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The Challenge
Water quality assessment in Pakistan today

Fragmented methods

Conventional lab testing, isolated 
sensors, and satellite data are 
rarely combined into one system.

Limited real-time insight

Manual sampling is slow, 
infrequent, and can't catch rapid 
changes in water quality.

Underused spatial data

Satellite imagery offers wide 
coverage and long-term trends, but 
is seldom paired with ground truth.
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Overview

CORE PILLARS

Conventional Testing
Accuracy baseline & validation

IoT Sensors
Real-time water parameters

Satellite Imagery
Spatial & temporal coverage

ML / AI Models
WQI prediction & forecasting
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TECHNOLOGY SYNERGY

04

IoT Sensors + Satellite Imagery = Full-Spectrum Monitoring

IoT Sensor Networks

Real-time, continuous data streaming

Rapid response to sudden quality changes

High temporal resolution at fixed points

Low-cost, locally sourced hardware

Satellite Remote Sensing

Extensive spatial coverage of water bodies

Long-term trend & seasonal analysis

Access to remote, hard-to-reach areas

Historical archives for change detection

Together: rapid local detection + broad, long-range perspective



Our Approach

One integrated system: ground truth + real-time sensing + satellite eyes + AI

Conventional
Testing

Baseline accuracy

IoT
Sensors

Real-time data

Satellite
Imagery

Spatial coverage

Machine
Learning

Prediction & WQI

Minimizing error, maximizing insight — a single, comprehensive picture of water quality.
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How It Works
Cross-validating sensor data against ground truth

1. Ground Truth

Conventional lab testing 
and groundwater sampling 

establish accurate 
reference values.

2. Sensor Capture

IoT sensors continuously 
stream real-time water 

quality parameters from 
the field.

3. Cross-Validation

Sensor readings are 
compared against 

conventional results to 
confirm reliability.

4. Satellite Fusion
Satellite imagery adds 

spatial context and long-
term trend detection 

across the lake.

This loop repeats continuously — building a growing, self-validating dataset over time.
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From Data to Decisions
Machine learning turns raw signals into a predictive Water Quality Index

WQI
Integrated Water Quality Index

Current status + forecast

Assesses current conditions
Fuses sensor + satellite + lab inputs into one live score.

Forecasts future conditions
Predictive modelling anticipates quality shifts before they happen.

Enables early warnings
Flags emerging risks so preventive action can be taken in time.
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Methodological Framework

From Raw Data to Predictive Insight

1

Conventional 
Testing

Lab & groundwater 
sampling establish an 
accuracy baseline

2

IoT Sensor 
Deployment
Real-time sensors 
stream live water 
quality parameters

3

Satellite Data 
Fusion
Remote sensing 
adds spatial 
coverage & long-
term trends

4

ML/AI Processing

Algorithms cross-
validate and integrate 
all data sources

5

WQI Prediction

Integrated model 
forecasts current & 
future water quality

Real-time sensor data is continuously cross-checked against traditional lab methods, validating IoT accuracy 
while satellite imagery extends coverage across space and time.

04
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Sensor Based Water Quality Monitoring Using IoT Application 
In Real Time

System architecture
Prototype

Project 2: Case studies – 1 
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Sensor Based Water Quality Monitoring Using IoT Application 
In Real Time

Blynk application interface

Case studies – 1 

STEP 4STEP 3STEP 2STEP 1
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Sensor Based Water Quality Monitoring Using IoT Application In Real Time

Case studies – 1 

WATER SAMPLE COLLECTION AND TESTING

Sample collect from safari lake Sample water quality testing

Water samples collect from Safari Lake, Karachi, Pakistan to analyze the water quality.
The collected samples were tested using the installed sensors, including TDS, pH, ORP, Turbidity, 

Temperature, Electrical conductivity, 
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Case studies – 2
Smart Rainwater Harvesting in Murree 

• Murree RWHS integrated with IoT
• IoT enabled real-time water quality monitoring

IoT Integration: 
Ultrasonic level sensors + pH quality sensors.
Automation: 
Solenoid valves divert "first flush" (dirty water) automatically.
Scope 3 Reduction: 
Replaces tanker water (Diesel transport) and deep-bore 
pumping (Grid energy).
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Case studies – 2

Smart Rainwater Harvesting in Murree 
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FROM SCARCITY TO SECURITY
Rainwater Harvesting Project for Murree District — Phase I Impact & Phase II Progress

CM PUNJAB INITIATIVE

PHASE I — COMPLETED PHASE II — IN PROGRESS

1,100 HH
Rainwater harvesting systems 
installed

5.82M Liters
Rainwater saved per month

408,600
Water collection trips saved (6 
months)

4,600+
Students trained via WASH 
campaigns

Community 
GroupsFormed across project sites

1,100 HH
Water samples collected & tested

200 Sites
Smart water-quality sensors —
Murree & Kotli Sattian

1,180 / 1,685
Households Installed

70% Complete

505 households remaining to reach 
the Phase II target of 1,685
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RAINWATER HARVESTING PROJECT
For Murree District — Phase I & II

CM PUNJAB INITIATIVE

PROJECT DURATION

2 Years
2024 – 2026

PHASE I & II

SITES

2,785 HH Sites
Murree 2,260

Kotli Sattian 525
(1,100 installed in Phase I)

100
Public Buildings

BENEFICIARIES

DIRECT

2,785 HHs
18,710 people

INDIRECT

~1,670 people
via community tanks & public buildings

FINANCING / FUNDS

Murree Development Package
CM Initiative

PKR 1,163.3M

LGCDD
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SMART WATER QUALITY MONITORING SYSTEM (SWQMS)
Overview of the Project — Real-Time Water Quality Monitoring CM PUNJAB INITIATIVE

An initiative of The Urban Unit modernizing water quality management across District Murree & Kotli Sattian

Digital Sensors

pH, TDS, temperature & more
›

LoRa/GSM Link

Real-time data transmission
›

Central Dashboard

Live monitoring & alerts

PARAMETERS MONITORED

pH TDS Temperature Water Level Dissolved
Oxygen EC Turbidity

Monitors

▪ Household (HH) water consumption
▪ Reservoirs & tanks
▪ Overall water supply performance

Generates

▪ Site-wise reports
▪ Water-saving indicators
▪ Critical alerts

Enables

▪ Timely decisions
▪ Reduced water wastage
▪ Improved resource management



INSTALLATION OF SMART WATER QUALITY MONITORING SYSTEM
BY CONTRACTOR M/S THINGS ACCESS

Automatic Monitoring of 
Water Quality Parameters 

TDS

LEVELEC

PH

200 / 200
Automated Smart Water Quality 

Monitoring Systems Installed 
across Murree District

53,000+ Liters
Avg Water Consumption recorded via 

installed Water Meters for house

87.8 Million
Total Water Saved in Gallons from 
Installed Sites (in last 9.5 months)

Parameter Average Minimum 
Recorded

Maximum 
Recorded

TDS (ppm) 201 69 250

pH 4.1 7.2 8

Level of Tank 45% 0% 100 %
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WQ MONITORING DASHBOARD
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Case studies – 3 
Satellite based water quality monitoring
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Satellite based water quality monitoring

Satellite Data Acquisition
Sentinel-2 MSI · Landsat-8/9 OLI ▼ Pre processing

(GEE)
Cloud masking · atmospheric correction▼RS Index

Computation
NDWI · NDVI · NDTI · FAI · TSS  · TDS · 
pH · Nitrate · CDOM · Secchi Depth · 
Chlorophyll-a · Turbidity ·

▼ Statistical
Calibration
Regression models · RS to field linkage▼

GIS Spatial Mapping
WQI computation · hotspot mapping ▼ Field Validation

R² · RMSE · MAE vs in-situ lab data

Methodological Framework






Google Earth Engine (GEE) Workflow

GEE served as the cloud-based geospatial processing platform, enabling automated, 
scalable, reproducible satellite analysis without local downloads or desktop GIS software.

GEE Script / Interface Screenshot aData Access

Sentinel-2 Level-2A surface 
reflectance loaded directly 
from GEE data catalog.

Cloud Masking

QA60 cloud masking 
functions remove 
contaminated pixels. 

Spectral Index Computation

Parameters computed via 
raster band algebra in 
JavaScript scripts.

ML Model Application

Random Forest models for 
pH, NO₃⁻, TDS applied to 
entire lake extent. 

Temporal Analysis

Multi-year image 
collections  processed. 

Dashboard Integration

Interactive platform 
built in GEE UI.

27



GIS-Based Spatial Analysis

QGIS was used to convert satellite-derived outputs into spatial thematic maps, classify 
water quality zones and perform hotspot analysis across Manchar Lake.

GIS Hotspot Map Data Import
Processed raster layers 
from GEE imported into 
QGIS. 

Raster Classification

Parameter rasters
classified into 
concentration zones.

Thematic Mapping WQI Computation

WQI = Σ(wᵢ × qᵢ) computed 
by combining 12 weighted 
parameters.

Hotspot Analysis

Spatial autocorrelation and 
overlay analysis performed 
to identify high-risk zones.

Export & Visualization

Final maps exported as 
high-resolution images for 
reporting. 

QGIS WQI Overlay Spatial Hotspot

Colour-coded spatial 
distribution maps 
generated.

28



RStudio & Validation

RStudio was used for statistical analysis, Random Forest ML model training/validation, and 
computation of validation metrics (R², RMSE, MAE, MAPE, MSE, CORR) against field-
collected lab data.
RStudio Screenshot Field Data Preparation

In-situ lab measurements 
(2020 + 2025) organised. 

Random Forest Training

RF models trained for pH, 
NO₃⁻ and TDS using 
satellite predictor.

Model Calibration
dataset used for full model 
calibration. 

Validation Metrics

R², RMSE, MAE, MSE, 
MAPE, CORR computed for 
all parameters. 

Independent Validation

Outputs compared to ind
field values to show 
temporal transferability.

Statistical Outputs

Validation tables and 
regression charts exported.

R² RMSE MAE 29
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Case studies – 3 
Satellite based water quality monitoring

Date Range Selection
Area of Interest Selection

Result Display

pH Temperature
Biochemical 

Oxygen 
Demand (BOD)

Dissolved 
Oxygen (DO)

Chemical 
Oxygen 

Demand (COD)
Salinity

Chlorophyll-a
Total 

Dissolved 
Solids (TDS)

Total 
Suspended 
Solids (TSS)

Organic Matter Nitrate Turbidity



Study Area — Manchar Lake

200–500 km²
Seasonal Surface Area

2.5–3.75 m
Average Depth

~18 km
West of Sehwan

6 m
Below Indus River Bed

Key Geographic & Hydrological Features

• Location: Dadu District, Sindh Province
(26.35°N–26.55°N, 67.55°E–67.75°E)

• Primary inflows: Kirthar mountain torrents,
seasonal Indus River flow & MNVD effluents

• Outflow: Danister Canal & Aral Channel
return water to Indus River

31
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Case studies – 4 
Satellite based water quality monitoring Model initial trial

NDWI: −0.09 to +0.38 NDVI: −0.29 to +0.17 NDTI: −0.13 to +0.01 Turbidity: 0.78–1.00 
NTU

TSS: 0.21–0.36 mg/L Chl-a: 0.97–2.33 µg/L TDS: 314–662 mg/L pH: 7.70–7.76

NO₃⁻: 2.26–2.48 mg/L FAI: −0.03 to +0.07 CDOM: 1.44–2.87 m⁻¹ Secchi Depth: 2.84–
5.34 m
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Case studies – 4 
Satellite based water quality monitoring Model initial trial

Water Quality Index Spatial Map

WQI Spatial Classification Map — Manchar Lake 2020

WQI Range

22.29 – 42.55

Good

9.8% of lake area
9.8%

Poor

71.2% of lake area
71.2%

Very Poor

19.0% of lake area
19.0%

90% of lake area falls under Poor to Very 
Poor water quality category, immediate 
management action needed.



WQI Class Distribution & Temporal Variation

WQI Class Distribution Temporal Variation of WQI

20.80–43.30
Monthly WQI Range

(2020)

Aug–Sep
Very Poor
Conditions

Nov
Best Conditions
(briefly Good)

71.2%
Lake area

'Poor' category

34



Comparative Water Quality Analysis (2025–2026)

Keenjhar Lake, Haleji Lake and Hamal Lake data comparison  

WQI Spatial Map (2025–2026)

Parameter Summary

NDWI Temporal 
variation

NDTI Turbidity trend

TSS Spatial variation

TDS Time series

Chlorophyll-a Sentinel-2 
derived

pH ML predicted

NO₃⁻ Temporal trend

Secchi Depth Transparency

FAI Algal variation

CDOM Organic matter

35

WQI Spatial Map / Temporal Parameter Trends 
(2025–2026) WQI Spatial Map / Temporal Parameter Trends 

(2025–2026)



Keenjhar Lake: WQI & Overview

Very Poor
Dominant WQI

Category

Limited
Good quality

zones only

Thatta Dist.
Location

Sindh, Pakistan

~130 km²
Lake Area

Major Karachi supply

36

⚠ Public Health Impact (Karachi Supply): 
Keenjhar’s Very Poor WQI reflects elevated TDS, 
turbidity, and CDOM. As a major Karachi drinking 
water source (~130 km²), poor raw water quality 
increases treatment burden, risks DBP formation, 
and compromises health if treatment is 
inadequate. WQI >50 zones indicate potential for 
gastrointestinal illness and long-term 



Haleji Lake: WQI & Overview

67.2%
Very Poor
lake area

28.6%
Poor

lake area

4.2%
Good

lake area only

Ramsar Site
International

wetland importance

WQI Findings

• Majority (~67.2%) classified Very Poor, high 
ecological stress due to nutrient loading.
• Central red zones indicate severe water quality 
degradation and pollution hotspots.

• Isolated green patches at periphery show 
relatively better, less contaminated conditions.
• Urgent need for continuous monitoring and 
management strategies confirmed by WQI 
mapping.

38



Hamal Lake: WQI & Overview

52.8%
Very Poor
lake area

34.8%
Poor

lake area

12.4%
Good

lake area

Qambar
District
Sindh, Pakistan

27°24–33°N

WQI Findings

• 52.8% Very Poor, central elongated red zones show 
severe degradation from sediment load and nutrient 
enrichment.
• 34.8% Poor, secondary category. Moderate 
degradation across large portions of the lake.

• 12.4% Good, isolated patches in northern and outer 
zones show comparatively better conditions.

40
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Case studies – 4
Air Quality Monitoring 

Air Quality monitoring 

integrating with IoT

Applying sensors to calculate AQI

Share data through online platforms 

Developed a dashboard

Data integrated to available online platfroms
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Case studies – 4 
Air Pollution Status Pakistan 2026

Moderate
52%

Unhealthy for 
Senstive 
Groups

8%

Unhealthy
22%

Very 
Unhealthy

18%

Number of days with respect to Air 
Quality (USEPA) (Jul-Dec 2025)
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Conclusion and way forward

IoT integration 
in Industries

Smart 
housing and 

manufacturing
Real-time 
monitoring Early warning

Air quality –
trend analysis 

patterns 
Water quality 

monitoring
Satellite 

applications
Model 

development

Reducing 
transport

Reduce 
analysis cost Easy to use Integrated to 

smart phone



Impact
What this system enables for water resource management

Enhanced 
monitoring

Continuous, multi-source 
visibility into water 

quality across the region.

Early issue 
detection

Problems flagged before 
they escalate, enabling 

preventive action.

Informed 
decisions

Data-driven support for 
water resource management 

and planning.

Scalable 
foundation

Built on local sensors and 
programming — ready to 

expand and adapt.
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Research Group students
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Thank you for time and active engagement

Looking forward to collaboration

Scan this QR code for 
digital contact information
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