
[image: ]PROPOSED RE-ALLOCATION OF IRRIGATION WATER IN INDUS BASIN IRRIGATION SYSTEM

By

Muhammad Basharat

Frank van Steenbergen

Gopal Krishan

PREFACE

A case for Re-allocation of Irrigation Water

Water allocation means formal and informal system that determines who is able to use water resources, when, where and how much. The irrigation systems designed in the whole world have become too old with respect to water distribution i.e., water sharing among the stakeholders and the necessary knowledge and tools of calculation in this regard has increased many times than at the time of irrigation system designing. Moreover, groundwater use has become very important in irrigation and depth to groundwater has also variably increased many times, especially in cities which mainly depend on groundwater for their water supply. Also, the groundwater is a by-product of surface water supply including irrigation and rainfall. Therefore, re-allocation of irrigation water is necessary now

This book is particularly for researchers, operators, policy makers, consultants and students. It demonstrates re-allocation application for Bari Doab in Pakistan and it also presents the need for improvement in irrigation water allocations amongst canals in Lower Indus. It demonstrates that Rice Command takes more water than required resulting in waterlogging and emphasis for re-allocation for its solution along with drainage. Overall the book emphasizes on required re-allocation for improved water governance for agriculture and other uses, particularly domestic uses have become necessary to fulfill with passage of time due to urbanization. Presently, in many cases over the world, formal water re-allocation is not a topic of discussion and practices are accepted as they are, with no plans to improve.

Moreover shape files of irrigation channels, their command areas, salinity measured in 1981and 2002-04, texture of the soils lying on Pakistani side of IBIS and shape files pertaining to Indian boundary of the IBIS and rectified jpg of canal system in India, along with rivers and boundary of Indus Basin are shared herewith in zipped folders in the form of link at the end of page 3 in chapter 1.
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Water control/management is an essential requirement as food and energy crises are lingering in the world and need to be resolved on a sustainable basis. Therefore, water re-allocation is needed to improve the situation. This book is about re-allocation of canal water and is mostly based on existing work by authors in Indus Basin Irrigation System. Groundwater makes up at least about half the contributor in IBIS. Moreover, the groundwater has gone very deep in major cities such as Lahore, Delhi and Quetta, as well as many agricultural areas. Already the existing procedure of irrigation water allocation is static, and we want to make it dynamic i.e. it should be re-considered after some time, proposal is about a century time, in this way it will also include climate change possibility. However, we think the re-allocation requirement case is applicable everywhere in the world. This is because groundwater has become very deep in many countries, especially in Yemen.

As a consequence of population increase, many areas are moving from being water-stressed regions to water-scarce regions and are continuously approaching the low-level limits of per capita water availability. The current population of the country of Pakistan is about 240 million. Therefore, the current per capita water availability is less than 1000 m3 per year. With the population growth rate of 2.03% per annum, it takes about 34 years to double, thus causing additional stress on the available water resources in the country. On the contrary, there is about a 30% reduction in Rabi canal supplies due to the siltation of major reservoirs. In addition, the expected climate change scenarios can negatively impact human access to available water resources in all the water use sectors.

The IBIS has an established system of water sharing and water rights for agriculture, which has some aspects of good practice, but this has remained unchanged and also ignores the water requirements of big population centers. Currently, this precious and renewable groundwater resource is suffering in various ways, such as at locations with waterlogging or unprecedented mining of the resource, along with quality deterioration. Especially in urban centers, there is an immense pollution load from the surface. Policies should be changed regarding the management and allocation of surface water and, consequently, groundwater.

Groundwater, being a hidden resource, is continuously being developed without proper understanding of its occurrence in time and space; the fact is that the federal and provincial governments in Pakistan are not sufficiently prepared to regulate this precious resource. Thus, surface and groundwater management on scientific lines under the auspices of the governments is the key to the sustainability of this vital natural resource. The average annual water availability for canal withdrawals progressively increased from 67 to 105 MAF between the years 1947 and 1977 in Pakistan. This increase was achieved with the construction of water reservoirs at Chashma, Mangla, and Tarbela (total live storage = 16.29 MAF). The design and management of IBIS are aimed at achieving equity in canal water supply but the due aspect of groundwater management in today’s perspective is being ignored. Also, with the addition of Mangla and Tarbela reservoirs, changed scenarios of river flow patterns, and changed cropping patterns and intensities, the irrigation system is still being operated on the same old pattern, specifically with respect to water allocations. Recent research has proved that variation in irrigation demand and rainfall within the irrigation units has given birth to varying stresses on groundwater.

The point is that the variability of the design parameters amongst these irrigation units has never been looked into even after passage of more than one century time period. In the present state of affairs, the available river water resources are committed in their present form that was based on historical uses (1977 – 1981) in the canal commands. These historical uses also formed the basis of Water Apportionment Accord (1991) between the provinces of Pakistan.

It is the groundwater that has contributed more than the surface water for the increased water requirements in almost every water use sector in the last 50 years. Thus, the sustainability of groundwater resources so far has played a key role in overall development of the IBIS. With groundwater the farmers also get extra control over the amount and timing of irrigation application. But the volume of groundwater in storage is decreasing in many areas in response to increased groundwater pumping. For example, average annual groundwater depletion in various areas of Lahore city ranges from 0.45 to 1.5 m/year with an average of about 0.7 m/year. This excessive groundwater depletion is primarily caused by sustained groundwater pumping over and above the natural recharge in the area. Similarly, excessive groundwater depletion is being observed in the Lower and Central parts of the Bari Doab. There are other areas as well e.g., non-perennial areas in Panjnad canal command. Also, the Barani areas outside of the command of IBIS e.g., Pothwar in Punjab and Thar Desert in Lower Indus and India are under excessive groundwater stress. Some of the emerging negative effects of groundwater depletion in water stressed areas are facing drying up of wells, deterioration of groundwater quality; and increasing pumping costs.

As the population is increasing, domestic water use being a top priority is automatically increasing. This extra water use in the domestic and industrial sector had been compensated for with the non-beneficial evaporation in the past (due to waterlogged conditions), and presently at the cost of negative groundwater balance in various areas. At the same time there are areas where the issue of waterlogging is still alive. Water is required for increasing population and the environment, especially for rivers and groundwater recharge, therefore re-allocation is required for integrated water resources management i.e., IWRM. Thus, there is a dire need to look into the existing water management in the country, at basin, regional and local scale, and across various water use sectors.

Currently, surface and groundwater resources are being managed in isolation to each other. In spite of the fact that groundwater is renewable and its sustainability depends on its recharge from the land surface, a major chunk of groundwater volume is being pumped from the aquifers without giving even little consideration to its recharge. Waterlogged areas in Lower Indus are hampering the need to increase water use efficiency. The basic causes are the oversupply of canal water (especially in Kharif season) and also the lack of root zone drainage facilities in many areas. This is also causing increase in surface salinity in Lower Indus.

The existing water allocations were recommended in the IBIS when water was abundant and the population was smaller than it is now, therefore, reallocation is highly needed now. In this regard, Chapter 1 introduces the IBIS and reviews the literature, particularly in IBIS of Pakistan, and Chapter 2 describes spatial climate variability in Pakistan. Chapter 3 describes groundwater variability in IBIS, and Chapter 4 describes the required Integrated Water Resources Management (IWRM) approach for handling such variability. Chapter 5 is about the application of re-allocation in Bari Doab, and Chapter 6 is about the need for re-allocation in Rice command and Lower Indus in general. Whereas Chapter 7 describes drainage in general and it’s requirement for the Lower Indus in particular and Chapter 8 highlights the salinity development as a result of a high water table with poor groundwater quality.

Moreover, many shapefiles of IBIS are shared herewith in zipped folder in the form of a link at the end of page 3, particularly regarding canals, which has a multiplying impact on the worth of the book. So, maps can easily be developed from the shapefiles for canal commands across the IBIS.

Keywords: IBIS, Groundwater, Irrigation Water, Irrigation, Canal, Salinity, Re-allocation​​​​, River Allocation, Maps and Shapefiles.
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Figure 6.2: Comparison of canal water supplies amongst the irrigation systems in Lower Indus and ETo at Rohri.

Figure 6.3: Waterlogged (standing water) and saline lands between KN Shah, Mehar and Hamal Lake.

Figure 6.4: Vast areas around Miro Khan drain: (R) with standing water; or without wheat crop due to very wet soils which is an indication of lack of drainage in the area.

Figure 7.1: Almost fully choked drain, crossing Sanghar-Mirpur Khas Road (left), Waterlogged and barren/saline lands (right) in another area along Sanghar-Mirpur Khas Road.

Figure 7.2: Percentage areas under different DTW ranges in Lower Indus, as of October 2011.

Figure 7.3: Comparison of depth to watertable in Lower Indus, June (L) and October (R), 2001 (Basharat et al., 2014).

Figure 7.4: Patchy wheat crop near Mirpur Khas, Sindh, due to waterlogging and salinity, photo taken in 2013.

Figure 7.5: Schematic arrangements of sub-surface drains.

Figure 7.6: An example tile drainage design.

Figure 7.7: Schematic sketch of open and pipe drainage.

Figure 7.8: Drainage pipe being installed in Fourth Drainage Project (FDP), Faisalabad.

Figure 8.1: Vertical and horizontal extent of groundwater salinity in Lower Indus, showing deep groundwater quality.

Figure 8.2: Farmers use their full authority to divert (or otherwise) water to their self-designed outlets. The upper right picture is a special example of gigantic outlet in discharge that was closed with bushes, thus irrigation department has almost lost the control over distribution of the irrigation water.

Figure 8.3: Image of Lower Indus as on Jan. 01, 2023, with satellite eye, showing standing water in blue color due to floods of 2022.

Figure 8.4: Surface salinity in Lower Indus, as observed during 1979-81

Figure 8.5: Surface salinity in Lower Indus, as observed during 2001-03 (Basharat et al., 2014).

Figure 8.6: Comparison of surface salinity in Punjab for the periods: 1979-81 and 2001-03

Figure 8.7: Comparison of surface salinity in Lower Indus for the periods: 1979-81 and 2001-03.


​​​​​

LIST OF ABBREVIATIONS AND ACRONYMS

a.m.s.l.  Above Mean Sea Level


BCM Billion Cubic Meter

CCA Cultureable Command Area

CEC Cation Exchange Capacity

cfs Cubic feet per second

CGWB Central Groundwater Board

CI Cropping Intensity

d/s Down stream

DB Diamer Bhasha 

Do  Depth of aquifer from drain level to impermeable layer (m);

dS/m deciSiemens per meter

DTW Depth to watertable 

ECe Electrical Conductivity of the Extract

EKTD East Khairpur Tile Drainage 

ET Evapotranspiration

ETa Actual Evapotranspiration 

ETc  Crop Consumptive Use

ETn Net Crop Water requirement

ETo Reference Crop Evapotranspiration

ft Feet

GCA Gross Command Area

GIS Geographic Information System

ha Hectare

HKH Hindu Kush-Karakoram-Himalaya

HSU hydrologically similar units

IBIS Indus Basin Irrigation System

IBRD  International Bank for Reconstruction and Development

ID Irrigation Demand

IDp Potential Irrigation Demand

IDW  inverse distance weighting 

IDW inverse distance weighting

IPOE international panel of experts

IRB Indus River Basin

IRS Indus River System

IRSA  Indus River System Authority

IWASRIInternational Waterlogging and Salinity Research Institute

IWMI International Water Management Institute

IWRM Integrated Water Resources Management

IWT Indus Water Treaty

KN  Khairpur Nathan Shah

LIP Lower Indus Project

Ma  Million acre 

MAF Million Acre Feet

MCM Million Cubic Meter

Mha Million hectare

mm Millimeter

msf Million Square Feet

MSL Mean Sea Level

NSL Natural Surface Level

OECD The Organization for Economic Cooperation and Development

pc percent

PMD Pakistan Meteorological Department

ppm parts per million

PPSGDP  Punjab Private Sector Groundwater Development Project

PSW Punjab Sugarcane Wheat 

Re Effective Rainfall 

Rr Rainfall Recharge

RSC Residual Sodium Carbonate

RUDA Ravi Urban Development Authority

SAR Sodium Adsorption Ratio

SCARP Salinity Control and Reclamation Projects

SCWS Sindh Cotton Wheat South

SMO  SCARPs Monitoring Organization 

TDS Total Dissolved Solids

TSS Total Suspended Solids

u/s  Up stream 

w.r.t. with respect to

WAA Water Apportionment Accord

WAPD Water and Power Development Authority

WASID Water and Soils Investigation Division

WP Water Productivity

Yr Year
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1.1 ABSTRACT
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This chapter describes the Indus River Basin (IRB) and the Indus Basin Irrigation System (IBIS), covering both the Indian and Pakistani parts of the IRB and IBIS in Pakistan. The whole IBIS was divided into three parts: Indian (1st part) & Pakistani Punjab and KP (Upper Indus) and the third part as Lower Indus covering Sindh and Baluchistan. A quite long and comprehensive literature review with respect to surface and groundwater has been presented to make the case for the reallocation of irrigation water in the IRB, particularly in the Pakistani part of the IBIS.
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1.2 INDUS RIVER BASIN
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The Indus Basin lies between 23.883291 to 37.082901 degrees decimal N latitude and 66.153259 to 82.482643 E longitude. It covers Pakistan, India, China (Tibet), and Afghanistan (see Figure 1.1). The basin has a surface area of 116.2 million hectares (Mha), with elevations ranging from 0 to 8600 meters above mean sea level (a.m.s.l). Most of it lies in Pakistan, and the remaining part is in occupied Jammu and Kashmir (the disputed territory between India and Pakistan), India, China, and Afghanistan. Irrigated agriculture is practiced on 26.02 Mha (22.39%) of the basin, out of which about 16 Mha lies in Pakistan. The Indus System of Rivers in the Indus Basin comprises the Indus and its five main tributaries: Jhelum, Chenab, Ravi, Beas, and Sutlej. They all converge into one river near Mithan Kot below Panjnad Barrage in Pakistan and flow into the Arabian Sea, south of Karachi. The Kabul River also joins the Indus near Attock.

The Indus River flows from the mountainous terrain of the Hindu Kush, Karakoram, and Himalayan junction and meanders through the productive lands in the Southern plains. It is one of the largest transboundary rivers in the world with a drainage area of about 1.162 million km² and a mean annual discharge of 7900 m³/s. The Indus River Basin (IRB) is shared by four countries: Pakistan, India, China, and Afghanistan; however, the largest basin area is in Pakistan with 61%, followed by India with 29%, and China and Afghanistan with 8%. The Indus River is the lifeblood for >300 million people, with 61% living in Pakistan, 35% in India, and 4% on the Afghan and Chinese sides of the basin. These countries depend on the IRB as the source of their water, and therefore water security challenges are central to sustainable development of this region. The hydrologic processes in the Indus River are characterized and linked by the glaciated mountain valleys with monsoonal plains and a deltaic coastline, which have extensive and characteristic water management regimes.

Due to inadequate planning and management, and population increase, demand for fresh water is rising, but a variety of factors make its future availability uncertain, including population growth, water contamination, groundwater depletion, climate change, and changing land uses. Other factors that will hasten the region’s water insecurity are difficult to comprehend at this point, such as the exact impact of climate change on the hydrology of the Indus Basin, especially the groundwater.

One challenging aspect in studying water resources is the phenomenon of “too much water, or too little water” within the context of a changing climate, i.e., drought and flooding. For instance, the Indus River is the backbone of the agricultural sector, and since irrigation uses 96% of the diverted water resources, a shortage of water can incapacitate the economy of the region. Moreover, floods can create economic damage, such as the devastating 2010 floods that caused an estimated US$10 billion of economic damage in Pakistan alone. The 2022 floods also caused a huge loss of property and lives of both humans and livestock.

It is understood that these complex inter-linkages and issues of the Indus River Basin will be magnified by an ever-changing climate. Uncertainties surrounding climate change only compound the problem. Therefore, it is imperative to understand the dynamic relationships among climate-water-agriculture paradigms of the IRB.

A review of recent research literature shows the use of metaphorical language to indicate the importance of the IRB, for example, calling the headwaters of the Indus River the “third pole” of our planet. Some previous studies termed the IRB as one of the critical water resource laboratories in the world (Mustafa, 2013; Meadows and Meadows, 1999; Gilmartin, 2015; Akhter, 2017). Because of its unique and diverse hydrologic processes that link High Asia’s water towers and glaciers, monsoon plains, and a deltaic coastline, as well as water management systems, this transboundary basin offers rich research opportunities. Scientific literature has been published on the water resources of this basin, particularly regarding the hydrology of the Upper Indus. However, to date, a comprehensive treatment of the hydrology of the IRB focusing on water resources, including consideration of hydrometeorology, ecohydrology, water and food security, water-related extremes, and water management, is lacking, especially in groundwater management in the Indus Basin.

Many Shapefiles have been shared via the link below. Specifically, one can develop maps for canal channels and command layout using GIS.

https://drive.google.com/drive/folders/1AZFw5w0LCzSSyN1zYZUhbjTgpZ9IQTRp?usp=sharing
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​​​​1.3 CLIMATE CHANGE
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Climate change is defined as a certain degree of change in climate over time; it can be natural or due to certain anthropogenic activities. The net impact manifests as uncertainties in available water resources. Although climate change is well recognized both internationally and locally, its impact on groundwater is least researched in Pakistan, India, and indeed the entire world. Groundwater resources are related to climate change through direct and indirect interactions with surface water resources, such as lakes and rivers, and the recharge process. As surface water decreases, farmers use more groundwater for crops. High temperatures lead to increased evaporation and transpiration, raising water requirements. Conversely, water availability is expected to decrease due to higher incidences of flooding and more prolonged and severe droughts, occurrences seen worldwide. Consequently, these changes would influence the intensity and timing of precipitation, impacting surface storage and groundwater recharge. The ultimate impact would be groundwater depletion and reduction in net water availability due to increasing water requirements.

There could be many impacts due to climate change, namely: changes in monsoon patterns, increased temperature and evapotranspiration rates, increased rainfall intensity, decrease in the number of rainy days, decrease in snowfall, increase in glacier melt and retreat, changes in runoff patterns, decrease in groundwater recharge to aquifers, increase in extreme events, sea level rise, and deterioration in water quality. According to Rodel (2009), "groundwater supplies in many regions around the world are being rapidly depleted to meet growing irrigation and other needs in the face of diminishing surface water supplies," for example, in the USA and India.

Reduced water availability in the Indus Basin is expected due to the following factors:

	Decline in online water storage due to sedimentation;

	Increasing domestic and industrial water demands;

	Required increases in environmental flows or, in other words, deteriorating water quality in rivers;

	Depleting groundwater resources leading to increasing river losses as is happening in Indus River now, especially under Idus River in Punjab of Pakistan;

	Potential impact due to climate change on water resources in the mountains.


The sustainability of groundwater resources appears more threatened by socio-economic changes in the region than by climatic trends. Nevertheless, analysis and understanding of the linkage of climate, glaciology, and runoff are still far from complete; recent past climate experiences may not provide a reliable guide to the future.
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1.4 INDUS BASIN IRRIGATION SYSTEM:
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INDUS BASIN IRRIGATION SYSTEM (IBIS) is a contiguous irrigation system designed to irrigate about 21.960 Mha in Pakistan and India, as shown in Figure 1.2 and given in Tables 1.1 and 1.2 for Pakistan only.
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1.4.1 Introduction of IBIS
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The IBIS consists of the Indus River itself, falling ultimately to the Arabian Sea, whereas its other tributaries are the Kabul, Jhelum, Chenab, Ravi, Beas, and Sutlej. For the latter three rivers, India has full rights under the Indus Water Treaty (IWT) of 1960. For river water storage and diversions in Pakistan, the IBIS comprises of three major reservoirs, 16 barrages, 2 headworks, 2 siphons across major rivers, 12 inter-river link canals, and 44 canal irrigation systems (normally called canal commands), i.e., 23 in Punjab, 14 in Lower Indus, five in Khyber Pakhtunkhwa (KP), and two in Baluchistan. Sindh, which falls in Lower Indus, is the second-largest province of Pakistan and is covered by 27.57% of all the IBIS. The Indus River irrigates the major portion of Lower Indus (about 35.36 percent of the irrigated area in Pakistan) through canals off-taking from three barrages in Lower Indus: Guddu, Sukkur, and Kotri. A very small part of Baluchistan province is also irrigated with the Pat Feeder Canal from Guddu Barrage and the Kirthar Branch from Northwest Canal, off-taking from Sukkur Barrage. The total Gross Command Area (GCA) of the Lower Indus (Sindh and Baluchistan including major cities, as shown in Figure 1.2) is 5.92 Mha with Culturable Command Area (CCA) of 5.43 Mha. The major crops sown in the area are wheat, cotton, rice, and sugarcane, which utilize 68 percent of the total cropped area. Lower Indus also produces horticulture crops: mangoes, bananas, dates, and chilies. Lower Indus has a diversion capacity of 111 billion Cubic Meters (BCM), which is equivalent to 90 million Acre Feet (MAF); but as per Water Accord 1991, Lower Indus’s share is 60.15 BCM (48.76 MAF). However, post Tarbela, actual diversions to Lower Indus are around 53.04 and 2.47 BCM (43 and 2 MAF), for Sindh and Baluchistan, respectively. Groundwater use is about 4.3 BCM (HALCROW -ACE, 2003), which is unregulated and unplanned. However, groundwater has considerably higher potential, but it is unexplored due to ample availability of canal water and in several areas and the high salt contents in groundwater limits its pumping.




​Figure 1.2: Rivers, storages, barrages and Indus Basin Irrigation System (IBIS), both in Pakistan and India.
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Table 1.1: Canal names or regions and their areas.

	Canal Names or Regions

	Area (m2)

	Area (ha)

	Area (Mha)

	Indian IBIS

	47978746972

	4797875

	4.797875 


	Upper Indus


	Pakpattan

	5059836824.3

	505983.6824

	0.505983682


	Sidhnai

	3709310951.3

	370931.0951

	0.370931095


	Upper Depalpur

	1431886756.4

	143188.6756

	0.143188676


	Koranga

	148230274.2

	14823.02742

	0.014823027


	LBDC

	7924368126.5

	792436.8127

	0.792436813


	CBDC

	3894203589.0

	389420.3589

	0.389420359


	Lower Depalpur

	2899335902.5

	289933.5903

	0.28993359


	Mailsi

	4646793481.0

	464679.3481

	0.464679348


	LJC

	6965453872.6

	696545.3873

	0.696545387


	UJC

	2913494285.7

	291349.4286

	0.291349429


	Upper Swat

	1140530227.3

	114053.0227

	0.114053023


	Lower Swat

	826963905.0

	82696.3905

	0.08269639


	Pehur High Level

	593068303.4

	59306.83034

	0.05930683


	GBHP Channel

	298639535.8

	29863.95358

	0.029863954


	Kabul

	1074665694

	107466.5694

	0.1074665694


	MR Link 

	888720420.1

	88872.04201

	0.088872042


	Raya

	2135541985.3

	213554.1985

	0.213554199


	UCC

	4678783242.7

	467878.3243

	0.467878324


	Rangpur

	1646528915.1

	164652.8915

	0.164652892


	Thal

	11577493242.6

	1157749.324

	1.157749324


	Muzaffargarh

	3457663754.9

	345766.3755

	0.345766375


	Haveli

	815436454.2

	81543.64542

	0.081543645


	Jhang

	8161399464.0

	816139.9464

	0.816139946


	Gugera

	7151321346.4

	715132.1346

	0.715132135


	Abbassia

	1253595146.9

	125359.5147

	0.125359515


	Panjnad

	6176740530.2

	617674.053

	0.617674053


	Bhawal

	4562157947.4

	456215.7947

	0.456215795


	Fordwah

	2242706135.0

	224270.6135

	0.224270613


	Eastern Sadiqia

	4979550476.1

	497955.0476

	0.497955048


	DG Khan

	4312485348.9

	431248.5349

	0.431248535


	CRBC

	2782274867.6

	278227.4868

	0.278227487


	Bannu

	717251345.7

	71725.13457

	0.071725135


	Sub-total

	111066432351.7

	11106643.24

	11.10664324


	Lower Indus


	Dadu

	2435550000.0

	243555

	0.243555


	Kalri Bagar

	3337450000.0

	333745

	0.333745


	Rohri (North)

	5549480000.0

	554948

	0.554948


	Nara Canal

	9777609200.0

	977760.92

	0.97776092


	Rohri (South)

	6191410000.0

	619141

	0.619141


	Pinyari

	3970910000.0

	397091

	0.397091


	Fuleli

	4231040000.0

	423104

	0.423104


	Gaja Command

	459397000.0

	45939.7

	0.0459397


	Tando Bago

	1626670000.0

	162667

	0.162667


	Rice Canal

	2436090000.0

	243609

	0.243609


	Northwest Canal

	4059090000.0

	405909

	0.405909


	East Khairpur Canal

	1960150000.0

	196015

	0.196015


	Pat Feeder Canal

	2641030000.0

	264103

	0.264103


	Desert Canal

	1881110000.0

	188111

	0.188111


	Begari Sindh Feeder

	4792720000.0

	479272

	0.479272


	Ghotki

	3985430000.0

	398543

	0.398543


	Khairpur West

	1218700000.0

	121870

	0.12187


	Sub-total

	60553836200.0

	6055383.62

	6.05538362




Table 1.2: Regions and their total GCA areas. 


	Regions

	Area (m2)

	Area (ha)

	Area (Mha)


	Indian IBIS

	47978746972

	4797874.70

	4.798


	Upper Indus

	111066432351.7

	11106643.24

	11.107


	Lower Indus

	60553836200.0

	6055383.62

	6.055


	Total area (GCA)

	219599015523.7

	21959901.6

	21.960



Lower Indus forms the southern part of the Indus Plain, which lies below Guddu, forming the narrowest width of the Indus Plain below the confluence of the Panjnad River with the Indus and near the abrupt bend in the Suleiman Range (Figure 1.2). The climate of Lower Indus is hot and arid. The maximum temperature in summer exceeds 40°C. Evaporation in Lower Indus is higher than elsewhere in Pakistan and the Indian irrigated part. Mean annual precipitation ranges from about 100 to 200 mm in parts of the Lower Indus Plain to over 1000 mm near the foothills in the Upper Indus Plain (PMD, 2010). On the other hand, lake evaporation increases in the north-south direction from 1270 mm at Peshawar to 2800 mm at Thatta (Ahmad, 1982).

The Indus enters Sindh province at an elevation of 75 m (246 ft) above mean sea level (a.m.s.l). The level of the floodplain falls southwards at an average rate of 12.5 cm/km (eight inches/mile). The river lies on a slight ridge, which slopes away in a lateral direction up to Larkana, thus it has influent behavior and loses water to the underlying aquifer. Some of the drains flow towards the desert in the east. Another part flows towards the Khirthar Hills. In the Rabi season, when the flow in the river below Sukkur Barrage is almost zero, the river receives groundwater, especially from the left bank.
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1.5 THE INDUS WATERS TREATY OF 1960
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“The Government of India and the Government of Pakistan, being equally desirous of attaining the most complete and satisfactory utilization of the waters of the Indus system of rivers and recognizing the need, therefore, of fixing and delineating, in a spirit of goodwill and friendship, the rights and obligations of each in relation to the other concerning the use of these waters and of making provision for the settlement, in a cooperative spirit, of all such questions as may hereafter arise. It was decided that all the waters of the Eastern Rivers shall be available for the unrestricted use of India, except as otherwise expressly provided in this Article. India shall be under an obligation to let flow all the waters of the Western Rivers, and shall not permit any interference with these waters, except for the following uses, restricted in the case of each of the rivers, The Indus, The Jhelum and The Chenab, to the drainage basin thereof: (a) Domestic Use; (b) Non-Consumptive Use; (c) Agricultural Use, as set out in Annexure C; and (d) Generation of hydro-electric power” as set out in Annexure D  (IWT, 1960) of the document.

“Each Party agreed that any non-consumptive use made by it shall be made as not to materially change, on account of such use, the flow in any channel to the prejudice of the uses on that channel by the other Party under the provisions of this Treaty. Pakistan shall maintain in good order its portions of the drainages mentioned below with capacities not less than the capacities as on the Effective Date: (i) Hudiara Drain, (ii) Kasur Nala, (iii) Salimshah Drain, (iv) Fazilka Drain” IWT, (1960).

At the time of Independence, 31 out of 37 million acres in Pakistan were irrigated. The boundary line between the two countries, being partitioned, was drawn without any regard to the existing irrigation works. It was, however, affirmed by the Boundary Commission. Representatives of the affected zones expressly agreed before the Arbitral Tribunal that the authorized zones in the common water supply would continue to be respected. For this, inter-river link canals were built under the agreement as shown in Figures 1.1 and 1.2.
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1.6 WATER ALLOCATION ACCORD (WAA) OF 1991
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A water allocation accord between provinces, especially Punjab and Sindh, was held on March 16, 1991, in Karachi, which is also called the Water Apportionment Accord, 1991. About allocations given under the 1991 accord, Punjab was given 55.94MAF or 47.7 percent water, i.e., 37.07MAF (46.8 percent) water in Kharif and 18.87MAF (49.4 percent) in Rabi. Sindh’s share came to be 48.76MAF (41.5 percent), i.e., 33.94MAF (42.9 percent) in Kharif and 14.82MAF (38.8 percent) in Rabi. KP was allocated 8.78MAF (7.5 percent) water and Baluchistan 3.87MAF (3.3 percent) water. Annual Average System Uses (AASU) were considered a guideline according to the water accord (Para 14-b) for developing 10-daily uses of the allocations mentioned in Para-2 of the accord to fulfill the requirement of the accord according to Para-14-a. However, further studies are needed, as losses to groundwater are also there in the system. Sindh may give pumping cost of groundwater to Punjab.
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