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Abstract

This study employs a multi-criteria decision analysis method utilizing Geographic Information
System (GIS) to pinpoint appropriate locations for rainwater harvesting (RWH) structures, to
fulfill water demand in Lahore, Pakistan. Data from satellite imagery, soil composition,
climate, and digital elevation models (DEM) were integrated into GIS layers and amalgamated
to establish a ranking system. This ranking system was then employed to identify suitable areas
for rainwater harvesting. Thematic layers, encompassing variables such as rainfall, land
use/land cover, soil type, slope, runoff depth, drainage density, and stream order, were
combined into a comprehensive overlay, resulting in a map delineating RWH suitability. The
outcomes revealed that based on Average Annual Rainfall, 1.44% of the study area is classified
as 'very highly suitable," while 5.67% is designated as "highly suitable.” Conversely, 24.54% of
the region is labeled as 'moderately suitable." Additionally, 65.44% of the region, situated in
the east and southeast, exhibits 'low suitability," and 2.91% is deemed 'unsuitable.’ The findings
of this research are poised to foster the broader adoption of RWH in the Lahore region to meet
water demands. Furthermore, the developed methodology holds adaptability for
implementation in other regions or countries.
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Introduction

Water, an invaluable natural resource, plays a vital role in sustaining both human and animal
life, as well as fostering economic growth and development. The challenge of freshwater
scarcity has emerged as a pivotal concern in the realm of sustainable development, affecting
communities not only in agricultural and industrial sectors but also in meeting domestic water
needs. The globe faces five primary global factors—climate change, population expansion,
rapid industrialization, and excessive groundwater usage—that collectively exert immense
pressure on the availability of safe water worldwide. Consequently, the prudent management
of freshwater resources becomes imperative. Concurrently, researchers worldwide have
explored various alternative measures to address the issue of water scarcity. Rainwater
harvesting (RWH) has gained widespread adoption in several water-stressed regions, earning
recognition as one of the most economically and ecologically advantageous water conservation
methods. RWH not only addresses water scarcity challenges but also mitigates the risks
associated with flash floods and alleviates problems stemming from the over-extraction of
groundwater.

The South Asia region, which includes countries like Afghanistan, Bangladesh, Bhutan, India,
Myanmar, Nepal, Pakistan, and Sri Lanka, hosts about 24% of the world’s population within
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only ~4% of the total global land area The region encompasses three of the most extensive
riverine systems of the world (Indus, Ganges, and Brahmaputra River basins) that host several
high groundwater-producing aquifers. However, the availability of safe and sustainable
groundwater in the region is not consistent. There is a growing concern about the accessibility
of safe water in many of these aquifers due to the presence of geo-genic pollutants. The region
is also the most extensive user of groundwater resources in the globe, leading to severe concern
about groundwater availability, even for groundwater-affluent aquifers.

Several anthropogenic activities, particularly irrigation (which accounts for >80% of the
groundwater withdrawal), lead to groundwater depletion in most areas within the region.
Varying precipitation rates and subsurface hydraulic conditions are providing more challenges
to groundwater governance.

Throughout South Asia, the history of protective well irrigation goes back to millennia.
However, intensive groundwater use on the scale we find today is a story of the last 50 — days
and 30 — years. In India, the total number of mechanized wells and tube wells rose from less
than a million in 1960 to an estimated 19 million in 2000. In Pakistan Punjab, it increased from
barely a few thousand in 1960 to 0.5 million in 2000. In Bangladesh, which hardly had any
groundwater irrigation until 1960, the area irrigated by groundwater wells shot up from 4% in
1972 to 70% in 1999.

Figure 1: Number of tube wells installed over the years
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Due to the unpredictability associated with canal water supplies, farmers have turned to
groundwater pumping in Punjab, Pakistan. Thus, the number of tube wells installed has
increased sharply over the years (figure attached), and groundwater has now become a
significant source of water, as its contribution to irrigated agriculture has doubled in the last 40
years from (25.6 to 50.2 MAF). This is equivalent to 50 percent of overall canal water
withdrawal for irrigation. Industries and the domestic sector also rely on groundwater resources
for water supply.

Indeed, precipitation and river flows constantly recharge most of these groundwater aquifers —
a process that enables people to have reliable access to this key water resource even for a very
long period. However, no matter how large these aquifers may be, excessive pumping would
also deplete this valuable resource. This is what is happening in many regions across Pakistan,
where unregulated and excessive use of groundwater is leading to falling water tables and
reduced quality. The situation is a lot worse in Balochistan where the water table is. Thus, water
tables in Pishin district have receded down to 1,000 feet. In Sindh, cities like Hyderabad and
Benazirabad are also facing a decline in groundwater levels on a similar scale.

The unsustainable pumping rate has even led to the intrusion of brackish water into freshwater
resources, thereby reducing the availability of quality groundwater as per the standards of the
World Health Organization (WHO). In KP, Kohat, Bannu, and D.I Khan are some regions
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where over-pumping has lowered water tables and resulted in contamination from deep saline
groundwater. In Balochistan, there are reports of intrusion of saline water into aquifer zones in
coastal areas.

For instance, Lahore has seen a reduction in water tables at 0.5 meters annually for the past 30
years (Table attached). This is even though Lahore is provided water by the river Ravi and has
an extensive canal system.

Table 1: Reduction in water tables in Lahore
Rate of Decline

Period Feet/year  Meter/year
1960-1967 0.98 0.30
1967-1973 1.80 0.55
1973-1980 1.97 0.60
1980-2000 2.13 0.65
2007-2011 2.60 0.79
2011-2013 3.00 0.91
Objectives

The main objective of this study revolves around optimization of rainwater which is otherwise
wasted. The study encompasses data collection at several locations along with the quantum of
rainwater for effective transportation to storage facilities keeping in view the topography
(elevation) and distance relevance. The stored water is idealized to be filtered which is then
proposed to be used for drinking/ cleaning purposes.

Importance

Sustainable Water Source

One of the primary benefits of rainwater harvesting is its role as a sustainable water source. By
capturing rainwater during periods of rainfall, individuals, communities, and industries can
reduce their dependence on conventional water supplies. This not only helps meet immediate
water needs but also contributes to long-term water security, especially in regions prone to
droughts or unreliable water sources.

Mitigation of Water Scarcity

Water scarcity is a global challenge affecting millions of people, and the situation is
exacerbated in many urban areas. Rainwater harvesting provides a decentralized and localized
solution to mitigate water scarcity. By harvesting rainwater, communities can supplement their
water supply, particularly for non-potable uses like irrigation, industrial processes, and
sanitation. This reduces the burden on centralized water distribution systems and promotes a
more sustainable and equitable water distribution.

Environmental Conservation

Rainwater harvesting supports environmental conservation efforts by reducing the demand on
natural water sources such as rivers, lakes, and groundwater. Over-extraction of groundwater,
in particular, has led to the depletion of aquifers and adverse environmental impacts. Rainwater
harvesting helps in preserving these precious natural resources and promotes ecosystem health
by maintaining adequate water levels in rivers and other bodies of water.
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Reduced Runoff and Erosion

In urban areas, impervious surfaces such as roads and rooftops contribute to increased surface
runoff during rainfall. This runoff can lead to soil erosion, flooding, and contamination of water
bodies. Rainwater harvesting systems, which capture runoff from rooftops, help in reducing
the volume and velocity of runoff. This not only prevents soil erosion but also minimizes the
risk of flooding and improves the quality of water entering local rivers and streams.

Financial Savings

Implementing rainwater harvesting systems can result in significant financial savings for
individuals and communities. By relying on rainwater for non-potable uses like gardening,
flushing toilets, or washing cars, households can reduce their water bills. Additionally,
industries can benefit from lower water supply costs, contributing to overall economic
sustainability.

The remainder of this paper is organized as follows, the study region and data are described in
section 2. The methodology is presented in section 3. The data collection and analysis presented
in sections 4 and 5. Identification of suitable locations their rainwater harvesting potential
presented in sections 6 and 7. The results, conclusions and recommendations for future research
are discussed in sections 8 and 9.

Study Area and Data

Lahore, Pakistan, a vibrant city nestled in the heart of the country, boasts a rich cultural
heritage, and serves as a significant economic and cultural hub. With 14.407 million residents
living there, the population density for the complete area of 1772 sq. km comes out to be
8130.36 residents per sq. km. The mean AAR (Average Annual Rainfall) is about 732
mm/year.

Figure 2: Map of the study region i.e., Lahore where the present study was undertaken
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With a history dating back centuries, Lahore is renowned for its historical landmarks, including
the Lahore Fort and Badshahi Mosque, reflecting the grandeur of Mughal architecture. The
city's lively atmosphere is complemented by bustling bazaars, vibrant street life, and a diverse
culinary scene. Lahore is a melting pot of traditions, where modernity seamlessly blends with
tradition, making it a captivating destination for both locals and visitors alike. Additionally,
Lahore is recognized for its educational institutions, contributing to the intellectual and artistic
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landscape of the region. As one of Pakistan's most populous cities, Lahore continues to evolve
while preserving its unique identity, making it a dynamic and enchanting metropolis.
Land use map of the study area is presented as under:

Figure 3: Land Use Map of Study Area i.e., District Lahore
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Figure 4: Rainfall Stations in District Lahore
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Methodology

This study is being conducted to highlight the importance of water conservation through water
harvesting technique with the help of credible data information and GIS Mapping of potential
zones of Lahore.

Following key parameters have been taken in consideration:

e Kind of soil having sufficient clay to retain water.

Topology of the study area.

Quantum of Rainfall measured in fixed intervals at certain locations in the study area.

Land use/land cover of the study area.

Elevation Appropriation for the study area.

Natural slope, drainage density, and stream order.

Adequate quantum of runoff that can be stored in properly designed and constructed
rainwater tanks.

Data Collection

The study undertook the collection of openly accessible images and remote sensing data for
Lahore. Also, information was gathered on surface elevation, land use and land cover, soil maps,
drainage maps, and depression maps for Lahore. The study employed Geographic Information
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System (GIS) techniques to analyze the collected data. Further, the Soil Conservation Service -
Curve Number (SCS-CN) method has been implemented to assess surface runoff availability in
various regions of Lahore.

Moreover, utilization of appropriate equations has been done to weigh curve numbers relative
to the size of the watershed area.

Identification of Suitable Locations

Based on the analyzed data, locations suitable for rainwater harvesting structures have been
pinpointed in Lahore. During the process, factors such as surface elevation, land use and land
cover, soil type, drainage patterns, and depression volume have also been considered.

The identified locations have then been classified according to the proposed criteria as either
excellent, good (with provisions for overflow structure), or not suitable for rainwater harvesting.

Estimation of Rainwater Harvesting Potential
The overall potential for rainwater harvesting in Lahore has been determined based on the
identified suitable locations. Results attached in the respective head “results and discussions”

Figure 5: Conceptual methodology flowchart used in this study
RWH Potential Site Selection Model

Satellite Imagery Sail Survey Climate Data
Land Use/Land Cower Soll Types Rainfall Duta
Reclassification and De(errr.ﬂnation of Suitability Level

Selecting Critical/ Most Suitable Sites based on AAR

Calculation of RWH Quantum Sultable Storage Tank Location

Transportation and Storage Facility parameters

Digital Elevation Model (DEM)

A Digital Elevation Model (DEM) is a three-dimensional representation of the Earth's surface
that quantifies terrain elevation values across a specific geographic area. It is commonly
represented as a grid or raster, where each cell contains a numerical value corresponding to the
elevation of the land surface at that specific location. DEMs can be derived from various sources,
such as satellite and airborne remote sensing technologies, and are instrumental in understanding
and modeling the Earth's topography. The DEM map of the study area is shown in figure below.
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Figure 6: Digital Elevation Model (DEM) of District Lahore

Digital Elevation Model (DEM)

District Lahore

Slope

A slope map is a graphical representation or visual depiction of the topographic gradient or
incline across a landscape or geographic area. It illustrates the variation in elevation or steepness
of the terrain, typically derived from digital elevation models (DEM) or other elevation datasets.
The slope is an important parameter to consider when choosing a location for a RWH structure
since it affects the size of the harvesting structure and the amount of water stored. The slope
map of the study area is shown in figure below.

Figure 7: Slope Map of District Lahore

Slope - District Lahore

Data Collection

Gathering Freely Available Imagery/Remote Sensing Data for Lahore

Satellite imagery and remote sensing data from sources like the USGS Earth Explorer has been
acquired for the GIS analysis, ensuring the availability of up-to-date and accurate information.
DEM and Slope Map are attached above.

Collecting Data on Precipitation, Land Use/ Land Cover, Soil Map, Drainage Map, and
Depression Map for Lahore

The comprehensive data collection process involved obtaining information from the Punjab
Land Record Authority & WASA, covering precipitation data collection record, land use, soil
type, drainage patterns, and depression volume.

The rainfall data for different years and locations has been obtained from WASA which is
attached below:
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Table 2: Rainfall data of various locations obtained from WASA (Study based on Year

2016-2023)

Year Pre & post monsoon rain ~ Monsoon season Annual record
(mm/year) rainfall (mm/year) (mm/year)

2016 154 442 596

2017 182 216 398

2018 212 451 663

2019 76 634 710

2020 34 651 685

2021 90 578 668

2022 172 560 732

2023 416 988* 1404

Station Locations

Figure 8: Rainfall Station Locations in District Lahore

vl Meaintell Stations- District Luhore

Detailed Station wise Data
Table 3: Month Wise Summary of rain obtained from WASA (Study based on Year 2016-

2023)
MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2016 (IN M.M)

Sr. No. Rain Guage Points June July Aug Sept Total
1 Jall Road 1171 1509 31648 1279 712.70

2 Lakshami Chowk 88 197 .1 268 90 64310

3 Chowk Nakhuda 133 2281 214 a3 63810

& Head Office 128 182.1 265 52 627.10

S Alrpaart 1143 164.2 264.2 65.2 &07.90

6 Johar Town SDO Office 97 195.1 269 38 59910

7 Tajpura SDO Office 75 1372 252 1S 573.20

a8 Fani Wala Talats 114 187 .1 186 as 57210

& Saymanabod 132 124.7 1581 94 52820
10 JUppar Mall a9 1341 256 28 527.10
11 AT 124 130.1 197.1 66 517.20
12 Mughaipura '3 1552 154 90 47220
13 Guishan-e-Ravi 08 131.1 120 67 42610
T4 Farrukhabad 126 933 138 35 392.30
15 Nishter Town Directar Office 75 151.1 1161 8 350.20

Aversge 104 157 214 71 546
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MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2017 (IN M.M)

Sr.No Rain Guage Points Junm July Aug Sept Total
1 Jotar Town SO Office 219 120 143 Sd 436,00
2 Dail Road 2032 1491 70.24 52.22 47206
3 Airpornt 1299 1526 1021 41.36 42596
- Sarmanabad 169 107 69 e 389.00
S Head Offics 153 117 ars 652 382,70
6 AT 147 S0.01 6702 67.01 17304
7 Lakshami Chowk 124 130.7 6503 29 34813
8 Chowk akhuda 108 1492 53 28 33820
9 Gl sbwan - Ravi 168 7am 585 38 33651
10 _JPani Wala Talab 155 53.02 57 21.01 326.03
131 jUppar Mall 144 a0 44 34 302.00
12 Tajpura SDO Dffice 108 6703 7! 55 301.03
13 JFarrukhabad 132 86 <4 20 29200
14 INishiter Town Director Office 605 79.01 87 53 27951
15 [Mughalpurs 63 5% 0% w7 42 237.05

Average 140 104 70 43 356

MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2018 (1IN M.M)

Sr.No Rain Guage Paints June July Aug Sepr Touwl
1 [Chowk Nakhwada 8400 529 1 & 09 51808
2 Farrukhabad 41.04 529 552 G4 56
1 Pani Wala Talaby LEX A 452 303 S0 0N
4 JUppar Mall 51 a71 108 6204
5 Mg sl prearu /4 ECE 004 53 07
& Lakshar i Chowk Jr.on — 2923 >4 7 S
7 Nishte: Town Director Office 9703 350 152 37 56
o A rpact 7% 24 A00 904 AN AT
) |Giudstan - w - Ravi 100 A9 .09 533.0%
10 T puura :‘-DO Officw b_B 01 396 Q04 2905
11 AT 9402 29681 16.02 0.03 SOB.7
12 Head Office 102 361 2801 b= 0007
18 Samanabad a7z o3 AD2 1 + 2 04 48517
14 Jail M()_nd 11%.6 411 2.8 301 A% %Y
15 Pohar Toam SDO Office 123 2631 21 03 104 47897

Average 87 204 a4 3 539

MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2019 (IN M.M)

Sr.No Rain Guage Points June July Aug Sept Total
1 Laksham) Chowk 1402 617 12804 159.01 91807
2 - nowk Nakhuda 11.02 S53 13303 149.01 B46.06
3 Johar Town SDO Office 3401 47502 200,05 112,03 az2i.11
4 JPani Wala Talab 1852 S62 159 04 99 02 /68 58
5 Alrport 71.63 L2434 15241 54 70238
5 Jail Road 2854 40093 106.%5 110.56 64618
7 Muig bl s 902 374 51 12502 11601 624 56
Ll Farrukhabad 17.02 457 74.02 52 02 00 06
9 Lppar Mall 21.00 369.01 13403 65401 S84 06
10 JHuact Office 4257 35151 137.32 55.02 58637
11 Samsnabad 19.01 273 16503 103 .02 560 06
12 Nishter Town Director Office 1803 41401 51.03 76 559.07
13 JALT 5252 30300 14401 55.02 554.56
14 luLouru SDO Officw 20.02 37701 2304 7001 L84 08
15  JPurjab University 4753 309.51 51.01 $3.01 46106
16 JGulshan-e-Ravl 39.02 23703 106.02 36 ATB07

MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2020 (IN M.Mm)

Sr.No Rain Guage Points June July Auvg Sept Total
T JLakshamni Chowh ) 164,02 503.03 155.51 881 56
& Par Wala 1.&-;‘: 6% %1 17402 AN 702 17407 BoHO %8
3 [lajcus SO0 Officw 24 53 144.02 S27.00 140 836 66
e Farrukhwbaad 42 04 a0 S12.00 1%A.00 BA2 07
5 fGulshen e Rav 27.03 161 .62 219.03 10 71168
0 Alrpant o023 17452 A6GA 02 1386 TAY AN
7__[Nivhier Town Dusctior Office 1853 150 21502 116 G500 6%
B [Upoar Mol T 1604 13202 377.02 11201 67 oa
9 Joahvar Tevwr SO Officw 16 %3 137.%2 A1%9.02 124 63707
10 Diail Rood 2372 161.75 316.37 092 G210
11 JC Mrcawwkc ';.khud. A 80 118.02 12002 12002 GO 58
12 |Head Office 3002 Ta3.02 288 02 13151 S92 67
14 Sarmanabad 1601 143 269 .02 111 SA0.0%
14 [Mughalows 27 77 307.01 15301 56402
1% ALY 8% 106.04 261.08 11591 0400

Average 34 ia1 380 130 685
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MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2021 (IN M.M)

Sr.No Rain Guage Polints Mune July Aug Sept Total
1 Lmkxhmrm Chowk 1% 240 1865 246 7500
2 Panl Wala Talab 19.% 102 164 % A4 B50.00
. Fajpurs SO Oftfics 10.%1 T4 % 247 % I 70041
- Farrukhaboad 10.5% 323 1730 422 S48 %1

Gulshian-«-Rav 357 116.% 12421 2765 %2072
0 Alrport 23 1978 1352 1664 52240
7 Nishter Town Director Office 41 171 13301 216 $61.01
a LoD M_._h! 9 122.01 97.51 222 45052
9 St Town SDO Officw 33 1473 129.01 196.2 S04.51
10 il R 14 9 185 4 B 5 221.4 S04 20
11 C baawk Nakhucie B8O 206 131 293 65801
12 [Hwad Office 15.8 1784 109 1421 248 50
13 S rmimna e Q.01 127.% J0.01 160 374852
14 Mucghal ours 1A 1008 % 151 209 % B2 00
1% ALT 10.% 26 #4001 177 AT %1

Average 16 184 134 260 594
MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2022 (IN M.AT)

SrNo Rain Guage Palnts January Juna Juby Aug Sept Ot |November| Total
1 MHepd Ohce 918 912 J295 955 113 L5 1 AT.40
2 Jail Road a2 942 2232 2225 19 Trace 12 &43 10
3 Golslian » Ravi 96 e 154 244 5 11 5 L2 31650
“ Laks rarmnd Chawk 124 B 44 2485 111 5 Ml 1019 S0
3 JOremk Nakhuds T3 a7 102 118 12 3 il CR0.00
(3 Mughalpura Sdo B 55 5735 175 4B Bl Nl 74650
7 Nislvier Town 83 23 3528 1734 28 Triee Nil JO5 00
S P wels 1ulad 117 73 433 1965 Bi5 3 1 207.00
9 JFarkhaosd 109 [ N5 S 151 13 Trace Tryce &r9 A0
10 FTagwira 638 T4 S Ao 1215 41 o Trace TES 60
11 Juppes Mat () 7] 176 1315 187 3 ] £90.20
12 Jharnmnutied a3 764 02 150 5 [ E) Nl S22.50
11 kabal Town S5 5% % PArd 15354 4 1 NIl A5% 00
14 Liohar Town 101 755 101 438 S 22.5 6.5 1 101000
15 JNmpont 934 1472 120 1324 0.7 1 1 72770

Average 58 &1 340 157 34 R 1 733
MONTH WISE SUMMARY OF RAIN RECORDED FOR THE YEAR OF 2023 (IN M.M)
SrNo Rain Gusge Painte v U vl Mareh A May Hirve Auly Assgiast
\ Jail Roast 223 24 na 3 3 an g 20035 | e00% an7s
A Port F] D "y 4% a 5175 S70n o) (¥
3 Homd Cfficn 2 an 717 B 36 0 712 & 7 i 1
Lakihami Chowk 5 2 (B 3 4G 444 O 144
5 JUpeer Mall 15 0 122 2 33 253 a4 119
B Mgl e Sl o5 0 120 0] 555 20 4 7o
Taguoa 3 =) 117 [ 34 333 a1 [¥F,
0 INishser Town a o ] 104 Y] 297 o0 &3
v Makhacs B 0 ) 1 17 2 Az 17
S0 [Pant waks talab s 7 - 1 FE) a3 33 [FE
1 o <3 o5 125 200 b 4
() 0 o ) 42 314 ) 147
0 ) o 27 el "
) F] win 3 9 ) gy [E)
[ o = o 374 2365 ) 4z
o o o [ 45 4825 T 7s
2 1 a4 ’ Cnd 7 sxx kA

Data Analysis

Analyzing Collected Data Using GIS Techniques

GIS technigues have been applied, ensuring the spatial relationships between several factors are
accurately examined. The Rainfall data has been simulated on the stations based on their
respective UTM locations that have been recorded while collecting Rainfall Data.

Applying the Soil Conservation Service - Curve Number (SCS-CN) Method

The SCS-CN method, based on USDA Natural Resources Conservation Service guidelines, is
used for evaluating hydrological characteristics, allowing for a comprehensive analysis of water
runoff potential.

Weighing Curve Numbers with Respect to Using Appropriate Equations

The equations like those provided by Hawkins (1993) have been utilized in calculation and
weighing of curve numbers based on watershed area for a more refined assessment of rainwater
harvesting potential.
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Figure 9: Asymptotic CN regressions obtained in the study by Hawkins
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CN(P) is the Curve Number as a function of rainfall, and CNo = 100/ (1 + P/2) defines a
threshold below which no runoff occurs until the rainfall P in mm exceeds an initial abstraction
of 20% of the maximum potential retention.

Identification of Suitable Locations

Analyzing Data to Identify Suitable Locations

The GIS analysis results are employed to identify optimal rainwater harvesting locations based
on predefined criteria, ensuring a systematic and data-driven approach. A rainwater intensity
model of Lahore based on the collected data is provided as below:

Figure 10: Rainwater Intensity Model of Lahore based on the collected data

Rocliassify Ralnfall - Disrrics Lahore

Further, Dréinag'e Density has also been 'I'<ept a key d‘étermining factor for analysis and
classification of Suitable locations. A Drainage Density Map of the project Area is attached
below:

Figure 11: Drainage Density Map of Lahore
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The type of soil surrounding various parts of the project area is also a keen factor in determining
the RWH Potential as the surface runoff is directly proportional to the soil properties. In this
regard, soil classification data for the project site is attached below:

Figure 12: Soil Classification Map of Lahore

- Boltl Mep - Distriot Lehore

e

Using Proposed Criteria to Classify Locations as Excellent, Good, or Not Suitable for
Rainwater Harvesting

Based on the above data and Land availability, the categories have been classified as excellent,
good, or not suitable, inspired by studies like Tiwari and Joshi (2013), facilitating practical
implementation. The classification map (rainwater intensity) is attached below:

Figure 13: Classification Map (Rainwater Intensity) of Lahore
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Figure 15: Classification Map (Stream Order) of Lahore
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Figure 16: Classification Map (Soil Type) of Lahore
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Choosing the Critical Locations & Values for RWH

Based on the above attached maps, suitable locations for RWH are selected. Locations No. 2, 4,
8 & 9 are the most critical based on the Rainwater intensity Map and Rainwater Harvesting
Potential is calculated as described in sub-head 7. The critical values of Precipitation are listed
below:

Table 4: Monthly Critical Precipitation Values in different areas of Lahore

Location Rain 01. 02. 03. 04. 05. 06. 07. 08. 09. Total

No Gauge 2023 2023 2023 2023 2023 2023 2023 2023 2023
Points

2 Nishter 0 0 89 10 35 297 900 83 323 1,737
Town

4 Qurtaba 0 0 O 0 5 483 772 75 259 1,593
Chowk

8 Gulshane 2 0 96 3 42 314 934 141 345 1,876
Ravi

9 Tajpura 1 0 117 O 24 322 913 127 304 1,808

Most Critical 2 0 117 10 42 483 934 141 345 1876

The most critical value in the monsoon of 2023 was 934 mm/month for the location Gulshan e
Ravi. In order to calculate the most effective rainwater harvesting, we need to take the
maximum rain in one day value and consider it for our design. The detailed data for rainy days
in Gulshan e Ravi for the Month of July 2023 is attached below:
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Table 5: Precipitation in Gulshan e Ravi for the Month of July 2023

Day Precipitation (mm/day)
03.07.2023 14
05.07.2023 268
06.07.2023 59
08.07.2023 50
15.07.2023 32
19.07.2023 13
22.07.2023 203
24.07.2023  zero
26.07.2023 137
27.07.2023  trace
28.07.2023 1.5
29.07.2023 156

Most critical value from the above data is found to be 268 mm/day. This rainfall intensity has

been considered for 2 consecutive days for the capacity design of UGWT.

Estimation of Rainwater Harvesting Potential

Calculating Total Rainwater Harvesting Potential of Lahore

With the help of GIS, the catchment area has been marked for each collection point. The data
for water ponding has been obtained from field surveys provided by WASA. The total critical
catchment area has been calculated with the help of GIS as presented below:

Figure 17: GIS Classification Map (Rainwater Intensity) of Lahore
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W
)/ L4

Table 6: Total Critical Catchment Area calculated with the help of GIS

Suitability Area sg.km Coverage %
Unsuitable 49.19 2.92

Low Suitability 1,101.28 65.44
Medium Suitability 413.03 24.54

High Suitability 95.43 5.67

Very High Suitability 24.21 1.44

The total area is considered for those catchment areas having Very High Suitability (i.e., 24.21
sg.km). The total volume after accounting for Evaporation, Surface runoff has been calculated
as below:
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Total Volume = Area x Rainfall Depth

=24.21 x 0.268 x 10°
Total Flow = 6,497,717 cu.m/day (Say 6.5 x 10° cu.m/day)
Q evaporation + Q runoff + Q RWH = Q total (1)
Q rwH = Q totat X 0.6 (2)

40% of Rainwater accounts for the total evaporation, Runoff, and sub-surface drainage.
Q rwH = 3,892,630 cu.m/day

Transportation and Storage to Rainwater Storage Tanks

As, Q rwH = 3,892,630 cu.m/day

For 100% of Very High Suitability, the locations 4 occupies 19% of this area, the location 8

occupies 35% of this area, the location 2 occupies 30% of this area and the location 9 occupies

16% of this area.

Q rwH2 = 1,167,790 cu.m/day

Q rwh4 = 739,600 cu.m/day

Q rwhHs = 1,362,420 cu.m/day

Q rwHg = 622,820 cu.m/day

After analyzing the quantum of rainwater potential to undergo harvesting and defining the

suitable locations, the storage of rainwater at each individual site is the main objective. This

problem is proposed to be addressed as follows:

1. The accumulated Rainwater at each site is to be transported in Downpipes.

2. The Downpipes size calculated based on Equation of Continuity.

3. The downpipes will carry the water to the storage tank or in this case UGWT which will be
designed based on the quantum of water at each individual site.

4. The location of UGWT will be based on several factors such as Distance Relevance, type
of facility/ open land availability.

5. The Collected Water in the UGWT will then be filtered and made fit for use.

For the Water to be evacuated in 6 hours, the Value of Q RWH shall be divided by 6 x 3600

for Cu.m/s.

Q = A.v (Eq. of Continuity)

®3)

Q rwH = 180.214 cu.m/s

Velocity kept as 4.5 ft/s; the diameter of pipe has been selected as 2 ft.

Based on their respective locations, the nearest suitable locations for the UGWTSs

(Underground Water Tanks) have been marked with distances from accumulation site in the

below maps:

Figure 18: Locations for the UGWTs (Underground Water Tanks) marked with
distances from accumulation site (Fig on Next Page)
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Table 7: Comprehensive Overview of UGWTSs (Underground Water Tanks) across various
Locations, including Length and Diameter Specifications of Pipes

Location No. No. of Size of Total Length  Dia. of Pipes (ft)
UGWT UGWT (m) of Pipes (m)

2 2 60 x50 x 4 77 2

4 2 60 x 50 x 4 583 2

8 2 60 x 50 x 4 565 2

9 3 60 x 50 x 4 748 2

Conclusion

In this study, a critical issue was identified related to the escalating water demand and the
concurrent decline in the water table within urban populations. A multifaceted problem
statement under-utilization of a valuable natural resource.

The observed surge in urban water demand, coupled with the concerning decline in the water
table, prompted the identification of a pressing issue. Additionally, the inefficient utilization of
accumulated rainwater in various locations emerged as a key concern. The inefficiency in
managing rainwater not only contributes to water scarcity but also underscores the need for a
comprehensive solution. The problem at hand, therefore, encompasses both the quantitative
imbalance in water supply and the qualitative mismanagement of available water resources. It
was established, shedding light on the significant wastage of rainwater at various locations. In
response, the proposed solution takes the form of rainwater harvesting techniques, aiming to
address both the surge in water demand and the geographical regions in the future. The
scalability and adaptability of this solution presents opportunities for implementation in diverse
urban landscapes, fostering sustainable water resource management practices. Summarizing, the
integration of rainwater harvesting techniques offers a holistic and sustainable solution to the
identified challenges associated with increasing water demand and diminishing water tables in
urban areas. By addressing the inefficiencies in rainwater utilization, this approach not only
caters to immediate water supply needs but also lays the groundwork for scalable and impactful
solutions that can be applied to broader geographic contexts in the future.

To mitigate the identified problems, a pragmatic solution is proposed through the
implementation of rainwater harvesting techniques. This involves the introduction of a
specialized drainage system designed explicitly for the purpose of collecting and harnessing
rainwater. The collected rainwater is then strategically stored in underground water tanks
strategically positioned at suitable locations, ensuring optimal storage capacity and accessibility
from the collection points.

Implementation Strategy

The proposed drainage system is envisioned to efficiently channel rainwater to designated
storage points, ensuring minimal wastage. Subsequently, the accumulated rainwater undergoes
a thorough filtration process to render it fit for various purposes. The utilization of underground
water tanks guarantees a sustainable and accessible reservoir of rainwater that can be effectively
harnessed to meet the escalating water demand within the urban setting.
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