surveys and information on economic and financial policy, supporting agriculture sector on local level, three scenarios were evaluated optimum placement of drip irrigated orchards (pomegranates), drip irrigated cotton and sprinkler irrigated alfalfa in regions of the Bugunski Reservoir watershed under the assumption that $100,000,000 US was available for investment.  This level of investment is sufficient to convert at least 30% of the flood irrigated farms to alternative practices.  Direct costs for conversion from flood irrigated cotton to these alternative practices were estimated at $2,800/ha for drip irrigated cotton, $3,000/ha for sprinkler irrigated alfalfa, and $2,500/ha for drip irrigated orchards based on farmer survey data.  In reality, net costs to farmers for these conversions would be lower than these assumptions if payments for crop production and/or government subsidies are considered.  

Three scenarios were evaluated using RIOS with an investment of $100,000,000 involving conversion of roughly 30% of the existing area of flood irrigated cotton to alternative practices (total area converted averaging 37,460 ha).  Scenario A allocated 50% of the investment to drip irrigated orchards (20,000 ha), 30% to drip irrigated cotton (10,714 ha), and 20% to sprinkler irrigated alfalfa (6,667 ha).  Scenario B allocated 70% of the investment to drip irrigated orchards (28,000 ha), 20% to drip irrigated cotton 
(7,143 ha), and 10% to sprinkler irrigated alfalfa (3,333 ha).  Scenario C allocated 30% of the investment to drip irrigated orchards (12,000 ha), 50% to drip irrigated cotton (17,857 ha), and 20% to sprinkler irrigated alfalfa (6,667 ha).  
Reductions in demand for irrigation water associated with these alternative practices were crudely estimated based on the assumption that converting from flood irrigated cotton to drip irrigated cotton would annually save 485 mm of irrigation water, while converting from flood irrigated cotton to sprinkler irrigated alfalfa would annually save 210 mm of irrigation water, and converting from flood irrigated cotton to drip irrigated pomegranates would annually save 670 mm of irrigation water.
Assessment of water value and willingness to pay

The methodology on assessment of water value and willingness to pay was designed to understand people’s feeling about the value of water, and make possible changes in the issue.

Three FGDs with men and another three with women was part of a main research method. It involved villagers (both men and women) from the pilot area with an aim of collecting insight of how communities relate with the proposed changes. 

The list of discussion questions included different main purposes for water use, which was already defined in the previous FGDs; how much respondents pay for water now and whether they notice changes in the quantity, quality and availability of irrigation water in the last 20 years. All the answers should be written down on a flipchart, according to the proposed structure.

Additionally, the question on willingness to pay, discovered during policy consultations, together with discussions on proposed SWAT and RIOS scenarios (attributes or combination of attributes) was completed with expected benefits and costs. 

Capacity building   

Capacity building was one of project’s high priority in order to promote alternative ways of land and water use in project territory, as well as to ensure effective progress for the project and its sustainability after completion and consisted three types of activities: 

1) Empowering of local women communities;

2) Support for MSc student of Taraz State University; 

3) Institutional capacity building of CAREC and project partners.

This project organized training events based on needs and context, in particular, women empowering activity were identified according to the results of first focus group meetings with local communities.  According to their results, list of specific themes for women-led business opportunities identified, further prioritized and resulted in demonstration days, which was organized in three villages after the vegetation period, in December 7-8, 2015. 

Two trainings and demonstration days on growing agricultural products on green houses and on fruit and vegetable drying and processing theme held in three pilot villages with 94 participants, 85 of them were women. 
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	Project zone
	Total number of participants
	Women participants (%)

	Bugun
	18
	18 (100%)

	Staryi Ikan
	47
	40 (85%)

	Karashyk
	29
	27 (93%)

	Total
	94
	85 (90.4%)


The training aimed to strengthen women’s capacities with regard to their current agriculture-based activities, i.e. focusing on kitchen gardening and greenhouse management and in domains where they are yet not active, e.g. water-saving technologies for crop irrigation, alternative crops growing.  

Participants showed a great interest in the new technologies and asked questions on soil and water management in green houses, growing fruits and vegetables, temperature, watering and harvest. They also wanted to know about measures to prevent from soil erosion and salinity. 

The project raised awareness and built capacity to the policy making level through regular dialogues and meetings between the project team and policy makers. The project helped build capacities of local partners such as the International Kazakh-Turkish University (IKTU – located in Turkestan city) through the involvement of Master’s student. The technical and methodological support provided to MSc Student, Daulet Yegemberdyev, in his research on economic valuation of ecosystem services. All the information gathered within the research, was provided for student’s research. Yegemberdyev actively engaged in project activities, especially in conducting focus group discussions and doing a survey for his own research purposes.   
In order to increase the institutional capacity, the CAREC staff and two specialists from the South-Kazakhstan Hydrogeological and Melioration Expedition (SKHME) under the Ministry of Agriculture, the main local project partner, attended the training focused on GIS technologies using ArcGIS 10 software, which was held in September 2014 in Almaty. It followed a logical sequence of presentations and practical exercises on (1) presenting GIS technologies to participants, (2) creating and managing a GIS database, (3) digitizing maps, (4) developing thematic analyses and (5) editing maps for printing. This activity gave participants an intermediate level in GIS technologies and allowed to start quality map digitizing, a key input to the SWAT model. 

A SWAT modeling training was organized hand-in-hand with the GIS training. Organized by Professor Raghavan Srinivasan, this 3-day training aimed to give a basic understanding of how the SWAT model operates and what kind of data it requires to produce quality outputs. A basic modeling exercise was held during the training, using a database prepared by the Professor, based on freely available soil, land use and meteorological data. The findings highlighted the importance of getting accurate field data, as it helps calibrate the model more efficiently and obtain relevant results. This training was also an opportunity to discuss with South Kazakhstan Hydro melioration expedition organization’s staff members, primarily in charge of field data collection, the availability of specific data, their current format and accuracy, and potential needs to reformat them for easier integration into the SWAT database.

In addition, the project staff also participated in the trainings on RIOS and InVEST held in Nairobi in February 2015. The workshop provided basic information on technical use of the instruments and explained all options of the modeling. It was aimed to increase the understanding of perspectives of scenario development and driers for needed data collection form pilot area.  
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Picture 3: Experts from CAREC and project main partner-SKHME attending the training on SWAT modeling

Findings and results
TIS is a typical of irrigation systems of Central Asia, with relatively high crop intensity (1 - 2 crops per season), main crops are cotton, vegetables and forage. Although irrigated winter planning and cultivation is prohibited according to Kazakh law some fields are cropped with winter wheat. 

The irrigation water application levels are very high, reaching up to 6000 m3/ha at field level (almost 11000-12000 m3/ha in total).  Number of irrigation for cotton is 3 times and for vegetables only 2 times, indicating water application per irrigation is huge (3000 m3/ha).  This is maybe due to higher salinity levels of irrigated areas (sodicity) or irregular/unreliable water supply. 

Water productivity in South Kazakhstan fluctuates between 642 $/ha up to 1548 $/ha (Murray- Rust et.al.2003). TIS is located in the tail end of the South Kazakhstan and have median water productivity levels.

Water Governance

Socio-technical aspects of water management in TIS is determined by fact that irrigated agriculture is still main source of livelihoods of rural population. 63% of total population resides in rural areas and most of them are farming. Fruits, vegetables and irrigated wheat are mainly grown for the consumption or local market, which indicates role of irrigated farming in the local economy. 

Water management in Turkistan Irrigation System is organized in semi-hydrological order, state control and water planning is conducted by basin inspections (Aral-Syrdaryanskiy Bassyenovya Inspectsya), water distribution is function of the territorial water management organizations (UgVodkhoz). The water users are organized through Agricultural cooperatives of water users (SPKV) which are organized along the borders of former collective and state farms. 
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Figure 5: Water Governance structure at TIS 

The water supply to the SPKV’s are organized through annual agreements between SPKV or Water users associations and water management organizations. The contracts describes total amount of water to be supplied to SPKV via different irrigation canals. The water distribution plan with 10 day intervals are annexed to the contract. The water is delivered into the irrigation systems of SPKV. 

Total number of SPKV in Turkistan Irrigation System is equal to 13, most of them currently have debts due to low collection rates of Irrigation Service Fees (ISF). The ISFs are collected from each water user (farmer) based on cropping area. Current rates of ISF’s in TIS is equal to 2200 Tenge/ha ($/ha) and collection rates are 65-70%. In Kazakhstan, each farmer receives subsidies according to the Table 1 below. All farmers in TIS receives irrigation subsidies (IS), therefore low levels of ISF payments may be related to the unreliable services of WMOs or SPKV. One of other aspect of further study could be problem of ISF and financial sustainability of water governance structures in TIS. 

According to the water users, major agents in water management are local authority (Akimat), operator of the Arys-Turkestan channel (Ontustic Sushar) which has agreements with water user’s cooperatives (one cooperative on one water distribution channel). The water user’s cooperatives (SPKV), which agrees the price for their service with the Antimonopoly Committee, distribute the water among farmers (on advanced payment approach). The farmers have state act for land rent during 49 years, which provides relative security for investments for land and water management. The fish company operation is based on the license which limits the fish catching, license is issued by Basin Inspection. Other water users such as the sauna and water enterprises are regulated also by the state license (Kiktenko.2014). 

Stakeholder mapping and engagement: 

Both interactive exercises on identification and mapping of project stakeholders demonstrated strongly centralized hierarchy of decision making power among stakeholders. Key stakeholders from the two exercises were: farmers, water user associations, Kazakhvodhoz (state body for water use and distribution), basin inspections, households and ministry of agriculture. 

While the first session made by CAREC team included almost all stakeholders and showed relationship among them, the second map, designed by local representatives, did not consider the local authorities from villages as actors in the local water governance.  Perhaps the reason is related to the absence of some project stakeholders, so they had no the opportunity to reflect their interests and responsibilities. The second mapping exercise also did not include NGOs or local community organizations, which maybe because of their low activity on local level or ambiguity of their role in water management. The map shows that farmers and water users mostly cooperate with departments of agriculture and water resources on oblast level, on the other hand, no relations were observed with the local authorities.  

Three main conclusions can be made from this exercise:

· The tool should be used in close relationship and involvement of local experts possessing information on the local context;

· For the mapping of stakeholders at local level, it is necessary to increase the capacity of local experts in applying various PRA techniques, including interviewing and facilitation skills.
· Stakeholder mapping should be conducted at the beginning, middle and final part of the project implementation to see the differences and improvement in the relationship among stakeholders. 
Drivers for Water Use

The water use efficiency and productivity depends on drivers in the TIS: biophysical, socio-economic and knowledge-information (figure 6). Higher soil salinity, continental climate and low water quality makes irrigation in TIS very difficult task and traditionally farmers over-irrigate fields. Currently, higher food process, inefficient subsidies are further degrading water use efficiency in the area. Recent land reforms have eroded agricultural extension, only few farmers have proper knowledge on land and water management. 
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Figure 6: Drivers of water use 

Fieldwork in Turkistan area and surveys revealed that main drivers of water use are cropping structure, size of irrigated land and access to the water (location).  Although, initially financial incentives such as marker prices, subsidies have been considered as strong incentives further investigation have not clearly proved this hypothesis. The water use per unit have been declining the irrigation zone with only slightly increase in irrigated lands. Moreover, ground water mining became regular for the water short areas of the irrigation system.  Following major factors/drivers of water resources use in the irrigation systems are identified as following:

1. Agricultural factors: crops, operations, availability of knowledge and skills for cropping

2. Access factors: location of irrigated land, availability of pumping equipment 

3. Land factors: quality of land, productivity

4. Financial factors: investment, credits and subsidies

These factors are important in decision making on water use and could be managed for improving of water resources management. 

Gender analysis and results of focus group discussions
The gender research faced some challenges, mostly related with unavailability of gender-disagregated data on village and province levels. Therefore, research findings are based on discussions with local stakeholders and experts through interviews, focus groups discussions and round tables.
The research found, that women remain subordinate to men in daily life. There is a strong gendered division of roles. No one women in studied area occupy a high level position in public bodies. Few of them work in local administrations on technical positions (receptionist, bookkeeper and cleaning lady), even less work in water and land management bodies. While staff of schools and medical clinics, where wages are low, mostly occupied by women.
There are very limited opportunities for men and women to have jobs in studied villages. According to the own estimation of participants of FG meetings, unemployment among women reach 70-75%. The reasons indicated both, traditional approach to gender roles and lack of job opportunities for women, such as objects of social infrastructure, scientific laboratories, etc.
Business in studied villages is mostly represented by very small entities, with 1-3permanent workers. Men lead entities such as café-restaurant, petrol station, feeding stations, points for cotton, joineries, saunas. Women lead smaller entities, such as stalls, pharmacy and veterinary pharmacy, bakery, small cafés. 
Information about new technologies in land and water management people receive from each other, they even do not know about capacity building events conducted by newly established office at the region level authorities.  People have no information about water quality, soil composition.  

Participants of all focus groups know about credit, but have a hard access to credit products. Because there are only two options: Agriculture credit with 7% of interest rate targets only by big farmers or associations, which have more then 300 ha of land. Consumer credits have 23%-28% of interest rate, which is very expensive. Credit decisions in families are taken by men and women together, but the last word – take a men.
Due to social norms, beliefs, and values within family and kinship systems, women have greater responsibility for unpaid domestic and care work, which affects their ability to engage in paid work on the same terms as men. Besides domestic unpaid job work, women also contribute in economic activities of their men: farming and small business. An attempt to identify a contribution of women in 
family budget failed due to a very different range of opinions, possible both: because respondents undervalue, or never value of these jobs and unwillingness to open their privacy.
All three villages, especially Karachik and Staryi Ikan strongly suffer from water shortages, especially in watering season. Nevertheless, local families mostly use traditional practices in water and land use, in processing of agriculture products. More effective technologies, such as drip irrigation, only begin appearing in studied area.
Local authorities follow centralized planning model when the government determines development models and pulls down development indicators. Ecosystem services are not taking into consideration in 
decisions. Opportunities provided by innovative planning tools, such as SWAT and RIOS/InVEST modelling, are hardly known on project territory.

It is necessary to recognize that involved stakeholders have a slight idea about the ecosystem services and their value. Discussions on water value and willingness to pay for water identified the difference in opinion between men and women. While men expressed their readiness to pay and tentatively indicated a percentage - up to 3% of the income from the harvest, women are strongly against any payments. Women insists, that all costs for irrigation infrastructure and rehabilitation of land, should be taken by the authorities. The opinion of local experts is that 3% is absolutely impossible to reach indicator, because at the moment farmers pay approximately 0,001 % of the income.

The study revealed clear gender- and location-based differences in water use in studied villages. For example in Bugun village, which is upstream,30 km far from the nearest market. Having easier access to the only water source - Bugun reservoir, families have bigger size of family land and smaller size of kitchen garden, 3-5 ha and 10-15 acres accordingly. Harvest is sold in bulk. Women here are hardly involved in farming business. Accordingly, they are less involved into business discussions and financial decisions of their men. They are even quite proud of not being involved into selling of harvest on the market. On kitchen garden, women produce fruits and vegetables only for family use.

In Staryi Ikan, the middle user of Bugun reservoir, which is situated 22 km from the nearest market. Families here use smaller size of family land, but bigger size of kitchen garden, 1-4 ha and 15-20 acres accordingly. It is because the irrigation water from Bugun reservoir is ended in the middle-end of July, but kitchen gardens are watering by pumping from water wells. Men and women here follows similar approach as those in Bugun village. Men sell harvest in bulk. Women stay aside and process harvest from kitchen garden only for family use. 

In Karachik village, which represents the tail-end user, but 9 km from the nearest market, all available lands are used for farming and kitchen garden, the last one a bigger then in other two villages. Unlike, women in other Bugun and Staryi Ikan villages, women in Karachik village pursue different livelihood strategies. They are involved into selling of harvest. They sell fruits and vegetables from kitchen garden, as well as milk and meet products on the nearest market. They are actively involved into farming business decisions, keep family budget and participate in financial discussions of their family. 

In spite of different livelihood strategies, women in all villages in all focus groups expressed their interest to build their skills and capacities on following subjects:
· Greenhouse organization and keeping
· Available and effective technologies to process meet, milk, fruits and vegetables and arrange their post-harvest saving (drying fruits)

· Soil quality: characteristics and opportunities to decrease salinity

· Science of farming: when, what and how to seed? Soil preparation and planting. Insemination. 

· Water saving technologies, drip irrigation

· New agriculture cultures relevant to local conditions. 

· Science of doing business: business planning, budgeting, cost benefit-analysis

Results of SWAT simulations 
The Bugunski Reservoir Watershed was divided into 73 sub-basins and 1208 Hydrologic Response Units (HRUs) for SWAT modeling.  SWAT simulations were conducted using climatic data for the region from 1981-2013 along with baseline land use and crop management data obtained through remote sensing and farmer surveys, respectively.  Two scenarios were simulated with SWAT.  The first was a baseline simulation with existing land use and crop management practices that are dominated by flood irrigation of cotton.  The second was an alternative scenario in which 40,439 ha of flood irrigated cotton was converted to 21,109 ha of drip irrigated cotton (conversion cost $59,105,200 US), 13,589 ha of sprinkler irrigated alfalfa (conversion cost $40,767,000 US) and 5,740 ha of drip irrigated grapes (conversion cost $14,350,000 US).  The total cost of converting flood irrigated cotton in the SWAT alternative scenario was $114,222,200 US, about $14,000,000 higher than the conversion costs in the RIOS scenarios A, B and C described earlier.  These differences are due to differences in the area of drip irrigated cotton, sprinkler irrigated alfalfa and drip irrigated orchards considered in the SWAT and RIOS simulations.

Baseline applications of phosphorus and nitrogen fertilizer to flood irrigated cotton were 70 kg P/ha and 190 kg N/ha, respectively.  In contrast, under alternative fertilizer management scenarios, 78 kg N/ha was applied to drip irrigated cotton, 13 kg N/ha was applied to drip irrigated grapes, and no nitrogen was applied to sprinkler irrigated alfalfa.  Baseline irrigation demand for flood irrigated cotton was 1,573 mm/yr. Irrigation demand for alternative scenarios was lower than in baseline flood irrigated cotton.  Irrigation demand for drip irrigated cotton was 840 mm/yr.  Irrigation demand for sprinkler irrigated alfalfa was 754 mm/yr.  Irrigation demand for drip irrigated grapes was 74 mm/yr.  

SWAT simulations showed significant reductions in irrigation water demand in the alternative scenario relative to the baseline scenario (Figure 16).  Under baseline flood irrigation of cotton, annual irrigation demand was 928 MCM/yr averaged over the 32 year climatic record simulated.  Irrigated demand decreased by 38% to 573 MCM/yr when 40,439 ha of flood irrigated cotton was converted to drip irrigated cotton, sprinkler irrigated alfalfa and drip irrigated grapes.  This represents a savings of 355 MCM/yr in water extracted from irrigation canals and groundwater wells.  The water conserved would then be available for other downstream uses, including recharge of wetlands and replenishment of the Aral Sea.  
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Figure 16: Baseline (left) and alternative (right) irrigation demand scenarios simulated using SWAT
As a result of reduced application of irrigation water in the alternative scenario, return flows of water from agricultural fields to nearby canals and streams was reduced slightly (Figure 17.).  More efficient irrigation and planting of crops that use water more efficiently reduced irrigation return flows by 0.5% relative to the baseline scenario.
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Figure 17: Baseline (left) and alternative (right) water yield (return flow) scenarios simulated using SWAT.

Alternative crops and more efficient irrigation also improved water quality relative to the baseline scenario (Figure 18-19).  Losses of phosphorus from agricultural fields were reduced slightly by 0.8% in the alternative scenario, relative to baseline losses (Figure 18).  Leaching losses of nitrate-nitrogen from agricultural fields were reduced by 4.6% in the alternative scenario, relative to baseline losses (Figure 19).


Figure 18: Baseline (left) and alternative (right) phosphorus loss scenarios simulated using SWAT.

Figure 19: Baseline (left) and alternative (right) nitrate leaching loss scenarios simulated using SWAT.

Results of RIOS simulations
The study was based on the findings of the survey conducted in three villages located in the watershed of the Bugunski reservoir. It was found that about 60% of farmers in these villages agree to switch from cotton to alternative crops and to the alternative methods of cultivation of the agricultural crops, for example, to growing such crops as pomegranates and grapes, alfalfa with the use of drip irrigation. Some respondents also expressed their willingness to continue the practice of growing cotton using a drip irrigation technology that would reduce the amount of water used in the cotton production. 

The following methods of agriculture in the territory were proposed: cultivation of drip irrigated cotton, cultivation of sprinkler-irrigated alfalfa, and the creation of drip-irrigated orchard with a total volume of the required investment of $100 million. In accordance with the proposed methods, three scenarios were modeled for the development of the region, depending on the volume of investments directed to these methods. (Table 4)

According to the A scenario: Directing 50% of the investments to the drip-irrigated orchards,  the total water conservation will be 199.9 million cubic meters per year, which will reduce the volume of the water taken from the Bugunski reservoir approximately by 16%. In addition, the area of lands to be converted will be 37.4 thousand ha. According to the B scenario: Investing 70% of the total budget for the drip-irrigated orchards would have resulted in water savings of $ 229.2 million cubic meters per year, which would reduce the volume of water taken from the reservoir by 18%. The land required for conversion for all three types of agricultural crops would be about 38.5 thousand hectares.  According to the C scenario: Investing 30% for drip-irrigated orchards, the water saving would be 181.0 million cubic meters per year, which would reduce the volume of the water supply from the reservoir by 15%. The land converted according to these types of crops would be 36.5 thousand hectares. 

Table 7: Scenarios of the region development proposed by the model
	Method
	Scenario А:                              ($100 million)


	Scenario B: 

($100 million)
	Scenario С: 

($100 million)

	
	Planned budget (%)
	Converted land,

(thousand ha)
	Water saving

(mln.m3/y)
	Planned budget (%)
	Converted land,

(thousand ha)
	Water saving

(mln.m3/y)
	Planned budget (%)
	Converted land,

(thousand ha)
	Water saving

(mln.m3/y)

	Drip-irrigated cotton
	30%
	10,7
	51,9
	20%
	7,1
	34,6
	50%
	17,9
	86,6

	Sprinkler irrigated alfalfa 
	20%
	6,7
	14,0
	10%
	3,3
	7,0
	20%
	6,7
	14,0 

	Drip-irrigated orchards
	50%
	20, 0
	134,0
	70%
	28,0 
	187,6
	30%
	12,0
	80,4

	Total
	100%
	37,4
	1 99,9
	100%
	38,5
	229,2
	100%
	36,5


	181,0




According to the A scenario: Directing 50% of the investments to the drip-irrigated orchards,  the total water conservation will be 199.9 million cubic meters per year, which will reduce the volume of the water taken from the Bugunski reservoir approximately by 16%. In addition, the area of lands to be converted will be 37.4 thousand ha. According to the B scenario: Investing 70% of the total budget for the drip-irrigated orchards would have resulted in water savings of $ 229.2 million cubic meters per year, which would reduce the volume of water taken from the reservoir by 18%. The land required for conversion for all three types of agricultural crops would be about 38.5 thousand hectares.  According to the C scenario: Investing 30% for drip-irrigated orchards, the water saving would be 181.0 million cubic meters per year, which would reduce the volume of the water supply from the reservoir by 15%. The land converted according to these types of crops would be 36.5 thousand hectares. Overall, as can be seen from the scenarios, the biggest water saving will be achieved in case the land under cotton cultivated by flooding will be converted to drip-irrigated orchards. It should be noted that the total area of the researched area is 128 000 hectares.
Findings of assessment of water value and willingness to pay

The assessment of water value and willingness to pay was organized throughout third round of FGDs in the target villages. It was held with representatives from local authorities, Turkestan Kazakh-Turkish University, South Kazakhstan Water Management Organization (Ugvodkhoz), Karatau Nature Reserve, Aral-Syr Darya Basin Council, individual farmers and farmer associations, village authorities of policy consultations. 

The Third Focus Group discussions were held on 14-15 December, 2015 was designed to understand whether the participants of the focus groups were willing to pay that quantity, quality and availability of water, if those indicators were not diminished or deteriorated. The discussions held in three villages - Bugun, Stary Ikan and Karashyk - in two focus groups: with women and men in separate groups, with total of 62 participants from three villages, half of whom being women. The discussions were held with simultaneous recording of answers on the flipcharts. 
FDG discussions revealed that the irrigation water for the fields is a priority in all villages and for all focus groups, in the villages of Karashyk and Stary Ikan water for garden irrigation was also identified as a priority. The second most important water use is the irrigation water for the gardening purposes, in addition to that, domestic water use and domestic livestock keeping water use scored as a second priority in Bugun village. Villages, where people are engaged in crop cultivation, who use water for irrigation, received higher scores (Karashyk and Stary Ikan) and the Bugun village puts higher scores to domestic water use and domestic livestock keeping water use.
For the question 2 “How much do you pay for water now?”, residents of three villages answered that they pay mostly the same price for the irrigation water supplied to the fields, as for the water vegetable gardens in the villages of Stary Ikan and Karashyk water is supplied from the ground water sources (payment for electricity), while in Bugun village water is supplied from ditches. In all villages, there are water pipes, in which water is supplied intermittently, and prices are slightly different. In the village of Bugun cattle on the pasture drink water from the Arys-Turkestan canal. The question on the price paid for fattening of livestock on pasture was not answered, as was not the question on the amount of other 
businesses. The reason for that was probably the fact that not all stakeholders participated, especially from the business sector.  

In female focus groups, women were not willing to pay extra, as they relied on the state. Men of two villages of Karashik and StaryI kan are ready to pay for the irrigation water no more than 3% of the annual crop income.

To the question “Have you noticed changes in the quantity, quality and availability of the irrigation water in the last 20years”, most answers were “yes”. The water was becoming less, especially it was a big problem in the irrigation periods. Wells require depth of two times as deep; while earlier they were about 7 meters deep, but now they required 15 meters. Respondents noted that irrigation and drainage systems require major repairs, since they cause much loss of water. Also, many participants acknowledged that water saving technologies should be broadly used. 

To conclude, all focus groups confirmed that irrigation water was decreasing during the last two decades, especially in irrigation season. 20 years ago, the water wells were 7-8 meters deep, today they have to be 15-17 meters. The current payment for water is similar in all three villages: 11 USD/ha for field irrigation and 0,09 USD per cubic meter for livestock watering. Water-saving technologies, rehabilitation of irrigation infrastructure and water regulations are strongly demanded.
To the question on aimed to find out if the participants willing to pay for water, women reacted very negatively, however, men in two villages, Karachik and Staryi Ikan, expressed their readiness to pay up to 3% of the annual crop income. Nevertheless, most of participants in both groups believe in support of the government to maintain water infrastructure. The respondents in Bugun village strongly disagree to pay more for irrigation water, but they will pay if have to. 
While farmers confirmed that 3% of payment for irrigation water is relevant, experts insisted that 3% is impossible, because currently farmers pay approximately 0,001% of their annual income. 

Additionally, the question on willingness to pay, discovered during policy consultations, together with discussions on proposed SWAT and RIOS scenarios (attributes or combination of attributes) was completed with expected benefits and costs. Representatives of farmer associations agreed to pay 3% of total income for irrigation water, but it depends on several factors: quality of water maintenance structure, support from the Government, quality and quantity of water, etc.
Dissemination of project results
In order to disseminate the project findings, a policy consultations and meeting of project’s WG organized in Shymkent city in December 18 2015. The meetings gathered 22 participants presented South Kazakhstan, Bugun, Karachyk, and Stary Ikan municipalities (akimat), farmer associations, NGOs, Karatau protected area, South-Kazakhstan melioration expedition. 

The round table meeting aimed to introduce the results of SWAT and RIOS models and master thesis work, as well as the results of focus group meeting. Working group meetings were conducted in order to discuss and get opinions of experts involved in the project about the process of the project, its deliverables, about the results and what is needed to be considered in the future if new projects start in this area.  The event was attended by a total of 22 people: representatives of the local authority from South-Kazakhstan region, Karatau State Nature Reserve, academic community (universities and colleges), as well as representatives of peasant farms from the villages Karashyk, Stary Ikan and Bugun and akimat of SKR and three villages.
In general, the state allocates funds to support the farmers and agriculture in the region, part of these funds are used for rehabilitation of the irrigation canals and wells, as well as for the land development for arable farming.

Currently, the acute problem is water scarcity in the region. Therefore, we need new ideas and proper planning aimed to develop the region and produce agricultural products.

The drip irrigation technology is since long time ago applicable in this region; however, one should know specifics of the region, its climate and weather conditions, as well as what crops should be planted and in what period, what should be used to feed the soil, and so on. It is important to observe all conditions of the drip irrigation technology to ensure that this system works and generates good yield and harvest.

Based on the presented scenarios of the region development, the most suitable ones depending on the investment are scenarios A and B. Additionally, researchers were asked to consider the scenario D with the following investment parameters: Drip-irrigated cotton -30%, Sprinkler irrigated alfalfa-50% and Drip-irrigated orchards-20%. It is necessary to communicate to the public the results of this model and it is important to implement proper planning of the agricultural products planting, as well as know the basics and teach the younger generation to the irrigation and planting techniques taking account of the local conditions. In addition, it is necessary to introduce new herbicides, and to properly distribute fertilizers and know proportions of fertilizers.

The findings of the focus groups in three villages showed that the main priority is irrigation water for the fields in the villages Karashyk, Stary Ikan and Bugun; both focus groups indicated the highest score. The second priority is irrigation water for gardens, and the third priority is water for household. In many villages, livestock keeping next to the houses and livestock feeding on pastures were generally of the least importance.

 
Based on the survey results, payment for water ranged from KZT 2,000 per hectare for the agricultural fields and up to KZT 71 per cubic meter of water for keeping livestock next to houses. In general, prices varied in different villages.

In answer to the question whether population in villagers is willing to pay for the water in order to maintain or improve its accessibility and quality, the respondents mainly said that the state should pay for this and create conditions to ensure water and good quality service. If there are such terms that force residents to pay for water, they would agree to pay. But the respondents from the Bugun village do not agree to pay for the water.


All respondents mentioned that in the past twenty years they observed that the amount of water in the irrigation season is reducing. Wells were 7-8 meters deep before and now their depth is 15-17 m. It is necessary to use water-saving technologies and conserve water.

Irrigation trays should be used and reclamation works should be conducted. Water should be regulated using ATC. In the Bugun village it is necessary to use thermal sources and clean the wells from defective pumps.


In general, the group work in three villages showed the importance of water both for men and women. In addition, it is necessary to clean wells, canals and introduce water-saving technologies. 
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Picture 4: Round table and WG meetings, held in December 18, 2015 

Conclusion
The project was implemented with a hypothesis that water productivity could be substantially increased by optimizing irrigation, by improving on-farm irrigation management, introducing proper irrigation methods, introducing new crop varieties, and integrating appropriate agronomic practices in the crop production system with suitable institutional arrangements and policies. The number of project research activities confirmed this hypothesis, but the involvement and participation of local authorities, farmers and local communities was critical key to the realization of hypothesis.
The project identified current conditions of agricultural water management in lower Syr Darya River basin using SWAT and RIOS/InVEST models and proposed to consider in decision making process the following major factors/drivers of water resources: i) Agricultural factors: crops, operations, availability of knowledge and skills for cropping; ii) Access factors: location of irrigated land, availability of pumping equipment; iii) Land factors: quality of land, productivity; iv) Financial factors: investment, credits and subsidies. 

During the project some targeted capacity building and stakeholder engagement activities were organized in order to promote alternative ways of land and water use in project territory. Participatory research approach consisting of focus groups discussions, field surveys and community/national consultations widely used for research purposes during the project implementation. The findings of the focus group discussions and community consultations in three villages showed that the main priority is irrigation water for the fields in the villages Karashyk, Stary Ikan and Bugun. Moreover, farmers confirmed that 3% of payment for irrigation water is relevant, experts insisted that this amount is impossible to achieve, because currently farmers pay approximately 0,001% of their annual income. Additionally, the question on willingness to pay, discovered during policy consultations, together with discussions on proposed SWAT and RIOS scenarios (attributes or combination of attributes) was completed with expected benefits and costs. Representatives of farmer associations agreed to pay 3% of annual income for irrigation water, but it depends on several factors: quality of water maintenance structure, support from the Government, quality and quantity of water.

In pilot project territory there are no gender based constrains in access and usage of water, but the potential of local women for more effective use of water and land services needs. This potential has not been used, despite the fact that the shortage of water in irrigation season negatively affects both men and women, and economic development of the region in total. Gender research additionally supported to understand of local women needs in capacity building and organize demonstration days on fruit drying and greenhouses. 
The unavailability of gender disaggregated data on national, oblasts and province levels was the main constraints for research, nevertheless, the research could be considered as a basis for further general assessment of perceptions for both men and women under scenarios proposed by RIOS and SWAT.

Additionally, capacity building activities on using SWAT and RIOS models in decision making, as well as for implication of modeling results could be further considered: i) for research and scientific institutions under the Ministry of Agriculture (KazAgro, KazAgroInnovation, etc.) on application of SWAT modeling in decision making process; ii) Training Module and Manual on economic valuation of ecosystem services and iii) organization of trainings on economic valuation of ecosystem services for local authorities, universities, NGOs, researchers and experts.
Promotion and dissemination of project findings should be based on results of stakeholder analysis, taking into consideration scope of their responsibilities and interest. Communication events and publications (leaflets, brochures and maps) for different project stakeholders: local and national authorities, NGOs, universities, communities, water cooperatives, agro-processing companies, village elders council, village women councils could be used to:

- improve knowledge on increasing of crop yields while reducing the impacts of agriculture on the environment;
- improve of the irrigation infrastructure, implying an important financial and institutional support from governmental authorities;

-improve irrigation efficiency through the development of new technologies: use of drainage water for irrigation, development of water saving technologies, better regulation of surface and underground water sources;

-limit of soil degradation through crop diversification and implementation of specific melioration activities, implying governmental support (e.g. subsidy programs).
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   Table 6: detail of the number of participants attending the trainings








