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The Challenge

Water quality assessment in Pakistan today

Fragmented methods Limited real-time insight Underused spatial data
Conventional lab testing, isolated Manual sampling is slow, Satellite imagery offers wide
sensors, and satellite data are infrequent, and can't catch rapid coverage and long-term trends, but

rarely combined into one system. changes in water quality. is seldom paired with ground truth.
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Overview

Conventional Testing
Accuracy baseline & validation

IoT Sensors
Real-time water parameters

Satellite Imagery

Spatial & temporal coverage

ML / Al Models
WQI prediction & forecasting




C

Panjwani-Hisaar TECHNOLOGY SYNERGY

Water Institute

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
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Our Approach

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

a — E - & — @&

Conventional IoT Satellite Machine
Testing Sensors Imagery Learning
Baseline accuracy Real-time data Spatial coverage Prediction & WQI

Minimizing error, maximizing insight — a single, comprehensive picture of water quality.
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Water Institute How It WOrkS

Cross-validating sensor data against ground truth

0

1. Ground Truth o 2. Sensor Capture - 3. Cross-Validation

Conventional lab testing  IoT sensors continuously Sensor readings are
and groundwater sampling  stream real-time water compared against
establish accurate quality parameters from conventional results to
reference values. the field. confirm reliability.

@ 4, Satellite Fusion

Satellite imagery adds
spatial context and long-
term trend detection

across the lake.



From Data to Decisions

Machine learning turns raw signals into a predictive Water Quality Index

| Assesses current conditions

‘. Fuses sensor + satellite + lab inputs into one live score.

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

WOI

Integrated Water Quality Index

Enables early warnings

Current status + forecast Flags emerging risks so preventive action can be taken in time.
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From Raw Data to Predictive Insight

¢ & & & ©

Lab & groundwater Real-time sensors Remote sensing Algorithms cross- Integrated model
sampling establish an stream live water adds spatial validate and integrate forecasts current &
accuracy baseline quality parameters coverage & long- all data sources future water quality

term trends
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- Water Institute

Sensor Based Water Quality Monitoring Using IoT Application
In Real Time

Prototype
System architecture

5 DO
+ ﬂ Sensor DS
Google Sheets . Sensor

~ P Temperature

9V DC Power Supply -~ Sensor
SENSORS p A— o
‘ m Firebase Cloud Server ESP32

DS TEMPERATURE  TURBIDITY oH ELECTRICAL CONDUCTIVITY DO sensor Ox- o

pH Sensar % i

») )
-~ Turbidity

? Sensor

OXIDATION REDUCTION POTENTIAL DISSOLVED OXYGEN
EC sensor . )))

Temperature Sensnr)))

MICROCONTROLLER DATA STORAGE ONLINE MONITORING ORP sensor K.
\" ESP32
o WEB MOBLE
ESP32 PAGE APPLICATION
s

pH Sensor ORP Sensor

Laptop

Turbidity Sensor
TDS sensor
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Water Institute

Sensor Based Water Quality Monitoring Using IoT Application

In Real Time
Blynk application interface

{4 i [1 % blynkcloud/dashboard/547578 /global/devices/4596525/organization/547578/devices /2498748 /dashboard. % vA & 0B ewm| =

a 8 Myorganization - 5548HT v | (& 920 8 9 water Qua“w DaShboaTd 1 Peiresh Data

@Waterﬂuiﬂ]rMunitor Dashboard  Hstory Setup  About %

Sensor-Based Water Quality Monitoring Using loT and Real-Time Data
® A EEP8266 lot2 « Onine + Add Tag
= & umer Ahmed B My organization - 5548HT
Ny Current Status
_ _ _ . @ 0 ® £ = R Overall water qually assesment
SENSING PARAMETERS MICROCONTROLLER STORING DATA _ e LastUpgatea
8 e 1h ¢ 1d iw imoe 3mos bmos iye e . V6062025, 084507
9
7 32 357 Tenperatirs | pHLevel 3 i &
1 14 55 125 0 1,000 326°C 00 2983.0[!5[8"1
Waler temperature Acidty/aainty Electrical conductivity
08 Updaied Updzzd Updeted
ShjHen e & s b Turbidty z
| o 33 102.0PPM
() water quaity Monitor Dvod Wty S Aot #
" Complete Sensor Data Records
| re ase Fuil Pestory of 2 sencar reagngs
. Complete Sensor History ® Export AllData
Date Temperature °C) pH EC lyssfcm] O {mi) 105 {PPM) Turbidity (NTU)
16/06/2025, 08:45:27 36 00 1988.00 0 0 0
16/06/2025, 0&:45:15 a7 00 00 ] 2 ]
16/06/2025, 08:45:02 348 00 320100 0 % ]
16/06/2025, 08:44:50 ul 00 3050.00 0 2 ]
16/08/2025, 08:44:37 134 0o 177600 ] 8 ]

16/06/2025, 08:44:25 38 00 uno 0 bl 0
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W/ Water Institute

Sensor Based Water Quality Monitoring Using IoT Application In Real Time

WATER SAMPLE COLLECTION AND TESTING

dWater 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,

'

Sample collect from safari lake Sample water quality testing
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Smart Rainwater Harvesting in Murree

" B, i
(c.i0 | The Urban Unit === -
:.?- LS oL g éﬁ%ﬁ@ Q, Search...

e Murree RWHS integrated with IoT
e [0T enabled real-time water quality monitoring

IoT Integration:

Ultrasonic level sensors + pH quality sensors.
Automation:

Solenoid valves divert "first flush" (dirty water) automaticallyjiss
Scope 3 Reduction:

Replaces tanker water (Diesel transport) and deep-bore
pumping (Grid energy).

Witsan Seclor Flanreg & Managemer
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| The Urban Unit




The Urban Unit
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Case studies —

g 1n Murree
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FROM SCARCITY TO SECURITY

Rainwater Harvesting Project for Murree District — Phase | Impact & Phase Il Progress

PHASE | — COMPLETED

1,100 HH

Rainwater harvesting systems
installed

O

4,600+

Students trained via WASH
campaigns

200 Sites

Smart water-quality sensors —
Murree & Kotli Sattian

O

5.82M Liters

Rainwater saved per month

munity

grmgjlélcposss project sites

':l-.
m\ N /

408,600

Water collection trips saved (6
months)

O

1,100 HH

Water samples collected & tested

The Urban Unt .
" &

CM PUNJAB INITIATIVE

PHASE Il — IN PROGRESS

1,180 / 1,685

Households Installed

70% Complete

505 households remaining to reach
the Phase Il target of 1,685




RAINWATER HARVESTING PROJECT

For Murree District — Phase | & I

O O ©

CM PUNJAB INITIATIVE

PROJECT DURATION SITES BENEFICIARIES FINANCING / FUNDS
2 785 HH Sites DIRECT Murree Development Package
’
CM Initiative
2 Years Murree 2,260 2;785 HHS
2024 - 2026 Kotli Sattian 525 18,710 people PKR 1,163.3M
(1,100 installed in Phase 1)
100 ~1,670 people

Public Buildings

via community tanks & public buildings

/ﬁ:::_::&h

gﬁ | The Urban Unit ,
W\\\\%ﬁ:_fjh/ Witsan Secior Flanning & Managemen? Senaces Unat [Py, Lid %@ﬁ%{ . v




SMART WATER QUALITY MONITORING SYSTEM (SWQMS)

Overview of the Project — Real-Time Water Quality Monitoring CM PUNIJAB INITIATIVE

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

Digital Sensors LoRa/GSM Link Central Dashboard
) y €4
pH, TDS, temperature & more

Real-time data transmission Live monitoring & alerts
PARAMETERS MONITORED

o O O = ® O o

Dissolved

pH TDS Temperature Water Level S EC Turbidity
Monitors 9 Generates ‘) Enables
* Household (HH) water consumption = Site-wise reports = Timely decisions
= Reservoirs & tanks = Water-saving indicators = Reduced water wastage
= QOverall water supply performance = Critical alerts = |Improved resource management
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INSTALLATION OF SMART WATER QUALITY MONITORING SYSTEM
BY CONTRACTOR M/S THINGS ACCESS

. U

Pt |
l%r%sf The Urban Unit '
\_{Zz: / e ——————— %\g’ . :

Automatic Monitoring of ;J ok
Water Quality Parameters e e Y

s |

LEVEL

200 / 200

Automated Smart Water Quality
Monitoring Systems Installed
across Murree District

53,000+ viters

Avg Water Consumption recorded via
installed Water Meters for house Minimum Maximum

Recorded Recorded
878 Million

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

Level of Tank 45% 0% 100 %




Rain Water Harvest

Dashboard
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Case studies — 3
Satellite based water quality monitoring

Empirical Formulae 9 Trials and ©)
Extraction @*@ lterations 1IN
Literature review for more Water Utilizing internet sources like
I Quality Parameters | ChatGPT and Black Box for code |
optimization.
1
4 - --..H\.

Code Integration and ! Final Code and
Development Results

Turbidity Analysis on |
GEE V o

y

]

I

I
"r.-' 1 L " oo " ]

Code Development for the Merged the formulas into existing Code leading to results within the
Qualitative Analysis of Turbidity | E@ | | code, creating new algorithms f@ expected range

| I"-, ") J







Satellite based water quality monitoring

Methodological Framework

Satellite Data Acquisition
Sentinel-2 MSI - Landsat-8/9 OLI

RS Index

Computation
NDWI - NDVI - NDTI - FAI - TSS - TDS -

pH - Nitrate - CDOM - Secchi Depth -

GIS Spatial Mapping
WQI computation - hotspot mapping

\4
I

\4

Pre processing

(GEE)
Cloud masking - atmospheric correction

\4

I
v

tatistical

Calibration
Regression models - RS to field linkage

Field Validation
R? - RMSE - MAE vs in-situ lab data







Google Earth Engine (GEE) Workflow

scalable, reproducible satellite analysis without local downloads or desktop GIS software.
GEE Script / Interface Screenshot Cloud Masking

L (T - |- 1~ 'valwliy reflectance loaded directly  functions remove

i H e 1w lELLl from GEE data catalog. contaminated pixels.

et Lt Tes ) o gl e " ]

st Parameters computed via Random Forest models for
o b, e

e d s JavaScript scripts. entire lake extent.

GEE served as the cloud-based geospatial processing platform, enabling automated,
W Google EarthEngine Q- Seacn paces an gtesis.. OB epits : Se nti n e I - 2 Leve I - 2A S u rfa Ce QA6O C | O u d m a S ki n g
by var geonetry2: Polygon, 6 vertices
: TSSTURB CHLORO ;
:g&mm T — ¢ Spectral Index Computation ML Model Application
BTSSTURBIDITY 10 . .
raster band algebra in pH, NOs~, TDS applied to
1 WQ DASHBOARD " 75

"""""""""""""""""""""""""""""""""

| Multi-year image Interactive platform
collections processed.  built in GEE Ul.
k- P o L N\
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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

WATER QUALITY INDEX (WQI) MAP

B R g, T s R T Par T "'." -
HOTSPOT AREAS IDENTIFIED

o Northwest Zone 9 Northeast Shore

High turbidity, TSS, TDS Elevated CDOM, Chlorophyll-a
and FAl indicating algal

0 Southern Basin
Stagnant water accumulation
leads to high turbidity,
CDOM and low NDVI
values.

9 Eastern Inflow Zone

High sediment input and

and NO,” concentration nutrient load from inflowing

inflow from agricultural bloom and organic load channels; poor water

fields and drainage. accumulation. quality conditions.

A~ g & v, 35
A vl |
MAP INSIGHTS

% gl iga-. . 9
% WQI CLASSIFICATION

' '_’,}\ B <=22.2997 (Very Good)
| I 22.2997 - 29.0496 (Good)
[ ] 29.0496 - 35.7994 (Moderate)
ﬂ“
| B 357994 - 425492 (Poor)  §
| Il > 425492 (Very Poor) ;

D Manchar Lake Boundary

R ".‘ Hotspot areas (red/orange)
|/ indicate poor to very poor
T water quality and require
priority management
interventions.

Processed raster layers
from GEE imported into
QGIS.

Thematic Mapping

Colour-coded spatial
distribution maps
generated.

Hotspot Analysis

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

Raster Classification

Parameter rasters
classified into
concentration zones.

WQI Computation

wWaQl = Z(w; x gi) computed
by combining 12 weighted
parameters.

Export & Visualization

Final maps exported as
high-resolution images for

reporting.
28



RStudio & Validation

RStudio was used for statistical analysis, Random Forest ML model training/validation, and
computation of validation metrics (R?, RMSE, MAE, MAPE, MSE, CORR) against field-

collected lab data.

RStud|o Screenshot Field Data Preparation Random Forest Training

e In-situ lab measurements RF models trained for pH,

0.0 = i - Meddins - ) ot hore) -
orme s Onosns Owes Qe @mks O mser O mmmomRr O cHORPHNLRS O NOWSD) 7] Eirooment History Connections Tutoris =0 (2020 + 2025) Orga n ISEd N 03 a nd TDS USI ng
L]
Soueansze O\ /v o % St = P H P rpotaet - W s3m8 - e
7 et . _ A Re ) ClobalEnvironment - . .
80 MAPE <- mean{abs((dfiActual _NO3 - dfIGEE_NO3) | ;
y b satellite predictor.
8 [ clean_theme Large theme (144 elements, 16.3 M)
Ei CORR <- cor-'{ljfthua]_mi, dfSLEE_NW03) D data 26 obs. of 4 variables
g; R «ouR { data_long 52 abs. of 4 variables - -
86 car(" \n") 0 df 43 abs. of § variables M d l C llb r tl n Validation Metrics
8 cat:::m:: VALIDATION RESULTS\n") - I (3 metrics_table 13 obs. of 7 variables O e a a O
gg E:iﬂ.-{ =", round(MAE,4), "\n") o 0 nonthly 12 abs. of 3 variables
o) cat("Mse =", round(Msk 4), "\n") 0 monthly Tung 24 obs. of 3 variables v d 2
e . e, ) - taset d for full model R4, RMSE, MAE, MSE
92 cat("WAPE =", round(MAPE,2), "¥\n") Hl::; 0. 0000638101485 a a S e u S e O r u O e V4 V4 V4 V4
93 cat("correlarion =", round(CORR,4), "\n") ME u:u.*zwsuuzsas]

T - calibration. MAPE, CORR computed for

O7 £ STEP 4° RESIDUALS Prom Fegetr B f G Publish *

0 |  Montly Mean Nirte Varaion (2320 all parameters.

100 difResidual < dFfActual_wo3 - dFIGFE_NO3

@ GEE # Observed

Console  Terminal - Background Jobs -
- (PO o PTIPNL Independent Validation Statistical Outputs
I "oh eeeeee d #lf 4", e T N e, v Y

< TS Outputs compared to ind Validation tables and

L

+ )+

+
+  Lheme minimal (base size = 14) +

NO©T (mg/L)
o o
s

| thmg( ) SR g : ° .
P vossssesssse | fieldvaluestoshow regression charts exported.
+ plot.title = element_text(tace = "bold") 19 __ﬁ.“ "9 _\”9 _I“S ﬁ.% S' ‘\"9 (“'9 ‘“IrQ \"? .\"9
) SIS NGy oy
£ R temporal transferability.
>
|
» Month
v J
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Case studies —
Satellite based water quality monitoring

Date Range Selection

e - - W~ T T Area of Interest Selection

. . ~ Oviner 246 series: {9: {color: 'FFEO0E'}} \ "-\ e s |
Biochemical o |o= \ Y ( £
248 print({table); ¥ 4 L i
ACCESSI.. 28} o© i
Oxyg e n reposit.. 250 J'
Click 251 // Print tables for all parameters ,'I
252 printTable('pH’, 'pH’, ''); o,
Dem an d B O D Refresh 253 printTable('Nitrate', 'Nitrate', 'mg/L'); N |
to check 254 printTable{’BOD', 'BOO', 'mg/L'); X
again. {255 printTable{ 'COD', 'COD', 'mg/L'); - \“,»" Dade
* Writer 56 printTable( 'WaterTemperature', 'Water Temperature', '9C'); Bando Char ;
No i 257 printTable{'Chlorophyll®, 'Chlorophyll', ''); b Janhan "
i 258 printTable( Salinity’, ‘Salimity’, ''); it
acces_s‘... L 259 printTable('Suspendeddatter’, 'Suspended Matter', ‘g/ml');
reposit.. 268 printTable( 'DissolvedOxygen', 'Dissolved Oxygen', 'mg/L');
. Click i“ i o
A 62 - ~
. C h l I l I C al Refresh 263 /{ Define start and end dates (flexible, can be adjusted) a4 _..' ) o bl ‘:}f:
DI S S O |Ved 10 E_he‘:k 264 var startDate = ‘2024 01 01'; el | y 49 S o
0 0 again 265 var endDate = '2024-81-15'; nidaraiye | /
Oxygen Salinity o || 8 ol ey
Oxyg en (DO) No 267 /[ Trigger function with defined dates
. 268 applyDateFilterdndCalculate(startDate, endDate);
Demand (COD) Result Displ
o esult Display

I 8 I 6 3 O

244 lineWidth: 2, Lef
245 pointSize: 4,
T I T | 25 series: (0: (color: 'FFR00'})
Otla Ota wl |
. 248 print{table);
248 .
Chlorophyll-a Dissolved Suspended o
: s e
251 {{ Print tables for all parameters 3
A - 252 printTable('gH, "wH', *'); e [
SO I S TDS SO I S TSS 283 printTable('Nitrate’, 'Nitrate' _{B j]
254 printTable('80D", 'BOD', 'm ) =] ¥
255 printTable('COD', 'COD', 'm 7 ﬂf
256 printTable( Water srature’, ‘Water Temperature', "°C'); ﬂ}
267 , 'Chloraphyll’, *'3; - i
258 salinity', ''): h ¢
259 printTable(' SuspendedMatter’, 'Suspended Matter', 'g/m''); V}’QA. A
268 printTable( 'Dissolveddaygen’, 'Dissolved Oaygen', "mg/il'); \\t
W1} N
262
263 [/ Define start and end dates (flexible, can be adjusted) 8;;20
264  var startDate = "2824-81-81";
- - " " 265 var endDate = 2024-01-15";
Organic Matter Nitrate Turbidit
267 [/ Trigger function with defined dates
268  applyDateFilterAndCalculate(stortDote, endDate);
Abrri
Laigpur

Kot Alam




Study Area — Manchar Lake

200-500 km? 2.5-3.75m ~18 km 6 m

Seasonal Surface Area Average Depth West of Sehwan Below Indus River Bed

Key Geo graphic & Hydrolo gl cal Features Study Area: Manchar Lake, Sindh, Pakistan

e Location: Dadu District, Sindh Province A T HA

(26.35°N-26.55°N, 67.55°E-67.75°F)

e Primary inflows: Kirthar mountain torrents, ol
seasonal Indus River flow & MNVD effluents Tt

26

o r = =
. ™ o =]
Outflow: Danister Canal & Aral Channe ¢
[ ] BALOCHISTAN) o o
~ ™~
\ SINDH lllll
t ter to Indus River
return water to u e )
&
0 2.5 = 7.5 10 km
Arabian N . )
Sea 0 100 200 300 km
N . T T T T
67°30'0"E 67°35'0"E 67°‘1|0'0“E 67°45'0"E 67°50'0"E
Sdgrgie TRty Projection gUes @ Location of Manchar Lake
Latitude ~ : 26.35° N - 26.55° N T — Landsat 8/9, USGS N ———
Longitude : 67.55° E — 67.75° E (EPSG:4326) Processed using GIS Rrisiraive. Bouncary
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Case studies — 4
Satellite based water quality monitoring Model initial trial

o /’\
m\'“" r*’ ) \/\
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Case studies — 4
Satellite based water quality monitoring Model initial trial

Water Quality Index Spatial Map

WQl Range
WATER QUALITY INDEX
22.29 - 42.55
Good
9.8%
9.8% of lake area
Poor
71.2%
71.2% of lake area
Very Poor 19.0%
. 0
WOl 19.0% of lake area
N <= 22.2997
it 90% of lake area falls under Poor to Very
6.5 13 km B 35.7994 - 42.5492 . . .
—— . B > 42.5492 Poor water quallty category, immediate
[ Manchar Lake .
management action needed.




WQI Class Distribution & Temporal Variation

WQI Class Distribution

80

70 A

60 -

50 -

40 A

30 A

Percentage (%)

20

10

20.80-43.30

9.8%

71.2%

WQI Classes
B Good (0-50)
I Poor (50 - 100)
B Very Poar (>100)

A dominant portion
of the lake falls under
‘Poor’ water quality

19.0%

Good

Monthly WQI Range
(2020)

Poor
Water Quality Class

Very Poor

Aug-Sep

Very Poor
Conditions

Temporal Variation of WQI

50 4
Very Poor
41.60 e {= 42.5492)
40+ 3780 /S?Vv'/\
i 34.80 :
33.90 Poor
31.50 3330 By i [29.0496 - 42 5492)
0] @ 29.50 W et
s
™ Moderate
2 (22,2997 — 29.0496)
Y 20 prarser e e e e e e e e
20.80
Good
10 4 (= 22.2997)
O T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec

Month (2020)

WQI CLASSIFICATIOM (Based on WQI Value)

@ Moderate (22.2997 - 29.0496) @ Poor (29.0496 - 42.5492) @ Very Poor (> 42.5492)

@ Good (= 22.2997)

A WA

Lake area
'Poor' category

\[1)%

Best Conditions
(briefly Good)
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Comparative Water Quality Analysis (2025-2026)

Keenjhar Lake, Haleji Lake and Hamal Lake data comparison

WATER QUALITY INDEX (WQI)

5 WATER QUALITY INDEX (WQI) N
Keenjhar Lake (2025-2026)

: Haleji Lake (2025-2026) [

Water Quality Classes (WQI)

Bl Good (0 - 50)

Bl Foor (50 - 100) Water Quality Classes (WQI)
Bl e Poor (>100) Bl Good (0 - 50)

D Keenjhar Lake Boundary I Poor (50 - 100)

Bl very Poor (>100)

Haleji Lake Boundary
o 6.5 13 km i) 6.5 13 km :I

WQl Spatial Map / Temporal Parameter Trends

WQI Spatial Map (2025-2026) (2025-2026)

WATER QUALITY INDEX (WQI) | N

Hamal Lake (2025-2026) @
—

Water Quality Classes (WQI)
- Good (0 — 50)

Poor (50 — 100)

L1
B very Poor (>100)
e

Hamal Lake Boundary

WQ| Spatial Map / Temporal Parameter Trends
(2025-2026)

Parameter Summary

NDWI

NDTI

TSS

TDS
Chlorophyll-a
pH

NOs~

Secchi Depth
FAI

CDOM

Temporal
variation

Turbidity trend
Spatial variation

Time series

Sentinel-2
derived

ML predicted
Temporal trend
Transparency
Algal variation

Organic matter
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Keenjhar Lake: WQI & Overview

Very Poor Limited @ Thatta Dist.

Dominant WQI Good quality Location

Lake Area
Category zones only Sindh, Pakistan

Major Karachi supply

Distribution of Water Quality Classes in Keenjhar Lake (2025-2026)
Based on Water Quality Index (WQI)

e /\ Public Health Impact (Karachi Supply):
Keenjhar’s Very Poor WQI reflects elevated TDS,
turbidity, and CDOM. As a major Karachi drinking
water source (~130 km?), 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

(=]
(=]

Percentage (%)
3

B
o

20

0.0% 1.4%
Golod Polor
Water Quality Class
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Haleji Lake: WQI & Overview

YA 28.6% 4.2% Ramsar Site

Very Poor Poor Good International
lake area lake area lake area only wetland importance

Distribution of Water Quality Classes in Haleji Lake (2025-2026) WQI Findings
5 Based on Water Quality Index (WQIl)

e Majority (~67.2%) classified Very Poor, high
ecological stress due to nutrient loading.

701 67.2%

o
o

un
o

e Central red zones indicate severe water quality
degradation and pollution hotspots.

Percentage (%)
=y
(=]

w
(=]

28.6%

e |solated green patches at periphery show
relatively better, less contaminated conditions.

e Urgent need for continuous monitoring and

Good roor Very Poor management strategies confirmed by WQ
Water Quality Class .
mapping.

BJ
o

=
(=]

4.2%

(=]
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Hamal Lake: WQI & Overview

52.8% 34.8% 12.4% Qambar

District
Very Poor Poor Good Sindh, Pakistan
lake area lake area lake area 27°24-33°N

Distribution of Water Quality Classes in Hamal Lake (2025-2026) WQI Findings
Based on Water Quality Index (WQI)

e 52.8% Very Poor, central elongated red zones show
" severe degradation from sediment load and nutrient

enrichment.
e 34.8% Poor, secondary category. Moderate

degradation across large portions of the lake.

100

(=)
[a)
1

52.8%

=N
=
1

34.8%

Percentage (%)

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

20 V !
12.4% “

0-_ L

Good (0 - 50) Poor (50 — 100) Very Poor (>100)
Water Quality Class
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Case studies — 4
Air Quality Monitoring

AIR QUALITY MONITORING SYSTEM

Real-time Environmental Data

AI r Q u aI Ity m O n Ito rl n g AQI Limits of EPA Moderate (101-150) Unhealthy for Sensitive Group (151-200) Unhealthy (201-300) Very Unhealthy (301-400) Hazardous (401-500)

AQI Score in different cities of Pakistan

iIntegrating with IoT

A | . t | | t A I 1. Faisalabad @ 508 2. Lahore ® 4% 3. Kasur ® 462 4. Gujranwala @ 403
p p yl n g Se n SO rS O Ca C u a e Q 58 Rahim Yar Khan ® 331 6. Bahawalpur @ 324 7. Multan ® 319 8. Rawalpindi @® 2%
Share data th roug h On | i ne platforms 9. Dera Ghazi Khan ® 283 10. Si.alkot. [ ] 23'.1" 1. Narowal ® 221 12. Zafarwal @ 1%

Developed a dashboard Sindh

1. Sukkur ® 277 2. Karachi ® 24 3. Hyderabad ® 165

Balochistan

' Data integrated to available online platfroms

1. Quetta o 174 2. Gwadar ® 38 3. Khuzdar Offline

Capital Khyber Pakhtunkhwa

1. Islamabad ® 230 1. Peshawar ® 34

g B s Loédes B Oo0a neam

| The Urban Unit

Uihan Secter Flanrsg & Management Servezes Ut [Pyl Lid.




F\ The Urban Unit

\_/ Uitsan Seclor Flanrrsg & Managemen? Services Urit [Pyl ) Lid.
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Case studies — 4

Calendar Chart
Daily with 7-Day Moving Average
Data Set 200
Sample a
150 Very
From 19062025 - Hnnealthy
To 31/12/2025 ’
’ . - 50
: Afgh'a':‘IStan 0 |||||| il Il [ N I i " ||| ||| "“
Qh“g-‘h-'l / 19/6/25 19/7/25 19/8/25 19/9/25 19/10/25 19/11/25 19/12/25
— T and Sun __ Mon _ Tue Wed Thu _ Fri___Sat o
. Kanda har ___ - = = Unhealthy 52%
—_ . — 15 16 17 18 19 20 21 _  EEFFE 29850 27.57 31 9200
it :Ejﬁﬁ 22 23 24 25 26 27 28 25.64 27.84 31.60 27.82 27.28 ' 25.23 28
20301 2 3 4 5 11.12 15.22 | 20.63 19.40 20.32 19.84 1810
Jul |6 7 8 9 101112 | 2233  21.81 22.18 25.51 24.37 23 Unhealthy for
13 14 15 16 17 18 19 15.79 14.96 19.76 19.86 19.66 18 10 Senstive
20 21 22 23 24 25 26 20.29 20.68 20.97 16.96 17.12 20 Groups
27 28 20 30 311 2 15.08 19.65 21.00 22.96 23.79 | : _ 200 8%
Aug |3 4 5 6 7 8 9 17.13 15.58 14.09 160
10 11 12 13 14 15 16 -
17 18 19 20 21 22 23 = = ) )
24 25 26 27 28 29 30 26.98 21.06 27.56 2466 29.08 27.97 26 g Number of days with respect to Air
3|1 2 3 4 5 6 23.77 | 19.12 21.97 23.51 26.10 27.70 25.34 24 .
Sep |7 8 9 10 1112 13 24.15 16.97 12.78 14.44 14.11 18.53 19.29 170 Qua“ty (USEPA) (JUI'DeC 2025)
14 15 16 17 18 19 20 15.55 15.35 21.19 24.52 25.78 25.32 25.06 22 1
21 22 23 24 25 26 27 : - - 25.46 28.12 1.80 25
28 20 30[1 2 3 4 - i . - 30.83 29.52 330 ' ok SUldar
Oct[5 6 7 & 9 1011 ' 4819 | 3585 | 36 I s
12 13 14 15 16 17 18 34.24 .34 3360 o o 52 "
19 20 21 22 23 24 25 | 6696 | 7802 | 8000 | 8350 | ; 83.73 7T
26 27 28 29 30 31[ 1] 3 ~ 54.00 : 55.45 . . 130.50 77
Nov|2 3 4 5 6 7 8 : 37.67 | 62l
9 10 11 12 13 14 15| | 54100
J 16 17 18 19 20 21 22 . | 8826 | 100.91 | 107.09 | 109.16 | 140.75 | 105 Nt
_ / \ - I 23 24 25 26 27 28 29 . i i i . 114 . a‘:’;wa
e L s / Dec 370 ; ; 130 141 152 163 :gg'g; 1;51?— | N
a 3 - ; I
79.01° (E) , Wind Speed: 1.64 m/s 14 15 16 17 18 19 20 1650 T
21 22 23 24 25 26 27 148 Hyderabad ¢pyy
28 29 30 31| 1 2 3 138 i
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Conclusion and way forward

. . Smart -
loT Integration . Real-time -
. . housing and S Early warning
INn Industries manufacturing monitoring
Air quality — . .
trend analysis Water quality Satellite Model
Datterns monitoring applications development
Reducing Reduce Easy to USe Integrated to
transport analysis cost y smart phone




Impact

What this system enables for water resource management

el

Enhanced
monitoring

Continuous, multi-source
visibility into water

qguality across the region.

A

Early issue
detection

Problems flagged before
they escalate, enabling

preventive action.

©

Informed
decisions

Data-driven support for
water resource management

and planning.

<

V'

Scalable
foundation

Built on local sensors and
programming — ready to

expand and adapt.
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