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Concepts covered

Welcome back! in lecture 2, different planning strategies for urban utilities will be discussed.
The different concepts that will be covered in this lecture are need for planning, design period
for utilities, population forecast and landuse forecast, engineering design options, siting of

infrastructure, service level benchmarks and data and surveys.
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Need for Planning  (Water supply, Sewerage and Drainage infrastructure)

The demand and fluctuation in water consumption is intrinsically linked with sewage generation.

» Thus consumption of water and water supply and sewerage infrastructure provision are also linked.

SRR ——

Consumption of water depends on population, land use, climate affluence etc. Similarly, availability of
water supply and sewerage infrastructure influences land use and population of an area.

» Thus, land use and population forecasting is an inherent part of utilities planning.

» The quality of utility infrastructure and services depend on the affluence of the population.

» Similarly, conservation and reuse behavior is also linked to education and affluence of the population

as well. _—

Sewerage and Drainage infrastructure has lot of overlaps. Sewage is sometimes conveyed
with storm water. Storm flows needs to be routed and regulated for its final disposal
with or without treatment.

» Degree of severity of the storm(rainfall intensity and tiqe) determines s(orm flows.
» Flooding results in seveWopenv and infrastructure.

Need for planning

Some of the most important concerns in this context are the need to plan for water supply,
sewerage and drainage infrastructure, and the primary needs that has to be addressed during
planning of urban utilities and infrastructure. It is evident that the demand and fluctuation
(variability) in water consumption by a given society/population group/region 1is -
intrinsically linked with sewage generation. Thus, the consumption of water, water supply

and sewerage infrastructure provision are linked.

The variability in water consumption depends on the nature of the population living within a
given region. In addition, the nature of landuse affects variability of water consumption.
Some areas may have more proportion of green spaces that requires comparatively more
water. In a similar way, climate of a particular area affects the same. For instance, the dry
region, cold region, coastal region have different water consumption patterns. The affluence
of the society also affects the water consumption. The more affluent a society is, more

amount of water is consumed by a given household is more.



As variability of water consumption is affected by nature of landuse and population, the
availability of water supply and sewerage infrastructure influences land use and population of

an area. Thus, the infrastructure needs to be provided based on the demand.

If a given area does not have required infrastructure or utilities, people will not choose to
locate in that area. The status of infrastructure and nature of landuse/population is a two way
link right. Thuas, land use and population forecasting is an inherent part of utilities planning.

There is a need to understand the pattern of evolution of landuse
for a particular area. and population forecasting.

The quality of utility infrastructure and services, technology of the infrastructure, and
engineering design depends on the affluence of population and willingness to pay for the
services. Similarly, conservation and reuse behaviour is also linked to education and
affluence of the population. More affluent/educated people are more prone to conservation or
reuse the water resources as they can understand the challenges and regarding the scarcity of

water.

Sewerage and drainage infrastructure has lot of overlaps. Sewerage can be conveyed with
storm water as well asseparately. Thus, either a combined sewerage system or a separate
system can be designed. In case of separate system, the storm flow needs to be routed
separately and regulated before its final disposal (with or without treatment) to avoid the

flooding in the area.

The severity of a storm (rainfall intensity and duration of rainfall) determines the amount of
storm water that is being generated. If rainfall is intense, the greater amount of water will be
generated in a short period that might not be able to get drained as the drainage system is not

designed accordingly. The water



will over flow and will create floods that eventually results in severe damages to life,
property and infrastructure. Thus, , this needs to be considered while designing the

infrastructure.
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Need for Planning  (water supply, Sewerage and Drainage infrastructure)

P g
Planning ——> Design ——> Implementation —> 0&M
?
Plan: Performance, Efficiency, Environmental Impacts, Health impacts,
Social implications(Equity, Acceptability), Cost
Design: Options, Acceptance, WTP. =
Phasing, Permissions and Cl Agency

O&M: Feedback on service quality, Tariff //
M

"

Major Challenges: Population growth, urban unplanned growth, improper
design, lack of coordination among stakeholders and holistic planning and
climate change

There is a fundamental difference between the standard landuse planning of and utilities
planning. The utilities planning encompass four steps: planning, design, implementation and
operation/maintenance. Planning includes consideration of the performance of the plan (area

coverage of the plan and kind of demand the plan is going to get satisfied),

efficiency of the plan (ratio of the amount of storm water drained to the amount generated,
for instance: 80% or 90% efficiency), environmental impacts of the plan, health impacts of
the plan, the social implications such as equity (if the water supply is available to everyone in
the city?) and acceptability (is a particular infrastructure acceptable?) , and the cost of

provision of these services or utilities.

Design includes the engineering design of a given utility infrastructure. A given infrastructure
can be designed using different alternatives that are associated with their pros/cons and cost.
There would be some benefit to certain designs, however, the cost will be higher. Therefore,
the right design must be chosen that are suitable for a certain climate and certain geographical
characteristics.. If a sophisticated system is provided in an area where there is no appreciation
for the given system, there is no need to provide the system. Apart from technological

options, design also include



acceptance of the design, and willingness to pay for the design is important.

Implementation includes phasing that ensures adequate funds in every phase for construction.
Phasing is linked with land use growth. Implementation also includes involves
permissions/clearances and the agency (government, private company, PPP model, etc.) who

will implement the given project.

Operation and maintenance (O&M) is a crucial part of the utilities planning. After
construction, the utility will run for a long period. Thus, during that period, there is a need for

operation and maintenance. O&M also include feedback on service quality.

Operators or utility providers take feedback from people to see if they are happy with the
services, what are the service aspects that are lagging that has to be improved, and setting of
tariffs. However, the determination ofof cost of services, ways to improve service quality,
operational management plan, engineering design, etc. is more technical and out of the

domain of urban planning.

One of the major challenges for utilities planning include population growth because in
developing countries, the urban population is growing at a very rapid pace. Thus, the

infrastructure planning should not only consider current population

but also future population. Urban unplanned growth is also one of the crucial challenge as
certain areas of the city may develop with proper planning while others may develop without

proper planning.

In addition, addition, improper design, lack of coordination among stakeholders and absence
of holistic planning and climate change are also some of the major issues that needs to be

dealt for utilities planning.
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Design period

sl Design period : .
o e sk » Water supply, sewerage and drainage projects

1_| Storage by dams | 50 are designed considering requirements for 30 S
2 | Infiltration works 30~ 2 :
! | years after their completion. _

3 | Pumpiny
[i Pumpiouse (civil works) |30 ‘ » The design period can be modified as per useful
| i. Electric motors and pumps |5~ | life of component or structures.
4 | Water and sewage treatment units 15 o » o 1o JE———CA—— gooa
e e se——— » Design life is more if difficulty of expansion in
S | and other small appurtenances 30 - | future is more.
S 1 Raio watatiand css water convevig ritlie| 0.5 » Based on availability of finances(low finance
Clean water reservoirs at the head works, i N
balancing tanks and service reservoirs shorter design period).
7| (overground or ground level) @ i
8 | Distribution system

» Rate of interest (If interest low then longer design period).
» Population and land use growth(Less cange then longer design period).

» Availability of land for future expansion.

Design period

Design period is one of the crucial considerations of the utilities planning. For these projects,
a big capital investment is required and thus a careful consideration of design period becomes
important. Usually, water supply, sewerage and drainage projects are designed for around 30
years. Though not all parts of the infrastructure is designed for 30 years, but most of it is

designed for 30 years after completion.

Thus, the design period can be modified as per useful life of component and structures. Some
of the components and structures can have a lower life while some can have comparatively
larger. For example, pumps, electric motors and mechanical units of water and sewage
treatment plant have a life of approximately 15 years. In addition, the overhead and service
reservoirs have a life of 15 years. On the other hand, infiltration works pipes, connections to
several treatment units, rainwater and clear water conveying mains, etc. have a life of 30

years. Thus, the design period helps to determine the kind of plan.

The design period is more if the difficulty in expanding a particular project is more.



The design period is also affected by the availability of the finances. The 1Low finances leads
to the shorter design period because shorter design periods leads to lessower capacity/size of

infrastructure (drains, treatment units, etc.) that require less capital investment.

The rate of interest also plays an important role to decide the design period. The low interests

leads to a longer design period.

In addition, the population and land use growth also affects the design period. If the changes
in population and land use growth are less, the design periods are longer because of lesserfew

areas being newly planned and lesslower risk of design failure.
The availability of land for future expansion also plays a role in deciding the design period.
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Population fol'ecast For details on Population forecasting method:
https://www.youtube.com/watch?v=0Bn7ucFzoqd

19 ing is ial to determine population and land use https://www.youtube.com/watchv=HnKhTdov-ok

growth and intensity of development in different zones of the planning area.

Dissdattom &

Mathematical methods
»Predict population using population growth rate from a past period Arithmetic increase method
or from another population group(similar characteristics). Geometric increase method
»No consideration of population age groups and gender. ‘t‘ Incremental increase method
»This method is applied if population growth is regular andtereisno LRl RN EILT
major societal and economic changes. Graphical method
—
Where,

m= Average geometric rate of change

Geometric increase method:

P =Po(1 +E)l/ (geometric mean)
¢ P,=Population at time t
Incremental Increase method: P,=Initial population
= o tt+1) t=Time in decades
P,=Po+temi+ vk TR

—_—— .

mi= rate afin£35e for each decade 7
k= rate of change in increase for each decade
—— e

Population forecast

Population forecasting for a particular area is essential to determine population and land use
growth and intensity of development in different zones of the planning area. It is also
essential for utilities planning so that the infrastructure can be planned according to the

predicted population and landuse patterns within the design period.



There are several methods of population forecasting such as mathematical methods,
economic methods, etc. In this lecture, mathematical models and economic methods are
discussed. Mathematical methods predict population using the population growth rate from a
past period based on the available data or from similar kind of population groups with areas
with similar characteristics. There is no consideration of age groups, gender and other
population sub-groups also. In addition, this method is applied if population growth is regular
and there is and there are no major societal and economic changes, for instance a disaster.
Thus, these methods are used for short-term forecasting. Mathematical models include
arithmetic increase method, geometric increase method, incremental increase method, logistic
curve method, and graphical method. Each method has its pros and cons and thus the method

should be selected based on the requirement.

Arithmetic increase method is the linear growth method that assumes the similar growth for
all the years. Logistic curve method assumes a logistic curve instead of geometric curve.

Graphical method forecast population based on observation.

The geometric increase method and incremental increase method are discussed in detail.
For geometric increase method,

P, =P, (1+m)*

Where m = Average geometric rate of change (geometric mean), P, = Population at time t, Py
=Initial population, t = Time in decades or number of periods in decade

In this method, the geometric mean of change in population between each time period is

determined.



For incremental increase method,

tit+1
—{ }*.ﬁ.

P, =P, +t+mi + 5

Where mi = rate of increase for each decade, k = rate of change in increase for each decade

This method takes into account both the existing growth and the incremental growth for each

time period.
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Example: Incremental Increase Method Population forecast

Year | Population Increase Incremental increase
97, | 5000 4 o - Comparative graph
1981 | 66000 o * 12000 ~ o]
1991 [ 80000 - . 14000 , 2000 » ::
2001 | 101000 ~, 21000 7000 » 0
2011 [ 120000 o+ 19100 ~. 1900 = &
(1) | TotalIncrease | 66100 (2000+7000-1900) #7100 :
Y | Average Increase (m) | (66100/4]:16525 | (7100/3) 2367 %
— = o

v
m = 16525, k = 2367, P,=P,,254000
P oy = 54000 + 6+ 16525 + “’T'” 2367 =

— —

. Migration and natural increase

188655F
Economic methods

Suitable when economic events play a major
role in an urban area in a time period. ~

P Employment method, Ratio methods,
Migration and natural increase, Cohort
survival method

The population change after a certain period ‘n’ with
respect to period 't’ can be given by. B

<
B /f*—.13’~[)+1lM—()x\I)

Where, ~ B= Birth, D= Death
IM = In migration, OM = Out migration

~

Incremental increase method

Let us consider an example of incremental increase method where the population for the year

2031 needs to be predicted based on the given data.

m = 16525, k =2367, PO =Pj971 =54000, t =6

tit+1
—{ }*.ﬁ.

P. =Py +t=mi + 3



6(6+1

P2031 = 188655

The comparative graph of predicted population using geometric increase, arithmetic increase
and implemental increase method, it is observed that the population predicted by the
incremental increase method lies somewhere between geometric and arithmetic method.

Thus,

in case a city is growing at a slow pace, the arithmetic method should be used. If a city is
growing exponentially and new businesses are growing, geometric method should be used.

Else, incremental increase method should be used which is the most appropriate method.

Economic methods are suitable when economic events (generation of employment
opportunities) plays a major role in an urban area in a time period. Economic methods

include

employment method, ratio method, migration and natural increase method, and cohort

survival method.

Employment method is based on the employment rates which help to forecast the population

for an area.

Ratio method considers the ratio of growth between two decades from a similar area which
shows similar kind of trends. Migration and natural increase method considers both migration

(inmigration and outmigration) and natural change (births and deaths) of the population.

For migration and natural increase method,



Piun—Pi =B -D + (IM - OM)

Where P, = Population at a time period after a period n, P = Population at initial time
period, B = Births, D = Deaths, IM = Inmigration, OM = Outmigration

This method is still crude because the birth rate and death rate of entire population is assumed
asto be same. A 90 year old person and a 35 year old person cannot have same chances of

death.

Similarly, birth rates also varies as per the age group of the female population. For certain age
groups, there is more chance for births. Thus, cohort survival method can be adopted where
the population is predicted based on the survival of existing people and the number of births.
In this method, the entire population is broken down into different age groups or gender
groups (cohorts). Then, the birth, death and in migration and out migration for each cohorts is

estimated and overall population for a particular urban area can be predicted.

(Refer Slide Time: 29:36)

1 {l 3 357

« ~ Population for
s BIRTH MORTALITY RATE | NO.OF DEATHS | _ REMAINING POP._| PROJCTED opu ato orecast

Acg | g | sy | assm | emTH (e AT OEATH | MALE rlmu[ ae | wae | swae | Cohort survival method
b4 Jisassy ssse6970] 0 0 [toson] 10w eeesr [ enn “%EL 5552969 [ 04 #p51974400 | 46297216  Forecasting population based
os09Jisosed| s |0 0| 050 | 080w | se6l | 456 [6230001| S703M8E3 | #h| 0509 | 6111siel | 55529697 ; isti
014 msg @] o 0040w | 020w | 2672 | 1201 [Ges0soit] ebnTisaa 12 | 1014 | 6290491 | 57034863 onll:qurvrvadloﬂl\;‘n:nnl
S-19 166525043 59164382 | 3916 |23168772| 0.48% | 0.29% 3193 1716 66521850 | 59162t 15-19 | 66809511 | 60171524 and new births.
Ro24 Jouaraaer] 57319089 | 4917 |28183707| 0.8 | 029% | 3091 | 1663 [6a471s3| 57357026 | | 2024 | 66521850 | 59162666

529 6160881 55079640 | 917 |27082659] 0.48% | 020N | 2951 | 1598 [6neoisau] orson2 2529 [6M15153 | 51311426 | Population is divided into
034 [sea43700] S2817775 | 7878 | 15200956 048w | 029m | 2795 | 1532 |sadeodn sasieaes 3034 61601524 | 5078082 | ¢onorts and effect of

539 2838830 48499876 | 864 | 4190390 | 0.48% | 020% | 2% | 1407 |s28340a] asasaicy 3539 | 58200007 | 52816283 :

loasJessosoosl azeasost | o5 | sosowr | oamw | ooow | s | ww|as8nm| wewne 044 | 50836294 | 8498465 indicators

Wsas [sossiend 7ma017| 0 0 04w | 029 | 1914 | 1098 , [39879430] 17m39ni9 6549 | 45521723 | aaeanaa | - such as fertility, mortality,
5054 [suasasod] 32007978 | 0 0 | oasw [ o2om | 16 | osp [saasanes| msanon SOSA_| 35875490 | 789119 | migration etc. is

559 psoossel asasnr |0 0o [ oo | w1 25 [20e99580] 28092 5559 | Jaasiias | samn
064 Darnanid 23591764 | 0 0 | S28% | aaax | w0 |2 guw zmmd 23581289 §064_| 29499580 | 28444392 modeled for each
69 |1wa7177] 16288098 | 0 o ['soew | wew | o6 A w0 [wwomrsaa| tsavems [ S ese [ auiien | axamay|  cohort
[o-74 [10982591] 11861814 0 0 S28% | 44a% \[‘ 5260 10976793 ] 11856547 [ ‘70-" 18217522 | 18219978
579 |osernea| 79aais | 0 0 [soew [ aaw | %3 | e | esswass | ymoosss | I 7579 109763 | 1856547 |  Typically involves
Boss|3raeou | assmos2 | 0 o TsamwTounl” iors | aors s | assiawr | " wwan | eosarss | Tm0nsT | gy
sy [1ssars| 190w | 0 [ 0 T w6 | 1ssuass | 1o0oss0 | ] es9 | vrasses | sswat
9094 | 461093 | 576998 | 0 0 |samw [ Aus | 20 257 | 460850 | 576141 T s0s4 | 1ssss | 1oz | Steps.
Bs99 | 10239 | 105066 | 0 [ T T 6 | too | oo | | ese | weosso | srerar | T

100+ | 15806 | 2897 | 0 0 | 5B | ams| 8 13| 158 | 28965 11000 | 10344 | 15000

TOTAL 3 fr—
BRTHS 98231616
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Age and gender can help in determining group specific policies for reduction of consumption.
J—

Cohort survival method



In the given example, the existing population is broken down as per different age groups and

gender.

. The total number of births for each cohort is determined using ASBR (age specific birth
rate or number of live births per 1000 female of a particular age group). The total number of
deaths for each cohort is determined using mortality rate which helps to determine the total

number of people survived or remaining in each cohort.

The total number of births are added and divided proportionately into male and female based

on survey data/available data from medical records.

This proportion helps to determine the number of births in five years and thus, the predicted
population in the 0-4 age cohort can be determined. The existing 0-4 age cohort becomes a
part of 5-9 age cohort after 5 years. The population is similarly transformed into the next
group and thus, the population can be predicted for each cohort. In this method, the
inmigration and outmigration can also be considered and analysed in a similar way as that of

the native population.

This method can help in determining group specific policies for reduction of consumption of
utilities and services or policies as per the behavioural changes for each cohort. Thus, this

method

is the most appropriate way to project the future population. However, based on the kind of
policies and requirement, the projected population can be utilised for further analysis. For

instance, if the total volume of water needs to be determined for a particular area, the overall



projected population needs to be multiplied with the water consumption rate (liters per capita

per day).
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