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Introduction
As populations grow and rates of urbanisation increase around the world, climate change
impacts and risks on people and urban societies become more concentrated. Providing
effective and efficient municipal services is essential for building adaptive capacities of the
most vulnerable groups in developing urban societies1. However, financial constraints of
public budgets in developing economies limit the extent of municipal service provision.
Combining public budgets and overseas development finance options still fall short of
addressing key financing gaps, including for urban infrastructure2.
Urban climate change research needs to be grounded in the fiscal and financial realities
of both countries and urban municipalities. Urban municipal revenue and expenditure
models provide credibility to climate change adaptation and resilience building policies
when commensurate resources are assigned from public budgets and/or a clear plan is in
place to acquire them from alternative sources 3 (However, observed climate change
impacts have exposed flaws in extant municipal finance structures, which have potentially
negative impacts on the adaptive capacities of vulnerable populations. This research
explores the interlinkages between climate change impacts on urban municipal revenue
and expenditure in the context of developing societies. There is specific focus on where
at-risk revenue streams might compromise redistributive social, economic and
environmental expenditure. Policy guidance and future research direction is outlined in
relation to key entry points for municipal finance reform to promote urban climate
resilience.

Urban Adaptation and Municipal Finance
The Global Commission on Adaptation estimates that investment in climate change
adaptation will yield an estimated $7.1 trillion in benefits from an illustrative global
investment of $1.8 trillion4. With a cost-benefit ratio of approximately 1 to 4, the rationale
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for public sector investment in adaptation is clear. This investment rationale is accentuated
in urban contexts where climate change risks are concentrated because more than half of
the global population resides in urban areas5. The combined threat of rising sea levels and
increased storm surges alone could potentially force hundreds of millions of people from
their homes in coastal cities, with an estimated cost to coastal urban areas of more than
$1 trillion each year by midcentury6. Moreover, cities produce in excess of 80% of global
GDP, which mean that both the economic and human risks of climate change come to a
head in urban environments.
These trends are amplified in the developing world, where many cities are characterized
by persistent poverty, homelessness and social inequality7. The United Nations Habitat
World Cities Report 2016 highlighted that more than 880 million people now live in urban
informal settlements where access to basic services such as water, electricity, basic
healthcare, education and sanitation are scarce 8 . These poor living conditions also
disproportionately impact already marginalized groups such as woman and the differentlyabled who face greater barriers to escape the poverty trap. Ultimately, increasingly
densified populations living in sub-standard housing with poor access to services,
increases the vulnerability of these populations, leading to significant inequalities in risk
and vulnerability to climate change within the same urban landscape.
The Sustainable Development Goals (SDGs) have brought increased attention to the
challenges facing urban environments - particularly Goal 11: “make cities and human
settlements inclusive, safe, resilient and sustainable”. Despite the magnified risks of
inaction, cities are centers of opportunity and innovation that hold significant financial
influence through both public and private budgets. Thus, cities in developing countries
have a significant opportunity to implement effective and efficient adaptation actions that
harness the benefits and minimize the costs of climate change in both the short and long
term. Importantly, successful adaptation requires not only identifying adaptation options
and assessing their costs and benefits, but also exploiting existing and readily available
mechanisms for developing the adaptive capacity of both human and natural systems9.
Extant municipal financial structures, norms and processes present a critical entry point
for intervention, particularly where these existing structures are rigid and incapable of
adapting themselves to changing socio-economic and environmental conditions that
climate change will bring. Colenbrander and Barau10 highlight that innovative approaches
to urban planning and urban finance are needed to bridge the formal and informal sectors,
aggregating and aligning climate change interventions to respond to these immense,
interrelated challenges facing cities around the world. Reforming or adapting these
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structures are particularly important in developing contexts. Firstly, because of the need
for redistributive expenditure to provide basic services to the most vulnerable communities
in highly unequal urban environments. Secondly, because of the extremely vulnerable and
rapidly changing nature of informal settlements, these systems are closer to reaching
thresholds where they cannot be secured from intolerable risk through adaptive actions
(i.e. they are closer to reaching adaptation limits).

Methodology
This study adopts a comparative case study approach between the urban municipalities
of Cape Town (South Africa) and Chennai (India), to assess municipal finance structures
and mechanisms for the water and energy sectors, in the context of existing and projected
climate change impacts. Comparative case studies are analysed to emphasise
comparison across and within different contexts11 In this case, this approach helps to
understand and explain why different features within a certain context may influence the
success or failure of a programme or policy. In the case of Chennai and Cape Town, this
approach compares each city’s municipal finance structures and assesses the existing or
potential impacts on revenue and expenditure flows as a result extreme climatic events
such as drought.
A literature and desktop review is conducted to identify the key climate change risks and
vulnerabilities that exist for Chennai and Cape Town, and that pose both existing and
potential future threats to municipal revenue and expenditure. Published city budgets and
expenditure documents are reviewed to understand revenue flows in each city. Journal
articles, news articles and other government documentation are reviewed to identify key
climate change risks and vulnerabilities that present potential threats to municipal revenue
and expenditure.
Whilst data is important for comparative case studies, this approach does require that
extensive conceptual, synthesis and analytic work is done12. Thus, a structured content
analysis is applied, highlighting the different structures and process of the revenue models
for Chennai and Cape Town in order to: 1) identify any possible and apparent causal
relationships between key climate parameters and municipal revenue; and 2) assess how
possible changes in revenue structures could impact necessary redistributive expenditure
to the most vulnerable communities.
This approach requires more than the synthesis of comparisons to highlight similarities
and differences. Rather, these comparisons help to strengthen or refute propositions as
to why a certain intervention or structure fails or succeeds 13 . In this study, a key
assumption is made that there is a causal relationship between the impacts of climate
change, such as drought, and the revenue generation from water and/or energy in a city
depending on their respective financing structures. Thus, whilst there may be many causal
explanations to explain a decrease or increase in municipal revenue flows, this case study
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comparison aims to strengthen this initial assumption and causal explanation 14 .
Comparative case studies allow for a greater understanding into causal relationships and
can provide a probable explanation as to how and why a certain outcome prevails
depending on the context in which it occurs. This enables a greater level of understanding
and consequently, allows one to make suggestions as to how to achieve intended
outcomes.

Cape Town
The City of Cape Town, the capital of South Africa’s Western Cape Province, faces a
myriad of climate change hazards and associated risks and vulnerabilities 15 . These
include extreme drought, flooding, fires, sea-level rise, storm surge, strong wind and heat
waves. Cape Town is the second most populous city in South Africa and the economic
hub of the Western Cape province. The City experienced a widely publicized extreme 3year meteorological drought starting in 2015, which saw the lowest rainfall in any 3-year
period on record and estimated to occur approximately only once every 311 years16.
The exceptionally low rainfall coupled with a burgeoning population and rapidly increasing
rates of in-migration resulted in a socio-economic drought and water crisis of global
significance17. The central role of politics and poor planning has also been identified as
key drivers of the urban water shortage in Cape Town18. Aside from the cause of the
drought, in January 2018 the City announced the controversial possible implementation
of ‘Day Zero’, when municipal water supplies would be turned off and people would be
forced to queue for water on a daily basis. The City managed to hold off reaching Day
Zero conditions, largely thanks to a concerted and extensive water demand management
campaign that resulted in collective action and ultimately lower water use by consumers19
20
. The City instructed residents to use less than of 50 liters of water per person per day
and carried out other awareness raising activities. These actions bought just enough time
until a good winter rainfall arrived in 2018.
Despite the positive collaborative efforts that managed to avoid a water crisis in the City,
the drought exposed flaws within extant institutional and governance arrangements and
the overarching municipal finance structures. With services accounting for ~50% of Cape
Town’s revenue in recent history, this creates perverse incentives when there is a
shortage in resources such as water or electricity. When municipalities encourage or
instruct residents to decrease consumption of these resources, it has a significant impact
on municipal revenue generation. Thus, to make up for this shortfall tariff increases are
regularly implemented. This is the case for Cape Town where significant tariff increases
were introduced in response to the loss in revenue and the need to finance significant
infrastructure spend (such as small scale-desalination plants) to build drought resilience.
Moreover, there was a spike in households developing their own water supplies through
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drilling boreholes and installing rainwater tanks and other decentralised storage
systems21.
As is the case throughout South Africa, Cape Town exhibits significant levels of economic
inequality, which translates to inequality in access to basic services such as water and
electricity 22 With the enduring legacy of the drought translating to lower overall
consumption and more people using off-grid water sources, this raises the questions about
the sustainability and equity of the municipal financing model. Increased tariffs, although
designed to exponentially increase costs for the highest water consumers, appear to be
having some perverse impacts. Ziervogel23 highlights that the City maintained its so-called
social tariff, providing 10.5 kl per month for free to the ~270 000 residential properties with
a property value below R400 000, and free water through public standpipes to a further
~180 000 households residing in informal settlements. However, as larger households
generally reside in poorer and more densely populated areas, these social tariffs can be
misleading. With the City’s revenue from water sales increasing from 2018 to 2019 by 7%
due to higher tariffs24, the revenue challenge has been effectively dealt with but it is unclear
the extent to which this greater taxation burden has fallen on more vulnerable communities
as they could end up paying greater per capita water costs. Moreover, water and electricity
revenue are not ringfenced in Cape Town, meaning that revenue generated from
municipal services such as these are used to cross-subsidise other basic services and
vice versa.
With revenue from water and electricity sales decreasing, there is less money available
for redistributive expenditure to build resilience in the most vulnerable communities. In
addition to volumetric tariff increases, the City increased the basic fixed charge for piped
water supplies to help stabilize revenue and address some of the emerging equityefficiency trade-offs in budget and resource allocations 25 26. This is critical because the
operation and maintenance costs of water supply remain static (or even increase)
regardless of the amount of water being sold.

Chennai
The City of Chennai, the capital of India’s southern Tamil Nadu state, has experienced
numerous natural disasters over the past couple of years ranging from intense flooding in
2015 to more recently, severe drought27. Monsoon failure in 2016, 2017 and 2018 led to
a water crisis in India, with the government reporting that 21 Indian cities would run out of
groundwater by 2020, with Chennai being the first28. Given that over 90% of groundwater
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is used for irrigated agriculture and the remainder supplies over 85% of the country’s
drinking water, this is problematic29. The authorities in Chennai have been struggling to
supply water to city residents and have been accused of inaction by the Tamil Nadu state
government30 31.
Chennai relies on four small municipal reservoirs to provide water to its 11 million
residents32. Moreover, the overall water supply from these four reservoirs only account for
35% of the city’s water demand33. The Chennai MetroWater Supply and Sewage Board,
also known as Chennai MetroWater, was separated from the city government in 1980 and
became a parastatal. It is responsible for expanding the water and sewerage supply
systems within the Chennai and implementing water projects in Chennai Corporation
under the direction of the State Government34. While MetroWater has spent billions of
rupees on repairing and replacing faulty water infrastructure and extending the grid to
expand to unserved areas, an estimated 30-40% of the water supply is lost due to leaky
pipes and the system is still not equipped to meet the demand of its citizens 35 36. Thus,
when water reserves are low, or drought occurs, citizens closer to the water sources
receive water first. However, for those on the tail ends of the system which are generally
the urban poor living in informal settlements, their taps run dry37. Furthermore, city tankers
bring in water from the outskirts of Chennai to supply water to Chennai. However, the
schedule for delivery is infrequent and the cost of water is unaffordable. The use of city
tankers, drawing water primarily from agricultural wells and surrounding farms, has led to
a depletion of groundwater with Chennai - overdrawing its groundwater by an estimated
185%38. Given the poor service delivery in Chennai, households that can afford it, rely on
private sources of water delivery, mainly through private water tankers, and have also dug
private boreholes to adapt to the drought.
In terms of Chennai’s municipal finance structure, revenue expenditure for utilities such
as water and energy, are not entirely ring-fenced39, despite the two entities responsible
for water and energy provision being corporatized-public entities. For example, the
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Chennai Metropolitan Water Supply and Sewerage Board (MetroWater) became an
independent institution in 1978, taking direction from the State Government and not the
Chennai Corporation 40. Prior to 2005, MetroWater had been able to maintain a positive
balance sheet with income exceeding expenditure. However, since 2005, the parastatal
has been running a deficit due in large part to growing salaries and wages within the utility
and an increase in the number of projects regarding water and sewage supply 41. As a
result, MetroWater now draws revenue income from not only the sale of water plus water
and sewage tax, but it also receives grants and subsidies from the State42. In order to
decrease this growing expenditure deficit, Metrowater has revised its water tariff structure
for both domestic and partly commercial consumers with domestic users now having to
pay about 60% more than the existing rates43. This is in response to extremely low tariffs
that have not been revised for over two decades. Further measures that were taken in
response to increase revenue was the installation of digital meters in the city to account
for water usage and charge tariffs according to the quantum of water consumed44. The
impact of the drought could also compound the issue of revenue generation for
MetroWater since decreased consumption (now encouraged by tariffs and water metering)
could lead to decreased overall revenue.
While the middle class are just able to pay for the inflated price of water charged by private
water-tanker companies, the poor are not able to access this avenue45. Water tariff rates
differ according to usage in Chennai with households consuming up to 20KL per month
paying a rate almost equal to the cost of water46. Whilst user charges have been kept low
in order to keep water affordable for the urban poor47 given that most of the urban poor
are not connected to any form of formal service delivery, they do not benefit from these
low tariffs and instead, have to source water from illegal or informal networks which raises
the costs48. In addition, the intermittent water supply also means that many poor people
forgo going to work on days when water eventually arrives. These challenges place an
extra social and financial burden on the poor with women and children paying a higher
cost since they are the ones most likely to be involved in these household activities.

Findings and Discussion
The extreme droughts experienced by Chennai and Cape Town have highlighted
important similarities and differences in these two case studies, specifically in relation to
how climate change and municipal financing structures interact. A key similarity in both
cases was that the drought exposed vast socio-economic inequality in both Chennai and
Cape Town, emphasising the heightened vulnerability of the urban poor to climate
40
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hazards. These vulnerabilities are largely a function of low levels of access to basic
services such as electricity and water, which can be exacerbated through the impacts of
extreme events such as droughts. The impacts of these types of climate extremes on poor
communities is not only direct impacts such as interruptions to water or electricity supplies,
but also indirect impacts that manifest through existing municipal finance structures.
In Chennai, given that large parts of the population remain unconnected to the piped water
grid and the municipal water system, the urban poor are completely reliant on government
supply which is unpredictable, causing many to miss work altogether out of desperation
to acquire water49. This vulnerability is exacerbated by the drought and climate change.
However, the elites are not only able to afford to buy water from private tankers but are
also able to exert socio-political power to direct water flows their way50. In Cape Town, a
similar trend ensued whereby richer household were able to sink boreholes and purchase
rainwater tanks to adapt to the shortage of water supply. Poorer households on the other
hand were reliant on government supply and had to queue for hours on end to fill up their
water buckets or faced greater pressure reductions due to poorly maintained systems.
These sudden livelihood changes impact the poorest households disproportionately,
ultimately increasing their vulnerability during these times of crisis.
Whilst a large proportion of Cape Town’s municipal revenue is derived from service
charges, the impacts of the drought which led to decreased water usage and increased
independent adaptation of richer households, severely decreased the municipalities
revenue in the short term. This in turn resulted in a disproportionate expenditure focus on
long-term infrastructure development to build the overall resilience of the City’s water
supply system and increased tariffs which have a greater financial impact on larger
households. This is critical as decreased revenue results in less redistributive expenditure
or cross-subsidisation of the most vulnerable communities, while the resultant measures
to increase revenue have also had disproportionate impacts on these groups.
On the other hand, the Chennai MetroWater Supply and Sewage Board (CMWSSB)
receives revenue from water and sewage tax, the sale of water and grants from the
government51. Given that water tariffs had not increased in over two decades until recently,
coupled with growing expenditure due to new water projects and increased salaries and
wages, MetroWater was and is facing severe budget deficits. Consequently, these deficits
were offset with government subsidies and grant derived from other revenue sources such
as property and commercial tax. Thus, during drought, this revenue was mostly unaffected
given that government earmarks funds for this parastatal. Despite this fact, poorly
maintained infrastructure and management of water systems has led to the rise of private
water providers. During drought, this trend is perpetuated as communities have no choice
but to buy water at a higher price from private tankers which perpetuates the existing
inequalities in the city. More recently, the impacts of COVID-19 have led to a substantial
decline in revenue from tax collection as well as a decline in industrial and commercial
demand for both the City of Cape Town and Chennai 52. This has decreased municipal
revenue and consequently, decreased funds earmarked for the CMWSSB.
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Building system resilience is an important objective to have when responding to a crisis,
but this needs to be done hand-in-hand with building the resilience of the most vulnerable
populations. Water is considered a basic human right in the both the South African and
Indian Constitutions. This creates an important intergenerational equity planning paradox
where cities have to provide water at an affordable rate to all citizens today while
simultaneously building system resilience to future climate and environmental change. In
both the cases of Chennai and Cape Town, large proportions of the population are faced
with a lack of access to basic water supply services, while the more affluent groups able
to independently adapt in a crisis situation. Although going off-grid might reduce pressure
on the water supply system in the short term and help to alleviate the drought, it is largely
those who can afford to pay for water who do this. Ultimately, this leads to a positive
feedback loop that sees continued decreases in revenue generated from water sales
through a diminishing customer base and an ever growing need for cross-subsidisation of
the urban poor.
Another key issue that was highlighted by the drought in both cases was the lack of
effective planning for such an event. In Chennai, unplanned urbanisation and increased
consumption of water has worsened Chennai’s water scarcity in recent decades and has
led to overconsumption of water and depleted groundwater sources53. This, coupled with
unchecked pollution has affected rivers and lakes, preventing the ability of the city to
capture the valuable monsoon rains, and ultimately, perpetuated this crisis54. The City of
Cape Town was also criticised for poor planning in that similar drought scenarios had been
presented in the past but not acted on. However, much of this responsibility lies at the
level of national government as the City is limited in its ability to manage bulk water
infrastructure development because of national legislation55. Despite Cape Town’s poor
planning leading up to the drought, the city’s demand management response has been
hailed as a global success in many regards, which has produced many important lessons
learnt 56 . In Chennai, there is an urgent need for effective demand management,
conservation and rainwater harvesting to recharge water supplies.
It is clear that cities need to recognize and address key uncertainties in their financial
models relating to the revenue generation and provision of fundamental services such as
water and electricity57. Climate change will increase the severity and frequency of these
extreme events and municipal finance reform thus presents an important entry point to
build system resilience to these shocks and stressors, while serving to reduce the
vulnerability of the most vulnerable communities.

Conclusions
Effectiveness of basic municipal service delivery is largely influenced by the structure and
function of municipal finance models. The cases of Cape Town and Chennai illustrate how
climate change creates financial stress on municipalities through different pathways. In
both Cape Town and Chennai, the impacts of climate change disproportionately impact
Palanichamy, B, “How Does a Flood-Prone City Run
Out of Water? Inside Chennai’s ‘Day Zero’ Crisis” (World
Resource
Institute,
June
25,
2019),
https://www.wri.org/blog/2019/06/how-does-floodprone-city-run-out-water-inside-chennai-day-zero-crisis.
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the most vulnerable populations living in these urban areas. Both municipal finance
models are highly vulnerable to the current and projected impacts of climate change,
which in turn appear to exacerbate existing vulnerabilities of underserved communities.
Cape Town’s municipal finance structure is more directly vulnerable to the impacts of
climate change due to the significant proportion of revenue generated from water and
electricity. Whereas in Chennai, the direct impact on revenue is less because tariffs have
not increased in over two decades and thus produce a notably lower proportion of overall
revenue. However, Chennai does face significant budget deficits which are being offset
by other forms of public revenue. In both cities, the rising costs of infrastructure
expenditure, being partially driven by changes in climate, are placing other government
revenue streams under pressure. Regardless of how the financial stress of climate change
manifests, these impacts constrain potential redistributive expenditure, limiting the
adaptation potential of the urban poor and in turn, resilience building of cities.
These cities present contrasting, yet paradigmatic cases where severe drought has led to
affluent communities independently adapting through decentralised water and energy
solutions. In both cases, it is the urban poor that bear the brunt of the negative
consequences. Understanding these complex relationships between climate change
impacts on municipal revenue streams and urban populations is critical for municipal
finance reform to improve adaptation planning.

Recommendations
Municipal revenue streams need to be sustainable and resilient to the impacts of climate
change to enhance the adaptive capacity of groups who rely on service delivery the most.
To break the positive feedback loops of climate change impacts and decreasing urban
resilience, municipal revenue streams need to be systematically decoupled from climate
risks. However, this must happen while implementing relevant transition contingencies to
maintain adequate service delivery and avoid revenue fluctuations that push systems
towards emerging adaptation limits. Specific recommendations include:
 Cities need to place greater emphasis on understanding and linking municipal (and
other) finance models to climate change.
 Research should be focused on exploring innovative and adaptive opportunities
for financial reform in cities, focusing on diversifying revenue streams to limit both
direct and indirect climate change risks.
 Municipal finance reform should be viewed as an iterative and ongoing process,
which requires a supportive legislative environment and institutional
arrangements. Reform should be proactive to avoid knee-jerk responses during a
crisis, such as a drought, and be built on the key principles of redundancy,
robustness and resourcefulness58 59 60.
 South-South cooperation and learning should be upscaled given the unique
developmental challenges that intersect with climate change responses.
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