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Water security challenge

Urban water security challenges in Singapore
I Limited supply

I Lack of natural water resources
I Heavily dependent on rain and vulnerable to climate change

I Increasing water demand:
I 430 million gallons a day or 782 Olympic-sized swimming pools
I Expected to double by 2060
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Supply side solution

Supply side solution:

Source:https://www.pub.gov.sg/watersupply/fournationaltaps.
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Supply side solution

Increasing water catchment area: limited land space

Source:https://www.pub.gov.sg/watersupply/fournationaltaps.
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Supply side solution

Imported water: political risk

Source:https://www.pub.gov.sg/watersupply/fournationaltaps.
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Supply side solution

Water recycling (NEWater) and desalination: expensive

Source:https://www.pub.gov.sg/watersupply/fournationaltaps.
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Demand side solution

Demand management goal for residential water use:

Source:https://www.pub.gov.sg/watersupply/singaporewaterstory
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Demand side solution

Demand management:

I Efficiency improvements

I Nudging

I Education and Community Engagement
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Demand side solution

Water pricing:
I Increasing block tariff
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Demand side solution

In residential water conservation:

I Are demand side solutions effective?

I How does human behaviour affect the effectiveness?
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Study 1: water pricing

Agarwal, S., Araral, E., Fan, M., Qin, Y. & Zheng, H. The effects of policy
announcement, prices and subsidies on water consumption. Nature
Water 1, 176–186 (2023). doi:10.1038/s44221-023-00028-1.
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Policy background

The announcement and implementation

I Announced in February 2017 during budget speech

I Major media coverage:

Source:https://www.straitstimes.com/singapore/

singapore-budget-2017-water-prices-to-increase-by-30-from-july-1-in-two-phases.
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Literature

I Price elasticity of water demand is low (Wichman, Taylor, and von
Haefen, 2016)

I Factors:
I Price: pricing structure (Ito, 2014; Wichman, 2014) and components

(Chetty, Looney, and Kroft, 2009)
I Water bill: inattentiveness (Brent and Ward, 2019); payment method

(Sexton, 2015)
I Quantity: infrequent meter readings (Jessoe and Rapson, 2014; Gilbert

and Graff Zivin, 2014; Wichman, 2017); systematically biased belief
(Attari, 2011)

I Despite low price elasticity, pricing is a cost-effective tool in water
conservation (Stavins, 2003; Grafton and Michael B., 2008; Mansur
and Olmstead, 2012)
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Data

I Billing data on monthly water consumption provided by PUB,
Singapore’s National Water Agency.

I It includes 2.2 million utility accounts that covers all non-landed
premises that houses 95% of Singapore’s resident households.

I A total of 120 million observations from 2011 to 2019
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Do consumers respond to price changes?

Regression discontinuity in time:

(a) HDB flats (b) Private apartments
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Do consumers respond to price changes?

I Evaluated at the mean, for an average household size of 3.16, the
overall effect of 5.8% reduction translates to 10 litres of water saved
per capita per day

I Announcement accounts for 64% of the overall effect

(1) (2)
Dependent variable: Log of water consumption

Pre*HDB -0.007 -0.007
(0.006) (0.006)

Post*HDB -0.058*** -0.037***
(0.006) (0.008)

Post first price increase*HDB -0.021***
(0.008)

Post second price increase*HDB -0.028***
(0.007)

Group time trend Yes Yes
Account FE Yes Yes
Year-month FE Yes Yes
N 56,953,157 56,953,157
R2 0.773 0.773
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Why does announcement work?

Google trend shows a sharp increase in the search on \Water Price"
immediately upon the announcement of price increase

Data Source:https://trends.google.com/trends/?geo=SG .
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How does announcement work?

I Consumers with low water demand have low price salience (Brent and
Ward, 2019)

I Consumers with low price salience respond more to the announcement
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How does announcement work?

The trend of consumers with low price salience respond more is consistent
across all income groups

(a) HDB 1-/2-room (b) HDB 3-room (c) HDB 4-room

(d) HDB 5-room (e) HDB Executive
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E�ect of price increase

The e�ect of price increase is larger for consumers with higher demand.
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Is the result driven by shifting to lower price block?

I No bunching at the cuto� before or after the price increase

(a) Distribution before price change (b) Distribution after price change

I Less than 3% of the monthly consumption cross all households is
above 40 cubic meter
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Is price increase regressive?

Distributional e�ect:
I The increase in water bill as a percentage of income is larger for lower

income households
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Solution?

I Utility subsidy increase announced and implemented alongside the
water price increase

I GST Voucher - Utility-Save (U-save)
I Eligibility: Singaporean who ownes no more than one property and

reside in HDB 
at; 90% of all HDB households
I Quarterly payout
I Di�erential amount by HDB 
at size that proximate income levels
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Does subsidy increase help?

I The amount of subsidy increase is larger for lower income households:
I It is larger than the average increase in water bill upon the �rst price

increase across income groups
I It is larger than the average increase in water bill upon the second price

increase for lower income groups
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Does subsidy increase help?

I Net cost of water as percentage of income is reduced for
lower-income households
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Does subsidy a�ect water consumption?

Changes in GST Voucher - U-save:
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Does subsidy a�ect water consumption?

Neither the announcement nor the implementation of subsidy increase has
any statistically signi�cant e�ect on water consumption

Dependent variable: (1) (2) (3) (4) (5)
Log of water consumption 2012 2019

Pre*HDB 0.004 0.006 -0.009 -0.001 -0.008
(0.008) (0.010) (0.012) (0.008) (0.011)

Post*HDB 0.005 0.006 -0.02 -0.019
(0.012) (0.013) (0.02) (0.014)

Post second price increase*HDB -0.021**
(0.008)

Post subsidy increase*HDB 0.006 -0.009 0.001
(0.010) (0.017) (0.015)

Group time trend Yes Yes Yes Yes Yes
Account FE Yes Yes Yes Yes Yes
Year-month FE Yes Yes Yes Yes Yes
N 38,381,985 38,381,985 14,578,483 21,342,188 35,940,387
R2 0.784 0.784 0.837 0.826 0.801
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Why is there no e�ect?

No e�ect at all or no e�ect on water consumption only?
I It does not a�ect electricity consumption and household expenditure

on grocery.

(1) (2) (3) (4)
Dependent variable: Log of electricity consumption Log of expenditure
Year of rebate increase: 2012 2017 2019 2017

Post*HDB -0.013 0.018 0.001 -0.045
(0.008) (0.013) (0.014) (0.036)

Post subsidy change*HDB 0.005 -0.014 -0.002 0.022
(0.009) (0.012) (0.015) (0.041)

Group time trend Yes Yes Yes Yes
Account FE Yes
Flat-type FE Yes Yes Yes
Year-month FE Yes Yes Yes Yes
N 180 240 145 19,082
R2 0.999 0.999 0.999 0.524
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Why is there no e�ect?

Is the subsidy amount too small?
I The subsidy increase in 2019 is small
I The subsidy increase in 2012 is larger than the increase in water bill

as a result of the price increase
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Why is there no e�ect?

Is there delayed e�ects?
I The null e�ect is through out the sample period

(a) 2012 rebate change (b) 2019 rebate change
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Why is there no e�ect?

Does the e�ect di�er by time to deposit of subsidy?
I There is no di�erence by distance in time to the deposit of subsidy

(a) 2012 rebate change (b) 2019 rebate change
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Why is there no e�ect?

Lower salience compared to water price
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Why is there no e�ect?

Lower salience compare to components of GST voucher (i.e. GST Voucher
Cash) which requires active usage

Data Source:https://trends.google.com/trends/?geo=SG .
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Summary

Is pricing e�ective in managing residential water demand?
I Do consumers respond to price changes?

I Yes, and information enhances the e�ect of price increase
I Is price increase regressive?

I Yes, but utility subsidy could reduce the regressive e�ects
I Would utility subsidy undermine water conservation e�orts?

I The change in subsidies had no e�ect on consumption behavior, which
is likely a result of low salience by policy design.
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Policy implication

I Pricing is cost-e�ective in water demand management
I Information provision, through the announcement of policy change,

could modify price elasticity of water demand and make price
regulations more e�ective

I Low-salience utility subsidies could be e�ective in addressing the
regressive distributional e�ect without undermining the water
conservation e�orts
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Study 2: plumbing vs nudging

Agarwal, S., Araral, E., Fan, M., Qin, Y. Zheng, H. Water conservation
through plumbing and nudging.Nature Human Behaviour . (2022)
doi:10.1038/s41562-022-01320-y. doi:10.1038/s41562-022-01320-y.
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Home Improvement Programme

Public housing in Singapore:
I Over 80% of the population lives in public housing developed and

managed by the Housing and Development Board (HDB)
I 90% of the residents own their homes
I There are more than one million HDB 
ats, with the oldest 
ats built

in the 1960s.
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