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ABSTRACT

Climate change captures the attention of many researchers and it is considered as the most vital research area.
Climate change affects natural resources whether it is caused by nature or human intervention. Aquatic
resources and its continual supply are considered being highest priority. Worldwide agencies have been
mobilizing their efforts to ensure the sustainability of natural resources. This case study is expounded on the
hazards and their impacts on water supply chain. Semi arid region Deh Band Murad is selected to demonstrate
the effects of variation in water supply during long summer season. Supply chain mitigation framework cover
identification of the cause of the problems, consequences for not solving problems, analysis of different
approaches, selection of solution’s right mix and finally benefits to the community.
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1. INTRODUCTION

It was a scorching May after noon in 2015 as the teaching and staff of Falah University, assembled around
the cafeteria’s tea table in Deh Band Murad located at the outskirt of Karachi. It was 104 degree Fahrenheit
outside, for four years there was no or very little rain fall, the water in the nearest Hub dam was at zero level and
the underground water level dropped to 60 feet down, worst not to mention with the diminish supply; the quality
suffers most, and it was no longer suitable for consumption.

Falah University, a project of Falah foundation, Pakistan was established in 1985 under the provincial
charter. Falah foundation has a wide range of social and philanthropic activities including establishment of
educational institutes, research laboratories, hospitals and low cost dispensaries. Endowment funds from Falah
Laboratories are the driving force behind the various humanitarian activities for the under privilege areas of
Pakistan.

The purpose of today’s gathering was to converse the merits of a recent proposal from one of the assistant
professor of the Faculty of Engineering Science and Technology to make a pilot project for ensuring quality
standard for portable water supply.

While this thought was captivating, there was debate within faculty as to its merits. Waseem Khan, an
assistant professor, summed up the situation.

Two year ago, I would have jumped at this proposal. All along, we have known that Water supplies is
diminishing, we can no longer rely on Hub dam for continual flow. Now we have to take some immediate action
to replenish supplies in long summer season.

But Shariq Ahmed, the head of environmental lab, offered a different opinion:

Why should not we over haul over distribution system? Going through a conventional reverse osmosis
system we need to ensure that there will be enough water levels for coming years. With climate change patterns,
it is estimated that we are not sure about the level of underground water, a primary source for reverse oSmosis.
Our objective is to build the complete solution for ensuring quality and supply needs for the local communities
of arid regions of Pakistan. Smart water system for semi arid regions offers a very effective way of doing that.
And if we don’t do it now, local communities will no longer stay in these regions.

According to World Bank report, it is estimated that 1.6 billion inhabitants live in regions with absolute
water scarcity, the numbers can be escalated to 2.8 billion inhabitants by 2025 [1]. Climate change hazards
contribute the poor supply of water especially in arid and semi arid regions [2][3]. Long summer seasons
reduces the supply of water from HUB dam, this quality suffers to an extent that it can no longer be used for
human consumption. Mitigation framework highlights the different approaches to maintain the quality standards
and to sustain the supply for yearlong demand. Low supply with poor quality is the major problem which has to
be addressed on emergency basis.
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2. PROBLEM ANALYSIS

Scarcity of supply and quality degradation may arise for several factors including delayed or decreased patterns
of rain fall, surface and ground water degradation, poor governance and regional conflicts. At global scale, the
supply of water is challenged by various climate change hazards [4][5][6][7]. Global and local water scarcity is
biggest challenge as highlighted in Figure 1 and Figure 2. If water scarcity is not addressed timely and
efficiently, it will result in socio-economical outbreak.

Global physical and economic water scarcity

I Little or no water scarcity
[ Physical water scarcity

Approaching physical
water scarcity

M Economic water scarcity
Not estimated

Figure 1: Supply Scenarios at Global Scale
Source: World Water Development Report 4. World Water Assessment Programme (WWAP), March 2012.

Figure 2(a): Supply Scenarios at Local Scale
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Figure 2(b): Supply Scenarios at Local Scale

Following are the potential reasons behind poor supply and inadequate quality of the water.
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Problem Identified: Inefficiency of surface distribution and treatment systems
Surface distribution and treatment systems have been adopted in Deh Band Murad. Following factors make
surface distribution not feasible for catering the supply and quality standards.

Inadequate Storage facilities
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Improper metering

Pumps

Valves and hydrants
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Quality assurance refers to the activities and procedures responsible for defining and meeting the standards.
The set of activities and procedures includes planning, documenting, analyses, training, validation and reporting.
Quality Control is the set of activities of quality assurance for reducing errors throughout the process.
Appropriate quality assurance procedure should be adopted. For maintaining quality standard of World Health
Organization; accuracy and precision of control mechanism should be placed for all phases of water supply
systems [1].

3. SMART WATER TREATMENT TECHNOLOGIES

Some of the recent researches in this domain include; Stochastic ANP-GCE approach for vulnerability
assessment in the water supply system with uncertainties [8], E-coli inactivation in water using pulsed discharge
[9], energy management system for stand-alone wind-powered-desalination micro grid [10], study of underwater
channel estimation based on different node placement in shallow water[11], study of rural deep well two-stage
water supply pumping station[12], an acoustic complexity index sensor for underwater applications [13],
application of distributed wireless chloride sensors to environmental monitoring: initial results[ 14],underwater
acoustic modems [15], optimization of portable water distribution and wastewater collection networks: a
systematic review and future research directions[16], development of a calibrated transducer CMOS circuit for
water turbidity monitoring [17], smart city wireless connectivity considerations and cost analysis: lessons learnt
from smart water case studies [18], evapotranspiration variations in the Mississippi river basin estimated from
GPS observations [19], a novel handheld fluorimeter for rapid detection of escherichia coli in drinking water
[20] and monitoring aquatic debris using smart phone-based robots [21]. Some recent ICT trends in Smart
Water Systems are also shown in Table 1.
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Table 1: Recent ICT Trends in Smart Water System

Techniques

Description

‘Wideband modeling of the acoustic water pipe
channel [22].

Fuzzy logic applications in water supply system
management: A case study [23].

An IoT based 6LoWPAN enabled experiment
for water management [24].

Real Time Wireless Monitoring and Control of
‘Water Systems Using Zigbee 802.15.4 [25].

Multi-objective particle swarm optimization
for allocation of water resources [26].

Smart metering implementation for enabling
Water Conservation and water demand
management: An investigation in Gauteng [27].

Intelligent control of capillary irrigation system
for water-saving cultivation [28].

Smart water meter system for user-centric
consumption measurement [29].

A thermal imaging based wireless sensor
network for automatic water leakage detection
in distribution pipes [30].

System Dynamic Modeling for Behavior
Pattern on Process and Operation of Water
Treatment Plant [31].

In this research, OFDM BPSK based wireless communication techniques have been
used for analysis the acoustic characteristic inside water channels.

This fuzzy logic based study caters three important elements of water supply systems
namely population growth, per capital water requirement and financial out lay.

This project is designed to harness IoT for quality monitoring and real-time water
flow metering.

This study attempt to monitor the water level with the help of level sensors and
Zigbee 802.15.4 module.

In this research, Multi-objective particle swarm optimization (MOPSO) algorithm
investigated to generate a set of Pareto-optimal solutions. The task of study is to
present multi-objective allocation model for water resources.

The aim of this study is to maintain Water Conservation and Water Demand
Management (WC/WDM) in municipalities.

Capillary based irrigation system has been tested using a high capillarity fibrous
medium for efficient water supply to the rooting zone of plant.

This research introduces the WSN Smart water meter system. This study proposed an
intelligent and robust system using the IEEE 802.15.4 standard embedded in
ContikiOS LibCoAP.

This study attempt to develop the thermal (IR) imaging and WSN based automated
leakage detection system for distribution pipes.

The aim of this study is to dynamically model Process and Operation of Water
Treatment Plant.

This case study is an attempt to further highlight the conventional and smart water treatment operations and
processes as shown in Figure 3 and Figure 4. The motivation here is to propose a wireless sensor based

monitoring, SCADA’s system for managing pressure, detect leaks and pipe failure prediction,

information

aggregation, data analysis KPI monitoring and smart meters for recapturing revenue and detecting theft .
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Figure 3: Conventional Water Treatment Operations and Processes
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Figure 4: Smart Water System for Semi Arid Regions [32]
4. PLAN OF ACTION

The plan of action includes future growth in the population served.
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5. CONCLUSION

Understanding climate change hazards and its impact on water quality and supply is the open challenge both
for local communities and for global nations. Arid regions such as Deh Band Murad are facing acute
degradation of supply and quality of water resources. In the near past, this region was flourished due to the
continual supply of water from nearby streams but with continual drought, life is getting miserable. Through the
joined hand among local communities, local bodies, civil societies, nongovernmental organizations, local
industries, centralized authorities and by adapting smarter technologies, this suffering can be reduced and bring
prosperity to the region.

10.

11.

12.

13.

14.

15.

REFERENCES

Rodriguez, Diego J.; Schuring, Matthijs Christiaan; Constantinou, Nansia; Goksu, Amanda Joan;
Garcia Ramirez, Danielle A.; Valieva, Svetlana; Varga, Adria;; A waterway to resilience FY15 annual
reporthttp://documents.worldbank.org/curated/en/2016/04/26254969/waterway-resilience-fy1 5-annual-
report [Last visited June 06, 2016]

Holly Shaftel, Earth Science Communications Team, California Institute of Technology
http://climate.nasa.gov/ [Last visited June 06, 2016]

Alavian, Vahid; Qaddumi, Halla Maher; Dickson, Eric; Diez, Sylvia Michele; Danilenko, Alexander
V.; Hirji, Rafik Fatehali; Puz, Gabrielle; Pizarro, Carolina; Jacobsen, Michael; Blankespoor, Brian.
2009. Water and climate change: understanding the risks and making climate-smart investment
decisions. World Bank. http://documents.worldbank.org/curated/en/2009/11/11717870/water-climate-
change-understanding-risks-making-climate-smart-investment-decisions

Diersing, Nancy (2009). "Water Quality: Frequently Asked Questions." Florida Brooks National
Marine Sanctuary, Key West, FL. http://www.tuckwood.co.uk/files/bt_proc_mpall65-181 e-
offprint.pdf

http://www.unwater.org/downloads/waterscarcity.pdf

Patricia Mitchell, Environmental Consulting for Alberta Environment July 2006

Guidelines for drinking-water quality: incorporating 1st and 2nd addenda, Vol.1, Recommendations. —
third edition 2008, source: http://esrd.alberta.ca/water/programs-and-services/surface-water-quality
program/documents/QualityAssuranceSurfaceWater-Jul2006.pdf [Last visited June 06, 2016]

Chong Zhang, Xiao Liu, Jian-G. Jin & Yuan Liu,A Stochastic ANP-GCE Approach for Vulnerability
Assessment in the Water Supply System With Uncertainties, IEEE Transactions on Engineering
Management 63(1):78 - 90. 2016.

Yifan Huang, Yanqgin Kou, Chao Zheng, Yuzhen Xu, Zhen Liu & Keping Yan.Escherichia Coli
Inactivation in Water Using Pulsed Discharge,IEEE Transactions on Plasma Science 44(6): 938 -
943.2016.

Li Guo, Wenjian Liu, Xialin Li, Yixin Liu, Bingqi Jiao & Wei Wang, Chengshan Wang & Fangxing
Li. Energy Management System for Stand-Alone Wind-Powered-Desalination Micro grid, IEEE
Transactions on Smart Grid 7(2): 1079 - 1087. 2016.

Nima Bahrami, Nor Hisham Haji Khamis & Ameruddin Bin Baharom, Study of Underwater Channel
Estimation Based on Different Node Placement in Shallow Water, IEEE Sensors Journal 16(4): 1095 -
1102. 2016.

Guilin Zheng & Qi Huang, Energy Optimization Study of Rural Deep Well Two-Stage Water Supply
Pumping Station, IEEE Transactions on Control Systems Technology 24(4): 1308 - 1316. 2016.
Emanuele Lattanzi, Valerio Freschi, Matteo Dromedari & Alessandro Bogliolo, An Acoustic
Complexity Index Sensor for Underwater Applications, IEEE Sensors Journal 16(11): 4043 - 4050.
2016.

Nick Harris, Andy Cranny, Mark Rivers, Keith Smettem & Edward G. Barrett-Lennard, Application of
Distributed Wireless Chloride Sensors to Environmental Monitoring: Initial Results, IEEE Transactions
on Instrumentation and Measurement 65(4): 736 - 743. 2016.

Sandra Sendra, Jaime Lloret, Jose Miguel Jimenez & Lorena Parra, Underwater Acoustic Modems,
IEEE Sensors Journal 16(11): 4063 - 4071. 2016.

58



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hussain, 2016

Wangqing Zhao, Thomas H. Beach & Yacine Rezgui, Optimization of Potable Water Distribution and
Wastewater Collection Networks: A Systematic Review and Future Research Directions, IEEE
Transactions on Systems, Man, and Cybernetics: Systems 46(5): 659 - 681. 2016.

Cheng-Ta Chiang, Shih-Ming Huang & Chieh-Neng Wu, Development of a Calibrated Transducer
CMOS Circuit  for Water Turbidity Monitoring, [IEEE Sensors Journal 16(11): 4478 - 4483. 2016.
Parag Kulkarni & Tim Farnham, Smart City Wireless Connectivity Considerations and Cost Analysis:
Lessons Learnt From Smart Water Case Studies, IEEE Access 4: 660 - 672. 2016.

Tengyu Zhang & Shuanggen Jin, Evapotranspiration Variations in the Mississippi River Basin
Estimated From GPS Observations, IEEE Transactions on Geoscience and Remote Sensing 54(8):
4694 - 4701. 2016.

Francisco Javier Ferrero Martin, Marta Valledor Llopis, Juan Carlos Campo Rodriguez, Laura Marin
Fernandez, Ignacio Gutiérrez-del-Rio Menéndez, Javier Fernandez, Felipe Lombo Brugos, Natalia
Cobian Fernandez, & Irene Méndez Suarez, A Novel Handheld Fluorimeter ~ for Rapid Detection of
Escherichia coli in Drinking Water, IEEE Sensors Journal 16(13): 5136 - 5144. 2016.

Yu Wang, Rui Tan, Guoliang Xing, Jianxun Wang, Xiaobo Tan, & Xiangmao Chang, Monitoring
Aquatic Debris  Using Smartphone-Based Robots, IEEE Transactions on Mobile Computing 15(6):
1412 - 1426. 2016.

Liwen Jing; Yue Li; R D Murch (2016), Wideband modeling of the acoustic water pipe channel,
OCEANS 2016 — Shanghai 1-8.

Asheesh Sharma; Pranjali Mandlik; Ashok Deshpande; Jyoti Yadav; Pravin Ladkat (2012), Fuzzy logic
application in water supply system management: A case study Fuzzy Information Processing Society
(NAFIPS), 2012 Annual Meeting of the North American,1-8.

Anjana S; Sahana M N; Ankith S; K. Natarajan; K R Shobha; A. Paventhan (2015), An IoT based
6LoWPAN enabled experiment for water management IEEE International Conference on Advanced
Networks and Telecommunications Systems (ANTS)

Saima Magbool; Nidhi Chandra (2013), Real Time Wireless Monitoring and Control of Water
Systems Using Zigbee 802.15.4 Computational Intelligence and Communication Networks (CICN),
2013 5th International Conference on 150 — 155.

Weilin Liu; Lina Liu; Zengchuan Dong (2013), On the use of multi-objective particle swarm
optimization for allocation of water resources Ninth International Conference on Natural Computation
(ICNC) 612 -617.

Obby A. Masia; Louwrence D. (2013), Smart metering implementation for enabling Water
Conservation and water demand management: An investigation in Gauteng, Erasmus AFRICON, 1 - 5
Mohamad Shukri Bin Zainal Abidin; Sakae Shibusawa; Salinda Buyamin; Zaharuddin Mohamed
(2015), Intelligent control of capillary irrigation system for water-saving cultivation 10th Asian
Control Conference (ASCC) 1-5.

Mduduzi John Mudumbe; Adnan M. Abu-Mahfouz (2015),Smart water meter system for user-centric
consumption measurement IEEE 13th International Conference on Industrial Informatics (INDIN) 993
- 998

Rakhel Kumar Parida; Vidhya Thyagarajan; Sreeja Menon (2013), A thermal imaging based wireless
sensor network for automatic water leakage detection in distribution pipes IEEE International
Conference on Electronics, Computing and Communication Technologies (CONECCT) 1-6.

Endah Angreni, Wahyono Hadi, Budisantoso Wirjodirdjo, Sarwoko Mangkoedihardjo, 2015, System
Dynamic Modeling for Behaviour Pattern on Process and Operation of Water Treatment Plant J. Appl.
Environ. Biol. Sci. 5(6): 10-15.

Michinaga Kohno, Yoshihiro Masuyama, Nobuyuki Kato, Akihiko Tobe Hitachi’s Smart City
Solutions for New Era of Urban Development http://www.hitachi.com/rev/pdf/2012/r2012_03_106.pdf

59



