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This paper examines how water pricing would affect water demand and the productivity of farmers in rural Punjab. The paper
aims to answer the following questions: To what extent can water pricing mechanisms solve water insecurity in rural Punjab?
Is the absence of price controls for water affecting the efficient supply of water to farmers? Does water pricing lead to equal
and more efficient use of water? Are farmers willing to pay for such a water pricing mechanism? I surveyed farmers across
Punjab, specifically with 47 respondents, to understand the issue through a regression analysis. The farmers surveyed are from key
areas across Punjab, including Multan, Bahawalnagar, Gujrat, Sargodha, Rahim Yar Khan, Sahiwal, and Faisalabad. I estimate
the elasticity of demand for water usage and revenue under different tax regime schedules. I find that water is a productive
input for farmers across Punjab, with the finding that a 1% increase in tax leads to a 0.83% decrease in revenue. I find that
farmers report a decrease in water due to taxes, resulting in loss of revenue from the reduced water supply, as well as loss of
revenue from taxes on water. The loss in revenue varies with the change in income bracket. Ultimately, my results suggest
that the government of Punjab employs cautious, piloted, and progressive taxation on water reform in rural Punjab. The limita-
tions of this paper include the absence of water metering data in Punjab, which necessitates the papers reliance on farmer responses.
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Introduction

Efficient water use in agriculture is a crucial topic for economic
analysis. Crucially, overuse and water wastage are a worldwide
phenomenon, but are dependent on local systems and policies.
Punjab, a province in Pakistan, lacks holistic, manageable legis-
lation in policy and regulation in the water sector. The proof of
their obsolescence lies in their reliance on the Warabandi system,
a water distribution system developed in the 1800s. This docu-
ment remains the schedule for surface water distribution. With
the onset of climate change and faulty infrastructure, Punjab’s
water supply continues to fall dramatically. A water scarcity cri-
sis arises from Punjab’s inability to meet the excessive demand,
as farming across Pakistan accounts for 45% of the labour force,
20% of the GDP, and 60% of the countrys foreign exchange.
Punjab and Pakistan, more than anywhere in the world, rely
on their agricultural sector1. Critically, Punjab lacks a tax or
tariff-based system of legislation, relying instead on general
government regulation, which has yielded no benefit. These
conditions make it a good setting to study, and few studies have
investigated this setting, for example2,3.

On the one hand, water is underpriced, which means agri-
culture can become a dominant industry in certain countries,
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thereby significantly increasing the countrys GDP and quality
of life. On the other hand, underpricing could lead to ineffi-
ciencies that counteract this effect. Underpricing could lead to
significant amounts of over-extraction for water-intensive crops
(rice, etc.). Furthermore, it could create a spillover effect, with
overextraction leading to a decrease in the overall water sup-
ply in less rainy seasons, thereby reducing the ability of poorer
farmers to extract water for their crops. This process mirrors
the tragedy of the commons, as the lack of regulation creates
non-excludability for ground and surface water. Studies in the
past have explored the use of tighter regulatory controls and
property rights; however, none based in Pakistan have proposed
a pricing/metering approach. Crucially, it is essential to deter-
mine whether farmers would be amenable to such a tax or if it
would hinder their agricultural production.

In this study, I directly test the willingness of farmers in
Punjab to participate in such a scheme by surveying them to
understand better their perception of water wastage, as well as
their responsiveness to the changes in prices for taxes per gallon
of water. Crucially, I try to understand that the introduction
of pricing mechanisms may lead to a reduction in farmers ex-
traction of water from both the canal and groundwater, thereby
reducing water wastage. Due to limited data on water usage
and the absence of studies that survey farmers, an approach that

© The National High School Journal of Science 2025 NHSJS Reports | 1



interpolates the farmers willingness to pay is necessary.
My findings indicate that the overuse and wastage of water

in Punjab farms have created a negative externality of consump-
tion, thereby reducing the water supply for other farmers in
similar regional areas. This is because of the overextraction
of groundwater, which leads to a shortage for other farmers in
Punjab. Punjabs water crisis is fueled by the overexploitation
of groundwater resources and inefficient techniques for using
surface and canal water. Of the total 90 MAF of available water
in Punjab, the total losses amount to 37 MAF4. As the years
pass, Pakistan has been increasingly grappling with the water
insecurity crisis. Being an Agri-based economy, with more than
80% water usage in the agricultural sector5, the shallow and
outdated policy for the supply and usage of water has led to crit-
ical inefficiencies. It has come at a significant cost to Pakistan’s
water supply. Finally, through the survey, I found that the effect
of the tax varies with income level. In general, farmers report
losing water from taxes, losing revenue from the loss of water,
and losing revenue from a tax on water. The loss in revenue
varies with the change in income bracket.

I contribute to two main strands of literature: (1) water use
and scarcity in agriculture and (2) water policy for agricul-
ture. Among the current literature, this paper is essential for
understanding farmers perception of water wastage and their re-
sponsiveness to pricing mechanisms introduced to curb overuse.
For groundwater, the current literature portrays a picture of an
overused and exploited groundwater system in Punjab, charac-
terized by a well-developed yet poorly managed policy infras-
tructure. My paper aims to examine government intervention,
specifically in the form of taxes or tariffs, rather than previous
market policies and regulations, to curb the excessive depletion
of the resource. Finally, for surface water, current literature
supports demand side policies as well as managing supply and
inefficiencies by increasing storage capacity, increasing data
inflows, and establishing water rights6–9. Though most issues
pointed out by current literature make surface water less depend-
able, less replenishable, and an overall depleting resource in the
future. This leads to the overuse of groundwater, which, through
excessive extraction, contributes to water scarcity. This study
aims to address this issue by implementing a pricing mecha-
nism for both, as well as providing further recommendations
for increasing data inflows through metering and establishing
property rights.

Institutional Setting

Pakistan is an agriculturally based economy, with less than a
quarter of its GDP derived directly from agricultural resources.
For this usage, Pakistan has an estimated net withdrawal of
148 billion cubic meters of water per year on average; however,
its water availability has declined, with5 suggesting a stress
level of 80% on water usage. On average, Pakistan uses the

most water for the four primary crops: wheat, cotton, rice, and
sugarcane. Punjab dominates the agricultural sector, accounting
for over half of the country’s agricultural output. Accordingly,
the productivity per hectare of water used has increased in both
Sindh and Punjab, with values ranging from US 0.04 to US 0.08
in Punjab and from US 0.03 to US 0.06 in Sindh5. Although
this growth has shown a potentially double value, the potential
for maximum yield is now low. Groundwater is over-extracted,
and the absence of a price mechanism does not account for that.
Furthermore, arable land is diminishing, and the Warabandi
system10 has made surface water unattractive for many farmers.

Groundwater

Groundwater (private tubewells) has experienced an overwhelm-
ing boom in the last few decades. Following a significant in-
crease from the 1960s Green Revolution, Pakistan had 1.2 mil-
lion tubewells as of 2018. This is a substantial increase from
just 30,000 in 19601,2. which makes it the fourth-largest country
in the world in terms of groundwater extraction. 85% of these
tube wells are in Punjab, making the province the largest of the
five. The extraction, on the other hand, is closer to 90% Further-
more, this has led to an increase in agricultural land in Punjab,
moving from 8.6 to 16 million hectares of land. Groundwater
has become crucial, as it provides 73% of the water used for
irrigation in Punjab, making it the primary source of water2.

With this overreliance on groundwater, the literature reveals
that Punjab faces multiple issues and driving factors that have
contributed to a crisis of insecurity today. The first issue is over-
extraction and recurring depletion of aquifers. Additionally,
Punjab’s favourable quality of groundwater massively favoured
farmers, with only 23% of the resources classified as poor3.
With an overall increase in demand for more water-intensive
crops, the aquifer pumping has already hit the ceiling of 43 MAF,
as groundwater today completely depletes natural aquifers (Pak-
istan Irrigation Department, 2018). The water in aquifers is not
new water; it is recharging, seeping in from the unlined canals
of the Indus Basin (IBIS). The implication of this is that there
is a significant amount of over-extraction in groundwater re-
sources. Corroborating this, current research indicates an aquifer
recharge-to-discharge ratio of 0.8%, suggesting that groundwa-
ter is being extracted faster than aquifers can recharge6. This
has resulted in a reduction of Punjabs water tables. Key areas,
such as Lahore (48 feet drop), Multan (32 feet), and Pakpattan,
with a 44 feet drop. 27 out of the 30 districts have experienced a
drop in water tables 11. Although current literature outlines this
threat, the lack of data management and reporting may imply a
greater issue than currently understood. The literature attributes
this lack of policy and regulation to the governments continued
allowance of privately developed tubewells. Initially, the gov-
ernment was primarily focused on soil salinity and waterlogging
as the most significant issues, which is why they allowed private
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tubewells to continue in use and maintain their popularity. The
lasting impact of these results is a disappointing dearth of leg-
islation. The earliest account of this legislation is found in the
Provincial Irrigation and Drainage Act of 1987. Even this analy-
sis, however, remained confined to the role of canal and surface
water for farmers, while largely disregarding the regulation of
groundwater12.

Notwithstanding, progress has started to develop recently.
The most significant policies include the Punjab Water Act of
2019, a revolutionary act that not only emphasizes the need
for licensing, monitoring of aquifer conditions, and classifying
groundwater as a public resource but also includes emergency
restrictions. Furthermore, the complementary policy introduced
in the Punjab Irrigation, Drainage and Rivers Act 2023 strength-
ens quotas, aquifer zones, and sanctions the use of illegal pumps
and tubewells. Current literature tends to overlook regulatory
steps that address the issue at its core. Though a metering and a
tariff system are not included in the mentioned acts, regulations
that this study aims to add to, additionally, current policy has
not led to a slowdown in falling water tables, as the rate at which
they fall has been consistent, even with the introduced policy11.

Surface Water

The surface water in Punjab is dominated by the Indus River,
with large tributaries and canal networks spanning the province.
The tributaries and canals were established during the British
colonial era in the 19th century.

Annually, the tributaries carry 180-190 billion cubic meters
(BCM) of water from India6. This is due to the Indus Water
Treaty (1960), which allocates three eastern rivers (Beas, Ravi,
and Sutlej) to India, with the three western rivers (Indus, Jhelum,
and Chenab) allocated to Pakistan. Of the water the tributaries
carry, 130 BCM goes into the Canals for irrigation. Punjab rests
on the three western rivers; hence, it has the best access to canals.
It accounts for 48% of the share of surface water diversions, as
mandated by the 1991 Water Appointment Accord. This accord,
although outdated, may serve as an inaccurate tally of how
much Punjab uses. Of this amount, 95% of the withdrawals
go to agriculture13. The withdrawals cover 16 hectares of land
on the IBIS (Indus Basin Irrigation System), which is often
cited as the world’s most contiguous irrigation network 2. As
described previously, the rising demand for crops was met with
an increase in groundwater extraction, as little to no new canals
were constructed from the 1980s onwards. This indicates that
the deliveries of surface water are insufficient for the growing
Agri-economy.

The first issue the literature mentions is that of the inefficien-
cies in infrastructure. The recurring problem here is the limited
storage capacity of the canals and tributaries. This is due to
Pakistans river water being seasonal, as it sees a sharp increase
in the monsoon periods and a decrease in the winter months.

Even then, they deliver only 30 bm3of water, which only fulfills
15% of the crop water required, which falls greatly short of the
mark. Furthermore, Pakistan’s reservoir capacity is around 30
days, which is an extremely low number compared to the 900
days of the Colorado River2. Pakistan has only built a few large
dams. The last major dam, Tarbela, was completed in 1970. The
neglect of water beds has led to an increase in siltation, which
is predicted to decrease storage capacity by 57% by 202514.
Moreover, the National Water Policy of 2019 states that more
than 50% of the water does not reach fields due to inefficiencies
in irrigation and canal supplies, a figure that groundwater has
had to compensate for. For farmers, this can create a spatial
imbalance, as head-to-end farmers have a greater advantage in
accessing water than tail-to-end farmers.

Furthermore, literature focuses on productive output. Accord-
ing to the UNDP 2017 report on Pakistans water vulnerability,
it is classified as the lowest globally in terms of crop yield per
benchmark. Rice, sugarcane, and wheat all fall behind inter-
national benchmarks, as they are heavily reliant on canal and
surface water for irrigation. This leaves the reduced storage and
efficiency problem as not just a question of improving storage
capacity, but rather working on improved techniques for farm-
ing, such as drip irrigation, which is argued to save 30-70% of
water across crop types and depending on the season15.

Lastly, the everlasting effects of climate change are hard
to ignore. Studies such as13project glacial melt, which can
increase supply in the short term, but prove detrimental to long-
term supply. Threats such as these, coupled with droughts in
2010 and 2014, suggest that climate change has a significant
impact on Pakistan’s surface water supply.

Policy Litterature

Sheila M. Olmstead and Robert N. Stavins (2009)16 argue that
economic signals, particularly price-based approaches, can of-
ten be more predictable and cost-effective in conserving water
than purely regulatory or educational efforts. Their focus on
urban environments still provides valuable insights for agri-
cultural contexts, as effective policy in both cases hinges on
accurately measuring water consumption to determine what,
if anything, users should be charged for. The importance of
measuring mechanisms becomes clear when considering War-
fords17 (1994) contention that the marginal opportunity cost of
water should include not only production and user costs but also
environmental impacts. If policymakers cannot track how much
water is being consumed, they cannot incorporate these broader
costs into fees, taxes, or any form of price-based policy.

Several types of measurement technologies have been pro-
posed or deployed in various agricultural settings worldwide.
Mechanical or accumulation meters record total usage over time,
providing a cumulative figure that can be read periodically for
billing or data gathering. Pulse-signal meters add a layer of
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detail: after a fixed volume of water passes (for example, ev-
ery ten or one hundred liters), a pulse is sent to a data logger,
which can be accessed via a drive-by system or a remote trans-
mitter. Interval meters take this further by recording usage at
defined time intervals (such as hourly), thereby offering a more
granular view that could, for instance, flag unexpected surges
in consumption that might indicate leaks. Advanced models,
such as the one Thomas Boyle18 discusses, Automated Meter
Reading (AMR) and Advanced Metering Infrastructure (AMI),
enable either one-way or two-way digital communication be-
tween the meter and the utility, often providing near real-time
data. This higher-frequency information can be paired with
dynamic pricing, similar to peak and off-peak rates in electricity
markets, and can enable faster detection of anomalies, such as
leaks or unauthorized usage. However, the cost of equipping
entire regions

Within the context of Pakistan, colonial-era documents con-
tinue to define surface water allocations, leaving formal property
rights incomplete or nonexistent19. Without legally recognized
entitlements to water, it becomes difficult to implement metering
programs that assign each user a specific allotment. Furthermore,
the socio-political environment can allow powerful farmers or
local bureaucrats to extract more water than they are entitled to,
while smaller farmers are marginalized. Groundwater extraction
poses another challenge: many farmers pay only for the energy
(diesel, electricity) it takes to pump water from aquifers, rather
than for the water itself. As Gisser and Sanchez20 have noted,
if an aquifer is not yet on the brink of depletion, policymakers
may underestimate the long-term consequences of unregulated
extraction. This gap is especially concerning in arid or semi-arid
regions of Pakistan, where the threat of serious depletion looms
but has not always manifested into immediate crises. Zekri
(2016)21 and co-authors suggest that smart water solutions, in-
cluding metering and integrated hydro-economic models, can
help track groundwater usage and prevent catastrophic draw-
down. Still, high installation and operational costs, coupled
with limited local institutional capacity, hinder their large-scale
rollout.

Despite these obstacles, global case studies illustrate the ben-
efits of accurate metering for effective water management. A
time-varying difference-in-differences analysis in China, con-
ducted by Lin Fang and Fengping Wu22, demonstrated that
well-defined water rights, combined with a trading scheme that
relied on robust consumption measurements, promoted conser-
vation across regions. A similar outcome was observed in North-
ern Italy, where shifting from flat irrigation fees to volumetric
charges (supported by meter readings) curtailed over-irrigation
Pronti23. Robert Stavinss24 broader work on environmental
pricing suggests that if water usage is verifiable, either a cap-
and-trade system or a water tax can reduce consumption; indeed,
both approaches depend on consistent data about how much
water each user withdraws. Yet it is crucial to acknowledge

that implementing such schemes in Pakistan might require not
just technological tools but also social and institutional reform-
sElinor Ostroms (2000)25 work on local-level governance, for
instance, hints that community buy-in may be critical where
trust in central authorities is weak. Meanwhile, Pigouvian taxes
(Andres Chambouleyron, 2002)26, aimed at capturing the envi-
ronmental externalities Warford (1994)17 described, will only
be effective if they are tied to reliable measurements and if
revenues are managed transparently.

Chambouleyrons (2003)27 perspective on optimal metering
and pricing further underscores that installing the most advanced
meter in every location is not always economically justified. If
the cost of installing and maintaining meters outstrips the sav-
ings or revenue derived, a more targeted approachuniversal in
some areas, selective in othersmight be the best compromise.
Indeed, his work highlights the risk that private water utilities
may place meters primarily where they expect to maximize
profits, thereby excluding lower-income or less profitable re-
gions. Addressing this in Pakistan will demand clear regulations
and oversight to ensure that short-term economic gains do not
eclipse the social objectives of equity and sustainability. Coases
(1960)28 insights into property rights and bargaining suggest
that once water rights are properly delineated, communities or
individuals might negotiate usage levels among themselves. Yet,
corruption and bureaucratic myopia can derail such negotiations
if there is no transparent system in place to enforce agreements.

Taken together, these studies imply that Pakistans path for-
ward must include improving and expanding water metering
technology while simultaneously overhauling legal, institu-
tional, and governance structures. Accumulation and pulse-
signal meters may be low-cost stepping stones for gathering
baseline data, instilling a habit of measuring, and managing
water. In high-stakes regions, interval metering or even par-
tial AMI deployment might offer richer data for dynamic pric-
ing or swift enforcement. If property rights are clarified, as
Coase (1960)28 would recommend, then trading schemes echo-
ing Stavinss carbon-market analogy could theoretically allocate
water more efficiently, provided that metered data are reliable.
Warfords (1994) idea of incorporating environmental costs into
the marginal opportunity cost of water highlights the broad
scope of the vision for pricing. Although Pigouvian taxes or
other charges may seem out of reach in places with weak gover-
nance, Elinor Ostroms (2000)25 emphasis on local stakeholder
involvement suggests that community-driven metering could
still mitigate the unrestrained depletion of common resources,
such as aquifers.

Ultimately, the solution may lie in a combination of advanced
measurement technologies, targeted pilot programs, progres-
sive legal reforms, and careful attention to the social context in
which these tools are introduced. Whether universal metering is
adopted or a more selective rollout is pursued, the experiences
from China, Italy, and other regions demonstrate that accurate,
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Parameter Measurement Transfer Processing/Analysis Feedback
Mode Water meter and data logger

technology combinations
used to capture information
about water consumption.
Residential intelligent
metering typically uses
displacement meters which
generate a pulse signal after
a set volume passes through
the meter.

Means by which data is
transferred from meters to
utilities, customers and
back. Data is transferred
from the data logger via
broadband, cable or
wireless (e.g., radio, GSM,
CDMA *). May be fully
remote or require near
range collection (e.g.,
drive-by download).

Means by which a
utility/third party stores
(e.g., data servers) and
manipulates (e.g., end-use
analysis software package)
water use data. Implications
for third party access.

Method by which data is
provided to customers for
interpretation, e.g., postal
bill, email, web interface,
smart phone application.
Behaviour change may/may
not ensue.

Frequency The specified time intervals
at which (i) water use is
recorded by the
meter/between number of
pulses; and (ii) data from
the meter is collected by the
data logger, e.g., 15 min
intervals.

How often data is sent or
collected by the utility/third
party, e.g., daily, half hourly,
real-time. Will vary
depending on the type of
meter, e.g., pulse versus
interval.

The frequency at which
water use information is
used to update utility
operations (e.g., for
pressure management).

The frequency at which
water use information is
communicated to the
customer (e.g., quarterly,
monthly, daily, real-time,
etc.).

Resolution The granularity of water
flow detected by a water
meter (e.g., L/pulse).
Determined by the purpose,
capabilities and settings of
the water meter. Resolution
of the recorded data by the
data logger, e.g., L/15 min
(i.e.,frequency of
measurement, above).

Resolution of data remains
unchanged, though quality
of data (i.e.,
complete/partial) may suffer
from disruptions to
transmission process.

Data may be aggregated or
manipulated to analyse
trends (e.g., leak
assessment; end-use
analysis).

The level of detail of
information provided to the
customer, such as usage per
unit of time and/or end use
breakdown. Comparative
framing and benchmarking
may aid legibility and
comprehension. Content
and framing should be
informed by behaviour
change theory, information
about target audience and
tailored to the mode in
question.

Table 1 Processes of an intelligent metering system.

verifiable data on water usage is indispensable for guiding pol-
icywhether tax-based, trade-based, or otherwise. The cost of
ignoring water measurement in Pakistan becomes increasingly
clear each day, as escalating demand, looming climate pressures,
and entrenched institutional inertia threaten the sustainability of
this essential resource.

Methods

The primary question driving this study is to understand the
extent to which farmers will respond to the addition and use
of metering systems and subsequent water taxation for their
farm-based water usage. The study hypothesizes that farmers
will acknowledge significant water wastage, as seepage and
crop overflows are common practices in Pakistani agriculture,
as noted in the literature. Furthermore, it is expected that the

introduction of a metering system, coupled with incremental
increases in the price per gallon of water, will incentivize farmers
to reduce their consumption, thereby decreasing the extent of
over-extraction. I aim to demonstrate a trend among a subsample
of farmers acknowledging high water wastage, which may be
indicative of the rest of the farmers in the area. Secondly, with
an increase in the price per gallon of water (accompanied by the
addition of a metering system), farmers would use less water and
eventually reduce their overextraction. Ideally, we would like to
test whether a policy introducing these price variations causes
changes in our outcome variables of interest. However, no such
policy has ever existed in Pakistan, and data on water usage
for farms is not readily available. Therefore, I use a survey to
capture how farmers would respond to such a scheme. Although
the reliability of human judgement of quantitative metrics (e.g.,
water wastage) may bring a threat of unreliability, the survey
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follows best practices for ensuring the most reliable answers for
such an exercise.

Survey

The survey conducted was a comprehensive questionnaire to
over 100 farmers. Out of those, 10 surveys were conducted in
person at the farms, and the rest were completed over the phone.
The farmers were chosen through a random sampling, which
utilized FarmDar (an Agri-tech business in Pakistans farmer
database. The timeframe for the sample set was five months,
spanning from January to May. This covered the spring to early
summer seasons for farmers. The average completion time of
the survey was five minutes. No additional compensation or
incentive was given to the respondents. Two versions of the
survey were created, one in English for ease of data analysis
and another in Urdu, the native language of Pakistan, for ease
of interviewing. Each answer was taken consensually and asked
in Urdu.

The questions, as listed in the appendix, follow three gen-
eral themes. The first theme is general information on the farm,
which would recover data on income, farm size, region, and crop
type. The second theme is water usage, in which I recovered
data on the amount of water farmers use, how much they pay,
and what method they use to extract. The third area involves hy-
pothetical pricing scenarios, in which I analyse data on changes
in farms, including changes in revenue, size, growth, and types
of crops.

This data was essential for finding the elasticities of water and
tax, as well as the productivity of water, and for understanding
how different income groups respond to pricing scenarios, which
are later presented in the regression. The survey went through
three iterations. All three were piloted with three farmers, who
provided feedback on the length, ease of understanding, and
general accuracy.

The sample pool was restricted to farm owners to focus on
respondents with the greatest information about their own farms.
In total, 47 surveys have been completed out of 150 respondents
engaged. This response rate of 31.3% is good compared to
the generally low response rates of short on-the-phone surveys,
which average around 30% in other on-the-phone or email-based
studies29.

Data

The survey population consisted of farm owners, as they would
be best disposed to knowledge about the demand for water,
the size of land that requires water, the farm’s revenue, and
their willingness to pay for each volume of water. Ultimately,
the farm owners will be responsible for paying for water by
volume; therefore, they are the most critical individuals to target
through the survey. The data received will provide the most

Fig. 1 Map of survey area

representative sample of the farm, hence it is the best population
to use. The locations of the farmers interviewed are displayed
in Figure (1)

Although locations are spread across Punjab, each area has
similar regional and climatic features, such as arid climates, low
annual rainfall with precipitation between 200-500 mm annually,
and an average summer temperature between 35.6-39 degrees,
and a winter temperature between 18.5-26.6 degrees. With
surveyed farmers facing similar regional and climate features,
this mitigates unwanted bias from the findings.

The data required from the survey ultimately aims to iden-
tify trends in the willingness to install volumetric meters, as
well as to gauge the willingness to pay of each farmer. This
data will provide necessary insight and nuance into the prices
per volume of water that people would be willing to pay. Not
only would the willingness to pay make the distribution more
equitable, but it also indicates the price at which all farmers
can access water, thereby avoiding neglect of certain groups,
which would create further market failure. Moreover, the survey
elicits information on progressive tariffs per volume for water.
As shown, progressive taxation not only increases equity but
also reduces market failure and corrects for the myopic nature
of farmers. This is studied in Menzein-Dick30, as the paper
employs behavioural economics to explain farmers short-term
decision-making preferences in comparison to decisions made
for long-term sustainability. The question elicits information on
the perceived extra amount that higher-income farmers should
pay. Relating the answer to this question to income, we can
see the trends of which income levels wish for there to be more
progressive taxation, and against which income levels do not.
The expected trend is that larger farms and higher-income farm-
ers may opt for higher tariffs, while lower-income farmers may
prefer lower tariffs. Finally, the survey determines the water
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wastage of farms. This is crucial for understanding the extent of
market failure and addressing the need for marketing to reduce
water overuse. I ran a regression analysis to break this down,
and the result was that, on average, farmers reported a 46.5%
water wastage.

Results

General Overview of Farms

Analyzing the survey results, the average water wastage reveals
an alarming 50% of water being wasted. This suggests that
nearly half of the water resources that farmers either procure
from canals or groundwater bores, or both, are of no use to the
farm and are barred from further use, as runoff water collection
methods are scarce. On average, 46.5% of total water is wasted,
creating market failure as the market never achieves allocative
efficiency. This occurs because water that other farms may need
is wasted through the water wastage of different farms, thereby
decreasing the supply to a level below the socially optimal level.
This also provides a further reason as to why metering water is
essential, as measuring exactly the amount of wastage of water
helps investment target where infrastructure may be improved
to increase supply. Further analyzing the water wastage trend,

Fig. 2 Average water wastage with the size of the farm

as shown in Figure 2, it is observable that there is a difference in
average water wastage according to the size of the farm. A small
farm was taken as less than 10 acres of land, a medium farm
was taken as between 10 and 200 acres of land, and large farms
were taken as greater than 200 acres of land. On average, waste
in smaller farms is greater than that in medium and large farms.
The difference between small farms and large farms is an aver-

age of 28 gallons, whereas the difference between smaller and
medium-sized farms is 13 gallons. As the size of the farm is of-

Fig. 3 Sources of water

ten indicative of revenue, this may mean that smaller farms have
less money to spend on water-conservation techniques. A lack
of these techniques would result in an increase in water waste,
as runoff water is not collected and reused. Excess waste may be
a contributing factor to the poorer quality of the infrastructure
used to supply water to the rest of the farm. In all scenarios, the
wastage of water creates a negative externality; however, it is
essential to note that this effect is particularly pronounced for
smaller farms, as wastage leads to greater inefficiency. With
this problem arising, all farmers surveyed expressed a desire to
have a volumetric meter installed on both their canal and their
bores to measure the intake of water. Every farmer reported that
the sole purpose of this was to gauge their water wastage and
implement conservation methods to correct for this inefficiency
in supply. The methods of acquiring water is shown in Figure 3

To further understand the trends of farmers in Punjab, Fig-
ure? shows the types of crops cultivated across Punjab. Wheat,
rice, and other crops, such as potatoes, bajra, and maize, are
the most common, regardless of the growing season. The most
water-intensive crops are rice and sugarcane, with rice account-
ing for 70.97% of all respondents. This indicates that the wa-
ter requirement is relatively high across all farms. Moreover,
Punjabs agricultural economy is primarily driven by wheat pro-
duction, earning it the nickname the Breadbasket of Pakistan. It

Fig. 4 Types of cropes
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Fig. 5 How much are you willing to pay to install water meters

accounts for 75% of the total output31. Other than this, there
is no discernible trend, as the cultivation of different crops is
spread evenly across farmers.

The survey details that 100% of the farmers were willing to
install meters on their farms, as their motives often included see-
ing their water usage in real-time, as well as making their water
supply more efficient for each crop. Furthermore, regardless
of income distribution, each farmer expressed concern about
water wastage and argued that meters would help reduce the
amount of water they waste. Figure 5 details the willingness
to pay for the installation of water meters for canals and bores.
The data show that most respondents favored a price of 1,000
PKR, with 2,500 PKR and 0 PKR following. The value that
farmers are willing to pay is 4,500 PKR. The policy implications
are that farmers are most willing to pay between 0 and 2,500
PKR for installation by either the government or local utility
companies. In our results, 51.612% of farmers are unwilling for
the government to provide installations, whilst 48.38% of them
are willing. The difference between the two is 3.23%, indicating
that farmers are split between the decisions. Policy implications
suggest that farmers should be given the option for their local
third-party utility company or the government to be responsible
for their meters, ensuring that meters are installed throughout
Punjab.

Effect of Tax on Revenue and Water Usage

Empirical Strategy

Yi = α +β1Xi +β2 FarmSizei +β3 Incomei + εi. (1)

The general regression model I use is in Equation (1), where Y

is the outcome of interest for farm i, X is the primary covariate
of interest, controls for reported farm size (in acres) and income
(in units), and εi is the idiosyncratic error term. Importantly, tax
is one of four values in the model: 0.00 (baseline), 0.01, 0.05,
and 0.10, with corresponding changes in reported revenues and
water use.

Results

My main findings are that farmers report they would lose water
due to taxes, lose revenue from the loss of water, and incur addi-
tional revenue losses from a tax on water. The loss in revenue
varies with the change in income bracket. More specifically,
water use is positively associated with both cost and farm size,
suggesting that larger, borewell-using farms extract more water
despite higher expenses. Water use is a highly productive input,
with significant returns in revenue, while current pricing mech-
anisms do not constrain usage. Farmers responding to higher
hypothetical price scenarios also report higher water use and
revenue, indicating these groups represent larger, wealthier, and
more resilient farm operations.

The Effect of a Water Tax on Water Use

The specification in Column 1 examines how current monthly
changes in water cost from a tax (logTax‘) affect reported water
use (‘logWater‘), controlling for farm size and income. The coef-
ficient on ‘logTax‘ is 2.020***, meaning that a 1% increase in
water-related costs is associated with a 2.02% increase in water
use. This counterintuitive result most likely reflects the behavior
of borewell users, who bear higher pumping costs but extract
water in large volumes. Since costs are not volumetrically regu-
lated, usage is not constrained.

The positive and significant coefficient on ‘logFarmSize‘
(1.301***) indicates that larger farms consume more water.
Several income group dummies are negative and significant,
indicating that middle-income farmers may use less water rela-
tive to the lowest-income group, possibly due to different crop
choices, access to better infrastructure, and more effective irri-
gation practices.

Column 2 has the same story as Column 1, but in this spec-
ification, I regress ‘logWater‘ on dummy variables representing
three hypothetical price points presented to farmers in the sur-
vey: Rs 0.01, Rs 0.05, and Rs 0.10 per unit in level terms.
The coefficients are large and statistically significant: 16.84***
for Rs 0.01, 19.62*** for Rs 0.05, and 23.93*** for Rs 0.10.
The increasing pattern suggests that farmers who responded to
higher price scenarios also report higher current water usage.
This is not a causal effect of pricing, as all farmers responded
to all scenarios. Instead, the pricing dummies proxy underly-
ing farmer characteristics. Larger, wealthier farms are more
confident about handling higher prices and also tend to use
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Fig. 6 Regression Analysis

more water. ‘logFarmSize‘ remains strongly positive and signifi-
cant (1.145***), reinforcing the idea that water use scales with
landholding size.

The Effect of a Water Use Tax on Revenue

The third column in Table 1.8 estimates the relationship be-
tween water use and farm revenue. The coefficient on logWater
is 0.834***, indicating that a 1% increase in water use is asso-
ciated with a 0.83% increase in revenue. This strong, positive
relationship confirms the central role of water as a productive
input in agriculture. Notably, logFarmSize is not significant in
this model, suggesting that water access is more closely tied to
revenue generation than landholding size. Several income dum-
mies are negative, indicating that some middle-income farms
may generate lower revenue than the poorest group possibly
due to limited water access, less intensive cultivation, or dif-

ferent crop choices. Further, the fifth column provides insight
into how revenue might change under hypothetical volumetric
pricing. Moving from a scenario with no tax to Rs 0.01 per unit
is associated with a significant revenue loss (13.33 units), while
increasing the tax tenfold to Rs 0.10 results in a further loss of
only 8.33 units. This diminishing marginal revenue loss from
higher pricing suggests that the most significant adjustment in
farmer behavior or revenue impact occurs at the initial impo-
sition of pricing. Subsequent price increases appear to have a
proportionally smaller impact, likely reflecting that only larger,
high-revenue farms remain viable at higher rates. These results
suggest that the revenue impact of volumetric pricing may dis-
proportionately affect smaller or more marginal farms at low
price thresholds. In contrast, larger farms exhibit resilience at
higher price levels.

Columns 4 and 5 in Table 1.8 examine how increases in
water costboth actual (logtax) and hypothetical (TaxFactor) are
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associated with changes in farm revenue. In Column 4, the
coefficient on logTax is 1.862***, indicating that a 1% increase in
current water cost is associated with a 1.86% increase in revenue.
This positive relationship likely reflects reverse causality or
structural features of the system: farmers who earn more are
also those who use more water and spend more on it, particularly
through borewell pumping costs. However, in Column 5, where
revenue is regressed on hypothetical pricing level dummies, a
clear negative pattern emerges. Moving from no tax to Rs 0.01
per unit is associated with a 13.33-unit drop in log revenue.
Increasing the price to Rs 0.05 results in an additional 4-unit
drop (totaling 17.32), while a further increase to Rs 0.10 leads
to a total decline of 21.66 units. This suggests that increasing
the tax from Rs 0 to Rs 0.01 results in a disproportionately large
revenue loss, while increasing the tax tenfold from Rs 0.01 to
Rs 0.10 results in a smaller additional decline (only 8.33 units).

Expressed in terms of elasticity: the first 0.01 unit tax increase
results in a 13% drop in revenue, while increasing the tax by
100% from Rs 0.05 to Rs 0.10 causes only a 25% increase in
revenue loss (from -17.32 to -21.66). This diminishing elasticity
suggests that the most acute burden of pricing is felt at the initial
introduction of volumetric pricing, disproportionately affecting
marginal or smallholder farms.

These patterns are consistent with the idea that higher revenue
farmstypically larger and more capitalizedare more resilient to
price increases. The dummy variables likely reflect differences
in scale and financial capacity rather than behavioral responses.
Larger farms that are comfortable with discussing or absorbing
higher pricing scenarios are also those that report higher rev-
enues. The results, therefore, reflect an evident heterogeneity
of impact, reinforcing that volumetric pricing would need to be
designed with equity safeguards to avoid regressive effects on
smaller farms.

Discussion

The regression results provide mixed evidence on the viability
and design of water pricing as a regulatory tool for farmers
in Punjab. Higher water costs are positively correlated with
both water use and revenue, suggesting that the most productive
farmers are also the highest users. Volumetric constraints do not
drive this relationship, but rather the cost structure of borewell
and surface water extraction. The results from the regression
indicate that even modest water taxes, such as Rs 0.01/unit, are
associated with a substantial decrease in the revenue of farmers,
hurting their farms and businesses.

This is particularly true among the smaller farmers. The
elasticity diminishes as price increases, implying that most be-
havioural shifts or revenue impacts occur at lower price points.
This finding suggests that if implemented, water pricing needs to
be introduced cautiously and progressively, with a focus on min-
imizing the harm to farm owners. All the while, the regression

results show that higher-revenue farmers are more price-elastic,
as they can absorb the price increase resulting from the tax.
These farmers have a more inelastic demand, as they currently
consume the most significant amount of water in gallons and are
most likely to continue their usage under a pricing scheme. The
implication is the adoption of a tiered pricing structure. Under
such a system, the initial block of usage would be heavily subsi-
dized or provided free of charge, while subsequent consumption
would be subject to progressively higher taxation. This could
serve as a feasible policy reform. This would maintain equity
among consumers while also discouraging the over-extraction
done by larger farms.

Metering is also viewed positively across income levels, as
indicated by the survey responses. This positive reaction enables
the Government of Punjab to pilot metering infrastructure, as
it has done in urban use cases. This could be done in high-use
districts where groundwater is dominant and mostly unregulated.
The benefit of metering for the government is to collect data that
measures water overextraction/scarcity more effectively.

All this said, pricing regulation may not be enough to solve the
efficiency problems, as Pakistan has a longstanding issue with
implementation. These issues include tax evasion, bureaucratic
lag, and a lack of resources and funding for adoption. The
problem then calls for complementary reforms. Areas such
as water-saving technology (drip irrigation), campaigns, and
support for crop diversification to move away from rice should
be piloted and run alongside any metering or pricing regulations.

Limitations

Like any paper, this one presents limitations. The first limita-
tion is the hypothetical bias in pricing scenarios. The paper
solicited farmers’ responses to hypothetical pricing, which may
have the limitation of not reflecting real behavior under actual
price conditions; thus, the results should not be interpreted as
causal estimates of price elasticity but can serve as indicators of
farmers’ willingness to pay. Secondly, since Punjab currently
lacks metering infrastructure, data for real water usage had to be
inferred or, again, self-reported. This limits the precision of the
regression estimates and introduces bias to the results. Further-
more, within the regression analysis itself, column 4 presents
limitations. Higher water costs are positively associated with
revenue, but this likely reflects reverse causality. Large farms
consume more and earn more; without panel data or an exoge-
nous variation in pricing, it is difficult to establish a clean causal
relationship with these results. The sample size is relatively
small and may not be perfect for making inferences. A larger
sample may be feasible with a larger research team or one with
access to funding.

10 | NHSJS Reports © The National High School Journal of Science 2025



Conclusion

To conclude, this study highlights the complexities of introduc-
ing water pricing as a regulatory instrument in Punjabs agri-
culture. Whilst the results suggest that water use is productive
and positively correlated with revenue, the current cost structure
fails to promote water conservation. The overuse of water is
the primary reason for inefficient water management and severe
water insecurity in Pakistan. Water insecurity is characterized in
the literature as a complete lack of water resources, where water
tables are depleted too quickly and overextraction is rampant.

Hypothetical price scenarios indicate that small taxes can
result in significant revenue reductions, particularly for small
stakeholders, raising concerns about the regressive impact of flat
volumetric taxes on water. This implies that any pricing mecha-
nism taken must be gradual, targeted, supported by investments
in metering, and progressive to be successful.

Ultimately, this study provides empirical evidence to a criti-
cal yet underexplored policy question in Pakistan and lays the
groundwork for future field experiments, pilot programs, and
other tests that measure real-world responses to water pricing
under more controlled conditions. These future experiments
could look like monitoring fundamental changes in water by
installing water meters, or piloting supplemental policy reforms,
such as Agri-tech reforms in Punjab.

Acknowledgments

Thank you to Trevor Dean Arnold, mentor from Cornell Univer-
sity, in the development of this research paper.

References
1 Ghulam Zakir-Hassan, Saleem Akhtar, and Ghulam Shabir. Valuing ground-

water for irrigated agriculture towards food security in punjab, pakistan. ,
2023.

2 A. Qureshi and A. H. Sayed. Situation analysis of the water resources of
lahore: Establishing a case for water stewardship. 2014.

3 G. Bakshi, S. Trivedi, C. Preeti, and R. Motwani. The indus equation.
Technical report, Strategic Foresight Group, 2011.

4 Mujahid Ali, Malik Muhammad Akram, and Emily Silverman. Sustainable
water solutions for agriculture in pakistan: An overview. , 2024.

5 William J. Young, Arif Anwar, and Tousif Bhatti. Pakistan: Getting more
from water. Technical report, World Bank, 2019.

6 Sana Nazli, Jiahong Liu, and Haibin Wang. Water resources in pakistan: a
comprehensive overview and management challenges. , 2024.

7 John Briscoe and Usman Qamar. Pakistan’s Water Economy: Running Dry.
World Bank, 2008.

8 M. H. S. Wattoo. Article on water governance.
https://www.tandfonline.com/doi/abs/10.1080/
15715124.2016.1204154, 2016.

9 Ijaz Ahmad et al. Water journal article. Water, 2024. https://
www.mdpi.com/2073-4441/16/1/34.

10 Sarfraz Khan Qureshi, Zakir Hussain, and Zeb un Nisa. An assessment of
warabandi in pakistan: A preliminary analysis. , 1994.

11 Mohsin Leghari. Punjab’s groundwater crisis, 2025.

12 A. K. Bhatti. A review of planning strategies of salinity control and recla-
mation projects in pakistan. , 1987.

13 A. N. Laghari, D. Vanham, and W. Rauch. The indus basin in the framework
of current and future water resources management. , 2012.

14 Ghulam Nabi, Fiaz Hussain, and Ray-Shyan Wu. Micro-watershed manage-
ment for erosion control using soil and water conservation structures and
swat modeling. , 2020.

15 A. Khan et al. Water savings from drip irrigation. , 2024.
https://www.sciencedirect.com/science/article/abs/
pii/S2352801X24002807.

16 Sheila M. Olmstead and Robert N. Stavins. Comparing price and nonprice
approaches to urban water conservation. Water Resources Research, 2009.

17 Jeremy J. Warford. Marginal opportunity cost pricing for municipal water
supply. , 1994.

18 Thomas Boyle, Damien Giurco, and Pierre Mukheibir. Intelligent metering
for urban water: A review. , 2013.

19 Ellen M. Bruno and Katrina Jessoe. Using price elasticities of water demand
to inform policy. , 2021.

20 Micha Gisser and David A. Sanchez. Competition versus optimal control in
groundwater pumping. Water Resources Research, 1980.

21 Slim Zekri, Kaveh Madani, and Mohammad Reza Bazargan-Lari. Feasibility
of adopting smart water meters in aquifer management: An integrated hydro-
economic analysis. , 2016.

22 Lin Fang and Fengping Wu. Can water rights trading scheme promote
regional water conservation in china? evidence from a time-varying did
analysis. , 2020.

23 Andrea Pronti and Julio Berbel. The impact of volumetric water tariffs in
irrigated agriculture in northern italy. , 2023.

24 Robert N. Stavins. The relative merits of carbon pricing instruments: Taxes
vs. trading. , 2022.

25 Elinor Ostrom. Collective Action and the Evolution of Social Norms. , 2000.

26 Andres Chambouleyron. An incentive mechanism for decentralized water
metering decisions. , 2002.

27 Andres Chambouleyron. Optimal water metering and pricing. , 2003.

28 R. H. Coase. The problem of social cost. Journal of Law and Economics,
1960.

29 Srivatsa Seshadri and Greg M. Broekemier. Small business executives
online survey response intentions: the effects of incentives and survey
length. https://sbij.scholasticahq.com/article/32575-
small-business-executives-online-survey-response-
intentions-the-effects-of-incentives-and-survey-
length, 2022.

30 Ruth Suseela Meinzen-Dick. Groundwater markets in pakistan: participa-
tion and productivity. , 1996.

© The National High School Journal of Science 2025 NHSJS Reports | 11

https://www.tandfonline.com/doi/abs/10.1080/15715124.2016.1204154
https://www.tandfonline.com/doi/abs/10.1080/15715124.2016.1204154
https://www.mdpi.com/2073-4441/16/1/34
https://www.mdpi.com/2073-4441/16/1/34
https://www.sciencedirect.com/science/article/abs/pii/S2352801X24002807
https://www.sciencedirect.com/science/article/abs/pii/S2352801X24002807
https://sbij.scholasticahq.com/article/32575-small-business-executives-online-survey-response-intentions-the-effects-of-incentives-and-survey-length
https://sbij.scholasticahq.com/article/32575-small-business-executives-online-survey-response-intentions-the-effects-of-incentives-and-survey-length
https://sbij.scholasticahq.com/article/32575-small-business-executives-online-survey-response-intentions-the-effects-of-incentives-and-survey-length
https://sbij.scholasticahq.com/article/32575-small-business-executives-online-survey-response-intentions-the-effects-of-incentives-and-survey-length


31 Abdul Qayyum. Wheat descriptive (punjab). https:
//crsagripunjab.punjab.gov.pk/system/files/Wheat%
20Descriptive%20Qayyum%20and%20Pervaiz%20%28Dr.%
20Qayyum%2C%20DACRS%29.pdf, 2011.

12 | NHSJS Reports © The National High School Journal of Science 2025

https://crsagripunjab.punjab.gov.pk/system/files/Wheat%20Descriptive%20Qayyum%20and%20Pervaiz%20%28Dr.%20Qayyum%2C%20DACRS%29.pdf
https://crsagripunjab.punjab.gov.pk/system/files/Wheat%20Descriptive%20Qayyum%20and%20Pervaiz%20%28Dr.%20Qayyum%2C%20DACRS%29.pdf
https://crsagripunjab.punjab.gov.pk/system/files/Wheat%20Descriptive%20Qayyum%20and%20Pervaiz%20%28Dr.%20Qayyum%2C%20DACRS%29.pdf
https://crsagripunjab.punjab.gov.pk/system/files/Wheat%20Descriptive%20Qayyum%20and%20Pervaiz%20%28Dr.%20Qayyum%2C%20DACRS%29.pdf


Appendix

Survey Questionnaire

© The National High School Journal of Science 2025 NHSJS Reports | 13


