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Mission 
This study is an independent review of major studies made on the Lake Uromiyeh 

Basin. The aim is to evaluate the status of the water resources in the basin and the water 
budget of the Lake itself based on the studies/projects carried out by national and 
international agencies and organisations. This synthesis report is to be used as a standard 
reference book by all the stakeholders in the basin in general and the members of various 
Working Groups formed as a result of consultation exercises during the early stags of the 
project and will be used as a reference material for making strategic decisions in the  basin. 
The report aims to find data gaps to formulate future research requirements as well as 
evaluate different data to find the final validated data for project uses. 

 
Objectives 
  

There are 5 objectives set in this proposed study: 
1. To list available past major studies and researches carried out on the Lake basin. 
2. To analyse the available hydrological (water resources) data in the basin. 
3. To analyse the water balance for the lake based on the available data. 
4.  To carry out a comparative analysis of the available hydrological (water resources) 

and find data gaps. 
5. To produce a synthesis report based on the analysis made in objectives 2-4. 

 
The analysis is mainly based on 4 major research studies and a synthesis report by East 

Azerbaijan Water Authority (EWA): 

 2002: 4 Reports by Yekom Consulting Engineers, Irrigation Improvement Project 
(IBRD Loan 3570 IRN): The lake Uromiyeh Environmental Management project;  
Ministry of Agricultural Jihad, the World Bank, FAO, Wetlands International, ITC, and 
Yekom Consulting Engineers. 

 2005: 4 Reports by the Water Research Institute (WRI) Tehran in Farsi language; 
Integrated Water Resources Management (IWRM) for Lake Uromyeh Basin, Iran 
(PvW-02.048); Ministry of Energy, The Netherlands Ministry of Agriculture, Nature 
and Food Quality, DLG, ITC, Wetlands International, Royal Haskoning, Yekom and 
pandam. [an English draft version is available in 9 annexes, somehow the reporting 
is scattered but is useful] 

 2005:  9 Reports by Yekom Consulting Engineers in Farsi language: The 
Environmental Impact Assessment and Study (Quality and Quantity) of the 
Development Projects in the Lake Uromiyeh Basin, The West Azerbaijan Water 
Authority, Ministry of Energy.   

 Nazaridoust, A. (2006) A Methodological Framework, Guidelines and DSS Model to 
Calculate the Minimal Ecosystem Water Requirements for Wetlands: A Case Study 
of the International Wetlands in the Lake Uromiyeh Basin. Science Research 
Directorate, Azad Islamic University. 

 EWA (2007) The Effects and Challenges of Uromiyeh Lake Coastal Water Retreat. 
Directorate of Water Resources Basic Studies, September 2007, Synthesis Report, 
East Azerbaijan Water Authority.  

 
 
 
 
 
 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 3 

 
Acknowledgement 
 
The author would like to acknowledge the stakeholders, all of whom provided data, reports 
and information to be used in the preparation of this independent report: 

 national organisations including Ministry of Energy, Department of the Environment, 
Ministry of Agricultural Jihad, Water Research Institute, the IWRMC, TAMAB;  

 provincial organisations in both East and West Azerbaijan provinces including Water 
Authorities, Department of the Environment provincial offices, Agricultural Jihad 
Organisations, Cultural Heritage Organisations, Industry and Mines Organisations, 
Provincial Governorate Offices, Forestry and Rangeland organisations, Water and 
Waster Companies and; 

 Engineering consultancy companies: Yekom, Pandam, Jamab, Poyab, ABNIRO, 
Mahabe Ghodss, Poyab, Sadra, Tarhe Novandishan, Abkhan, Absaran and Ghodss 
Niro. 

 
I express special gratitude to 

 all the staff and team members of  GEF/UNDP Conservation of Iranian Wetlands 
Project, and 

 Prof. P.E. O'Connell, Dr G. Parkin and Dr J Amezaga at the School of Civil 
Engineering and Geosciences at the Newcastle University for their valuable 
contribution; and Dr J Attari at PWUT. 

 

 
Work Citation: 
 
Hashemi, M. (2008) An Independent Review: The Status of Water Resources in the Lake 
Uromiyeh Basin. A Synthesis Report for the GEF/UNDP Conservation of Iranian Wetlands 
Project, School of Civil Engineering and Geosciences, Newcastle University, England, UK. 
 
This publication may be re produced in whole or part and in any form for educational or non-
profit uses, provided the acknowledgement is made of the source. 
 
The interpretation and conclusions in this report are those of the author and publisher, and 
do not necessarily represent the views of the participating organisations.  

 
 

 
 
 
 
 
 
 
 
 
 
 

 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 4 

CONTENTS 
 

Mission 2 
Objectives 2 
Acknowledgements 3 
Work Citation 3 
Contents 4 
List of boxes, figures and Tables 6 

PART I          
General Outlook 

7 

           Preface 8 
1 Introduction 9 
 
1.1 Background 
1.2 The Main Issues in the Basin 
1.3 The System Parameters 
1.3.1   Structural  
1.3.2.  Social and Financial administration and management 

 

 
9 
13 
16 
16 
18 

2 Past works on the Lake Urumiyeh Basin 20 

 
2.1  Available data: Past works used in this reports:  
2.2 Earlier works  
2.2.1  Primary References  
2.2.2  Secondary References 

 

 
20 
20 
20 
22 

PART II 
Assessing the State of the Water Resources System in the 

Uromiyeh  Lake Basin 

 

 
29 

3 Basic Water Resources Data  
 

30 

3.0 Prologue 
3.1      Assessment of the  Water Resources Data 
3.2      Meteorology  
3.2.1 Metrological Stations 
3.2.2 Precipitation 
3.2.3 Temperature 
3.2.4 Snow 
3.2.5 Wind 
3.2.6 Evaporation 
3.2.7 Humidity 
3.2.8 Summary of the Meteorological Data 
3.3 Hydrology 
3.3.1 Review of water resources 
3.3.2 Hydrometric Networks 
3.3.3 Surface Water Potential 
3.3.4 Rivers' Water Quality  
3.3.5 Sedimentation 

30 
30 
33 
33 
34 
36 
37 
37 
37 
38 
38 
39 
39 
41 
42 
43 
43 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 5 

3.4 Hydrogeology 
3.4.0 General Outlook 
3.4.1  Aquifers in the Basin 
3.4.2. Groundwater resources and Consumptions 
3.4.3. Groundwater Quality 
4.3.4. Groundwater Balance 

 

44 
44 
45 
46 
47 
47 
 

4 The Status of Lake Uromiyeh 49 
 
4.0 Prologue 
4.1 Inflow into the Lake 
4.2 the Lake's Water Level  
4.3 Evaporation from the Lake 
4.4 Water Balance for Lake Uromiyeh 
4.5 Area-Elevation- Volume Curve 
4.6 Water Quality of Lake Uromiyeh 

 

 
49 
50 
51 
52 
53 
54 
56 
 

5 Water Demand in Lake Uromiyeh Basin: Present and 
Future 

59 

 
5.0      Present Water Demand 
5.1 Agriculture 
5.2 Drinking 
5.3 Industry 
5.4       The Lake's Water Demand 
5.5 Future Demands Prospects 
5.6 Hydraulic Structures of Water Resources System 
5.6.1    Dams 
5.6.2    Irrigation Networks 

 

 
59 
60 
60 
60 
60 
61 
62 
62 
63 
 

6 Water Resources Allocation: Ecosystem & 
Environmental Considerations 

65 

 
6.0      Environmental Aspects 
6.1 The Lake's minimum ecological water requirement 
6.2 River Flow 
6.2 Satellite wetlands 
 
REFERENCES 

 

 
65 
66 
66 
66 
 

68 

 
 
 
 
 
 
 
 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 6 

List of Boxes, Figures and Tables p 

Boxes 
Box1: Natural (environmental) Issues Map for Lake Uromiyeh Basin and Satellite wetlands 
Box 2: Groundwater Balance 
Box 3: Lake Uromiyeh Water Requirements 
Box 4: River Flow and Satellite Wetlands water requirements 
Figures 
Figure1: Main Hydrological catchments in Iran (curtsey of WRI, 2005) 
Figure 2: Political Map of the Lake Uromiyeh Basin 
Figure 3: Sub-basins and main rivers of the Lake Uromiyeh basin, (courtesy of WRI, 2005) 
Figure 4: Sub-systems of the Water Resources System (Curtsey of Eelco van Beck  & Jalal Attari 
PowerPoint Presentation on IWRM) 
Figure 5: The incremental (cumulative)  trend of EC of groundwater in the plains near Lake Uromiyeh 
(TAMAB, 1998 & Yekom, 2002) 
Figure6: Existing and Planned Water Resources Developments and river sytems (Curtsey of Yekom, 2002) 
Figure 7: The Hydrological Cycle of Uromiyeh Lake Basin 
Figure8: variations of standard annual precipitation and the Lake's surface at Sarab Meteorological Station 
Figure9: annual Temperature and Lake Surface variations at Tabriz Meteorological Station 
Figure10: Variations of Lake Surface and humidity at Tabriz Meteorological station 
Figure11: The Lake's water level variation 1996-2006 (EWA, 2007) 
Figure12: Representation of dry (below average) and wet (above average) periods (WRI, 2005) 
Figure 13: elevation-area-volume (WRI, 2005) 
Figure14 : Relationship between TDS and EC for the Lake Uromiyeh during index period of 1994-2004 
(Nazaridoust, 2006) 
Figure15: Relationship between variation of Lake's Water Level and EC for index period 1968-2004 
(Nazaridoust, 2006) 
Tables 
Table1: Seasonal distribution of the precipitation in the Lake Uromiyeh basin (%) (Courtesy of WRI, 2005) 
Table2: Average discharges of selected rivers (courtesy of WRI, 2005) 
Table 3: Previous information gaps partly covered by later research works 
Table 4: Number of Metrological stations of Lake Uromiyeh Basin 
Table 5: Average Annual Precipitation 
Table 6: Metrological characteristics of the lake Uromiyeh Basin 
Table 7: Wind Data in the Basin (WRI, 2005) 
Table 8: Evaporation data for the Lake Uromiyeh Basin 
Table 9: Summary of the Metrological Data 
Table 10: The Basin surface area 
Table 11: Surface water Potential in the basin 
Table 12: Sedimentation Data 
Table 13: Groundwater Observation Network 
Table 14Groundwater Resources in the Uromiyeh Basin  
Table 15: Type of Groundwater sources 
Table 16: inflow into the Lake 
Table 17: The Lake's water level records 
Table 18: evaporation from the Lake 
Table19: Water Balance of the Lake Uromiyeh (all numbers in MCM) 
Table20: present agricultural Demand 
Table 21: present drinking demand 
Table 22: present industrial demand 
Table 23: Future Water demand 
Table 24: hydraulic structures: existing dams in the basin 
Table 25: Recent dam projects 
Table 26: Existing Irrigation networks 
Table 27: Irrigation networks under construction 

 
15 
48 
66 
67 
 
9 
10 
11 
 

14 
 

16 
17 
35 
36 
36 
39 
41 
51 
55 
 

57 
 

57 
 

12 
12 
31 
33 
34 
37 
37 
38 
39 
40 
42 
43 
44 
46 
47 
51 
52 
53 
54 
60 
60 
60 
61 
62 
63 
64 
64 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 7 

 
 

 

 

 
 
 
PART I 
 
 

 
 

General Outlook of the Lake Uromiyeh Basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 8 

 
 
 
Preface 
 
After the Working group meetings in Uromiyeh City in November 2007 as well as the Tabriz 
Consultation Workshop attended by almost all the stakeholders including representative from 
the Governorate office, and all the sectors related to water, it was decided to make an 
independent review of previous studies relating to water resources in the Uromiyeh Basin 
and evaluate the status of the water resources and water budget for the Lake. It was agreed 
by the participants that the Lake suffers from serious environmental challenges and there 
was consensus that there should be concerted efforts by all to save the Lake. There was a 
need to address 3 main issues:    
 
First issue was to find the true facts and figures, in another word to validate hydrological and 
hydrometrical data as there was some uncertainty about the data hold by different 
stakeholders. It was concluded that in order to carry out an informed review of water 
allocation policy in basin, the water budget and water requirements for different users 
including the Lake should be known. The water for ecosystem (satellite wetlands and the 
lake) is not specified in the Fair Water Distribution Act (1982) and so water rights for the 
ecosystem including the Lake and other satellite wetlands need to be specified if to 
safeguard these important natural heritages. Therefore, this report can be basis for such a 
review of water allocation. 
 
The second issue is that all the previous studies, despite having very useful information, 
were not written within the framework of Integrated Water Resources Management (IWRM).  
The WRI (2005) and Yekom (2002) reports were exceptions but both of these reports lack 
the full scenario analysis for the whole basin. The former is mainly a capacity building 
exercise to introduce IWRM concept in the mind of water managers in Iran: an excellent and 
valuable contribution to the management of the water resources in the Basin (EWA, 2007).  
 
Thirdly, almost all of the studies were written as consultant reports and the ownership of the 
reports were at national level except the West Azerbaijan Water Authorities 9 volume study 
of the environmental Impact study of the water resources Development in the Lake Uromiyeh 
Basin. So the findings of these reports were not validated by the stakeholders. Therefore, 
this report is an exercise to make an independent review which is agreed by all the 
stakeholders which participated and contributed to the success of the workshops and 
working group meetings for this project.  
 
On this basis, this synthesis report is intended to be a standard reference book for all the 
decision makers and stakeholders in the Lake basin.   
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1 Introduction 
  
1.1 Background 
 
There are 6 main hydrological catchments in Iran as shown in Figure 1. The lake Uromiyeh 
Basin is one of them.  
 
Area: The Lake Uromiyeh basin which has an area totaling 51,876km2 is situated in the west 
of Iran covering 3 provinces: West/ East Azerbaijan and Kurdistan Provinces (Figure 2). 

 

 
 

Figure1: Main Hydrological catchments in Iran (curtsey of WRI, 2005) 
 
Geographical setting: Lake Uromiyeh catchment covers the northern slopes of Mount 
Zagros and the eastern slopes of the mountain ranges between Iran and Turkey. It also 
constitutes the western slopes of Mount Sahand. This catchment can be classified as a 
closed drainage catchment since all the rivers flow into the lake and all precipitation and 
groundwater drains into the lake.  
 
The basin consists of 11 sub-basins as shown in Figure 2.  There are 17 permanent rivers, 
12 seasonal rivers and 39 floodways. Most of the surface water is situated in the western 
part of the basin: Semineh rud and zarineh rud comprise 41.6 % of total surface water inflow 
into the lake for example. The rivers' discharge flows vary in time and space as shown in 
Table2 since there is temporal and seasonal variation in precipitation as shown in Table1.    
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Figure 2: Political Map of the Lake Uromiyeh Basin 
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Main rivers: 1: Aji-Chai, 2: Sofi-Chai, 3: Zarrineh-Rud, 4: Simineh-Rud, 5: Mahabad Chai; 6: Godar Chai;  
7: Nazloo-Chai; 8: Shahr-Chai; 9: Zola-Chai; 10: Barandooz; 11: Tasouj 

 
 

Figure 3: Sub-basins and main rivers of the Lake Uromiyeh basin, (courtesy of WRI, 2005) 
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Table1: Seasonal distribution of the precipitation in the Lake Uromiyeh basin (%) 
 (courtesy of WRI, 2005)  

Season Fall Winter Spring Summer year 

Precipitation 26.5 32.3 38.4 2.8 100 

 
Table2:    Average discharges of selected rivers (courtesy of WRI, 2005) 

 

 

 
The lake surface area: The actual lake has a surface area of about 5100 km2. it is 
considered to be one of the ‘most important and valuable ecosystems in Iran’ (WRI, 2005) 
and had been declared as a National Park, Ramsar Site (since 1971)and UNESCO 
Biosphere Reserve since 1976). In addition, the lake is surrounded by important freshwater 
satellite wetlands; some of which are Ramsar Sites.  Although, the basin is only 3% of the 
total area of Iran, it contains more than 7% of the total available freshwater resources. 
Therefore, it is of vital importance within the water resources management and planning 
strategies. 

 

/3M

s 
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The actual lake is a vital part of the basin as all activities in someway relate to it. Therefore, it 
is a central to any analysis or studies undertaken with regard to this basin. 
 
Economy: the economy is dependent on agriculture. Irrigation and farming is more 
traditional, horticulture and agro industries are significant economical components. Industrial 
sector is growing especially in the Eastern section of the basin bearing in mind that most of 
the water resources are in the southern and western part of the basin.  
  
 
Population: Population of 4.8 million as per 2002. The population is expected to rise to 7.1 
million people in 2020. Urbanisation is a major trend while rural communities are in decline. 
There has been some 500% increase in urbanisation during a decade 1990-2000 in the 
sensitive ecological zone of the Lake basin.  
 
 
 
1.2 The Main Issues in the Basin 
 
Broadly speaking, a water resources system consists of 3 sub systems as shown in Figure3. 
Theses are as followings: 
 

i. The Natural System 
ii. The socio-economic system and  
iii. The institutional system. 
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Figure4: Sub-systems of the Water Resources System (Curtsey of Eelco van Beck  & Jalal 

Attari PowerPoint Presentation on IWRM) 
 

The issues are interlinked as shown Figure4. It is outside the scope of this report to discuss 
the socio-economic and institutional matters but the natural system issues are mapped in 
Box1: 

 
 
 
 
 

 

natural  
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Box1: Natural (environmental) Issues Map for Lake Uromiyeh Basin and Satellite wetlands 

 
 94% of available water demand is allocated to agriculture WWA/Yekom (2005) [compared to 

5.6% for drinking and 0.4% for Industry] 

 Water use efficiency in irrigation is very low (less than 30%) 

 water logging and high salinity of part of farmlands 

 Shortage of water for agriculture and irrigation; sometimes called water deficit 

 The Lake's water level is 3.26 m below the long term average water level and 1.76 m below the 
ecological water level (WWA/Yekom, 2005) and up to 7.3 km retreat of the Lake's coastal line 
(WRI, 2005; EWA, 2007). 

 Increase in the Lake's water salinity and crystallization of salt  

 Salt water intrusion from the lake into some of the coastal aquifers leading to the death of 
thousands of hectares of orchards as shown in Figure 5. EC values tend to increase towards the 
Lake, showing intrusion of saltwater into the coastal aquifers 

 During 70% of the time in a year, the surrounding satellite wetlands suffer from drought.  

 Significant fall in the population of the Artemia (lake Shrimps) 

 Significant decrease in the Artemia, which lead to the drop of the number of migratory birds, e.g., 
flamingos, to almost nil in the lake and the surrounding wetlands 

  Land and natural recourses degradation in terms of quality and quantity of reed, birds, grazing 
fields, etc 

 Rapid fall in groundwater tables 

 There are almost 30 satellite wetlands in the basin. 6 of them (including Lake Uromiyeh) are 
classed as Ramsar Sites. Theses are of considerable, social, economic and environmental value. 

 The hydrological status of the satellite wetlands has also changed. so the hydrology and water 
source is probably the most crucial issues. In past, river (flood) flows and springs were the source 
of water supply to the satellite wetlands whereas now the satellite wetlands are mainly served by 
drainage and irrigation returns; hence, affecting both quantity and the quality of the inflow in to the 
satellite wetlands 

 During recent decades, most of the “satellite” wetlands have been greatly affected by agricultural 
and water resource developments (particularly related to irrigation), which have been 
exacerbated by the severe drought that occurred between 1999 and 2002. 

 Overgrazing in the basin. 

 Soil erosion is considered as medium to severe in 70% of the basin due to the steep slopes, low 
vegetation cover and non-sustainable agriculture. 

 Inflow of pesticides and fertilisers into the Lake and the satellite wetlands (No effective control of 
the use of agro-chemical and fertilisers). 

 No effective management on treatment of waste waters from industrial and municipal resources 

 Impact of proposed water resources development projects on the inflow into the Lake and river 
flow requirements.  

 The impact of salinity at sub basin levels on salinity of rivers. 

 The highway across the Lake has impacted the landscape integrity of the lake and has affected 
its hydrodynamics, quality and salinity balance of the lake water. 
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Figure 5: The incremental (cumulative)  trend of EC of groundwater in the plains near Lake 

Uromiyeh (TAMAB, 1998 & Yekom, 2002) 
 
 
 

1.3 The System Parameters 
 
 
1.3.1 Structural  
 
There are many structures as shown in Figure3 and summarized below: 
 
Study/construction phase 
 

 29 dams under construction or study 

 13 irrigation and drainage networks under study 

 2 irrigation and drainage networks under construction 
Existing 
 

 6 storage dams 

 10 diversion dams 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
March 2008 

 

 

 07 

 4 irrigation and drainage network

Figure 6: Existing and Planned Water Resources Developments and river system in the basin 
(Curtsey of Yekom, 2002) 
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1.3.2. Social and Financial administration and management 
 
In order to mange water resources in the basin and to implement IWRM principles, a basin 
wide authority is paramount. However, it must be noted that there is no River Basin Authority 
(RBA) in the lake Uromiyeh basin. Nevertheless, there is a discussion at national level to se 
up RBAs. The Alborz Integrated Land and Water Resources Project sponsored by the World 
Bank and MoAJ is looking into this issue. A River Basin Directorate has been established at 
the IWRMC, MoE. However, at regional level, the water authorities are drawn based on 
political boundaries of the provinces. The crisis of the Uromiyeh Lake has prompted MoE 
and the Presidential Office to look into establishing a Lake Uromiyeh Management 
Committee comprised of governors of the three provinces and provincial l organisations such 
as provincial Envirnemental Protection Offices, Water Authorities and Agricultural Jihad 
Organisations.  

 
Main Stakeholders: There are many stakeholders among the following sectors: 

 
 Water and energy (hydropower) governmental ministries and agencies.  

 DoE and Provincial offices 

 Agriculture including governmental agencies and farmers 

 Hunting industry including fishing (Aquacultures and fishing (Artemia)) 

 Transport and Highway agencies including Water transportation 

 Industry including Salt mining  

 Research groups and universities and NGOs 

 Tourism including municipalities, housing agencies.  
 

Institutional Map for each province:  The prime decision maker is the provincial 
Governor appointed by the Interior Ministry. Governorate Consultation Council has a weekly 
meeting to discuss different issues. In every province there are provincial directorates of 
each of the ministries. The appointment of head of these directorates is political and 
influenced by the member of The Parliament and Provincial governor. The Planning & 
Development Deputy of the Governor has a great deal of influence in all matters with regard 
to development projects. 
So we have  

 Provincial Agricultural Jihad Organization ( and related organizations such as 
Forestry and Rangeland Organization, Fisheries (Shilat Company, etc) 

 Provincial Water & wastewater Companies 

 Provincial Water Authorities 

 Provincial Department of Environment, DoE 

 Provincial Housing and urban Development Organization. 

 Provincial (Charitable) Housing Association 

 The Co-Operatives Organization (agricultural, housing, etc…) 

 Municipalities (deal with waste in urban area and urban planning application) 

 Provincial Management and Planning Organization (MPO)1  

 Provincial Financial Affairs Organization (they have an Audit inspectorate in each of 
the organization to make sure the money is spent according to MPO’s guidelines.) 

 Provincial Roads and Transportation Organization (Shipping and Ports Organization 

                                                 
1 In summer 2007, MPO was amalgamated with the Governorate office as the Directorate of 

Planning and the head of this office is deputy governor. MPO no longer exists. At national level, 
the MPO was replaced by the Deputyship of Strategic Planning headed by a Deputy President of 
the State. 
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 Provincial Department of Health, Medical Treatment and Education. 

 Provincial Industry and Mines Organization  

 Provincial The Industries Chamber of Commerce (Provincial Commerce 
Organisation) 

 City, district and local Councils 

 The Mayor(elected by councils in cities, towns and districts) 

 Provincial Cultural heritage Organisation (including tourism board)  
 

And so on. These are not independent of their ministries but can act independently in their 
province.  
 

Decision Making: it is stated that” sectoral decision making over a long period has led to 

an increasing level of conflicts between the environment, water and agricultural sectors in the 
Lake Uromiyeh”. Therefore,”there is a need for greater inter-sectoral corporation” (WRI, 
2005). Clearly there is a great deal of problems with regard to the management of this 
precious resource.  Nevertheless, there are some coordination committees which have legal 
basis. The highest one is planning council (or committee), with about 17 subcommittees 
some of which have direct relation with the lake issues e.g. Water, agriculture and natural 
resources committees and so on.  
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2 Past works on the Lake Urumiyeh Basin  
  
 
2.1  Available data: recent works used in this reports:  
 
The TOR of the contract outlines the basis for this study to be based on 3 major works, a 
complementary PhD thesis and a synthesis report as below: 

1. Yekom (2002): 4 volumes of reports by Yekom Consulting Engineers, in English and 
Farsi, Irrigation Improvement Project (IBRD Loan 3570 IRN): The lake Uromiyeh 
Environmental Management project; Ministry of Agricultural Jihad, the World Bank, 
FAO, Wetlands International, ITC, and Yekom Consulting Engineers.  

2. WRI (2005a): 4 volumes of reports by the Water Research Institute (WRI) Tehran in 
Farsi language; Integrated Water Resources Management (IWRM) for Lake 
Uromyeh Basin, Iran (PvW-02.048); Ministry of Energy, The Netherlands Ministry of 
Agriculture, Nature and Food Quality, DLG, ITC, Wetlands International, Royal 
Haskoning, Yekom and pandam. WRI (2005b) English draft version is available in 9 
annexes, somehow the reporting is scattered but is useful]  

3. WWA/Yekom (2005): 9 volumes of reports by Yekom Consulting Engineers in Farsi 
language: The Environmental Impact Assessment and study (quality and quantity) of 
the Development Projects in the Lake Uromiyeh Basin, The West Azerbaijan Water 
Authority (WWA), Ministry of Energy (MoE).   

4. Nazaridoust, A. (2006): A Methodological Framework, Guidelines and DSS Model to 
Calculate the Minimal Ecosystem Water Requirements for Wetlands: A Case Study 
of the International Wetlands in the Lake Uromiyeh Basin. Science Research 
Directorate, Azad Islamic University. 

5. EWA (2007) The Lake Uromiyeh Coastal Water retreat: Effects, impacts and 
Challenges, A Synthesis Report by Directorate of Research and Basic Water 
Resources Data, East Azerbaijan Water Authority, September 2007, Tabriz.  

 
In addition the following reports were considered: 
6. WWA (2001) Status of Water Resources & Drought Index. Directorate of Research 

and Basic Water Resources Data. W. Azerbaijan Water Authority, MoE.  
7. WWA (2004) Water Year 2002-3: Analysis and Prediction of Hydrological, Drought 

Indices and Vulnerability in the West Azerbaijan Plains.  Directorate of Research and 
Basic Water Resources Data, W. Azerbaijan Water Authority, MoE. 

8. WWA (2005) Water Year 2004-5: Analysis and Prediction of Hydrological, Drought 
Indices and Vulnerability in the West Azerbaijan Plains.  Directorate of Research and 
Basic Water Resources Data, W. Azerbaijan Water Authority, MoE. 

9. WWA (2006) Water Year 2005-6: Analysis and Prediction of Hydrological and 
Drought Indices and Vulnerability in the West Azerbaijan Plains.  Directorate of 
Research and Basic Water Resources Data, W. Azerbaijan Water Authority, MoE. 

 
 
2.2 Earlier works  
 
2.2.1  Primary References: 
 
An important feature of these reports used as the basis of this report is that these reports are 
based on major works carried out in the 1980s and 1990s in which there was major policy 
shift in water resources management in Iran. The shift was towards holistic and integrated 
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management and major works were done to prepare Comprehensive2 Water Resources 
Plan for the Iranian catchments. The main works include: 
 
 

1. Karab Co. (1984)  The first phase studies of irrigation and drainage network plan of 
Naghadeh plains- Volume 2( water resources), March 1984. 

2. Karab consulting Engineers (1988) Feasibility studies for irrigation development of 
the Naghadeh plain. Ministry of Agricultural Jihad. Volume 2 Water Resources.   

3. ABNIROO Consulting Engineers (1994) Second phase preliminary studies of 
Shahid Kalantary Highway cross over Lake Uromiyeh. This includes different reports 
on: climatology, hydrology, Lake's Water Budget, Maximum Possible Water level 
during the lifetime of the Highway, The lake's Ecosystem and its Environment and 
sedimentation, Water Quality and trends of its variation. A 39 year cycle of data 
(1954-1993). 

4. WRI (1995) How to reduce salinity in the Lake Uromiyeh: An analysis. The main 
aim of this report is to come up with ways to reduce salinity of the Lake so that 
biodiversity of the Lake is maintained. Also, it looks into ways to enhance tourism in 
the region. It uses two numerical models to simulate a water balance in the lake by 
analyzing data from rivers which feed into the lake. It is an attempt to investigate and 
predict the lake's behaviour according to different scenarios.  It is noted that a data 
bank of previous water resources development projects in the Lake basin had been 
included.   

5. Jamab Consulting Engineers (1997) Comprehensive Studies on Agricultural 
Development in Aras and Uromiyeh Catchments. A 10 volume reports.  This was 
an attempt to fill information and data gaps in the mentioned basins. Data used for 
the period 1964-1995. The analysis was divided into four main sections: Climatology 
(2 Volumes), Surface water Studies (1 Volume), Groundwater Studies (1 Volume) 
and Water Resources  & Irrigation Development (6 volumes). 

6. Jamab Consulting Engineers (1998) National Water Master Plan, Lake 
Uromiyeh Basin. This was in line with the new policy to come up with strategies for 
management of Iranian catchments and determine the requirements and 
prerequisites for sustainable development. These include reports on: Climatology 
and hydrology; assessment of water resources (surface, groundwater and drinking); 
land use and Agriculture at present and future requirements for developments, all in 
a single volume.  

7. Water Resource Research Center (TAMAB), (1998) Synthesis of water 
resources studies, Uromiyeh Basin. The main aim was to produce an atlas of 
water resources to be used by various experts from different sectors and includes 
many reports on: hydrology, hydrogeology, water resources quality and synthesis of 
different studies). Data used for the period 1964-1995.   

8. Kodsniro Consulting Engineers (1999) Aji-Chai Sub basin Irrigation and 
Drainage Project: 1st Phase: Studies of Tabriz Plain. The main aim of this project 
was to regulate the flood flow of the Aji-Chai River to investigate the water and land 
use development in the Tabriz Plains. An 11 volume reports include: an overview 
report, the current status of agriculture and animal husbandry, land resources and 
drainage conditions, the status of irrigation, the status of environment, agricultural 
development plans and projects, agricultural economics, underground drainage, 
analytical comparisons of different canals, Irrigation development projects, and 

                                                 
2  There are 3 terms used to describe the word "integrated'  in Persian and is the source of  

disagreement among different experts: the author believe that (جامع) means 'comprehensive', ( بهم
 means 'uniform'. However, most of the experts use the word (يكپارچه) means 'integrated' and (پيوسته
 .to mean integrated (يكپارچه)
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overview on development and water resources allocation. All reports are written from 
an economic point of view.  

9. Yekom (2002b) A study to Identify and Determine Medium size Hydropower 
Plants in the Lake Uromiyeh Basin. The main aim was to identify possible and 
potential hydropower plants (medium size with 5-20 MW capacity) on the permanent 
rivers in the basin. Some possible locations were identified on the 5 main rivers. 

 
2.2.2  Secondary References 

 
In the past, most of the work done in the basin was development driven and so most of the 
works were parts of agricultural, irrigation, dam buildings or highway design feasibility 
studies. However, they included valuable information about water resources systems and 
water quality.  

 
Water Resources (Surface & Groundwater) & water Quality 

1. Abkav (1974) Geophysical Studies in the Aji-Chai Sub-Basin. 

2. Institute for Water Resources Analysis & Labratories (MBAMA) 3   (1981) 
Bathymetrical (depth) Analysis of the Tabriz-Uromiyeh Highway. MoE. 

3. Daneshvar, N.A & Ash'athi Sorkhabi, H. (no date) The Physio-Chemical Study of the 
Lake Uromiyeh. Journal of Environmentalogy, Year 21 No 17 pp34-42, Tehran 
University Publications.  

4. Daneshvar, N.A,  Ash'athi Sorkhabi, H. and Delmaqani, S and Muhammadi, S. (no 
date) Analysis of Phisio-chemical charecterestics of Uromiyeh Lake Water and its 
Classification according to Statistical Analysis. Journal of Enginneing Faculty of 
Tabriz University. 

5. Daneshvar, N.A & Saadatjo, N. (no date) Partial Crystalisation of Lake Uromiyeh 
Water. Journal of Environmentalogy, Year 21 No 17 pp42-48, Tehran University 
Publications.  

6. East Azarbiejan & Ardabil Water Authority (EAWA) (1997) Water Balance and 
Groundwater in the Ajabshir Plain. Research and Basic Data Affairs. 

7. EWA(1992) Overview of Water Resources in East Azarbiejan 

8. EWA/WWA (1991) Profile of Hydroclimatological Stations. EWA amd WWA.  

9. Jalili, B.(1984) Uromiyeh Lake. MoE, Water Resources Research Directorate for 
Azarbijan Region. 

10. Jamab (1990) Surface Water Resources in the Uromiyeh Lake Basin, MoE.  

11. Jamab (2004) A Draft Report on enhancing hydrometric Measurements of Water 
Resources in Iran. IWRMC, MoE  

12. Iran Water Resources Management Company (IWRMC): Groundwater Data Bank, 
The office of Basic Studies and Data. 

13. Iran Water Resources Management Company (IWRMC): A report on the status of 
Groundwater in Iranian Basins, The office of Basic Studies and Data. 

14. IWRMC (1990) Atlas of Water Resources in Iran. Planning  Directorate. 

                                                 
 موسسه بررسي ها و آزمايشگاه هاي منابع آب 3
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15. Mehdavi Fesendoz, T and Jenara, B. (1996) Planning and Managenet of Water 
Resources: Water Resources Project for Miandoab Plain. Water and Power 
University of Technology.   

16. MoE (1964) A Report on Groundwater in the Tabriz Plain. General Directorate for 
Groundwater Resources, MoE.   

17. Mininstry of Energy (MoE), (1992) Bultin of Status of Water Ressources in Iran. No 6, 
Water Resources Research Institute, The office of Basic studies and Data. 

18. Shahini, S. (2000) Seas, Lakes and Wetlands of Iran. IWRMC, TAMAB, MoE. 

19. TAMAB/Water & Sustainable Development Consulting Enginnering (2000) To 
investigate the Flood Hydrograph and Histogram of simultaeneous downpours in the 
Lake Uromiyeh Basin. IWRMC, MoE. 

20. TAVANAB (1991) Artificial Recharge of Groundwater in Tabriz, Shabestar and 
Marand Plains. 

21. Torabi, Ahmad, 2000. Study of water balance sheet and its changes in Lake 
Uromiyeh. WWA, MoE. 

22. WWA (1994) Surface Area Changes of the Lke Uromiyeh Lake, MoE. 

23. WWA (1996) Chemical Analysis and results of Water Samples from Rivers in West 
Azerbiejan Rivers 1995-1996. 

24. WWA (1993)  Water Balance and Groundwater in the Naqada and Ishnovia Plains. 
Research and Basic Data Affairs. 

25. WWA (1999)  Water Balance and Groundwater in the Mahabad Plain. Research and 
Basic Data Affairs.  

 

Hydraulics and Hydrodynamics  

26. Sadra Consulting Enginners (2003) Hydraulic, Hydrodynamic and Environmental 
Studies of Kalantary Highway Project in the Lake Uromiyeh. Ministry of Roads & 
Transport. 

27. Tarhae Navandishan Consulting Engineers (2004) Comperhansive Studies on 
Hydraulics of Lake Uromiyeh. Kalantary Highway Project. Ministry of Roads & 
Transport. 

Agriculture and Irrigation and Drainage Networks 

28. Abkhan Co (2000) Complementary studies of phase one of irrigation and drainage 
network of irrigable (draught) lands in Shahr Chai sub basin- (final report: volume 7: 
the overview), April 2000.   

29. Abkhan Co (2000) Complementary studies of phase one of irrigation and drainage 
network of  irrigable lands of Shahr Chai sub basin- (final report- volume 3- the 
current situations of diversion dams), April 2000. 

30. Abkhan Co. (2000)  Complementary studies of phase one of irrigation and drainage 
network of irrigable lands of Shahr chai sub basin- final report- volume 6- 
amendment and revival of channels and current diversion dams- cost estimates 
report and financial assessment, April 2000 
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31. Abkhan Co. (2000)  Complementary studies of phase one of irrigation and drainage 
network of irrigable lands of Shahr chai sub basin - final report- volume 2- the current 
situation of agriculture, April 2000. 

32. Absaran Co (1994) Complementary of phase one- irrigable lands of Nazloo river- 
Volume 6, chapter 8- the current situation of irrigation, May 1994. 

33. Absaran Co (1996) Complementary studies of phase one- irrigable lands of Nazloo 
river, July 1996. 

34. Absaran Co (1994) Complementary studies of phase one – irrigable lands of Nazloo 
river- Volume 5 (Chapter 7- Sections 2 & 3- agriculture-status quo and development 
of agriculture), February 1994.  

35. Absaran Co (1993) Complementary studies of phase one of irrigable lands of Nazaw 
river- Volume 6, chapter 8- the current situation of irrigation, May 1993. 

36. Absaran Co (2003) Complementary studies of phase one- the irrigable lands of  
Nazloo river- chapter 9- irrigation and land modification – ( Annex of Volume 7- the 
album of maps), November 1994. 

37. Absaran Co (2003) Second phase studies of Nazloo storage dam- summary of the 
information and  overview of the plan, May 2003.  

38. Mahab Ghodss Co (1995) Second Zarrinehrood Plan, irrigation and drainage studies 
of central part (development sections 6,7) and downstream lands of Miyandoab plain, 
studies on agricultural economy in present condition, November 1995. 

39. Pooyab Co. (1995) Detailed calculations of  potential evapotranspiration and water 
demands estimation of crops in the first phase studies of the water supply,  irrigation 
and drainage of Naghadeh plain, December1995 

40. Pooyab Co (2003) an Overview of water supply and irrigation and drainage plans in  
Nghadeh plain- Oshnavieh, February 2003. 

41. Pooyab Co. (2000) Second phase studies of the water supply plan and irrigation and 
drainage network of Naghadeh- Oshnavieh- the Utilisation/Maintenance report of 
Hasanloo dam, October 2000. 

42. Pooyab Co., Summarized results of the water supply, irrigation and drainage network 
plans for Moghan- Naghadeh- Oshnavieh till now, No date. 

43. Pooyab Co. (2002) Summarized studies of water supply of Naghadeh- Oshnavieh 
plain and Chapar Abad Dam, March 2002. 

44. Pooyab Co (1993) The first phase studies of the water supply and irrigation and 
drainage plans of Naghadeh plain (Shoorgol project)- volume 5: irrigation and 
drainage network, July 1993. 

45. Pooyab Co. (1996)The first phase studies of the water supply and irrigation and 
drainage plans of Naghadeh plain – water resources planning of Gadar system- 
Chapar Abad,  December 1996 

46. Pooyab Co.(no date)The first phase studies of the water supply and irrigation and 
drainage plans of Naghadeh plain- Volume 1: climatology and hydrology, No date. 

47. Pooyab Co.(1996) The first phase studies of the water supply and irrigation and 
drainage plans of Naghadeh plain- Irrigation and drainage of Gadar system – Chapar 
Abad, December 1996. 
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48. Pooyab Co.(2000) The first phase studies of the water supply and irrigation and 
drainage plans of Naghadeh plains-Oshnaviye- flood control report of Gadar river, 
September 2000. 

49. Pooyab Co.(1992) The reconnaissance studies of the water supply and irrigation and 
drainage plans of Naghadeh plain- volume 5: development and utilisation of water 
resources, April 1992. 

50. Pooyab Co.(no date) The reconnaissance studies of the water supply and irrigation 
and drainage studies plan of Naghadeh plain- volume 3: agriculture, social, 
economical, No date. 

51. Pooyab Co.(1990) The reconnaissance studies of the water supply and irrigation and 
drainage plans of Naghadeh plain (Shoorgol project) – Shoorgol technical report, 
December 1990. 

52. Pooyab Co.(no date) Water supply and irrigation and drainage network plan of 
Naghadeh plain, the water quality analysis in Hasanloo reservoir, No date 

53. Pooyab Co.(2000) Water supply and irrigation and drainage network plan of 
Naghadeh plain, first phase studies, the hydroelectric power plant of Chapar Abad 
dam, October 2000. 

54. Pooyab Co.(1998) Water supply and irrigation and drainage network plan of 
Oshnavieh- Naghadeh plain, (Gadar- Chapar Abad system), first phase studies, 
pumping stations and water transfer lines, April 1998. 

55. Pooyab Co (1978) General studies of environmental impacts of Hasanloo Dam and 
Drainage project, September 1978. 

56. Qods Niroo Co.(1999) Aji Chai basin plain, Tajyar project, first phase studies 
(feasibility), Volume 2, agriculture, July 1999. 

57. Qods Niroo Co., Aji Chai basin plain, the summary report of Vanyar storage dam and 
irrigation and drainage network of Tabriz plain, No date. 

58. Qods Niroo Co.(1995) Aji Chai sub basin plain- summary report of Vanyar storage 
dam and irrigation and drainage network of Tabriz plain, May 1995. 

59. Qods Niroo Co. (1995) Multi purpose plan,of Ajichi  the summary report of Vanyar 
storage dam and irrigation and drainage network of Tabriz plain, May 1995. 

60. Qods Niroo Co.(1990) Tajyar project of Sarab- the second phase studies 
(complementary studies of phase 1) – Tajyar diversion dam, December 1990.  

61. Qods Niroo Co., The first phase studies of irrigation and drainage network of Tajyar- 
volume 4- development plan of irrigation and drainage, May 2001. 

62. Qods Niroo Co., The quality improvement and the water salinity control plan for the 
Shahid Madani dam reservoir , No date 

63. Uromiyeh university, Research department (2000) Environmental study of the  
development zone 9 – irrigation and drainage network of Zarrinehrood delta, 
September 2000. 

64. Mahab Ghods (1986) General characteristics and finding the implementation priority 
of the multi purpose Sofichi project, October 1986 

65. WWA (1996) The study and report of the results of chemical analysis of water 
samples of the west Azerbaijan rivers (water year of 96-97), February 1996 
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66. Unknown, The plan of storage dam and irrigation and drainage network of Simineh 
Rood, studies of the reconnaissance phase, Annex 6-3, report of the present 
condition of irrigation, April 1996 

Dam Feasibilty Studies 

67. Electro project Co., The irrigation plan for Uromiyeh (Balanoosh- Barandooz), final 
plan, section 1, Volume II of general report, Zagreb, November 1976 

68. Electro project Co., The irrigation plan of Uromiyeh (Balanoosh-Barandooz), final 
plan, section 1, Volume 3, Balanoosh and Barandooz diversion dams, 1976 

69. Electro project Co., The irrigation plan of Uromiyeh (Balanoosh-Barandooz), final 
plan, section 2, volume II-1- general report, Zagreb, February 1977  

70. Mahab Ghodss Co., Multi purpose plan of Sofichi (Hydrology report), No date. 

71. Mahab Ghodss Co., Multi purpose plan of Sofichi, the second phase studies of 
irrigation and drainage network, final report, irrigation network planning, No date 

72. Mahab Ghodss Co., Quantitative characteristics and finding the implementation 
priority of the multi purpose Soofichi project, October 1986.  

73. Mahab Ghodss Co., Sofichi and Mardooghchi plan (storage dams), June 1979. 

74. Mahab Ghodss Co.(1987) The project of increasing the height of Zarrineh Rood dam 
and the hydroelectric power plant, The cost estimation report, phase 1, September 
1987  

75. Mahab Ghodss Co. (1994) Studies of different variants for Alavian Dam 
impoundment , August 1994. 

76. Mahab Ghodss Co. (1987) The project of increasing the height of Zarrineh Rood dam 
and its hydroelectric power plant,Annex 1of the hydraulic report, Phase 1, September 
1987. 

77. Mahab Ghodss Co. (1987) The project of increasing the height of Zarrineh Rood dam 
and the hydroelectric power plant, Annex 2 of the report of water resources planning 
studies, September 1987  

78. Qods Niroo Co. (2004) Aji chai sub basin plain, final studies of Vanyar Dam and 
relevant structures, designing of dam body (part 1),December 2004. 

79. Qods Niroo Co.(2002) Final studies of Vanyar dam and related installations- 
designing of the body of the dam report (part 1), December 2002. 

Rivers 

80. Mahab Ghodss Co.(1995) Flood control of Simineh Rood and Zarrineh Rood rivers- 
studies of inundation of drainage systems of Zarrineh Rood and Simineh Rood rivers, 
March 1995.  

81. TAMAB (2001) A Report on Measurments in Iranian Rivers. IWRMC, MoE.  

82. WWA (2000) Small Rivers branching from large Rivers. Research Directorate for 
Water Resources Data. 

Land Use 

83. Mahab Ghodss Co. (1979) Land use of Sofi chai plain report, August 1979 
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Flora and Fauna 

84. Abatzopoulos T.J., Age, N., Van Stappen G., Razavi Ruhani, S.M.,  and S.M., 
Sorgeloos, P. (2006) Artemia Sites in Iran. Journal of the Marine Association of the 
United Kingdom, 86, pp 299-307. 

85. Age, N., Sorgeloos, P., Abatzopoulos T.J., Razavi Ruhani, S.M. and Lotfi V.G (2001) 
Artemia Resources in Iran. International Workshop on Artemia, Artemia and Aquatic 
Animals Research Centre, Urmia University, Urmia, Iran. 

86. Agh, N., (2006) Resources Assessment of Artemia in Lake Urmia, Artemia and 
Aquatic Animals Research Institute. 

87. Asri, Y. (1999)  Vegetation of the Lake Uromiyeh Salt Marshes 

88. Azari Takami, G. (1987) The Use of Artemia from Lake Urmia (Iran) as food for 
Sturgeon. In: Artemia, Research and its Applications, Vol.3 Ecology, Culturing, Use 
in Aquaculture, pp 467-468, Wetteren University Press. 

89. Evans, M.I. (ed.), 1994, Important Bird Areas in the Middle East, Bird Life Conservation 
Series No.2, Bird Life International, Cambridge, U.K. 410 pp. 

90. Firouz, E., 2000, A Guide to the Fauna of Iran. Iran University Press, Tehran, Iran. 491 
pp. 

91. Hadezie, M. (no date) Effects of Environmental Changes on Reproduction Mode of 
Artemia Urumiana in Lake Urmia. 5th International Workshop on Artemia, Urmia, Iran. 

92. Lotfi V., ( 2001) Effects of different salinities on Survival, Growth, reproductive and 
lifespan characteristics of three populations of Artemia from Iran. Faculty of Science, 
Tehran University. 

93. Odisho, Unstablished information about plants in W. Azarbaijan, ResearchCenter of 
Forest and Rangelands in W. Azarbaijan 

94. Rechinger, K. H. 1963-2001, Flora Iranica, No. 1-173 

95. Riahi H. et al (1992) Algae Flora of Urmia Lake, Padjohesh va Sazandegi Journal, 
No 25. 

96. Rose, P.M. & Scott, D.A., 1997, Waterfowl Population Estimates, Second Edition. 
Wetlands International Publication No.44, Wetlands International, Wageningen, The 
Netherlands. 106 pp 

97. Shahrabi, 1985, Uromiyeh geological quadrangle map, Sheet No.B3, G.S.I 
98. Scott, D.A. (ed.), 1995, A Directory of Wetlands in the Middle East, IUCN, Gland, 

Switzerland and IWRB, Slimbridge, U.K. 560 pp. 

99. . Scott, D.A., 1975, in Kear, J. and Duplaix-Hall N. Flamingos. T. & A.D. Poyser Ltd, 
England 

Environment & Sustainability 

100. Nasir, N.,  Oskoie, M., Usefi, M.  and Ghahremani, A. (1996) Lake Uromiyeh 
National Park, Department of the Environment, W. Azerbaijan, Directorate. 

101. Investigation Report on Management Capacity of Lake Uromiyeh (long term) 
Plan of W. Azerbaijan province, 1997. 

102. Madjnoonian, H, 1999. A Critical Review of Existing Strategies and 
conventions for Conservation of Nature and Living Resources, Department of the 
Environment. 

103. Madjnoonian, H, 2000. Protected Areas of Iran, Department of the Environment 
of I.R Iran. 
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104. National Committee of Sustainable Development, 1999. National Action Plan 
for Environmental Protection. Department of Environment. 

Maps 

105. Aghananbati, 1986, Geological map of the Middle East, G.S.I 
106. Aghanabati-Haghipoor, 1973, Serow geological quadrangle map, Sheet No. A4, 

G.S.I 
107. Alavi, 1991, Tectonic map of the Middle East, G.S.I 
108. Alavi, Amidi, 1976, Takab geological quadrangle map, Sheet No. C4, G.S.I 
109. Amidi, 1978, Ahar geological quadrangle map, Sheet No. C2, G.S.I 

110. Amidi, 1978, Mianeh geological quadrangle map, Sheet No. C3, G.S.I 
111. Eftekharnejad, 1973, Mahabad geological quadrangle map, Sheet No. B4, G.S.I 
112. Efthkharian, Ghorashi, Mehparto, 1989, Tabriz-Poldasht geological quadrangle map, 

Sheet No. B1-B2, G.S.I 
113. Ghorashi, Arshadi, Haghipoor, Eftekharnejad, 1977, Khoy geological quadrangle 

map, Sheet No.A2, G.S.I 
114. NIOC & GSI, 1978, Geological map of Iran, Sheet No.1 (northwest of Iran). 
115. Zehzadi, Hajian, 1985, Sanandaj geological quadrangle map, Sheet No.C5, G.S.I 

Miscellaneous 
116. Espahbod M.R. and Kheirkhah M.F. (2005) The impact of groundwater hydrological 

balance on the fluctuation of the Caspian Sea level due to tectonic agents in 
relationship with Urumia (Uromiyeh), Van and Sevan Lakes. Proceedings of the 
International Conference on Rapid Sea Level Change- A Caspian Perspective, 2-9 
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PART II 
 
 
 
 
 
 

Assessing the State of the Water 
Resources System in the  

Uromiyeh Lake Basin 
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3 Basic Water Resources Data for the Uromiyeh Lake  
Basin 

 
3.0 Prologue 
 
There are two main issues of water resources engineering, development and management: 

1. Control of excess water (flood mitigation, storm drainage, bridges-culverts, 
sewerage) 

2.  Conservation of water: 
a. Quantity:  water availability, water demand, water supply, water use 
b. Quality: pollution control, sedimentation, salination etc 

 
It must be noted that economic, social and political aspects affects decisions made about 
both issues. In any appraisal for water resources strategy and development, there are some 
basic questions that need to be answered: 

 How much water can be expected (i.e. water availability) 

 What quality? (chemical, bacteriological, sediment)  

 How much water is needed (i.e. water demand) 

 Who may use the water? (i.e. water rights, water allocation: priority of use e.g. 
environmental requirements) 

 What structures exist? (Geological condition, faults, type of aquifers) 

 What infrastructures exist? dams, spillways, canals, pumping stations, hydropower 
plants) 

 What environmental impacts of water use exist? 

 What are the economic/social and political implications? 
 
Almost all project designs depend on the answer to the question: how much water can be 
expected (i.e. water availability). The answer can be found through hydrological studies of 
the occurrence and distribution of the water resources. In this report we will deal with the 
named question of the Lake Uromiyeh basin as set out in the objectives of the report: 
1. To analyse the available hydrological (water resources) data in the basin. 
2. To analyse the water balance for the Lake based on the available data. 
3. To carry out a comparative analysis of the available hydrological (water resources) and 
find data gaps. 
4. To estimate water requirement of Lake Uromiyeh using existing studies and data.  
 
 
3.1     Assessment of the Water Resources Data: Recent Studies 
 
There are certain facts that bear important lights on the analysis: 
 

a) These reports are consultancy reports and not necessarily validated by major 
stakeholders (decision makers) in the basin. Nevertheless, they were commissioned 
by ministries and governmental institutions. The WWA/Yekom (2005) reports are 
commissioned by the main guardian of water resources i.e. WWA.  
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Table 3: Previous information gaps partly covered by later research works 
 
 

No. 
Recommendation made by Yekom 

(2002) 

suggested 

Responsible 

Organisation 

Works corresponding to 

the recommendations 

1 Water resources developments in the 

Basin combined with the drought 

period have had a remarkable effect 

on water level and Lake surface area. 

A detailed study of the water budget 

in the basin is therefore needed.  

MoE WWA/Yekom (2005) 

Volume 2: Water Budget of 

the Lake 

2 A detailed study on microclimatic 

changes and the effect of the Lake in 

climatic moderation is 

recommended. 

IMO WWA/Yekom (2005)  

Volume 5: The Impact of 

Microclimatic (local 

Climate) changes on the 

Surface Area of the Lake 

and visa versa: effect of  the 

Lake on temperature and 

humidity 

Volume 4: Impacts of 

Droughts on the Condition 

of the Lake: drought 

analysis with respect to 

water inflow into the lake 

and Lake's water level. 

3 Hydrometric stations should be 

installed at the outfall of tributaries 

near the Lake, to provide an accurate 

estimate of the inflows to the Lake. 

MoE WWA/Yekom (2005) 

Volume 1: Calculation of 

Inflow into the Lake 

4 Extensive agriculture is undertaken 

in the coastal areas around the Lake. 

The amount and quality of 

withdrawal water and the return flow 

to the Lake should be monitored. 

MoE WWA/Yekom (2005) 

Volume 1: Calculation of 

Inflow into the Lake 

5 Installation of a water quality-

monitoring network (surface and 

groundwater) near the Lake is 

essential for future monitoring. 

MoE WWA/Yekom (2005) 

Volume 1: Calculation of 

Inflow into the Lake (Water 

Quality section). 

6 An assessment of saltwater intrusion 

into coastal aquifers should be made, 

and appropriate measures, such as 

artificial recharge undertaken. 

MoE WRI (2005) Module 1 

Basic Studies Report, 

section 4 Groundwater 

Resources 

7 Since the condition of the Lake is 

too critical from hydrological point 

of view and consequently from 

biological point of view, it is 

strongly recommended to make a 

comprehensive study of long term 

consequences of water resources 

projects throughout the Lake 

Uromiyeh Basin. 

MoE WWA/Yekom (2005) 

Volume 7: The Impact of 

Water Resources 

Developments in the Basin 

on the Lake 

 
b) There is a historic link between all these reports and can be considered a 

complimentary to each other and the UNDP/GEF Project can be considered to be the 
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continuation  and culmination of the international projects as the main aim of these 
projects were to achieve sustainability and ecological balance in the whole basin. 
Major research gaps in the Yekom (2002) undertaking were covered by the other two 
projects as shown in Table3. One great advantage of the past works has been that a 
lot of information gaps have been covered: new hydrological, climatic and 
institutional data have been collected and recorded. It makes the Lake Uromiyeh 
basin to be one of the well studied catchments in Iran. 

c) There is a strong presence of Yekom Consulting Engineering in all the reports. So by 
the mathematical law of trial and error, the standard of reporting must have been 
improved and the level of experience must have increased as well.  However, there 
is a lot of overlapping and repetitive reporting which makes the analysis rather 
tedious.  

d) The source of data therefore, comes from the most reliable sources since these 
reports were commissioned by ministries and related organisations and the 
consultancy firms had well connections to produce these reports and carry out these 
major studies.  

e) Despite all these, there are information gaps and much work is needed to organise a 
data bank for the basin. It is suggested that a data bank agency to be established so 
that all the researchers, consultants and experts can make informed decisions.  

f) WWA/Yekom (2005) reports stands out to be detailed, precise and address the main 
questions with regard to the survival of the Lake and the impact of the development 
projects on the Lake basin. It also contains rather detailed analysis of the 
hydrological data.  

g) Yekom (2002) is a first project to highlight the environmental issues in the basin; 
proposing certain management action plan to deal with institutional, hydrological and 
ecological requirements in the basin.   

h) WRI (2005 a & b) reports are an introduction to the concept of IWRM. There are 
some considerable scenario analyses and modelling but lacks full multi criteria water 
resources scenarios and management options. RIBASIM DSS (decision support 
system) model was used to carry out some analysis for parts of the basin. RIBASIM 
is a water balance model and not a multi criteria water resources DSS.  

i) The basis for all the above information is the references listed as Primary 
References.  These are major works carried out to form the backbone of all the 
above information.  They constitute the best possible sources of information and the 
best engineering practice in contemporary Iran. 

 
Therefore, these works can be considered as complimentary to each other and certainly the 
extensive use was made of the findings of the reports. WRI (2005) reports have 2 main extra 
elements: 

1. Introduction to IWRM and some scenario analysis of different water allocation 
strategies. 

2. A comprehensive but not complete assessment of the satellite wetlands (reported by 
Pandam Consulting Engineers).  This is an important element in considering water 
requirements for the satellite wetlands (unfortunately not all of them have been 
studies due to lack of time and finance.  

 
Both  Nazaridoust (2006) and  WWA/Yekom (2005)  have attained similar results with regard 
to ecological water requirement of the Lake.  The Latter report suggests management 
options to achieve it. Also, similar results have been obtained by WRI (2005) Module Water 
for food report and WWA/Yekom (2005) Report on demand management in some pilot farms 
in Godar Chai and Mahabad Chai sub-basins.  This clearly shows interlinks between the 
reports. There is one sound conclusion which can be made with a degree of confidence that 
there has been a lack of integrated approach to research on water resources management 
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and conservation. This goes back to non-integrated international effort on water resources 
research at UN level. Water has been the subject for many UN and global agencies each 
dealing with a particular theme. Recently, there has been an attempt to bring all the themes 
under the banner of UN Water. It is therefore, suggested that an integrated approach is 
employed to deal with different aspects of water resources research. For example works 
done by consultancy firms on hydraulic of the Lake is not available or not at disposal of those 
who are the guardians of water resources.  

  
3.2      Meteorology  
 
3.2.1 Meteorological Stations 
 
The information about the meteorological stations is found in 2 reports as shown in Table 4. 
The meteorological data is collected by the MoE and Iran Meteorological Organisation (IMO). 
MoE is responsible for majority of rain-gauge and evaometric stations whereas IMO is 
responsible for synoptic (climatologic) stations. WWA/Yekom (2005) asserts that 
meteorological data are recorded with average precision since the operators of these 
stations have little knowledge about the importance of these data. There are discrepancies 
with regard to data logs as well: MoE records data in Hijra solar calendar whereas IMO 
recording are in Christian calendar. All the past works have shown that there are a lot of 
gaps in the available data at the stations. Out of the 224 stations recorded by the WRI 
(2005), only 13% of the stations have an observation period over 35 years and therefore, the 
data needs to be completed and extrapolated in many cases. Despite these gaps in the 
available data, for example, Yekom (2002) asserts its confidence in the accuracy of the 
information related to water resources quantity and quality as well as geology, 
geomorphology and soil data. The same degree of confidence is not found for biotic features 
of the Lake basin.  
 

Table 4: Number of Metrological stations of Lake Uromiyeh Basin 

 
PAST Work Yekom 

(2002a) 
[1] 

WRI 
(2005) 

[2] 

WWA/Yekom 
(2005) 

[3] 

No. Metrological 
Stations 

222 224  

Evaopmetric  20 49  

Synoptic 21* 14  

Rain-gauge 181 161 154 

Index Period 
(year) 

1966-92 1967-
2002 

1967-2004 

Notes:  
* synoptic and Climatology Stations 

 
WRI (2005) has a stronger and a more detailed report on the meteorological data than the 
other two works. The index period is updated to 2002 and standard homogeneity and 
statistical tests (e.g. double mass curves) were carried out to correct the available raw data. 
It also suggests establishing 4 extra Evapometric stations and 8 snow survey sites in the 
region. Similar suggestion is made by WWA/Yekom (2005).  
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3.2.2 Precipitation (P)  
 
A comprehensive study of precipitation was made by Jamab (1998) which forms the basis of 
some of the recent studies. Total Annual precipitation is considered to be 20,323 MCM as 
illustrated by Figure7. EWA (2007) gives a lower figure of 19,200 MCM; bearing in mind that 
this is a more recent and updated estimate of total precipitation. There is a slight difference 
in the average annual precipitation recorded by different works as shown in Table5. This 
difference relates to the different water year index period used as basis for calculation. Only 
8 stations had complete data for the whole index period. Therefore, the statistical methods 
employed by different studies have resulted in rather different values.  It seems that the WRI 
(2005) value of 384 mm is more accurate bearing in mind that the index period is more up to 
date and a greater experience in extrapolating data was gained by Dutch and Iranian 
partners during the simulation and scenario analysis of water resources in the basin using 
RIBASIM DSS Model.  
 
In recent years, a descending trend has been noted by Yekom (2002); for example for the 
period of 1978-98, annual average P is 345.5 mm; this is less than the long term average P.  
The drought years of 1999-2001 had a great impact on the precipitation : year 2000-1 a mere 
86 mm were recorded by Yekom (2002) whereas WWA/Yekom (2005) puts average annual 
P as less than 100 mm. something like 25% of the long term average P.  
 

Table 5: Average Annual Precipitation 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 

There is a descending trend with regards to P. Droughts are facts of life. It is a natural 
phenomenon in the Lake basin. The Longest drought period was between 1977 and 1987 
(Yekom, 2002). However, there is a consensus that drought is a normal part of climatic 
condition of the Lake and this occurs every 6 years. One interesting aspect of drought 
analysis has been that in the highlands, precipitation is affected by the surface area of the 
Lake Uromiyeh. In stations such as Sarab, a reduction in P is noticed due to shrinkage of the 
Lake in terms of its surface. So, microclimatic changes have affected P due to the Lake's 
gradual disappearance as shown in Figure8. The P values on the Lake from different studies 
are comparable and similar.  However, WWA/Yekom (2005) had made an accurate attempt 
to estimate the P on the lake. Therefore, their value of 296.9 mm is more representative. The 
base year has been taken up to 2004 and the study is far more extensive than the other 
works. 

PAST Work Yekom 
(2002a) 

[1] 

WRI 
(2005) 

[2] 

WWA/Yekom 
(2005) 

[3] 

Sadra 
(2004) 

EWA 
(2007) 

[5] 

Annual 
Precipitation, 
MCM  

20,323*  - - 19,200 

Average 
Precipitation, 
mm 

372 384 mm - - - 

Precipitation 
on the Lake 
(MCM) 

267 264.89mm 296.9 mm 263.73mm 
 

- 

 
Water years 

1966-
92 

1967-
2002 

1966-2004  - 

Notes: 
* Based on Jamab (1998) 
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Figure7: Hydrological Cycle of Uromiyeh Lake Basin [after Jamab, (1998) cited by Yekom (2002)] 
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Figure8: variations of standard annual precipitation and the Lake's surface at Sarab 

Meteorological Station 
3.2.3 Temperature 
 
Average annual temperature (T) for the Lake basin is shown in Table 6. Again there is slight 
difference between past works. This is due to the choice of stations: Yekom (2002) used 49 
stations whereas WRI (2005) used 35 stations. Nevertheless the main conclusions are the 
same in both reports: the coldest time of the year is February and the hottest is the July-
August. On the other hand WWA/Yekom (2005) reports that there is a direct relationship 
between temperature and the Lake's surface area: increasing surface area has altered 
temperature of those area in close (or in medium) range to the Lake as illustrated by Figure9. 
This indicates the importance of the Lake with regard to temperature variation and the 
limiting factor is the distance from the Lake. Regions far from the Lake are not affected in this 
way. 

 
Figure9: annual Temperature and Lake Surface variations at Tabriz Meteorological Station 
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Table 6: Metrological characteristics of the lake Uromiyeh Basin 

 
 
 

 
 
 
 
 
 
 
 

 
 

3.2.4 Snow 
 
WRI (2005) mentions that snow data are collected since 1990. Yekom (2002) mentions that 
a considerable part of the precipitation is from snow melt but it mentions no snow density. 
The area weighted snow density for the basin is calculated by WRI (2005) to be 31.8% 
(Table 6). In 1997, the maximum of water equivalent to snow was recorded in April at 
Baladarreh Station which is located at a level of 2,120 m.a.s.l.  According to data obtained 
from stations supervised by IMO, number of days with freezing temperature in Maragheh and 
Sarab Stations are 89 and 158 days per year, respectively.  

 
 
3.2.5 Wind 
 
The reports on wind condition are rather scrappy. Yekom (2002) records the maximum wind 
speeds between 1951-1985 at Tabriz and Uromiyeh Stations. Maximum speed recorded was 
31 m/s (60 knots) back in 1951. Lake's average wind speed is recorded as 3.2 m/s. Sadra 
(2004) reports 4-5.5m/s to be the dominant wind speed in the Lake. WRI (2005) makes a 
more detailed wind analyses by dividing the basin into 3 main sub basins: western, eastern 
and southern parts. The dominant wind speeds are tabulated in Table7. 

 
Table 7: Wind Data in the Basin (WRI, 2005) 

Sub-Basin Western Eastern Southern 

Station Uromiyeh Tabriz Mahabad 

Monthly range 
Average wind speed 

1.1-2.3 1.8-3.9 1.7-2.6 

annual 1.6 2.8 2 

Maximum 10 14 8 

Month of maximum January July October 

 
 
3.2.6 Evaporation 
 
Evaporation is the most difficult hydrological parameter to quantify: only point estimations 
can be made. The Uromiyeh Lake basin is wide and WRI (2005) suggests to establishing 4 
new evapometric stations. WRI (2005) makes a good attempt to quantify this parameter and 
its result is more creditable than the Yekom (2002).  It uses satellite images to validate the 

PAST Work Yekom 
(2002a) 

[1] 

WRI 
(2005) 

[2] 

WWA/Yekom 
(2005) 

[3] 

Sadra 

Average Annual 
Temperature (°C) 

10.3 9.4 - - 

Average Snow 
density (%) 

- 31.8 - - 

average Wind 
speed m/s 

3.2 2.23 - 4.72 

Relative Humidity 
(%) 

65  - - 
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results by considering a wet year (1993-4) and a dry year (1999-2000) the basis for all the 
studies are Jamab's (1998) report on the Uromiyeh Lake basin water balance. There is a 
relatively close match between different studies as shown in Table 8.  
  

Table 8: Evaporation data for the Lake Uromiyeh Basin 

 
PAST Work Yekom 

(2002a) 
[1] 

WRI 
(2005) 

[2] 

WWA/Y
ekom 
(2005) 

[3] 

EWA 
(2007) 

Total evaporation     10, 740 

Evaporation (pan) mm 1499 1374 -  

Open water evaporation, 
mm 

 1045   

Potential Evapo-
transpiration 

 1048   

Evapo-transpiration dry 
year (Dutch experts): 
satellite images 

 1173   

Evapo-transpiration wet 
year (Dutch experts): 
satellite images 

 1193   

Average K coefficient - 0.7 0.7  

Notes: 
35 year index (1967-2002) 
Evaporation from the Lake is dealt with in chapter 4. 

 
WWA/Yekom (2005) has a detailed study on evaporation from the Lake's surface. The raw 
data were corrected for saline water by using an average correction coefficient of 0.76.  It 
must be noted that both WRI and WWA/Yekom Study has used an average  K coefficient 
value of 0.7 to  convert pan evaporation into open water operation as shown in Table 8. 
 
3.2.7 Humidity 
 
Yekom (2002) concludes that the monthly relative humidity varies between 44% and 90%, 
whereas the average annual relative humidity of the basin is estimated to 65%. WWA/Yekom 
(2005) evaluated the impact of Lake Uromiyeh's surface area on humidity and climate 
moderation of the areas in the vicinity of the Lake and concluded that in cold seasons, 
increasing surface water of the Lake increase humidity in areas in the vicinity of the Lake 
whereas in hot climate, humidity is reduced as a surface of the Lake increases. Figure10 
shows the variation of Lake Surface and humidity at Tabriz Meteorological station.  

 
3.2.8  Summary of the Metrological Data 
 
From the above analysis it can be concluded that the main metrological characteristics of the 
Lake basin is given in the Table 9 below:  

 
 
 
 
 
 



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
February 2008 

 

 39 

Table 9: Summary of the Metrological Data 
Metrological Feature   

Annual Precipitation, MCM 19,200 

Average Precipitation, mm 384 

Precipitation on the Lake , mm 296.9  

Average Annual Temperature (°C) 9.4 

Average Snow density (%) 31.8 

average Wind speed m/s 2.23 

Evaporation MCM 10,740 

Evaporation (pan) MCM 1374 

Open water evaporation, mm 1045 

Potential Evapo-transpiration, mm 1048 

Relative Humidity (%) 65 

 
 

Figure10: Variations of Lake Surface and humidity at Tabriz Meteorological station 
 
3.3 Hydrology 
 
3.3.1  Review of water resources 
 
The surface area of the Lake Basin and the Lake itself is given in Table10. There are slight 
differences in the reports but it is within acceptable limits. The surface area of the Lake is 
fluctuating due to fall in water level and coastal retreats amounting to more than 7.3 km 
(WRI, 2005). Therefore, the Lake's surface areas changes according to change in its water 
balance and budget.  
Highlands (mountainous and hill lands) constitutes a large section of the basin, some 33, 469 
Km2 (WWA/Yekom, 2005) or more than 63% of the basin area. There are some 17 
permanent rivers and 12 seasonal rivers Figures 3 & 4). The latter are mainly located in the 
northern part of the Lake. Yekom (2002) and WRI (2005) have a different account of the type 
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of rivers as shown in Table10. However, by inspecting the river maps produced by all the 
reports, it is noticed that they have recorded all the rivers on the map but interpreted 
differently about which rivers end up in the Lake and 3 of the permanent rivers (Shivan Chie 
(west), Senikh Chie (north east) and Roza Chie (west)) were counted as seasonal rivers by 
Yekom (2002) and WRI (2005). However, an extensive study of the basin in Volume 7 of the 
WWA/Yekom (2005) gives a more accurate account of river system in the basin.  

 
Table 10: The physical Characteristics of the basin 

PAST Work Yekom 
(2002a) 

[1] 

WRI 
(2005) 

[2] 

WWA/Yekom 
(2005) 

[3] 

EWA 
(2007) 

Watershed surface area, Km2 51,876 52,047 51,772 51,831.61 

Lake Surface area 5,0002 5,7503 5,3204  

Mountainous area 30,607 34,405 33,469  

Permanent rivers 14 14 175  

Seasonal rivers 7 7 126  

Floodways 39 39 39  

Notes: 
1 includes 500 Km2 situated in Turkey. 
2 This is a rough estimated average-the lake surface changes according to its water 
level. 
3 at 1276 m a.s.l for the index period 35 year index period.  
4 at 1275.8 m a.s.l for the index period 1966-2004 (39 years) 

[Bearing I mind that the water level of the Lake is much less than the average long 
term level, the surface area is less than these figures.] 

5 Shivan Chie (west), Senikh Chie (north east) and Roza 
     Chie (west) Rivers are considered as permanent  
6 rivers in the Northern section of the Uromiyeh Lake basin 

 
The basin holds about 7% of Iran's total surface waters. Over 70% of the precipitation occurs 
in winter and spring whereas summer rainfall accounts for less than 3%. Snowfall forms a 
considerable part of precipitation with snow coefficient of more than 32% for the basin. So 
there are both seasonal and spatial variations. Despite having such spatial variation only 
17% of the surface flow was regulated by 6 storage dams in operation as of 2003.  
South of the basin which accounts for about 33% of the total surface area holds 51% of the 
surface flows with two major rivers: Zarrineh Rud and Simineh Rud. One of the major issues 
is that the fluctuations of the annual river discharges in the basin are high (as shown in Table 
2). Hence the main vulnerability comes from the ratio of the total flow rate during a high flow 
and low flow periods which is 6 to 1. This ration is even greater for the inflow into the Lake: it 
can reach 26:1. WRI (2005) states that "Different parts of the Lake Uromiyeh basin have 
different climatic conditions due to the extent of the basin, which may expand in some parts 
by more than 2.5° in latitude and longitude. The result is that very different rates of 
precipitation and surface flow are recorded in various parts within the same hydrological year 
or even within longer periods of time. Wet and dry periods have been studied climatologically 
and hydrologically from and integrated viewpoint of the basin. Different hydrological wet and 
dry year periods which are determined based on the rate of surface inflows to the Lake 
Uromiyeh" as shown in Figure11. 
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MOVING AVERAGE OF TOTAL DISCHARGE OF 6 STATIONS  (show Hydrological dry and wet periods)
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Figure11: Representation of dry (below average) and wet (above average) periods (WRI, 

2005) 
 
There are two main drivers affecting the water resources in the basin: need for agricultural 
development and high urban population growth. These have complicated both management 
and environmental conservation of water resources. 
  

 
3.3.2 Hydrometric Networks 
 
The oldest hydrometric stations were established back in 1948. By 2001, a total of 129 
stations were established but only 82 are functional (Table11). Nevertheless 107 stations 
were observed on the UQ34HL/02 map. WWA/Yekom (2005) indicates that only 72 stations 
are functional i.e. 35 stations (all equipped with staff gauges) were discontinued.  
 
56% of the stations are so called grade 4 station equipped with Staff gauges only. There are 
8 stations with more than 39 years of data records which accounts to less than 6%. There 
are 2 stations with records for water year 1948-9. Therefore, there are many stations with 
relatively short observed periods and incomplete statistical data.  Another problem is that 
data records for discharges during high flood season for 3rd and 4th grade stations (66 %) are 
uncertain. Therefore, some stations which has short observation period were not included in 
the analysis of the data in recent project reports.   
 
WWA/Yekom (2005) suggests constructing/re-opening a total of 9 extra hydrometric stations 
including  re-opening 2 non-functional stations to better monitor river inflows into the Lake 
since there are some water abstraction for agricultural use after the last hydrometric station 
on some of the rivers (fully described in Volume 1). Since the Lake is becoming an important 
sustainability criterion, there is a need to monitor the inflows into the Lake and this will help 
assessing the environmental and ecological requirements of the basin's ecosystem. The 
critical situation of the Lake has created an understanding among all stakeholders that there 
is a need to enhance the monitoring of the Lake's water level and the water inflows into it.   



Synthesis Report Mukhtar Hashemi  Conservation of Iranian Wetlands Project  
February 2008 

 

 42 

3.3.3 Surface Water Potential 
 
Jamab (1998) continued an earlier pioneering work by Battle and D & R Consultants before 
the Islamic Revolution on potential water resources by preparing the National Master Plan for 
Lake Uromiyeh basin as one of the major catchments in Iran (Table 11c) . So this forms the 
bases of all the works done on this topic. Surface water potential is given by:  

Potential surface water resources = total surface runoff- inflow 
  

Table 11: Surface water resources potential in the basin. 
(a) Surface Water Potential in the basin 
PAST Work Yekom 

(2002a) 
[1] 

WRI (2005) 
[2] 

WWA/Yekom 
(2005) 

[3] 

EWA (2007) 

Surface water Potential (MCM) 6900 7000 - 7150 

Index Period: Water years 1963-1993 1967-2002 -  

From trans-boundary source: 
Turkey (MCM) 

235  95.49 200 

No of hydrometric Stations 83 129 
(83 

functional) 

72  
(out of 107) 

 

(b) Seasonal distribution of surface water resources (natural potential) [WRI, 2005] 

 

Season 
Fall Winter Spring Summer Whole year 

The amount of surface 

flow (MCM.) 
584 1,599 4,483 335 7,000 

Percent 8.34 22.84 64.4 4.78 100 

 (c) Jamab (1998) estimation of average annual surface water resources potential  
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Yekom (2002) uses information from 54 other hydrometric stations representing 80% of the 
basin and the data provided by Jamab (1998) but concludes that Jamab's facts and figures 
of 6900 MCM to be the annual potential surface waters. On the other hand, WRI (2005) 
makes an independent analysis using data from 100 hydrometric stations which had data for 
the index period (35 years) and  comes up with a total of 7000 MCM. It uses information from 
3 main sources: 

1. Databank of the Office of Basic Studies on Water Resources, MoE and WRI 
database. 

2. Government publications on Flow Statistics of Iranian Rivers (since 1951) and 
statistical reports by the East and West Azerbaijan Water Authorities. 

3. IWRMC's publications on Monthly and Yearly Statistics of Hydrometric Stations.    
EWA(2007) gives surface water potential as 7150 MCM. On these bases, we can confidently 
take 7000 MCM to be surface water potential in the basin. As mentioned before, flow regime 
is affected by precipitation type and a 'snowy-rainy' regime dominates in the basin. In 
addition, yearly discharge rates are highly variable making it very vulnerable to drought 
periods.  A CV of up to 117% (in some areas) indicates the irregularity of surface flows in the 
basin [average CV is 54.8%). 
 

3.3.4 Rivers' Water Quality  
 
Yekom (2002) asserts that all rivers except Aji Chiai, which is flowing on a very saline 
formation, have low levels of TDS and there are no constraints for different usage. This has 
been confirmed by later research works. WRI (2005) used results from 114 hydrometric 
stations during different months and years and shows that apart from Aji Chai River, the 
quality of rivers are above standards. In another words, nearly 400 MCM (6% of surface 
water potential) in Aji Chai sub-basin is not suitable for different consumptions purposes due 
to high salinity. WWA/Yekom (2005) has made a detailed chemical analysis exploring the 
relationship between Q-TDS and Q-EC. A rather good attempt was made to analyse the data 
in four formats: linear, non-linear, exponential and logarithmic forms. Any discrepancies were 
omitted and the most appropriate equations were used with a degree of statistical confidence 
of 95% and homogeneity of more than 80%. Aji Chai River dissolved salt load represented 
51% of the total salts in all the rivers of the basin (1,271,6000 tons/year) with a  TDS of 
3220.3 mg/l. [compared with Simineh Rud TDS= 270 mg/l].    
 

3.3.5 Sedimentation 
 
It is concluded that the degree of sedimentation in rivers within the basin is far less than that 
of rivers in other major Iranian basins due to different geological formations and erosion 
yields and snowy regime of river flows . Nevertheless, there is a quite a large sediment loads 
in some of the rivers eastern and northern parts of the basin. The mean concentration range 
of suspended sediments is 0.2-6.7 g/l. The latter range belongs to Aji Chie River. 
 
One important feature of sedimentation is that there are huge variations in the level of 
concentration of suspended loads from month to month. WWA/Yekom (2005) notes that in 
some instances, a minor polluted river have caused the main river to become greatly polluted 
as in the case of Aji Chie River, in which, for example the concentration in a different station, 
Akhola station reads as 30.1 g/l in comparison with a reading of 6.7 g/l in Venyar station 
upstream of Akhola  in the month of August. This huge difference was caused by the direct 
pollution from affluent produced by Tabriz Petrochemical Company upstream of Akhola 
station. 
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Table 12: Sedimentation Data 

PAST Work Yekom 
(2002a) 

[1] 

WRI (2005) 
[2] 

WWA/Yekom 
(2005) 
[3]** 

Average total sediment Load  
(t/year) 

5,832,800 5, 300,000* - 

Minimum Range of sediment 
load g/l 

0.3 0.2 - 

River for minimum load Azarshar 
Chie 

Zarinneh 
Rud 

- 

Maximum Range of sediment 
load g/l 

5.6 6.7 - 

River for maximum load Aji Chie Aji Chie - 

Notes: 
*   42% belong to Aji Chai River. 
** a detailed study is made on the sedimentation into the Lake from the rivers 
and the results are included in Chapter 4 

 

3.4 Hydrogeology 
 
3.4.0 General Outlook 
 
Groundwater supplies 45% of the total water demand in the basin and hence it constitutes an 
essential component of water resources management system. There are 25 areas of studies 
supplying an annual yield of 2000 MCM. The Uromiyeh Lake acts as a sink receiving all the 
surface and subsurface flows towards it. The groundwater system is complicated by 
occurrence of multilayered confined and semi confined alluvial aquifers with evaporative hard 
rock formations and salt domes. The potential of these aquifers is enhanced by existence of 
recharging permanent rivers in the south and western parts of the basin. Thus, in the south 
and west of the basin water table and groundwater resources has become more stable. 
 
However, the great pressure comes from the eastern section of the basin where there is 
more population and greater agricultural and industrial activities. The aquifers in this region 
are threatened by industrial pollutants, domestic wastewater (sewage), saline intrusion and 
over-exploitation. 
The basis of Yekom and WRI studies are the Jamab (1998) and TAMAB (1998) studies 
based on individual reports from secondary references. Yekom (2002) recommends making 
an assessment of saltwater intrusion into coastal aquifers and appropriate measures, such 
as artificial recharge to be undertaken. WRI (2005) study has covered this topic in a more 
detailed manner. It also recommends that monitoring network should be established to salt 
water intrusion. This is inevitable since water level drop in coastal aquifers has become a 
reality. Despite having an appropriate network monitoring unconfined aquifers, a similar 
network needs to be established to monitor confined aquifers. Number of observation wells 
and selected qualitative water resources in the study areas is given in Table13. 
 
 

Table 13: Groundwater Observation Network 
Active 

observation 
well 

Observation 
wells per 100 

Km2 

No. and type of Qualitative and quantitative water 
resources 

well spring qanat 

610 8 370 36 63 
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3.4.1  Aquifers in the Basin 
  
Both Yekom (2002) and WRI (2005) studies have attempted to assess the groundwater 
resources and the quality of these resources since they form a considerable portion of water 
consumption especially in the agricultural sector.  In addition, WRI (2005) reports on 
groundwater balance and a detailed aquifer map is included.  
 
The main aquifers are in Salmas, Tabriz, Uromiyeh, Miandouab and Naghadeh. The 
groundwater resources mainly appear in alluvial deposits. In general, hard rock formations 
have an important role in the recharge of these aquifers and form the basis of base flow for 
the rivers in the basin. The geomorphologic characteristics in the area are shaped by the 
presence of the Uromiyeh Lake. The basin has unconfined aquifers and in some regions as 
in Table, one could find confined aquifers due to variability of grain sizes towards central 
parts and plains around the Lake. The alluvium thickness varies considerably. In the western 
region of the basin hardly ever reaches 40 m in the upstream parts of the aquifers. However, 
in the wide plains ending in the Lake, it could reach 200m. In Tabriz plain it could reach 
300m.   
 
As in any closed type basin, there are groundwater level variations both in time and space.  
The spatial variation is due to presence of mountain slopes in one end and plains towards 
the lake. So there is a variation from 30 m to 1 m at the point of entrance before the Lake. 
Some of the groundwater resources evaporate before entering the Lake [130 MCM 
according to WRI (2005)]. Groundwater level variations in time were studied by analysing 
data from 790 observation wells (Table14). WRI results which is tabulated in Table14 
[column 3] seems to be more accurate and up to date and must not be compared with the 
Yekom (2002) results since the base year is different in each study and far greater number of 
observation wells (a total of 790) were used in the WRI study. However, Yekom results were 
included for comparison and indication of some changes in the pattern of groundwater 
exploitation in the basin. For example, in Mahabad, Yekom gives a total discharge of 23.3 
MCM whereas WRI gives a value of only 2.5 MCM.  The WRI value could be more 
representative or more accurate since most of water consumption comes from surface 
waters in this area. Other discrepancies in individual results are found but the total 
groundwater discharge is comparable: WRI gives a value of 2017 MCM whereas Yekom's 
value is 2022 MCM; a mere difference of 5 MCM. 
 
The status of aquifers in most of the areas is normal. 4 regions (Salmas, Ajabshir, Sofian-
Shabester and Tassouj as shown in blue, Table14) face continuous lowering of water table 
(i.e. a descending trend). The annual groundwater level drop for both studies has similar 
trend but Yekom (2002) gives a higher water level drops. WRI results seem to be more 
accurate. Also, it is concluded that there is a limited scope for development as shown in 
Table14. A maximum of 149 MCM can be developed by analysing the amount of renewable 
groundwater resource.  
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Table14: Groundwater Resources in the Uromiyeh Basin 

 Study areas  
Total Discharge 

(MCM) 

Consumptions MCM 
(WRI, 2005) 

Annual Water 
Level drop (m) 

 
 

Potential for 
development 

MCM 
WRI (2005) 

Yekom 
(2002) 

 

WRI 
(2005) 

agriculture drinking Industry Yekom 
(2002) 

WRI 
(2005) 

 

1 Salmas* 148 163.5 149 13 0 1.7 1** 5 

2 Uromiyeh* 358 487.8 432 42 14 0.5 0 23 

3 Sarv (Sero) 4.31 15.7 14 0 1 - - 7 

4 Silvana-
Movana 

- 
0 0 1 0 

- 
- 5 

5 Ziveh 2.1 4.2 3 0 0 - - 6 

6 Rashkan 2.5 5.2 5 0 0 0.5 - 0 

7 Naghadeh* 48.2 53.4 44 9 0 0.6 0 10 

8 Oshnavieh 39.0 24.3 6 6 0 0.2 0 18 

9 Mahabad* 23.3 2.5 5 1 0 0.2 0 5 

10 Miandoab* 118.0 38.1 36 1 1 0.1 0 30 

11 Bokan 34.0 110.7 105 4 0 - 0 8 

12 Saeen 
Ghaleh 

14.3 
103.6 86 14 0 

- 
0 15 

13 Takab 24.0 2.0 1 0 0 - - 5 

14 Saghez 32.5 34.1 28 3 2 - - 0 

15 Maragheh 44.7 40.1 49 5 1 0.7 0 3 

16 Ajab Shir 59.3 51.7 44 6 0 1.7 0.4** 0 

17 Shir Amin 21.0 7.8 7 0 0 - - 0 

18 Azar Shahr 86.2 44.2 32 5 0 0.4 0.1 0 

19 Tabriz* 389.8 365.5 181 64 15 0.6 0.1 0 

20 Bilverdi-
Dozdozan* 

105.3 
59.2 70 3 0 

- 
0.4 2 

21 Bostan 
Abad 

68.8 
73.9 71 5 1 

- 
- 1 

22 Sarab* 109.3 143.1 141 6 1 0.7 0 6 

23 Sofian-
Shabestar* 

202 
136.1 156 16 2 

1.1 
0.5** 0 

24 Tassouj 67 36.0 37 2 0 2.5 1.4** 0 

25 Uromiyeh 
Islands 

21 
10.4 11 0 0 

- 
- 0 

 TOTAL 2022.9 2017 1713 206 40   149 

 %  use - - 87 11 2 - - - 

Notes: 
*   Confined aquifers can be found in these areas. All have unconfined aquifers. 
**  continuous lowering of water table 
Yekom (2002) results of alluvial aquifers' properties based on year 1999 whereas the WRI 
(2005) results based on 2001 statistical data.  
  

 
 

3.4.2. Groundwater resources and Consumptions 
 
Groundwater resources supply some 45% of total water demand in the basin. The majority of 
the supply is through wells as shown in Table15. Some 156 qanats have disappeared or 
rendered unused since 2001 due to exploitation and lowering of water tables. Total aquifer 
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discharge is estimated to be around 2017 MCM of which 1,845 MCM (91.5% of total 
discharges) is from the wells.  
 

Table 15: Type of Groundwater sources 

 wells Qanats Springs 

Total No. WRI (2005) 64,739 1,456 1,565 

Discharge (MCM) 1,845 103.50 32 

Total No  according to 2001 statistical 
records 

64,669 1,610 - 

 
Table14 provides information about the consumption of the groundwater in which the vast 
majority of the resource, 1713 MCM (87%) is used in the agriculture sector compared with 
11% for drinking and 2% for industrial use.  

 
3.4.3. Groundwater Quality 
 
There is a large degree of diversity in terms of groundwater quality. Aquifers in the west and 
southern parts of the basin have better quality due to geological conditions and large 
abundance of surface water resources. Whereas, aquifers in the east and north suffer from 
deteriorating water quality due to the presence of Miocene Gypsum and salt in the area.  
Another cause of deterioration of groundwater quality is high water table in many aquifers 
(high aquifer evaporation as a result and sedimentation of salts in the soil). 
 
It was found that groundwater in the western part of the basin is acceptable for drinking 
(class 1 or 2) whereas in the north and east it varies between Class 1 –Class 5). 
Nevertheless, we have to bear in mind that salinity is not the only way to assess the drinking 
quality of groundwater resource. The presence of nutrients, bacteria, fertilizers and 
pesticides has an important bearing on health and safety of consumers. Therefore, there is 
an information gap with regards to quality of groundwater in terms of pollution from other 
sources than salinity indicators.  
 
EC for aquifers showed a high level of seasonal variations as well. Most of the problems 
were encountered in the Eastern part of the basin. The salination of the plains is a real 
problem and it increases towards the terminal point at the Lake.  Both Yekom (2002) and 
WRI (2005) have the same conclusion that the problem of groundwater quality is greater in 
the Aji Chai sub basin and in the Plains in the eastern section of the basin. 

 
 
 
4.3.4. Groundwater Balance 
 
WRI's attempt to evaluate the groundwater balance as shown in Box1 is a brave attempt but 
calculated on reasonable ground and expert opinion. There is some degree of uncertainty 
about some of the parameters but nevertheless, it provides a good picture about the status 
of aquifers in the basin: 
 

 One of the problems is the coastal aquifers. There is no sufficient data and 
monitoring network to evaluate the saline-freshwater interface. Also, the impact of 
evaporative area around the lake and its effect on aquifer evaporation need closer 
attention. 

 Tectonic activities and the effects of the Lake's water transgression or regression 
during historic ages have imposed noticeable changes on forming quaternary 
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deposits, especially in littoral aquifers within the basin. As a result, multi-layered 
aquifers have been created in a number of plains in the area. Lack of enough data 
has made it impossible to mark various aquifer layers in order to specify groundwater 
balance in the area. 

 

 
Box 2: Groundwater Balance (Jamab, 1998 & WRI, 2005) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ground water Balance 

Balance Parameters                (MCM) 
 

1. Recharge Parameters 

 Groundwater Inflow      862.2  

 Precipitation infiltration     198.1 

 Infiltration of surface flow     700.00 

 Agricultural wastewater     841.4 

 Infiltration of drinking and industrial wastewater  229.7  

 Total Recharge      2831.5 

 [Total Recharge Jamab (1998)]    [2766.6]  

     
       

2. Discharge Parameters 

 Outflow from boundary (into the Lake)   58.3 

 Drainage through Rivers     669.6 

 Discharge through Groundwater Exploitation   2031.5 

 (wells, qanats and springs)       

 Aquifer Evaporation      130.2 

 Total Discharges      2889.8 

 [Total Discharges Jamab (1998)]    [2800] 

       

 Change of Storage      -58.3 

 [Change of Storage Jamab (1998)]     [-33.5] 
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4 The Status of Lake Uromiyeh  
 
4.0 Prologue 
 
Yekom (2002) recognised the need to make a full assessment of the status of the Lake itself. 
There have been differences about water allocation (this is not unique to Uromiyeh as water 
allocation is a source of disagreement in most part of the world) and development priorities in 
the basin. MoE, MoAJ and DoE have had differences but fortunately they have a common 
goal: to conserve the lake for future generations. It is now agreed by all stakeholders that 
cross-sectoral co-ordination, co-operation and integrated approach is inevitable. The 
Consulting Workshop in Tabriz was a clear example. The new government policy takes 
environmental issues very seriously and therefore, there is need to assess water allocation 
priorities and water for life is now an official policy. The Lake is central to any review and this 
section is essentially vital in reviewing the whole management and development of water 
resources in the basin. The Lake can represent an environmental indictor for sustainable 
development and management of water.  
 
WRI (2005) study was an essential part of the jigsaw. The project was dismissed by some 
experts in the water industry (including the ranks and files as well as management) and it 
was not recognised as a complete IWRM but a capacity building exercise. However, this is 
not entirely true. WWA/Yekom (2005) states that:  
 
"without implementing IWRM in the basin environmental equilibrium of the Lake is 
threatened bearing in mind that the impact of these [i.e. water resources] projects on quality 
and quantity of the Lake will lag behind in time and due to complex process involved, there 
might not be possible to compensate [environmental losses]"4. 
Clearly, the WRI study is a valuable contribution but it has many deficiencies as well. It has 
turned many 'stones' without weighting it fully. Satellite wetlands have been studied but not 
all of them. IWRM DSS tools were used but not the full multi-criteria analysis. Water for food 
was evaluated by having couple of pilot farms in terms of irrigation efficiencies and change of 
crops and irrigation methods, but not the whole basin was considered.  
 
WWA/Yekom (2005) study can be considered as a synthesis of all the major works done in 
more than 2 decades and brings the most important missing element in all the pervious 
works by making the Lake the central theme of the environmental impact (quantity & quality) 
assessment of water resources projects in the basin. Databases and information from past 
research have been utilised in a innovative way: handling the same information and 
knowledge with a new thinking and approach: ecological aspects of water resources 
development.  Therefore, this study is an important piece of work although like any other 
works, there is need for more research. For example, in the case of water demand 
management, it repeats the finding of WRI Study Module Water for Food based on works 
done in Naghedeh and Mahabad pilot farms by reiterating the need for irrigation efficiency. 
The complex nature of relationship between productivity and efficiency need further work. 
What do we mean by 45% efficiency? It is difficult to assess interpret what this means in 
actual term. This sort of generalisation does not consider the dynamics of the system.  First, 
in this way errors are magnified since we are calculating losses in the system. Secondly,    it 
does not consider reuse of water in the system say by ecosystems such as satellite wetlands 
or use by other farmers or recharge into aquifers.  
 
The study is written in 9 volumes as followings: 

                                                 
4 Between bracket [] is by author translating from Persian. 
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The Ecological Aspects (Quality & Quantity) and Impact of Water Resources Development in 
the Lake Uromiyeh Basin: 
 
Volume 1:  Evaluating Total Inflow into the Lake 
Volume 2:  The Lake's Water Balance 
Volume 3:  The Impact of Water Quality of Lake's Water Level 
Volume 4:  The effects of Drought on the Lake's Conditions. 
Volume 5:  The Impact of Microclimatic Changes on the Lake's Surface  

Area 
Volume 6:  Maps of Coastal zone's area (Reclaimed Lands), Sea Limits  

And width of the Lake 
Volume 7:  The effects (Impacts) of Water Resources Development Projects  

in the Basin 
Volume 8:  The Lake's Water Requirement and Management Options to Achieve it 
Volume 9:  Overview 
As from the titles of each report, it can be concluded that these cover major information gaps 
and the reports are written in a very professional manner and based on expert analysis.  In 
general, the weakness of this study is that it is not an IWRM study but it suggests few 
management options that need to be further considered. Fortunately, the study is strong in 
terms of technical and analytical details to evaluate the status of the Lake which is aim of this 
chapter. 
 

4.1. Inflow into the Lake 
 
Inflow into the Lake is one of most important environmental indicators to be used in any 
ecological (quality & quantity) analysis. Average Annual inflow into the Lake is given in the 
Table. There are marked differences in the figures but it is remarkable to have the most 
recent studies WRI (2005) and the WWA/Yekom (2005) to have almost the same figure. The 
reason for difference can be a mixture of the following issues: 

1. having a different index period: for example,  some of the earlier studies such as the 
Jamab (1998) chose an index period 1966-1992 in which did not consider some dry 
periods which occurred later in the 90's and the beginning of the 2000s. So it can 
represent a wet year average.  

2. Employing different research methodologies. 
3. Using inflow from the last hydrometric stations and so not considering water 

abstraction for irrigation or artificial recharge of the basins in winter or evaporation of 
the water due to sedimentation of river outlets and diversion of water into small 
ponds around the Lake.  

Based on these facts, it can be concluded that the WWA/Yekom (2005) result is the most 
accurate estimate of long term average annual inflow into the Lake.  The Minimum average 
inflow was recorded as  341.20 MCM in year 2000-1. This represents only 7.5% of the long 
term average inflow. Maximum average inflow into the Lake was in year 1968-9 amounting to 
13,526.73 MCM. This indicates the irregularity of the flow pattern and the effect of dry period 
on the inflow is very serious indeed.  
 
The long term average inflow into the Lake was updated by considering the recent droughts 
of 1999-2001. A 39 years (1966-2004) index period was chosen to update the inflow figure 
The new figure is 4578.69 MCM.  In recent years, the average annual inflow into the Lake 
has been much less than the long term average and has a descending trend. If all the 
development projects are completed it is expected that the average inflow would be in the 
range of 2500 MCM. This means  
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 that there would be a shortage of 600 MCM each year to maintain the Lake's 
biodiversity if Considering the minimum  ecological water requirement of the Lake to 
be 3086 MCM [as calculated by WWA/Yekom (2005) and Nazaridoust (2006)], and 

 that the sustainability of the Lake will be in doubt.  
 
 

Table 16: inflow into the Lake 

 
  

4.2. Water Level Of the Lake 
 
In the last 10 years there has been a descending trend of the Lake's water level as shown in 
Figure12.  

Figure12: The Lake's water level variation 1996-2006 (EWA, 2007) 

 
Out of the 4 elevation (water level) stations, Gulmankhaneh stand to be the most accurate 
and appropriate in terms of its data accuracy. It is run by the WWA and has a continuous 
record since 1965 (Iranian calendar 1344). WWA/Yekom (2005) suggests building another 
station on the Uromiyeh-Tabriz Carriageway (Sea carriageway) since readings from 2 

PAST Work 
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[2] 

WWA/ 
Yekom 
(2005) 

[3] 
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[26] 
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(1995) 
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(1998) 
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stations in the north and west section of the Lake can not represent the whole Lake area; 
bearing in mind wind can cause errors in readings of the stage up to 8 cm. [1 cm can 
represent a volume of  50-60 MCM].  
 
There are noticeable variations in water levels (WL) and according to the index period of 
1966-2004 the average long term water level is 1275.86. The main results are tabulated in 
Table. 
 

Table 17: The Lake's water level records 
 Average 

Water Level 
Minimum WL Max WL Ecological 

WL 
Latest: 
January 
2008 

 1275.86 1273.23 1278.41 1274.1 1272.6 
Difference from 

Average WL 
- -2.63 2.55 -1.76 -3.26 

Difference from 
Ecological WL 

+1.76 -0.87 +4.31 - -1.50 

 
The latest reading as of January of 2008, WL was 1272.6, 3.26 m below the long term 39 
year average. This trend is due to  

 changes in inflow into the Lake and  

 drought conditions prevailing in the basin.  
Past researchers have shown an important feature: water level variations are proportionally 
related to variations in precipitations and water inflow with a lagging time span. 
 
Nazaridoust (2006) and WWA/Yekom (2005) recommend an ecological water level of 
1274.1. Considering the current situation, the water level is 1.5 m below this level and this 
amount to a shortage of 9000 MCM [1 cm =60 MCM]. This shows the seriousness of the 
Lake's water balance. The relationship between changes in water level and water quality is 
considered in section 4.6. An interesting aspect of inter-basin impact is reported by 
Espahbod et al (2005) who asserts that the fluctuation of Caspian Sea level has affected the 
water level in the Uromiyeh Lake (as well as Van and Sevan Lakes in Turkey) due to tectonic 
agents and presence of fault systems and underground seepage and drainage systems from 
the Lakes into the Caspian sea:  
 
"the fluctuation of the Caspian Sea periodically had a direct impact on the minor lakes, the 
observation stations showed after certain period not so much long represented the 
fluctuation of Urmia Lake as well as Van and Sevan ones up to 20 to 50 cm especially in 
1994-1998, which was impacted by fault systems and underground drainage following the 
Caspian Sea upcoming, (Espahbod et al, 2005)." 

 
4.3. Evaporation from the Lake 
 
Evaporation is the only Outflow from the lake and hence it is an important parameter in the 
water balance and being perhaps, the most difficult parameter to measure. Table18 shows 
values of evaporation from the Lake's surface area from different works.  
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Table 18: evaporation from the Lake 
PAST Work Yekom 

(2002a) 
[1] 

WRI 
(2005) 

[2] 

WWA/Yekom 
(2005) 

[3] 

Evaporation, mm 894-1172 1180 1158.5 

Total Evaporation, MCM  5873.28  

Water years 1966-92 1967-
2002 

1966-2004 

 
It is concluded that the WRI's (2005) value of 1180 mm (5873 MCM) is the average annual 
evaporation from the Lake's surface for the following reasons: 

 The satellite image based results by Dutch experts has given a similar value (e.g. 
1193 for year 1999-2000).   

 Theoretical Elevation-Volume-Area Curve obtained by WWA/Yekom (2005) did not 
match the measured curve. Therefore, the conclusion was that one of the 
parameters in the water balance for the Lake was incorrect i.e. evaporation value of 
960 mm gave an extra mass of water in the water balance of the Lake. hence by 
applying sensitivity analysis and making more correction, a higher value coefficient 
(0.76) was used to obtain actual evaporation from the Lake. The New value is 1158.5 
mm is instead of 960 mm obtained by classical methods.  

 Bearing in mind that the Lake's region is considered to be cold and there are 100 
days of freezing days the evaporation coefficient could be higher and WWA/Yekom's 
value could be on a conservative side.  

 
It worth mentioning that there is an attempt by some experts in EWA to reduce evaporation 
from the Lake as there exists a considerable part of very shallow water in the south-eastern 
part of the lake.  The scientific and environmental merits of these attempts are yet to be 
assessed. Therefore, much research is required to evaluate how to reduce evaporation from 
the Lake's surface.  
 
 

4.4. Water Balance for Lake Uromiyeh 
 
The Uromiyeh Lake with a volume of 32 BCM (WWA/Yekom, 2005) is one of the largest and 
the most important and valuable wetland ecosystems in Iran. Like any other water bodies, 
The Lake's water balance could provide a basis controlling the impact of the development 
projects. The general balance equation (I-O=∆S) can be used so: 

I= total inflow into the Lake (precipitation, river inflow and groundwater inflow) 
O= total outflow (evaporation from the surface of the Lake 
∆S= change of storage 

 
WRI (2005) asserts that out of 216 MCM of groundwater flow some 42 MCM enters the lake 
and the rest evaporates before entering the Lake due to high water table and formation of 
evaporative lands. However, there is no way of assessing this phenomenon due to lack of 
data. Jamab ( 1998) assessment of groundwater recharge into the lake is 210 MCM whereas  
Tamab (1998 ) provides a value of  226 MCM. Both WRI (1995) and Yekom (2002) give a 
value of 500 MCM. It is concluded that groundwater flow into the Lake is small indeed. 
TAMAB's figure seems reasonable and being accepted by WW/Yekom in its analysis. 
However, the formation of quite a large area of evaporative lands around the Lake makes the 
WRI(2005) assessment a more reasonable one since in recent years there has been some 
7.3 km retreat of coastal line as well as an increase in groundwater exploitation in recent 
years. Therefore, a figure of 42 MCM is accepted to be used in the water balance equation.  
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So from the results from earlier sections we can conclude that water balance is as shown in 
Table19 based on (1967-2002) index period. 
 
 
 
 
 
 

Table19: Water Balance of the Lake Uromiyeh (all numbers in MCM)  

Water Inflow to the Lake by different Parameters (I) 
Output 

parameters (O) 
Changes in 

reservoir 

svolume  

Inflows: surface water 
Precipitation rate 

over lake surface 

Ground 

water 

Evaporation 

from lake 

surface 

4578 1145.12 42 5873.20 -108.08 

 
 
4.5. Area-Elevation- Volume Curve 
 
The area-elevation-volume curve has an important application in estimating water balance of 
the Lake. Both WRI (2005) and WWA/Yekom have come up with a relationship.  WRI's 
Dutch partners have come up with area and volume second order equations as followings: 











28

2

419.3701.94055110970548.5

309046.3014.7790850057395

HHV

HHA
 

 
In above relationships, A, H and V stand for the lake surface in km2, water level in masl. and 
lake water volume in million m3, respectively. The equation is ploted as in figure 13. 
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Figure 13: elevation-area-volume (WRI, 2005) 

 
WWA/Yekom (2005) has the following equations: 

A = 479923 – (605501000/H) 
V= (-18271.0 + 14.4658 H)2 

For elevation of 1274.25, surface area of the Lake by Satellite Image was given 4525 km2 as 
given in ABNIRO (1993). Using the equations from the above studies the following results 
were obtained: 

 WWA/Yekom (2005) equation gives a surface of 4,744.74 km2. 

 WRI (2005) equation gives a value of 3858.51 km2 
This clearly shows the limitations of using these equations. 
 
There are some points that need to be considered: 

 Since there is no bathymetric data which is the most accurate way to find the 
mathematical relationship between area-elevation of the Lake, non direct methods 
have been employed in both WRI and WWA/Yekom studies. Using satellite pictures 
of the Lake has been used in both studies and these works were compared with 
results from ABNIRO (1993) [using satellite pictures and 1:50,000 and 1:250,000 
topographic maps] and WRI (1995) [using a quantitative computer model]. 

 These curves are obtained by comparing a set of elevation-surface area data 
obtained from maps or satellite images and hence can not be interpolated to higher 
or lower elevations: e.g. 1273-1280 m.a.s.l is the range used in study.  

 In WAA/Yekom study, for example the surface area at 1278.41 has been estimated 
as 6370 km2 squared which is not true whereas at a lower elevation of 1278.20, a 
higher surface was recorded 6500 km2 obtained from Spot Satellite image. 

 Once 3 equations are used to describe one phenomenon then there would be 
statistical risks of error in the calculations; i.e. there would be inherent errors. 

 WRI (2005) equations are not accurate at elevations lower than 1274 m.a.s.l and 
WWA/Yekom (2005) equations are for an index elevation of 1273-1280 m.a.s.l hence 
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both sets of equations are not suitable to estimate volume or surface area of the 
Lake since the current water level as per January was recorded to be 1272.6 m.a.s.l. 

 Essentially, they give an idea about the Lake's water balance and so are important 
techniques in the process of water balance estimation.    

 
One of the major information gaps is lack of bathymetric data for the lake. The relationship 
curves (elevation-area-volume) obtained by non-direct methods are crude approximations 
and could be misleading as stated by all the major studies considered in this report. 
Therefore, a bathymetric study should be carried out for the Lake Uromiyeh as suggested by 
WWA/Yekom (2005). 
 

4.6. Water Quality of Lake Uromiyeh 
 
The physiochemical characteristics of the Lake Uromiyeh Lake are vital indicators in the 
environmental, ecological and IWRM studies of various water related activities in the Lake 
basin.  With regard to quality of the Lake water, past works have looked into 4 parameters:  

 Sedimentation in the Lake via inflowing rivers 

 The Electronic Conductivity (EC)  

 The Total Dissolved Solid (TDS) rate 

 The dissolved  salt (NaCl) (since this is an important factor for Artima's reproduction-
the only living organism in the Lake together with some green and blue alge) 

 
The last 3 parameters are basically measures of Lake's salinity. The origin of the salinity is 
well discussed in WRI (1995) by Iran's two prominent water resources experts: Abasqoli 
Jahani and Muhammad Karamooz. This has been reflected in all the studies including 
WWA/Yekom (2005) and Yekom (2002).  According to researchers, the Lake has a history of 
500 thousand years and the present Lake is 35-40 thousands years old. The ultra-saturated 
condition had prevailed since 8-9 thousands years ago. There are two issues with important 
consequences: 

1. The Lake has a natural depth (cavity) without any exits for sediments and dissolved 
particles. Therefore, after evaporation, all the solids are left behind. 

2. The Sediment Loads mixes with salt particles to form 90 m deep muddy layers at the 
bottom of the Lake. 

It is concluded that the main source of salinity is from surface water inflows into the lake.  
 

Various consulting engineers' and IWRMC reports indicate that the quantity of annual 
sediment inflow into the Lake is estimated as 5.3 million tonnes of which 40% is conveyed by 
Aji Chai River. The completion of many dam building projects is going to affect the level of 
sedimentation into the Lake and will reduce sharply the amount of sediments entering the 
Lake [off course it will reduce the amount of inflow discharges as well]. 
 
EC is the most common indictor used to establish the salinity of a water body. In recent 
years in which there has been a large drop in Lake's water level due to droughts and civil 
engineering activities, EC of the Lake has risen sharply. EC depends on internal ionic 
movements of the dissolved salt but it is a function of surrounding temperature as well since 
temperature will affect molecular movements. The Average EC in the past 36 years (1967-
2004) has been estimated as 382,740 μm/cm by WWA/Yekom (2005) and 423,000 μm/cm 
by WRI(2005). The WWA/Yekom value is more accurate since missing data for some of the 
index period was compared with existing data obtained from the Shilat (Fisheries) company. 
It is interesting to note that during the drought in 1999-2001, EC values increased; for 
example in year 2000, EC was recorded to be 577,500 μm/cm. This shows an inverse 
relationship between river inflows into the Lake  and EC of the Lake (Figure15). There is 
direct relationship between EC and TDS as shown in Figure14. 
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Figure14: Relationship between TDS and EC for the Lake Uromiyeh during index period of 

1994-2004 (Nazaridoust, 2006) 

 

 
Figure15: Relationship between variation of Lake's  Water Level and EC for index period 

1968-2004 (Nazaridoust, 2006) 
 
In the index period of 1966-2002, the average TDS has been 267 g/l according to WRI 
(2005) study at the average water level. A value of 222.6 g/l is given for an index period of 
1993-2004 by the WWA/Yekom (2005). The maximum TDS of 362g/l was recorded in 
February 2002.  The Latest TDS of 338 g/l was recorded in January 2008. This is above the 
tolerance level of Artemia production. According to some reports as sited by Yekom (2002) 
and Nazaridoust (2006), the Artemia cysts are unable to hatch when the NaCl (salt) 
concentration is above 250g/l. Therefore; the ecological requirement for salt level is 240 g/l. 
 
The annual rate of salt inflow into the lake is 2.2 million tons as estimated by both WRI and 
WWA/Yekom Studies. Some 54% (1.2 million tons) is from Aji Chie River. It is estimated that 

EC 
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4.8 billion tons of salts are dissolved in the Lake. This is 2800 times more than the annual 
inflow of salts via surface flows. There is a direct linear relationship between the TDS value 
and the EC as illustrated by Figure.  With reduction in Lake's water level, there is a 
corresponding increase in EC value of the Lake which is an indication of the salinity of the 
Lake's water content as shown in Figure15. 
 
As mentioned before, water quality dose not consist only of salinity related parameters as 
discussed above. Additional water pollution indicators need to be considered in any 
assessment of the quality of the Lake. Therefore, these indicators are important and 
paramount in the application of IWRM and attainment of environmental sustainability criteria 
in the management of the lake.  At Present, it is unfortunate that there is no baseline data on 
pollution indicators which is a major information gaps with regard to water quality of the lake.  
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5 Water Demand in Lake Uromiyeh Basin: Present 
and Future 

 
5.0      Present Water Demand (Use or Consumption) 
 
All the recent studies contain important information about water demand, use and allocation. 
Water demand is an important variable in any water resources assessment and simulation.  
The main driver is the population growth and its food security which is an important policy 
outside the framework of water policy. Therefore, agricultural water demand is the main 
consideration for many developing countries. Iran is no exception: the main water user is the 
agricultural sector (94%). 'The strategic Long Term Plan for Water Resources Development 
and Management' policy document [which has become a statuary Law] recognises this and 
hence recommends that the water use by agricultural sector to be reduced to 87% in 20 
years with no further groundwater development. However, the Long Term Plan mentions that 
this to be done through water use efficiency and so many development projects will go 
ahead despite depletion of water resources due to natural climatic conditions and man-made 
activities. Indeed increased urbanisation and population growth and improved life style in 
Iranian urban centres, has affected water use in domestic supply [and drinking]. In some 
regions such as Tabriz, the rate of industrialisation has put pressure of water demand; but 
over all industrial water demand is very low indeed. 
 
Yekom (2002) in Report 2 has some useful information about water demand and use by 
different sectors but it lacks water resources simulations and scenario analysis. Both WRI 
(2005) and WWA/Yekom (2005) have considerable information about water use and future 
simulation of demand. The WWA/Yekom study has one clear advantage in its 
methodological approach: it has reviewed major studies made about the basin by quite a 
large number of agencies and consulting firms. The impact of the civil engineering projects 
on water resources demand and supply was studied in Volume 7. By reviewing different data 
and checking with the original sources in the relevant ministries and water authorities, this 
study can be considered as more reliable than WRI study.  
 
The base year for estimating present water consumption in Yekom (2002) was 1994 
whereas the future demand base year considered being 2021. In the WRI (2005), the 
present demand /consumption base year was based on 1995-2000 whereas the future 
demand base year considered being 2020. in the WWA/ Yekom (2005) the present demand 
base year is 2002 whereas the future demand base year considered being 2020 (Iranian 
calendar 1400 After Hijra solar calendar.) 
 
However, all the studies agree on 3 main conclusions: 
 

1. They agree that the highest demand comes from agricultural sector and future water 
allocation should consider this sector. One weakness of these studies has been the 
lack of clarity about what should be done. Water (irrigation) efficiency has been 
mentioned as a solution but however, water efficiency mean less return water i.e. 
less recharge, less water for satellite wetlands and indeed water conservation by 
farmers does not necessarily mean more water would be available.  

2. The second agreement is that the Lake is the second biggest user of water 
resources and hence Lake's water allocation and future conditions of the Lake after 
development projects should be fully considered. The latter will be considered in 
Chapter 6 of this report as part of environmental requirements of the basin so in this 
chapter water demand in the main economical sectors will be considered.  
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3. total water available in the basin is about 9000 MCM [7000 MCM surface water and 
2000 MCM groundwater] 

 
 
 
 

5.1 Agriculture 
 

Table20: present agricultural Demand/consumption 
 Present  Agricultural Water Demand 

(MCM) 
Hectares 

under 
irrigation 

 

% Use 
by 

sector 

Surface water groundwater Total   

Yekom (2002) 2978.8 
(67.7%) 

1421.2 
(32.3%) 

4400 381,700 94 

WRI (2005) 1967.34 
(56.5) 

1514.68 
(43.5%) 

3482.02 291,883 
 

 

WWA/Yekom (2005) 1880 
(56%) 

1470 
(44%) 

3347 335,500  

 

 
5.2 Drinking 

Table 21: present drinking demand 
 Present   Water supply and sanitation 

Demand (MCM) 
notes 

Surface water groundwater Total 

 urban rural Urban rural  

Yekom 
(2002) 

24.84 0.52 187.44 49.90 262.7  

WRI (2005)   412.75 Includes industrial use 

WWA/Yekom 
(2005) 

115.2 199 314.2 Rural area using springs as a 
source 

 
 
5.3 Industry 

Table 22: present industrial demand/consumption 
 Present  industrial Water Demand (MCM) notes 

Surface water groundwater Total  

Yekom (2002) 4.74 13.16 17.9  

WRI (2005)   412.75 Includes domestic use 

WWA/Yekom 
(2005) 

5.4 32.1 37.5 Based on yearv2002 

 
5.4 The Lake's water demand  
 
It was shown that the long term water inflow into the Lake from surface waters for the index 
period of 1967-2002 is 4578 MCM. The Lake's water balance has been met in the past. 
However, since the 1999-2001 drought and subsequent water regulation practices, the 
amount of water entering the lake has been following a decreasing trend. The water 
resources development projects will affect the inflow into the Lake. At the moment, the basin 
experiences water scarcity in which a simple flow regime can maintain the water balance. 
However, in future, a rivalry will start between different uses and the lake's requirements 
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needs to be taken into account in an integrated approach to water demand management. In 
order to avoid crises, collapse and degradation of the Lake's environment due to 
heterogeneous overuse of water resources causing breakdown of ecosystem equilibrium and 
biodiversity, the lake should be considered as a major component of water demand 
management in the basin. All the studies have shown that the future of the Lake is in 
jeopardy if to maintain status quo in future scenario of water use and consumption. There 
would be a sharp reduction of water entering the Lake and hence the water level drop could 
have momentous consequences for the whole basin.  

 
5.5 Future Demands Prospects 
 
The future demand is characterised by increase in all sectors. In 2002, the population was 
estimated as 4.8 million and by year 2020, the population is expected to increase to about 
7.1 million.  Some 14 extra so called 'industrial towns' are planned till year 2020 and more 
than 200,000 hectares of extra irrigated lands. The impact of these increases is primarily on 
the Lake as the inflow into the lake will reduce by up to 1.7 BCM according to WWA/Yekom 
(2005) [or 2500 MCM according to WRI (2005)]. Satellite wetlands will be served by return 
flow and flow from river tributaries.  
  

Table 23: Future Water demand 
 Future l Water Demand (MCM) Total with Lake 

Requirement of 3086* 
MCM 

Irrigated 
land 
(ha) 

Agriculture Drinking Industry total 

Yekom 
(2002) 

560,000 5371 548 70 5989 9,075 

WRI (2005) 462,697 4406.5 619.36 5398.5** 8,484.5 

WWA/Yeko
m (2005) 

535,000 5060.13 578.7 98.23 5737.1*** 8,823.1 

Notes:  
*  Minimum Ecological water requirement for the Lake is given by WWA/Yekom (2005) and Nazaridoust 
(2006) 
** This total includes 339.5 MCM for base flow requirements and 33 MCM for satellite wetlands as 
given by Pandam report 
*** Includes aquaculture requirement 
in all the studies: 
1. it was shown that that water balance of the Basin is 9000 MCM ( surface water = 7000 MCM and 
groundwater= 2000 MCM)  
2. water consumption per hectare is about 9500 m3/ha, hence the irrigated land is the main factor 
affecting the accuracy of the estimates of the future agricultural water demand. 
Drinking= Water supply and sanitation 

 
Table 23 illustrates that the greatest demands comes from irrigated agricultural practices. 
Yekom (2002), WRI (2005) and WWA/Yekom (2005) estimate the percentage of future 
agriculture demand to be 90, 81 and 88% respectively. The WWA/Yekom study is a far 
better estimate than the other two because of the application of detailed analytical tools to 
evaluate the future prospect of each sub basin according to the water resources 
development projects. However, this depends on the successful completion of all the 
hydraulic structures as given in the next section. 
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5.6 Hydraulic Structures of Water Resources System 
 
The Comprehensive Agricultural Master Plan (Jamab, 1997) studied the feasibility of 275 
projects of which 231 projects were considered to be feasible. This included 71 storage 
dams, 124 diversion and conveyance systems, 17 pumping stations, and 19 flood protection 
and artificial recharge projects. There are 32 small and large rivers in the basin.  All the 
recent works have detailed analysis of the existing hydraulic structure. WWA/Yekom (2005) 
has an updated data and includes a comprehensive study about the impact of these 
development projects on the water resources and its environmental consequences are 
discussed in the next chapter.    
 

5.6.1 Dams 
 
There are a total of 63 dams as shown in Table24. There are 6 large operational dams which 
satisfy 93% of the regulated supply as indicated in Table24. The largest is the Zarineh Rud 
dam. 
 

 
Table 24: hydraulic structures: existing dams in the basin 

Sub-
basins 

Present 
Reservoir 

dams (No.) 

Regulated 
Volume  
MCM 

Dams 
under 

construction 
and study 

Regulated 
Volume 

Total no of 
dams 

Total 
regulated 
Volume  
MCM 

Zola Chie - - 3 167.6 3 167.6 

Nazlo & 
Roza chie 

- - 2 274.4 2 274.4 

Shahr 
Chie 

1 199* - - 1 199 

Barandoz 
Chie 

- - 2 238.8 2 228.8 

Gudar 
Chie 

2 99.5** 3 
 

258.1 5 357.6 

Mahabad 
Chie 

1 190*** 1 0.4 2 190.4 

Semineh 
Rud 

- - 2 270.6 2 270.6 

Zarineh 
Rud 

8 760.1**** 11 1510 19 2270.1 

Sufi Chai 3 132.5***** 1 2.5 4 135 

Qaleh 
Chie 

- - 1 62 1 62 

Aji Chie 46 113.6****** 10 293.3 56 407 

Northern 2 0.91 3 7.6 5 8.5 

Total  63 1495.6 39 3085.4 102 4580.9 

Notes: * indicates the presence of large reservoir dams 
*        Shahr Chie Dam with regulated flow of 199 MCM 
**       Hasanlo Dam with a regulated flow of 94 MCM 
***     Mahabad Dam with a regulated flow of 190 MCM 
****    Zarineh Rud Dam with a regulated flow of 750 MCM 
*****   Alivain Dam with a regulated flow of 123 MCM 
****** Nahand Dam with a regulated flow of 32 MCM 
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There are some important features of hydraulic structures system: 

 Without building irrigation and drainage networks, many of these dams will be 
rendered useless. 

 Without considering irrigation efficiency measures and modern applications in 
farming methods, there would be serious consequences for water resources 
availability in the basin. 

 Water inflow into the Lake will be reduced sharply and this will be catastrophic in 
drought periods(1.7-2.5 BCM) 

 Sedimentation into the Lake will be reduced as the result of dam projects however, 
with less water entering the Lake, it is expected that salt intake into the lake will be 
increased sharply together with fertilisers and pesticides used as a result of 
extensive farming (an extra 200,000 ha go under irrigation). 

 There is a descending trends with regard to base flow of the rivers due to:  
1. Climatic change (for example in Aji Chai River higher temperature and change in 

wind patterns has caused a decreased precipitation trend). 
2. Land use change 
3. local (unauthorised or customary) river abstraction 
4. Development projects: the inflow into the Lake in the 6 year drought return period 

has been in the range of 2750 MCM. The impact of dam buildings on river flow will 
reduce the inflow to 1745 MCM- i.e. 1000 MCM less than the average dry period 
inflow into the Lake. In another word: 1341 MCM below the minimum ecological 
water requirement of the Lake 

 
The expected date of completion of some of the recent dam projects are given in Table25. 

 
Table 25: Recent dam projects 

Name of Dam Sub-basin river Regulated 
Volume MCM 

Year of 
completion 

Bukan  Zarineh Rud Zarineh Rud 285* 2006 

Shahid Madani Aji Chai Aji Chai 300 2005-6 

Qalae Sufi Chai Qalae Chai 53.4 2006-7 

Zola Zola Chai Zola Chai 132.5 2006-7 

Gogerdchi 
(Saroq) 

Zarineh Rud Saroq 42 2007-8 

Cheragh Vays Zarineh Rud Saqez Chai 74.86 2007-8 

Chirabad Gudar Chai Kani rash 255.6 2007-8 

Shakaryazi Derk Chai Derk Chai 31 2008-9 

Nazlo Nazlo Chai Nazlo 273 2009-10 

Semineh Rud Semineh Rud Semineh Rud 269  

Ajorlo Zarineh Rud Ajorlo 105.7 - 

Notes: 
* this is to increase the crest height of the existing dam to supply water to Tabriz and 
Miandouab cities.  

 
5.6.2 Irrigation Networks 
 
At present, there are 3 operational irrigation networks in the basin. Zola-Salams and 
Hassanlo irrigations networks has been started and it is expected to be completed by the 
end of 2008 as given in Table26. Nearly 93,000 hectares or irrigated land are covered by the 
esisting networks. There are plans to construct a number of irrigation networks as in 
Table27. 
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Table 26: Existing Irrigation networks 

 
Table 27: Irrigation networks under construction 

No. Irrigation 

network 

Plain Dam/River Irrigation area Methods of utilisation by 

end of 2008 

   improved developed total Modern Semi-

modern 

Total 

1 Zarina Rud Miandouab Bukan Dam 

Zarineh rud River 

5207 12584 64,670 3690 41310 45,000 

2 Mahabad Mahabad Mahabad Dam 

Mahabad Chai 

11100 - 11100 11100 - 11100 

3 Sufi Chai 

and 

Mardoq 

Chai 

Maragha-

Bonab 

Alavian Dam 

Sufi Chai & 

Mardoq Chai 

15865 1500 17365 14535 1330 15,865 

4 Zola Salmas Zola Dam 

Zola Chai 

13000 19200 32200 - 6500 6500 

5 Hassanlo Naghadeh Hassanlo Dam 

Gudar Chai 

4000 9300 13300 13300 - 13300 

Total 138635    

Note: Total number of irrigated lands includes traditional farming lands as well.  

No. 
Irrigation 

network 
Dam River 

Operation 

Year 

Irrigation 

Area (ha) 

1 Zarrineh rud 
Shahid Kazemi 

(Nowruzlou) 
Zarrinehrud 2004 

98,115 

2 Baroq Baroq Qori Chai - 
8,188 

3 Saroq Saroq Saroq Chai - 
4,500 

4 Naghadeh Chir abad Godar chai 2009 50,000 

5 Shahr chai Shahr chai Shahr chai 2006 12,000 

6 
Darik 

shekaryazi 
Darik Darik Undefined 

6000 

7 Simineh rud Simineh rud Simineh rud 2007 30,546 

8 Nazlou Nazlou Nazlou 2006 45,500 

9 Salmas Zola Zola chai 2006 34,800 

10 
Mardoughchai-

Bonab 
Qaranaz-Malkan 

Mardough 

chai 
Undefined 

6,336 

11 Leylan- Leylan- Leylan- Undefined 4,150 

22 Kharaju Kharaju Kharaju  1,280 

13 
Aji chai 

(Tabriz) 

Vanyar (Shahid 

madani) Tabriz 

(Shahid sardari) 

Aji chai 2006 

40,000 

14 Aji chai (Sarab) Kord kandi-Tajir Aji chai 2006 1,305 

15 
Barandoz-

Uromiyeh 
Barandoz Shahr Chai  

20,000 

16 
Ghale chai 

(Ajabshir) 
Ghale chai Ghale chai - 

3,200 
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6 Water Resources Allocation: Ecosystem & 
Environmental Considerations 
 
6.0      Environmental Aspects 
 
The recent studies agree that the environmental issues must be considered in any water 
resources allocation policy. Certainly, the Lake is central to the environmental sustainability 
of water resources developments. They argue that without integrated approach to the 
management of these development projects, conflicts between different sectors can be a 
serious challenge to the viability of these huge national investments. There are 3 
components in environmental sustainability: the Lake, satellite wetlands and the rivers' base 
flow requirements. Water resources allocation strategy can only work if there are adequate 
information about the resources in the basin and indeed climate change and frequent 
drought periods can have an important bearing on this strategy. The main water users are 
agriculture sector and the Lake. All the 3 reports agree on the following theme:  

 The National Agricultural Plan and development projects should take into account the 
Lake's requirements as the ultimate indicator of biodiversity and sustainability.   

 Without implementation of IWRM in all parts of the basin, the Lake's environment and 
biodiversity are threatened. 

 Climate change is an important factor in influencing both quantity and quality of water 
resources in the basin and the Lake itself. 

 Domestic, industrial and agricultural wastewaters have adverse impact on the water 
resources. 

TOTAL 224,571 
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 Land use changes have affected water resources availability.   
 

6.1 The Lake's minimum ecological water requirement 
 
Chapter 4 discusses the Lake's water resources requirements.  In the past works, certain 
indicators have been specified: 
 

1. Surface area of the Lake and its effects on hydrological and metrological patterns. 
2. The drought patterns (wet and dry years' alterations) have important bearing on the 

hydrological cycle and indeed can affect the Lake's long term sustainability. 
3. The relationship Volume-elevation-area can be related to the quality of the Lake. 

 
Based on these indicators, there are few conclusions: 
 
A) Surface area of the Lake has significant effect on microclimate and ecology of the 
surrounding areas, however, it  has no significant effect on hydrological patterns in the whole 
basin:  

1. In the highlands (where most of precipitation occurs) especially in summer season, 
reduction in Lake's surface water will reduce precipitation as illustrated in Figure8. 

2. There is a direct relationship between the temperature and the surface area of the 
Lake: increasing area means increasing temperature. 

3. in cold seasons, increasing surface water of the Lake increase humidity in areas in 
the vicinity of the Lake.  

 
B) A drought period is possible in every 6 years. Therefore, management plans should 
include this factor. It was shown that in drought period the annual precipitation could be less 
than 100 mm. The inflow into the lake can be as small as 7% of long term average and water 
level (elevation) of the Lake fall as a result. 
C) The Water Level and the Lake's quality: The Lake's elevation or water level can be a 
qualitative indicator. These studies have shown that the reduction in the water level will be 
catastrophic so an ecological water level has been suggested as 1274.1 by considering the 
bio-chemical needs of the lake at salt concentration of 240 g/l. Nazaridoust (2006) has 
shown that historically at this elevation which occurred more than 20 times in the past, the 
salt concentration would be less than 240 g/l.  
 
D) The water balance of the Lake can be estimated by the Volume-elevation-area 
relationship which is a crude quantitative and qualitative indicator. But it does not necessarily 
gives a true indication of the volume of the Lake. Hence there is a need for bathymetric 
analysis to evaluate the actual volume of the Lake.   
 
E) Water development projects will affect inflow into the Lake so it is suggested that the 
minimal water inflow into the Lake should be set as 3086 MCM.  
F) Ecological surface area of the Lake should be 4652.2 Km2 at 1274.1 m asl.  
 

 
 
 
 
 
 
 
 

The Lake's water requirement specification 
 
Ecological water Level    1274.1 masl 
Minimum inflow into the Lake is   3086 MCM 
Ecological surface area    4652.2 Km2 
Salt (NaCl)  concentration    240 g/l. 
 

Sources: WWA/Yekom (2005) & Nazaridoust (2006) 
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Box 3: Lake Uromiyeh Water Requirements 

6.2 River Flow 
 
All the recent works agree that the surface runoff will be affected by the development 
projects as mentioned in section 5.6.1. However other factors include: 

 Reduction  of surface runoff coefficient as a result of land use changes 

 Climate change. It was shown by Muhammadi Ahari & Aqaei (2006) that change in 
wind patterns had affected precipitation trends in the Aji Chai river basin. 

 
WWA/Yekom (2005) concludes that there is a minimum ecological requirement for river flows 
of 1051 MCM/year. This represents 34% of the Lake's water requirements. 15 out of 21 
dams had completed or in the process of completing EIA assessments (WWA/Yekom, 2005). 
These projects have considered minimum ecological river flow in the downstream of the dam 
in their assessments which indicates a move in a right direction. Except in Zola Chai sub 
basin, all the rivers could maintain their ecological water requirements after the completion of 
water resources development projects. [Yekom Consulting Engineers have calculated the 
ecological water requirements of the rivers in the basin in 2004 as cited by WWA/Yekom 
(2005)].  
 

6.2 Satellite wetlands 
 
There are almost 30 permanent, temporary and satellite wetlands in the basin. 5 of them 
(including Lake Uromiyeh) are classed as Ramsar Sites. These are of considerable social, 
economic and environmental value. However, in recent years, these satellite wetlands have 
come under great pressure due to human activities and development projects. The 
degradation and damage in some cases have been irreversible and permanent.  
 
Since 1970s, there has been a considerable change in some of the satellite wetlands “some 
of the changes were severely destructive” (WRI, 2005). WRI (2005) argues that this trend 
could be prevented if a good co-ordination between different organisations is established. 
Therefore, institutional reform is a key to the survival of these internationally important 
satellite wetlands. For example the Hasanlou dam has permanently created a reservoir 
instead of  Shur Gol Wetland (a Ramsar Site). Although, a new wetland, namely, Soldouz, 
has been created which hosts a diverse range of visiting water birds. In some cases, as in 
Dorgeh Sangi Wetland, parts of the grazing marshes have been converted into agricultural 
land. Fall in water levels in the Lake, has significantly changed some satellite wetlands and 
destroyed habitats for wildlife. These physical changes have had great environmental 
impact.  
 
The hydrological status of the satellite wetlands has also changed. WRI (2005) argues that 
the hydrology and water source is probably the most crucial issue. In past, river (flood) flows 
and springs were the source of water supply to the satellite wetlands whereas now the 
satellite wetlands are served by drainage and irrigation returns; hence, affecting both 
quantity and the quality of the inflow in to the satellite wetlands.  
 
WRI (2005) notes that the amount of water required for sustainable management of the 
satellite wetlands (e.g. about 15 MCM for Mahabad sub basin) is negligible and can be 
obtained without impairing agricultural developments and irrigations schemes. However, this 
is not true for the survival of the Lake. In the case of the Lake, abstracted water reduces 
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inflow into the Lake and hence has a direct impact of the sustainability of its biodiversity and 
environment.  
 
 
The main threats to the satellite wetlands are as followings: 

 

 Dam building projects have affected the hydrological regime of the basin and have 
contributed to the degradation of water quality and salinity of the some of the satellite 
wetlands. 

 Conversion of the wetland habitat into cultivated land. 

 Pollution and agricultural fertilisers and pesticides have caused eurtophication and 
degradation of the water quality.  

 Disturbance of wetland wildlife. 

 Overgrazing in the basin. 

 
 
 

 
 
 
 

Box 4: River Flow and Satellite Wetlands water requirements 
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