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Abstract. Fast growing population of Uzbekistan and increasing the share 

of urban citizens increased inter-linkages between settlements and irrigated 

farming. Growing settlements on account of farm land, increasing the 

demand for high quality water, wastewater utilization in agriculture, water 

logging and salinization are some of the water related inter-linkages. This 

paper focus on waterlogging issue at three different sites, located in the 

upstream of the Syrdarya River in Fergana Valley, middle stream of river 

in Mirzachul Steppe and the downstream of Amudarya River in Khorezm 

region.  Groundwater modeling applied to examine different strategies of 

to lower shallow groundwater table. The results of the modeling studies 

indicate that ultimate solution for waterlogging issue can be achieved when 

basin water management plans linked with settlement development plans. 

 

1 Introduction 

Settlements and irrigated farming, the two main attributes of arid and semi-arid 

environments, are involved in many interactions and inter-linkages with potential positive 

and negative consequences. Advance consideration of these externalities may contribute to 

sustainable development of the both and regions as a whole [1,2]. The aim of this paper is 

twofold: (1) bringing the attention of urban and rural area developers to close examination 

of water related issues arising through these interactions, and; (2) examining alternative 

strategies to avoid waterlogging.    

Expansion of urban areas starts to impinge on the quality of water available for 

agriculture [3], at the same time irrigated farming limits water resources available for the 

domestic use and the industrial development.  Another often invisible impact of irrigated 

farming is associated with raising the groundwater table in urban and semi-urban areas. In 

China 351 cities, in Kyrgyz Republic 215 settlements and in Uzbekistan 78 cities and towns 

are waterlogged [4,6]. Ning [6] examined waterlogging of cities in China and concluded 

that the project focusing on the construction of large scale storage tanks, pumping stations, 

improving the drainage network do not investigate the corresponding conditions conducive 
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to waterlogging. Reed et. al. [7] applied a “shared learning approach” in 10 cities of 

Vietnam, India and Thailand and Indonesia found a clear linkage between waterlogging and 

poor flood water management. Sharma et al. [8] indicated significant economic losses 

suffered by the urban poor due to climate-induced waterlogging in the city of Indore, India 

[9]. Water logging of settlements is indicated in Egypt, and Russia [10,11]. According to 

Medvedkov and Stripling [10] about 75% of cities and over 20% of small settlements in 

Russia are waterlogged. In spite of significant attention, the issue is one of many constrains 

complicating the development of urban areas in many parts of the arid and semi-arid 

regions. The attempts of installing the drainage network to lower the groundwater table and 

protecting the settlements often fail to solve the issue. The paper examines alternative 

strategies to deal with waterlogging for three different agro-ecological conditions of 

Uzbekistan, Central Asia.    

 

2 Settlements vs. irrigated farming 

A main driving force of settlements development in Uzbekistan is the fast growth of the 

population. From 20 million (mln) in 1990, of which 59% was rural, the population reached 

to 32mln in 2017 with 49% in rural areas [12]. The significant part, 40%, of the population 

lives these days in the cities with inhabitants over 100000. Such dramatic changes have 

considerable impacts on the farming and the environment. These impacts include: growing 

settlements on account of farm land; increasing the demand for high quality water and the 

discharge of ‘treated’ and untreated wastewater, water logging and salinization. Water 

management is under the pressure to respond to the growing challenges.  

Meeting the growing demand is constrained by limited water resources. Potential water 

resources available for use in Uzbekistan have been gradually reducing from 57 km
3
 in 

1990s to 51 km
3
 by 2017 due to increasing the number of low water years, the upstream 

hydropower development and climate change [13].  Water availability per capita is reduced 

from 2800 m
3
 per year in 1990 to 1545 m

3
per year by 2017. Climate change may further 

reduce the available water resources – by 10-15% to 2050 in Amudarya River basin and 2-

5% in Syrdarya River basin [13].  

 

These limited water resources are shared among several types of water uses. Sector 

vice, 92% of water available is used for irrigation purposes, 5.2% for domestic and 1.5% 

for industrial purposes, 0.8% for fishery and 0.2% for energy. 

 

Growing domestic and industrial water demand can be satisfied by re-allocating water 

from agriculture and using the marginal quality water originating in urban and rural areas. 

A coarse estimates show that the amount of domestic and industrial wastewater exceeds 2 

km
3
/year. This data shows that water resources are available, however, they have to be 

managed properly to ensure sustainable development of settlements and the irrigated 

farming. 

These inter-linkages gradually become the most critical water-related challenge with 

long term negative and positive impacts. Discharging the ‘treated’ wastewater to canals 

causing the degradation of water quality in irrigation water sources and growing settlements 

on account of the productive agricultural land are the two main negative impacts of the 

settlements. The positive outcome is that; peri-urban agriculture has become the important 

source of residents’ income in many urban areas of Uzbekistan. For example, majority of 

citizens of Altyaryk town in Fergana Valley produce annually over 1 t of grapes from their 

small backyards. During winter season greenhouses covering the shortage of vegetables in 

city markets make significant contribution to the income of inhabitants of peri-urban and 

rural areas.  
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Another opportunity is associated with establishing multifunctional parks – buffer zones 

between cities and farm lands to improve living environments in urban areas. With some 

modifications such parks can be used for utilizing the domestic treated wastewater. In salt-

affected areas, these buffer zones may be used for utilizing the drainage flow from the 

irrigated land. Closed loop agricultural water management can prevent crossing the 

settlements by drainage network [14]. 

The irrigated farming also may have undesirable impacts on settlements. Invisible for 

the time being, raising the groundwater table causes waterlogging, deteriorates landscapes 

and increases secondary salinization of residential areas. Waterlogging of settlements was 

the main focus of this study.  

Number of settlements by provinces, as affected by water logging, is given in Fig. 1 

(Umurzakov, pers. commun., 2019). Fig. 1 shows that the settlements of Syrdarya, 

Kashkadarya, Fergana and Bukhara provinces are highly affected by water logging.  Causes 

of water logging include: lateral inflows from the irrigated areas; high filtration losses from 

canals crossing the settlements; barriers to groundwater flow – foundation of constructions; 

embankments for roads and railways, and; natural hydrogeology conditions.  

 

 
Fig. 1. Number of waterlogged cities in province of Uzbekistan and in Karakalpakistan (Umurzakov, 

pers.commun., 2019) 

 

Waterlogging produces long term impacts on settlements, such as flooding the 

basements, and weakening the foundations, evaporation from shallow water table resulting 

in salinization of the residential areas [15]. It reduces job opportunities and increases the 

water shortage. This way waterlogging increases a risk of migration from rural areas to 

small towns and from towns of 50,000-100,000 residents to bigger cities and the capital. 

The attempts of city administrations to install the drainage network in several 

waterlogged settlements of Uzbekistan did show that this approach often is not cost 

effective. This experience indicates the needs of examining alternative strategies in 

different hydrogeological conditions to mainstream appropriate into urban and water 

resources development plans.  
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3  Methods and data  

3.1 Waterlogging in Sokh River basin 

Waterlogging is associated with Sokh Aquifer, underlying the river basin [16,17]. The 

aquifer spread in primarily unconsolidated shingle and gravel outwash deposits with 

interlayers of loamy sand and loamy deposits. The gravel and shingle deposits predominate 

in the upper part in the south of the study area with increasing the proportions of loamy 

sand and loamy deposits in the downstream in the northern part. The depth to access 

groundwater varies from 72 m to 116 m in the head part of the system and can be as little as 

0.5-2.5 m below ground level in the discharge zone.  Big Fergana Canal crosses the river 

basin from east to west and supplies water to the water short areas of the Fergana Valley. 

Several cities in the river basin (Kokand, Rishtan, Bagdad) are waterlogged due to the 

upstream subsurface flow, filtration from wide spread irrigation canals and infiltration from 

the irrigated fields [18]. This study analyzed alternative strategies to lower the water table 

in the city areas as follows: 

Strategy 1. Installing rows of wells and open drainage network perpendicular to the 

subsurface flow from the upstream of the Sokh River and within the cities (city 

administration approach); 

Strategy 2: installing wells for irrigation and shift from canal irrigation to conjunctive 

use of canal and groundwater for irrigation (farmers approach). 

Two selected strategies were analyzed to achieve water logging effect and financial 

reliability.  

 

3.2  Waterlogging of Gulistan city 
 

The city is located in the middle of Mirzachul steppe on the right bank of Syrdarya River 

midstream. Interstate canal Dustyk starting from Syrdarya River at Farhad Dam crosses the 

city from south to north [19]. Hydrogeological cross section at the city site is represented 

by heavy loams and loams of 21-29 m thick with coefficient of filtration varying from 0.03-

0.08 m/s followed by sand of 10-25 m with the coefficient of filtration of 35 m/s. Water 

losses from the irrigated fields surrounding the city and the regional flow from the south to 

the north causes water table rise and waterlogging issue in the city. Groundwater table 

fluctuates between seasons and is high during the spring and lower in the summer. In spring 

water table is 1-1.5 m deep below the ground. Then in summer water table declines due 

high evaporation and stabilizes at 2 m below the ground in October. Waterlogging in the 

city produces long term impacts such as flooding the basements and salinization of the 

residential areas.  

Modeling was applied to examine waterlogging as affected by two alternative 

interventions:  

Scenario 1: The construction of wells within the city and drainage along the canal 

Dustyk; Scenario 2: Reducing infiltration losses by improving city irrigation. 

Visual MODFLOW was used to predict groundwater level changes under scenarios 1 and 

2. 

3.3  Waterlogging of Urgench city, Khorezm region 

The city Urgench is located in Khorezm region in the ancient delta of Amudarya. The 

territory is flat, unlined irrigation canals are the main source of groundwater recharge [20]. 

Canal Shavat crossing the city delivers water of Amudarya River for irrigation of 112,000 
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ha area. The discharge of the canal is 210 m
3
/s. The hydrogeological cross section at the 

city site is represented by loams of 1-3 m thick with coefficient of filtration at 0.5 m/s; sand 

deposits of 25-35 m thick with the coefficient of filtration from 7-15 m/s underlay loams. 

Presence of highly permeable sands in the soil profile forms high correlation between the 

water level in the canal and groundwater table under the city.   

Modeling was applied to examine waterlogging as affected by two alternative strategies:  

Strategy 1: The construction of drainage ditches to lower groundwater level;  

Strategy 2: The construction of drainage ditches and installing wells to lower the water 

table. 

Visual MODFLOW was used to predict groundwater level changes under scenarios 1 and 

2. 

4  Results  

4.1 Waterlogging in Sokh River basin 

The first strategy is narrow oriented, often supported by donors(WorldBank); this is the 

attempt to dealing with the consequences rather than with the roots of the problem which in 

this case is wide spread earth’ irrigation canals and conventional furrow irrigation in the 

river basin. Another issue associated with the strategy is to determine who pays for the 

investments. City administrations have no enough resources for new investments. 

Transferring lifted water to water user associates located in the neighboring river basin will 

not generate additional income since water for irrigation is free. The interest of private 

business to make investments in fighting the waterlogging is low since it may generate low 

returns in short run from as compared to other financial operations. The economic return 

from the investment in waterlogging of cities is expected to be only from the benefiting 

residents, paying $0.08US/m
3
. The residents hardly will agree pay back the investment. 

These analyses do show that under current free water delivery services there is no pay back 

mechanism under which the investors can collect the payment from the beneficiaries.   

The second strategy deals with the roots of the problem; it takes into account that 

Fergana Valley has favorable conditions to increase groundwater abstraction for irrigation 

with a net reduction of drainage and subsurface flows from the irrigation areas (Borisov, 

2000). Wells can be installed at locations meeting needs of farmers. Farmers owning wells 

will have more incentives to pay back for the investments.  The shift from canal irrigation 

to conjunctive use of canal and ground water can generate several benefits for the state and 

the farmers: 

- Increasing the groundwater abstractions can lower the water table; 

- Water productivity under groundwater irrigation is higher than under canal irrigation; 

- Underground storages can be used for regulating surface and subsurface flows; 

- Easy applying water-saving micro-irrigation technologies; 

- Easy introducing economic instruments for water saving such water use pricing. 

The state will transfer the assets such as wells, water saving technologies or facilities 

installed through the investment projects to farmers. Farmers’ willingness to pay back the 

state investments expected to be high since they are main beneficiaries of the 

investments.Examining Strategy 2 shows that ultimate solution to water logging of 

settlements is improved water management. 

4.2  Waterlogging of Gulistan city 

Estimates using Visual MODLOFW did show that the canal does not make significant 

contribution to groundwater recharge because of low permeable soil top-layer represented 
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by heavy loams. The construction of the drainage system along the canal under scenario 1 

was found to be inefficient for the same reason (Fig. 2).  

 

 a) b) 

Fig.2. Modeled groundwater depths as affected by installing drainage ditches (a) and 

reducing infiltration losses (b)in Gulistan city. 

The modeling results indicate that measures aimed reducing infiltration losses within 

the city/residential area are the most efficient method to deal with waterlogging. These 

measures include: installing water harvesting structures; shifting from surface irrigation to 

micro-irrigation technologies for irrigation of tree plantations.  

4.3  Waterlogging of Urgench city, Khorezm region 

Modeling results given in Fig. 3 and 4 indicate that the examined strategies lowered the 

groundwater table in some districts of the city. 

a) b) 

Fig. 3. Modeled groundwater depths as affected by combination of groundwater extraction 

and drainage (a) and installing drainage, only (b) 

The problem solution came from the city administration which built a recreation lake in the 

lowest part of the city surrounded by green zone with tree plantations.  

Findings of the studies are as follows: 

- Depending on soil and hydrogeology conditions different alternatives are available to 

lower the shallow water table; 

- The shift where possible from canal irrigation to conjunctive use of groundwater and 

canal water can solve water logging issue of settlements; 

- If soil profile is represented by heavy loam soils underlay by sand and gravel deposits 

then reducing infiltration losses by water harvesting, installing micro-irrigation for 

landscape, tree shelterbelts or crop irrigation may be a best settlement strategy; 
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- If soil profile is represented by sand and sandy loams then lining canals crossing the 

settlements and adopting settlements architecture (lakes, parks, recreation zones) could 

be considered to adopt to waterlogging negative consequences. 

 

5 Conclusions 

Based on the results of the studies, the conclusions are as follows: 

1. City authorities and irrigation/farming management can take joint actions for 

eliminating the negative impacts to each other. 

2. Best results are achieved when basin water management plans are linked with 

regional/city/settlement development plans. 

3. Combination of basin scale measures and city actions can contribute to formation of 

sound living environments.  
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