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Abstract 

 
Time Series Models of the Electrical Conductivity measured at the 

Manchar Lake in Pakistan 

 

Syeda Mahe Zehra, MSE 

The University of Texas at Austin, 2010 

 

Supervisor:  J. Wesley Barnes 

 
The Manchar Lake in Pakistan is in danger. So are the native fisher folk that populate the 

area and lake. The lake is undergoing water quality degradation due to both a decrease in 

the amount of freshwater inflow and an increase in the polluted agricultural run-off. The 

fish in the lake are dying and some fish species are becoming extinct, the people living on 

and around the lake are facing severe health risks, migratory birds are no longer stopping 

at the Manchar Lake and agriculture in the area is also suffering. 

 

This report focuses on time-series modeling and analysis of water quality data from 

Manchar Lake. We evaluate data for three sites within the Manchar Lake and complete 

time series models and analysis for two sites. Particular attention is given to the Electrical 

Conductivity data of the lake. The approach to modeling and time series analysis provide 

an example of potential uses of measured data to recognize shifts in water quality within 

the context of potential insights and recommendations about lake management in the 

area.  
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Chapter 1: An Introduction to the Manchar Lake 

 

GEOGRAPHY AND LAKE CHARACTERISTICS 

 
Manchar Lake is situated west of the Indus River in the Sindh region and is 

Pakistan’s largest shallow freshwater lake and one of Asia’s largest lakes. At a distance 

of 18km from Sehwan, the lake is surrounded by the Laki hills in the south, the Kirthar 

hills in the west and the River Indus in the east. It is a shallow basin and the depth and 

area of the lake vary depending on the influx of water.  Its mean depth ranges from 2.5 to 

3.75m and it covers an area of 233km2. It is also a natural water storage facility and an 

asset to the surrounding arid region. 

Figure 1: The Manchar Lake: Image courtesy of Wikipedia  
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The lake is fed by the Aral and Danister canals from the River Indus, hill torrents 

and the Main Nara Valley Drain (MNVD). The main sources of freshwater are the canals 

which link the lake to the River Indus and have a combined capacity of 1.54 MAF 

(Million Acre Feet). The Manchar Lake area receives a mean annual rainfall of 4.43 

inches while lake evaporation averages 96 inches. In 1958 the lake completely dried up 

due to extremely dry summer conditions and in 1995 a record flow of 300,000 cfs (cubic 

feet per second) was recorded. Clearly, the water inflow is highly variable and 

unpredictable. 

 

Figure 2: Map of Manchar Lake and Pakistan: Source: Assessment of water quality of 
polluted lake using multivariate statistical techniques: A case study 
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Manchar Lake is the main source of domestic water for the communities living on 

and around the lake. The highly saline groundwater in this area is not suitable for 

drinking. Lake water is important to people downstream for irrigation and fishing. As a 

result of the extensive evaporation due to high temperatures and low rain, the increase in 

salts, heavy metals and other pollutants has caused deterioration of this eco-system. In 

addition, the pollution from the Main Nara Valley drain brings agricultural effluents from 

the Right Bank Outfall Drain (RBOD) to the lake. This increased pollution and 

deterioration is elevating health risks and causing deaths (S. Siddiq 2004).  

 

The once life giving Manchar Lake now poses a severe risk to the livelihood, 

health and lives of the communities living in and around the area. 

PROBLEMS 

 
Manchar Lake, is directly and indirectly responsible for the livelihood of 0.5 

million people. Water pollution has destroyed the unique culture and exposed the 

residents to poverty, disease and malnutrition. The degrading conditions lead to increases 

in various diseases including Hepatitis C, skin and eye infections, TB, night blindness 

and infant and maternal mortality (N Memon, Z Birwani, 2008). In addition to all these 

problems each family has to now spend 60-80 rupees (Rs) ($1=Rs. 80) per day to buy 

water (N Memon, Z Birwani, 2008). 
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Manchar Lake ecosystem degradation has accelerated and intensified in recent 

times. Water diversion from the Indus and decreased storm runoff from the Kirthar 

Mountains has diminished fresh water supplies. Water quality conditions have been 

further aggravated by saline agricultural drainage from the MNVD.  

 

Data on the pre-Tarbela Indus flows showed that the previous average 0.14 MAF 

of water has now been curtailed to 0.08MAF. The impact of decreased flows is 

exacerbated by heightened pollution coming in from the MNVD. 

 

The MNVD, constructed in 1932, runs from Hamal Lake to Manchar Lake 

providing drainage for rice effluent and rain water. Mainly it was supposed to bring 

excess fresh water from Hamal Lake to Manchar Lake. The effluent comes from the 

North Dadu drainage project and is the main contributor to the salinity. There is also talk 

of remodeling the MNVD to enhance the capacity and accommodate additional effluent 

which will lead to further pollution. Presently 8000 cfs of drainage flows through the 

MNVD during the peak Kharif planting season with a salinity of 1900 PPM while the 

numbers for the Rabbi planting season are 500-1000 cfs and 2500-5000 PPM. 

 

In addition to the problems arising from the dumping of the MNVD waters into 

Manchar Lake is the issue of siltation and growth of uncontrolled natural vegetation. 

These have created massive problems by limiting the water storage capacity of the lake 

and reducing the water supply to adjoining areas (Siddiqui, Shah). 
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An additional source of pollution can be attributed to the fisher folk of the 

Manchar area. Improper fishing methods, such as using DDT mixed in cereal grains as 

bait, unhygienic practices and improper waste disposal associated with the house boat 

culture in this area only adds to the pollution problem. (Kazi et al, 2008) 

 

Manchar Lake used to sustain 2600 species of plants, animals and fish. The 

situation is very different now. More than 70% of the fisher folk have already migrated to 

other places in Pakistan, Afghanistan, Iran and the Middle East (N. Memon, Z. Birwani 

2008). The annual fish catch of 2300 tons has dwindled to 400 tons (Z. Siddiqui, S. 

Shah,). Fish species in the Manchar Lake have decreased from 200 to 14 since 1930 (N. 

Memon, Z. Birwani, 2008). All commercially valuable species are extinct and hence the 

fisher folk have been deprived of their livelihood. The people buying fish from them have 

suffered business losses and there are fewer safe fish products for consumption. It is 

reported that Siberian migratory birds no longer stop during their annual migration 

because of insufficient fish in Manchar Lake (N. Memon, Z. Birwani, 2008). 

 

An ecological survey of Manchar Lake was carried out during 1998-1999. 

Aqueous field parameters were analyzed including water temperature, light penetration, 

pH, alkalinity, conductivity, salinity, total dissolved solids, total hardness, phosphates, 

chlorides and dissolved oxygen. The water quality analysis indicated salinity (1.8-3.9 
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g/L), pH (7.4-8.7) and hardness (614-1000 mg/L) were higher than desired and these 

factors are one of the reasons for the decline in fish production (Mahar et al. 2000).  

 

In the past, some crops were cultivated on the lake floor. As lake water receded 

annually from 113 feet in September to 106 feet in October an estimated 26,000 acres of 

lakebed was exposed. Communities were able to make another 50,000 acres cultivable 

through connecting channels, yet over time these lands became unusable. In much of the 

area-traditional crops like rice, wheat and tobacco have become uncultivable or 

uneconomical. In the past irrigation has been sustained by shallow groundwater wells, yet 

1200 tube wells in the area are reported to no longer be of any use. At present it is 

estimated that 300,000 acres of land in the lake basin have been adversely affected by the 

reduced water balance (N. Memon, Z. Birwani, 2008). In addition the crop yields of 

downstream farms are also suffering as they rely on the water from the Manchar Lake to 

irrigate their lands.   

 

The pollution and reduced water in the Manchar lake is not only heralding the 

death of a great lake it is also causing deaths in surrounding areas. In mid-May 2004, 

Hyderabad in the Sindh province was hit by a severe diarrhea epidemic. This epidemic 

lasted for two months and claimed 38 lives; the most affected being the children of the 

area. A fact-finding report of the Pakistan Human Rights Commission blamed the lake's 

waters for the calamity" (S. Hussain, 2004) 
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A POSSIBLE SOLUTION?-THE RIGHT BANK OUTFALL DRAIN PROJECT 
 

The MNVD connects the Hamal Lake with the Manchar. It was meant to carry 

freshwater from Hamal Lake, which is also fed by hill torrents, to the Manchar during 

overflow conditions for Hamal Lake. That reality has changed drastically and today the 

MNVD is the biggest source of pollution of the Manchar Lake. 

 

The Manchar pollution problem has received media attention characterizing it as 

an environmental disaster. This attention has pushed plans to construct a drainage 

channel on the Right Bank of the Indus River for disposal of the effluents from the Right 

Bank Drainage Project into the sea.  

 

The Right Bank Outfall Drain (RBOD) emptying into the sea will divert some of 

the polluted agricultural effluent, which currently flows through the MNVD, away from 

Manchar Lake. Discharging agricultural effluent into the river Indus near Sehwan would 

have endangered three million acres of land. The diversion project will carry the effluent 

to the sea; the result will protect the drinking water supply for people of Karachi, 

Hyderabad and some small towns that draw their drinking water from the Indus.  

 

It would seem by reading the above facts that this is a very positive development. 

However, this is but half of the story. The RBOD is also going to pose a lot of problems 

to the people who live on the banks of the Indus (from where this drain is going to run). 
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There are many different categories of problems that will arise due to the construction of 

this project and we discuss some of them here.  

 

This project is going to affect hundreds of villages and thousands of farmers who 

will lose the small agriculture they perform to keep their families alive due to their land 

being used for the construction of this drain. In the vicinity of Bhago Torho there is not 

enough space to build the drain and so the mighty Indus has been narrowed using heavy 

stones and dykes. This could result in the river encroaching on the drain in high floods. 

The riverine forests situated in the flood plains of Sindh will also be disturbed. As this 

drain will run parallel to the Kirthar mountain ranges, it will also affect the many hill 

torrent paths that run from west to east towards the Indus River. This will create 

ecological and flooding problems. Local communities are concerned that, in the long run, 

the heavy salinity of the drain water will affect the ground water in the area. The main 

justification for this project is to save the Manchar. Unfortunately, this will be 

accomplished at the cost of three other wetlands, namely the Kenjhar, Haleji and Hadero. 

Of these the Haleji and Kenjhar are Ramsar sites. A Ramsar site is an area of wetland that 

has been designated as having international importance according to the Joint Nature 

Conservation Committee’s criteria The drain has no bridges so that farmers who have 

land on the other side of the drain have to walk miles to cross the drain.  
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Many losses will be incurred to implement this project, people will be displaced, 

their livelihoods will be lost and all for a meager monetary compensation that is likely to 

be less than the yield their lands produce in one year (Talpur 2008). 

 

All of these problems highlight one important fact. There is no notion of 

stakeholder involvement when planning such projects. Were the people living in the area 

along the Indus allowed to share their views and opinions regarding the relative social 

impacts from proposed engineered solutions a different solution might emerge as a 

preferred option.  

PURPOSE OF THE REPORT AND ANALYSIS 

 
The purpose of this report is to analyze the water quality data obtained for 

Manchar Lake. Statistical models using the water quality parameters may aid 

characterization of parameters over time. Modeled results can then inform 

recommendations for lake management in the Manchar Area. Analyses explore the 

possibility of managing the timing of freshwater flows into Manchar Lake, such that 

seasonal conditions are taken into account to increase freshwater inflow during months 

when pollution concentrations are higher than normal. We posit that seasonal 

management can improve the requirements for freshwater inflow so that it can be kept to 

a minimum to yield maximum benefits to the Lake. Managing the water resources in a 

water scarce country like Pakistan is crucial.   
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Chapter 2: Data: Source and Form 

THE SOURCE AND FORM OF THE DATA 
 

  The water quality data used for this report was obtained from the Research and 

Development Director of the Sindh Irrigation Development Authority in Pakistan. Data 

was gathered as a part of the Authority’s water quality monitoring program. Water was 

sampled from twenty four sites that were impacted by the RBOD. These sites are shown 

in Figure 3. 

 

For the purposes of this report, we will consider data from three sites out of twenty 

four sample sites in the available data. Since we are interested in the water quality of 

Manchar Lake we will study the following sites: 

• Site No. 13: Manchar Lake Near Goth Shah Hassan 

• Site No. 14: Manchar Lake in Deep Water 

• Site No. 15: Manchar Lake at RD - 25 of M.C BUND 

These locations within the lake are pictured in Figures 3 and 4. 
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Figure 3: Water Quality Sampling and Discharge Measurement Sites: Source: Water and 
Power Development Authority. Water Quality Monitoring Report. 
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Figure 4: Sampling sites within Manchar Lake: Source: Water and Power Development 
Authority. Water Quality Monitoring Report. 

 
Available data ranges from July/August 1994 – July/August 2000. The data is 

monthly, for the most part, but there are some months for which there is no data. At times 

this was due to the paucity of funds and at others it was due to the fact that the lake had 

dried up at the data sampling location/site. In datasets 14 and 15 (corresponding to sites 

14, 15) there are two data points missing out of a total of 80-84 data points. In dataset 13 

there are 8 data points missing out of a total of 84 points. Most of these were due to the 

fact that the lake dried up in some months. There are other months for which there are 

multiple data points and hence the data is not equally spaced in time. We dealt with this 

by picking one point each month and then extrapolating for the missing data points. 
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WATER QUALITY PARAMETERS AND THEIR DESCRIPTIONS 

 

Salts that dissolve in water are broken up into negatively and positively charged 

ions. Conductivity is the ability of water to conduct an electric current and it does that 

through the ions in the water. The most common positively charged ions are: 

  sodium (Na)    calcium  (Ca)        potassium (K)        magnesium(Mg) 

While the most common negatively charged ions are: 

chloride (Cl)         sulfate(SO4)        carbonate(CO3)       bicarbonate(HCO3) 

 

In the Manchar water quality data, water is sampled and then tested for these 

cations (positively charged ions) and anions (negatively charged ions). This in turn 

makes it possible to calculate the electrical conductivity/salinity of the lake water. 

Electrical Conductivity (EC) and salinity are related because salinity measures the 

amount of salt dissolved in the water and dissolved ions increase both salinity and EC. 

Mainly the salts found in sea water are sodium chloride (NaCl) but at times water is 

highly saline due to other dissolved ions. 

 

Salinity is an important measure of the quality of water because it influences the 

potential for use as drinking water and water for agricultural irrigation. Salinity also has 

an important role to play in lake environments as every organism has a salinity range it 

can tolerate. 
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Conductivity varies with the kind of water that is sampled, i.e. the EC for sources 

such as groundwater, agricultural effluent, municipal rainwater, and rainfall will be 

different.  

 

EC, measured in micro Siemens per centimeter (µS/cm), is a very important water 

quality parameter for these analyses because it is a good parameter to model in order to 

assess impacts from pollution in Manchar Lake.  

 

A third parameter that can provide insight into water quality conditions is Total 

Dissolved Solids (TDS).  

 

“Total salt and calcium carbonate concentration, in a sample of water, is usually 

expressed in milligrams per liter (mg/L) or parts per million (ppm). The state-

recommended Maximum Contaminant Level (MCL) drinking water standard for total 

dissolved solids is 500 mg/L, the upper MCL is 1,000 mg/L, and the short-term permitted 

level is 1,500 mg/L.” (Ampac USA 2010)  

 

Usually the solids have to be small enough to pass through a sieve of two 

micrometers. This water quality parameter is usually only discussed for freshwater 

systems as salinity compromises some of the ions that are used to gauge TDS in a water 
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body. TDS is a secondary water quality parameter that is usually not linked with negative 

health effects. 

 

TDS is very useful because the Manchar Lake receives agricultural run-off from 

the MNVD and storm-water run-off in the form of hill torrents from the Kirthar hills. A 

model of this parameter could potentially show how the Manchar Lake water quality is 

affected by the different sources of water for the lake. 

 

As the chemicals involved in calculating TDS are Calcium, Nitrates, Sodium, 

Potassium and Chloride, the water samples analyzed for these chemicals can be used to 

calculate values for both EC and TDS. (Wikipedia 2010).   

 

pH is a measure of how acidic or basic (alkaline) the water is (the term pH comes 

from the French: "puissance d'Hydrogène" which means strength of the hydrogen). It is 

defined as the negative log of the hydrogen ion concentration.” (Arroyo Seco 

Foundation 2010)  

The pH scale is logarithmic and ranges from 1-14. The lower the pH value the 

more acidic the water is. A pH range of 6.0 to 9.0 is viable for freshwater fish. 

Runoff from agricultural, domestic, and industrial areas may contain iron, 

aluminum, ammonia, mercury or other elements. The pH of the water will determine the 

toxic effects, if any, of these substances. For example, 4 mg/l of iron would not present a 
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toxic effect at a pH of 4.8. However, as little as 0.9 mg/l of iron at a pH of 5.5 can cause 

fish to die. (Arroyo Seco Foundation 2010) 

The Sodium Adsorption Ratio. (SAR) is used to determine whether the water 

being sampled is suitable for irrigation purposes, this is done by calculating the ratio of 

the sodium to the calcium and magnesium present (these are solids dissolved in the 

water). If we apply water with a high SAR value to an irrigation site it will displace the 

calcium and magnesium in the soil thus causing problems with crop production. This 

water quality parameter is important to the Manchar Lake area as water from the lake is 

also used for irrigation as is the lake bed when the water levels go down and some part of 

the lake bed is exposed. It is an easily measured property that gives information on the 

comparative concentrations of Na+, Ca2+, and Mg2+ in soil solutions. The equation used to 

calculate SAR is given as follows: 

 

(Ecosystem Restoration 2010) 

Again we notice that the eight major ions that are tested in lake water samples are 

used to calculate additional water quality parameters. The TDS, EC, SAR and pH are all 

calculated using the values of Ca, Mg, Na, Cl, HCO3, SO4, K and CO3. The SAR value 

considers how much of the negative effect of the sodium is counteracted by magnesium 

and calcium. When the SAR is between 12 and 15, serious soil problems arise and plants 
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have difficulty absorbing water. This is also a potentially useful water quality parameter 

in analyzing the Manchar Lake because the surface area of the lake is variable depending 

on the inflow of water. When the lake retreats, the people of the Manchar area also use 

the lake bed for agriculture. 

 

To summarize, we present a table with brief descriptions and effects of the water 

quality parameters of interest. 
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Parameter Description 
Ca – Calcium Positively Charged ion – Cation. Contributes to Electrical 

Conductivity (EC) and Total Dissolved Solids (TDS) 
Mg –Magnesium Positively Charged ion – Cation. Contributes to (EC) and (TDS) 
Na – Sodium Positively Charged ion – Cation. Contributes to (EC) and (TDS) 
K – Potassium Positively Charged ion – Cation. Contributes to (EC) and (TDS) 
CO3 Negatively Charged Ion – Anion. Contributes to (EC) and (TDS). 
HCO3 Negatively Charged Ion – Anion. Contributes to (EC) and (TDS). 
Cl – Chloride Negatively Charged Ion – Anion. Contributes to (EC) and (TDS). 
SO4 Negatively Charged Ion – Anion. Contributes to (EC) and (TDS). 
Total Anions Total amount of Anions (negatively charged ions) in the water sample. 
Total Cations Total amount of Cations (positively charged ions) in the water sample. 
TDS - Total 
Dissolved Solids 

“Total salt and calcium carbonate concentration in a sample of water, 
usually expressed in milligrams per liter (mg/L) or parts per million 
(ppm). The state-recommended Maximum Contaminant Level (MCL) 
drinking water standard for total dissolved solids is 500 mg/L, the 
upper MCL is 1,000 mg/L, and the short-term permitted level is 1,500 
mg/L.” (Ampac USA 2010)  

EC - Electrical 
Conductivity 

Measured in    . Ability of the water to conduct an electrical current 
due to the presence of ions. Salinity is also closely linked to Electrical 
Conductivity as it measures the amount of salt in the water and ions 
increase both EC and Salinity. 

pH -  “pH is a measure of how acidic or basic (alkaline) the water is (the 
term pH comes from the French: "puissance d'Hydrogène" which 
means strength of the hydrogen). It is defined as the negative log of 
the hydrogen ion concentration.”(Arroyo Seco Foundation 2010) 

SAR -  “Sodium adsorption ratio (SAR), along with pH, characterizes salt-
affected soils. It is an easily measured property that gives information 
on the comparative concentrations of Na+, Ca2+, and Mg2+ in soil 
solutions.  
 

Figure 5: Water Quality Parameters and their Descriptions  

 
In the data we obtained there were very few data points recorded for K and most 

of the values recorded for CO3 were zero. Additionally very few values are recorded for 
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B and all RSC values are zero. For these reasons, these four parameters were not 

analyzed.  

 

Values for Total Anions and Cations were used in modeled analyses as proxy 

indicators for other ionic species, because the two measures consider the combined effect 

of all the anions and cations, we can look at those two parameters instead of analyzing all 

eight of the chemical parameters separately.  

 

Since we will basically be focusing on a subset of the parameters provided in the 

water quality data report, it is appropriate to plot graphs and conduct further analysis of 

that subset. We will focus on the following parameters: 

• TDS: Total Dissolved Solids 

• EC: at 250 C 

• SAR: Sodium Adsorption Rate 

• pH 

• Total Anions  

• Total Cations 

 

The next chapter presents graphic plots of the data sets at each site. Key parameters 

are selected from the plots for subsequent analysis. 

 



 20 

Chapter 3: Presenting the Data 

INTRODUCTION 

 
Time series data for three selected sites 13, 14, and 15 in the Manchar Lake are 

presented for the following parameters:  

• Total Cations    

• Total Anions    

• Total Dissolved Solids (TDS) 

• Electrical Conductivity (EC)   

• Sodium Adsorption Rate (SAR)   

• pH 

 

Datasets represent sampled results from ongoing water monitoring programs  

in the Manchar Lake, with intermittent sampling frequencies. The data used in this report 

is from the Water Quality Monitoring Report by the Water and Power Development 

Authority in Pakistan. The report presents the datasets in table form for all parameters 

presented in the following figures. 

 

TIME SERIES DATA – INTERMITTENT SAMPLE FREQUENCIES  

 
Site No. 13: Manchar Lake near Goth Shah Hassan 
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 Sample site No. 13 is located near the Chinni Village in the Manchar Lake area 

and is actually cut off from the main water body of the Manchar Lake. This site was 

shifted nearer to Goth Shah Hasan and in the main water body of the Manchar Lake after 

May 2000. The exact location of the site can be seen in Figure 4 in Chapter 2. Six of the 

missing data points were due to the fact that the lake had dried up. This site has the 

largest number of data points that were missing due to drying up of the lake. 

 

 

Figure 6: Site No 13: Total Anions-Intermittent Sample Frequencies 
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Figure 7: Site No 13: Total Cations-Intermittent Sample Frequencies 

 

Figure 8: Site No 13: TDS-Intermittent Sample Frequencies 
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Figure 9: Site No 13: EC-Intermittent Sample Frequencies 

 

Figure 10: Site No 13: SAR-Intermittent Sample Frequencies 
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Figure 11: Site No 13: pH-Intermittent Sample Frequencies 

 
Site No. 14: Manchar Lake in Deep Water 

 

 Site No. 14 is located within the main water body of the Manchar Lake and is in 

deeper water. The exact location of this site can be determined by looking at Figure 4 in 

Chapter 2. Due to the water depth being greater here than at Site No. 15, the salinity 

levels at this site are not as high as those at Site 15. 
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Figure 12: Site No 14: Total Anions-Intermittent Sample Frequencies 

 

Figure 13: Site No 14: Total Cations-Intermittent Sample Frequencies 
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Figure 14: Site No 14: TDS-Intermittent Sample Frequencies 

 

Figure 15: Site No 14: EC-Intermittent Sample Frequencies 
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Figure 16: Site No 14: SAR-Intermittent Sample Frequencies 

 

Figure 17: Site No 14: pH-Intermittent Sample Frequencies 
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Site No. 15: Manchar Lake at RD - 25 of M.C BUND 

 Site No 15 is located near RD – 25 of the M.C. Bund. Bund means ‘an 

embankment against inundation’ in the Urdu language. The water at site 15 is shallower 

than at Site 14 and hence the salinity levels are higher at this site. The exact location of 

the site within the lake can be determined by looking at Figure 4 in Chapter 2.  

 

 

 

 

Figure 18: Site No 15: Total Anions-Intermittent Sample Frequencies 
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Figure 19: Site No 15: Total Cations-Intermittent Sample Frequencies 

 

 

Figure 20: Site No 15: TDS-Intermittent Sample Frequencies 
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Figure 21: Site No 15: EC-Intermittent Sample Frequencies 

 

Figure 22: Site No 15: SAR-Intermittent Sample Frequencies 
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Figure 23: Site No 15: pH-Intermittent Sample Frequencies 
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measure of total anions and cations consider the combined effect of Cl, Mg, K, Na, HCO3 

and SO4. This assumption permits individual species to be removed from consideration, 

leaving Total Anions and Cations for further consideration as potential proxy indicators 

for increased solutes in the lake water. If Total Anions and Total Cations can be 

considered as general indicators of ionic contributions to water quality degradation, then 

a comparison of the plots with EC demonstrate the data are practically identical which 

indicates that EC may also reflect general water quality conditions in the lake.  

Additionally the graph for TDS very closely corresponds to those plots deviating by only 

one or two data points. Hence TDS, EC, Total Anions and Total Cations can be expected 

to follow the same mathematical model. To streamline the data analysis EC was selected 

as the parameter for subsequent statistical analysis, because EC is expected to provide a 

representative parameter to reflect the general mathematical model that is being followed 

by Total Anions, Total Cations, EC and to a large extent TDS. Methods presented in the 

following sections provide a “proof of concept” that can be readily used to analyze other 

water quality parameters. 

 

EVALUATION OF THE WATER QUALITY PARAMETER, EC: 

Selecting time series data for analysis – routine sampling frequencies 
 

Since available data for Manchar Lake is not equally spaced in time, it can-not be 

directly used for classical time-series analysis. While it is not possible to adjust the 

dataset to fit it into exactly evenly spaced series, we did attempt to make it roughly so by 
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selecting a representative set of sampling points. Data points for sampling events that 

occurred from the 25th of the month in question to the 5th of the next month were included 

in the analysis. For example the data point for July could have been taken anywhere from 

the 25th of July to the 5th of August and it would still be counted as a July observation. 

Using this methodology for Site 13, a total of 28 data points were removed from the 

dataset. This scheme is obviously unacceptable due to the fact that it eliminates one third 

of the data points. Next the observation for a month, June for example, could occur 

anywhere from the 22nd of June to the 2nd of July and would still be counted as a June 

observation. Even though the spread of the ten days is the same the window of dates is 

adjusted to capture the bulk of data points. Using this methodology 17 data points were 

eliminated from the analysis. This is in addition to the missing data points due to the dry 

lake conditions and non-sampled dates. This is definitely better than before but a third 

approach brought the number down a little more by shifting out the spread to 20th of June 

to the 31st of June for the observation point when dealing with the month of June. Only 

13 data points were removed, therefore this convention was implemented for making the 

data equally spaced 

 

The following is a summary of the different datasets, the total number of months 

considered and the number of data points missing. 

 

• Site No 13: 70 total months (Aug-94 to Jun-00) 13 months missing 

• Site No. 14: 65 total months (Jan-95 – Jun-00) 7 months missing 
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• Site No. 15: 70 total months (Aug-94-Jun-00) 8 months missing 

 

The number of months for which data is missing is due to one of three reasons. Either 

the lake was dry in that particular month or there were no measurements due to paucity of 

funds or the data point was removed from consideration given that it did not fall within 

the date range, i.e.between the 20-31 of the month. This approach does remove a few data 

points but since the analysis could not move on without some semblance of equally 

spaced data this was a necessity. To show that this methodology does not skew the plots 

significantly, we show the plots of the EC for each site both with and without the equally 

spaced data method. 

 

 

Figure 24: EC Intermittent Sample Frequencies from Site 13  
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Figure 25: EC Regular Sample Frequencies from Site 13 

 

 

Figure 26: EC Intermittent Sample Frequencies from Site 14 
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Figure 27: EC Regular Sample Frequencies from Site 14 

 

 

Figure 28: EC Intermittent Sample Frequencies from Site 15 
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Figure 29: EC Regular Sample Frequencies from Site 15 
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Chapter 4: Time Series Modeling 

Using the prepared datasets, the Box-Jenkins method can be applied to the now 

regularized time series. Box Jenkins is a statistical analysis that provides a useful model 

for evaluating time series data, such that historical data may be used to forecast future 

behavior. This is useful to us in the case of the Manchar Lake, because we can use 

historical values of the lake water quality parameters and use those to forecast future 

values. Having some knowledge of the future values can help us to manage the Manchar, 

or any other lake more successfully by timing the inflow of fresh water into the lake. 

 

TIME SERIES MODEL FOR EC FROM SITE NO: 14 

 

The dataset from site number 14 was the most complete set after the points were 

regularized (or after the frequency of the data was adjusted), for that reason the complete 

sequence of analysis were completed for that site. The other sampling sites, 13 and 15, 

are also analyzed and discussed using the method outlined for site 14 in this section. 

 
To prepare the data, a time series model for the EC is constructed using data from 

Site No. 14 as shown in Figure 30. Using excel, gaps in the dataset were connected and 

the updated plot pictured in Figure 31 shows that we obtained equally spaced values for 

EC. 
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Figure 30: EC Regular Sample Frequencies from Site 14 

 

 

Figure 31: EC Regular Sample Frequencies from Site 14 with gaps connected 
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There are many varied types of time series models that are used to explain data 

streams. Autoregressive Models (AR(p)), Moving Average Models (MA(q)), 

Autoregressive Moving Average Models (ARMA (p, q)) and Autoregressive Integrated 

Moving Average Models (ARIMA (p, d, q)).  

 

Before we can determine the model to fit the data we must answer questions 

relating to the autocorrelation and partial autocorrelation plots generated by our data 

stream. The behavior of these plots will help us to determine the model to fit to our 

dataset. 

 

The first step is to determine whether the data stream is stationary.  A stationary 

model is one in which the random process remains in equilibrium about a constant mean 

level.  

 

To gain more in-depth knowledge about the nature of the non-stationarity and also 

what steps to take next we will turn to the statistical application software, JMP (JMP 8: 

Statistical Analysis Package by SAS: www.jmp.com).  

 

Figure 32 presents plot of the time series and some basic statistics while the plot 

of the sample autocorrelation function and the sample partial autocorrelation function for 

the data are given in Figure 33. 
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Figure 32: JMP Time Series plot for EC at Site 14 

 

 

Figure 33: JMP Time Series Diagnostics for EC at Site 14 
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 The sample autocorrelation function tails off in a sinusoidal fashion and the 

sample partial autocorrelation function cuts off after lag 1 which implies that our model 

will contain an autoregressive term of order 1. If the time series is stationary, our model 

will either be an AR (1) process or an ARIMA (1, d, 0) process. We arrive at this 

conclusion with the help of Figure 34. The d in the ARIMA process is the level of 

differencing used to make a nonstationary time series stationary. 

 

Model Autocorrelation Function Partial Autocorrelation 

Function 

AR(p) Tails off Cuts off after lag p 

MA(q) Cuts off after lag q Tails off 

ARMA(p,q) Tails off Tails off 

Figure 34: Behavior of Theoretical Autocorrelation and Partial Autocorrelation Functions 
for Stationary Models Source: Forecasting and Time Series Analysis; 
Montgomery and Johnson. 

 

To determine which model is most correct, we will fit both the AR (1) model and 

the ARIMA (1, d, 0) model and compare them. First we review the characteristics of the 

AR (1) model by looking at the basic mathematical form of this model and the model’s 

residual plots. The AR (1) process has the following mathematical form: 

Zt = φZt-1 + ε 

where Zt is the value of the series at time t.  
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φ represents the influence of Zt-1 on Zt . 

ε is the random (white noise) error. 

 

The partial autocorrelation plot cuts off at lag 1 indicating an AR (1) model. Now, 

we use JMP to estimate the value of φ. The JMP AR (1) report is presented in Figure 35 

estimating φ = 0.8419. The report also indicates that the model contains a mean value of 

670.69. The t ratio is 10.66 and the fact that the Prob>t is a very small value indicates a 

good fit. Another check on the model validity is performed by analyzing the model 

residuals pictured in Figure 36.  

 

 

Figure 35: JMP Parameter Estimates for EC at Site 14 

 

Figure 36: JMP Residual Plot for EC at Site 14 
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Figure 37: JMP plots for residual functions for EC at Site 14 

 

Both the residual plot and the plots of the autocorrelation and partial 

autocorrelation functions in Figure 37 imply that the residuals are from a white noise 

process and hence we have no cause to reject this model.  

 

So then our AR (1) model is given by: 

Zt = 670.69 + 0.8419*Zt-1 + ε 

The JMP model fit report for the AR (1) model is given in Figure 38 and will be 

discussed after the ARIMA model fit is presented. 
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Figure 38: JMP Model Summary for AR (1) Model at Site 14 

 

From previous analysis we conclude that q=0 in the ARIMA model. What is still 

not determined is whether the time series is stationary. If it is the d factor is also 0 and we 

are back to the AR (1) model. Using d=1 produces Figures 39, 40 and 41 for the ARIMA 

(1, 1, 0), i.e., Zt = (1+φ)*Zt-1 – φ*Zt-2 + εt. 

 

 

Figure 39: JMP Time Series with differencing 1 at Site 14 
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Figure 40: JMP Time Series Plots with differencing 1 at Site 14 

 

Figure 41: JMP Parameter Estimates of ARIMA (1, 1, 0) at Site 14 

 
Figure 41 indicates that the ARIMA (1, 1, 0) model provides a poor fit to the data 

implying that the AR (1) model is more correct. Next, we analyze the model fit report of 

the AR (1) process presented in Figure 38. 
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The parameters that indicate the goodness of fit are ‘Akaike’s ‘A’ Information 

Criterion’ , ‘RSquare’ and ‘-2LogLikelihood’.The first and last of these need to be low to 

indicate a good fit while the value of RSquare should be as close to 1 as possible. As we 

can see from the report generated from our AR (1) model all three of these parameters 

indicate that our model is not a good fit to our time series data. 

  

We have seen from the autocorrelation and partial autocorrelation plots that there 

is no Moving Average component to our data. We have also tried differencing of order 1 

leading to an ARIMA (1, 1, 0) model which turned out to be invalid. Only the AR (1) 

model was valid but as we can see it has terrible ‘fit parameters’.  

 

When we look at the autocorrelation plot and partial autocorrelation plot more 

closely, we see that even though the autocorrelation plot cuts off, i.e. is under the red line, 

after lag 1 it still has a value appreciably different from zero at lag 2. At lag 3 it truly cuts 

off. Let us try an AR (2) fit. 

 

The AR (2) model has the following mathematical form: 

Zt = φ1Zt-1 + φ2Zt-2+ ε 

As before, Zt represents the value of the series at t, Zt-1, the value at t-1 and Zt-2, the value 

at t-2.  φ1 and φ2 represent the influence of the lagged values on the present value and 

ε represents the random (white noise) or error. 
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Figure 42 presents the JMP AR (2) report that is generated: 

 

Figure 42: JMP Parameter Estimates for AR (2) Model at Site 14 

 
This report indicates an acceptable fit and implies that the value for φ1 should be 

1.091 and the value for φ2 should be -0.322. It also indicates that the model contains a 

mean of 954.56. The associated residual plots in Figures 43 and 44 indicate white noise.  

 

 

Figure 43: JMP Residuals for AR (2) Model at Site 14 
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Figure 44: JMP Residuals plots for AR (2) Model at Site 14 

 

The fitted AR (2) model is: 

Zt = 954.56 + 1.091*Zt-1 -0.322*Zt-2 + ε 

and the JMP model fit report is given in Figure 45. 
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Figure 45: JMP Model Summary Report for AR (2) at Site 14 

 
The values for “Akaike’s A Information Criterion’ and ‘-2LogLikelihood’ are still 

pretty high on an absolute scale, and RSquare is still close to 0.6. Comparing this model 

to the AR (1) fit is facilitated by the JMP model comparison report given in Figure 46 

which indicates that the AR (2) model is better in every respect  

 

 

Figure 46: JMP Model Comparison Report for Site 14 

 

Even though the fit parameters are a little better than before they are still not 

ideal. However, given the relatively few number of data points available and the 

transformation preprocessing of the data, this might be the best fit that we can achieve. 
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The only avenue we have not yet explored is that of seasonal time series models. In order 

to see if any seasonality exists in our data we return to the autocorrelation and partial 

autocorrelation plots of our time series. There is no cause to believe that we are dealing 

with a seasonal time series when we look at the plots. There are no spikes in either plot at 

any lag that would lead us to believe that there is a seasonal component in our data. 

 

Hence we conclude that the EC data stream for the Manchar Lake at Site No. 14: 

The Manchar in Deep water, follows an AR (2) model given by: 

Zt = 954.56 + 1.091*Zt-1 -0.322*Zt-2 + ε 

Let us now see what the forecasting plot of this model looks like: 

 

Figure 47: Forecasting plot for AR (2) at Site 14 
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We can see that the value for the EC will continue to go up and then will quite 

suddenly and steadily follow the mean. This is very typical behavior of a time series as 

the forecast will always approach the mean after a significant number of forecast periods. 

Since we have data for only 65 months, it is unrealistic to think that we will be able to 

accurately forecast more than a few months using our model. Instead this model should 

continuously be updated using newer data. More data would probably result in a model 

which has a better fit. The data we have is from 1995-2000. If we were to add data from 

2000-2009, we will almost triple our data points and have a much better chance of fitting 

a more accurate model. Right now the only model characteristic that we are sure of and 

can see clearly in the plots for the autocorrelation and partial autocorrelation is the 

autoregressive component. 

 

An important application of such models could be lake management. If the 

concerned authorities could predict future pollution levels by using a time series model, 

they could make use of that fact and engage in active lake management, knowing when to 

release more freshwater into a water body such as the Manchar Lake and when they can 

conserve the water and use it for other purposes. 

 

Using the same techniques and procedure outlined in this chapter we will also fit 

time series models for EC for Sites 13 and 15. 
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TIME SERIES MODEL FOR ELECTRICAL CONDUCTIVITY FROM SITE NO: 13 
 

Once again we used excel to plot the graph which is given in Figure 48.  

 

 

Figure 48: EC Regular Sample Frequencies from Site 13 

 

The missing data points in this case are almost double of what were missing for 

the data at Site 14. This complicates the fit. In that case we do not know whether it would 

be valid to use the excel capability of connecting the gaps in the graph and reading off 

values for the missing data points. It might be that we should set the EC to zero in those 

months. These facts make a reliable fit to this data impossible and we will not fit a time 

series model for EC at Site No. 13. 
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TIME SERIES MODEL FOR ELECTRICAL CONDUCTIVITY FROM SITE NO: 15 
 

Now we consider EC from Site 15 in the Manchar Lake.  

 

Figure 49: EC Regular Sample Frequencies from Site 15 

 

Using excel we connected the gaps and then using the updated graph, shown 

below in Figure 50, selected the values for EC by inspection of the graph. 
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Figure 50: EC Regular Sample Frequencies from Site 15 with gaps connected 

 

The basic time series diagnostics and the plots are given below and their analysis 

follows. 

 

 

Figure 51: JMP Time Series for EC at Site 15 
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Figure 52: JMP Time Series plots for EC at Site 15 

 

The autocorrelation plot tails off while the partial autocorrelation plot cuts off 

after lag 1. This suggests that our model will be an AR (1) model with no seasonality. 

 

The JMP time series platform yields the model report given in Figure 53 which 

implies an acceptable fit with φ = 0.9124 and a mean of 507.05. The residual analysis 

yields white noise. 
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Figure 53: JMP Parameter Estimates for AR (1) at Site 15 

 
We conclude that an AR (1) model yields and acceptable fit using: 

Zt = 507.05 + 0.9124*Zt-1 + ε 

The associated JMP model fit report is given in Figure 54.   

 

As we can see the values for “Akaike’s A Information Criterion’ and ‘-

2LogLikelihood’ are pretty high on an absolute scale, and RSquare is close to 0.68724, 

but looking at the partial autocorrelation and autocorrelation plots we see no seasonal 

trend, no MA component in the model and we have no cause to believe the data to be non 

stationary and so we will accept this AR (1) model. 

 

Figure 54: JMP Model Summary for AR (1) at Site 15 
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It is important to check if the residual plots before we accept this model. 

 

Figure 55: JMP Residuals for AR (1) at Site 15 

 

Figure 56: JMP Residuals plots for AR (1) at Site 15 
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Both residual plots indicate the residuals are nothing but white noise and hence 

we can accept the AR (1) model as valid. 

 

In conclusion we were able to model the Electrical Conductivity time series for 

the Manchar Lake at sites 14 and 15. The model we ended up using for both instances 

was an Autoregressive model.  
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Chapter 5: Conclusion 

 
The Manchar Lake is facing significant challenges. All of these can be attributed 

to the high pollution levels in the lake and the low inflow of freshwater. The issue is not 

only one of reducing the pollution and increasing the inflow of water but finding ways of 

dealing with the pollution so as to not endanger other wetlands and of finding the 

freshwater to release into the Lake. 

 

Pakistan is already a water scarce country with a growing population. Not only 

does the increased population need more drinking water but it will also need more food 

which in turn means that Pakistan has to allocate more water to agriculture. 

 

The time series models that we have presented in this report are a first step toward 

developing a tool for forecasting conditions in the Lake Manchar in such a way that the 

information could be used to inform adaptive water resource management. This initial 

implementation remains limited in terms of immediate applicability, yet the process and 

methods for analysis are valid and could be used with a larger dataset to generate a usable 

approach. The available data was from 1994-2000 and hence cannot produce reliable 

forecasts for the future. Nevertheless, the research documented in this report provides a 

“proof of concept”. If the methodology used in this research were replicated using current 
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data of a more acceptable form, they could very well be used to fit time series models that 

would reliably forecast water quality conditions.  

 

This time series approach could be very useful for implementing an adaptive 

approach to Lake Management. Authorities could release controlled amounts of water 

into Manchar Lake in order to combat, or dilute, increased levels of pollution. 

  

Much more analysis could be performed that was not within the scope of this 

report. Analysis of the inflow of water from the Main Nara Valley Drain and the water 

quality conditions observed could be used to assess the scale of impacts on Manchar Lake 

that can be attributed to the MNVD. Once that is known more efforts can be made to 

identify other sources and they can also be targeted in order to decrease the overall 

pollution in the Lake. 

 

Hence data analysis and time series modeling of water quality parameter data sets 

can be a very useful tool when it comes to controlling pollution or managing the quality 

of any water body. In light of anticipated shifts in water resource demand and climate 

conditions, especially in Pakistan, adaptive water management techniques will become 

increasingly important. Water becomes a more precious resource with every passing day, 

for that reason the development and implementation of advanced statistical applications 

are needed to aid adaptive water management.
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