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Abstract: 
Rainwater harvesting is a best practice to make the water available for people during the monsoon and 
post monsoon season, in the areas where the precipitation is in the form of rain. In the tropical climatic 
conditions, the rain water availability will be abundant and in these climatic conditions, the harvesting 
of water will be effective. In this connection, a frame work for the sustainable rain water harvesting 
can produce effective results in making the water available, which includes the plot level and 
community level harvesting. This paper discusses the frame work for the sustainable rainwater 
harvesting throughAnalytical Hierarchy Processmethod(AHP)in assessing the quantity, quality and 
maintenance of the rainwater harvesting with respect to important components identified in Guntur 
town as a case study in Andhra Pradesh, India.. The sustainable rainwater harvesting has been assessed 
with six components such as 1. Harvestable rainwater, 2. Technical knowhow of filtration process, 3. 
Monitoring in dwelling Unit level, 4.  Storage of rain water, 5. Institutional mechanism and 6. Urban 
engineering and Architectural thought through AHP. All the components were assessed with respect 
to the quality, quantity and management. It is found that the management of  rainwater harvesting 47% 
as compared to quality and quantity the quality urban engineering and architectural  thought indicated 
47% , the maintenance and systematic monitoring of urban Local body and its institutional mechanism 
shown 51% , the storage capacity of the rainwater amounts to 47% and monitoring of the rainwater 
system to operate effectively shown 45% of weightage, with quality filtration system in the order of 
44% for sustainable harvesting in neighbourhood level and at dwelling unit level.This paper identifies 
sustainable frame work for rainwater harvesting at dwelling unit level and community level with  due 
consideration given to relavent weightages. Thus reducing the gap between the supply and demand 
Keywords:Analytical Hierarchy Process,Rainwater harvesting, DUs level harvesting, Community 
level harvesting and Framework. 
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雨水收集是一种最佳做法，可在雨季和季风季节过后，在降雨形式为降水的地区为人们提供

用水。在热带气候条件下，雨水供应充足，在这些气候条件下，集水将是有效的。在这方面

，可持续雨水收集框架可以产生有效的结果，使水资源可用，包括地块层面和社区层面的收

集。本文以印度安得拉邦的案例研究，讨论了通过层次分析法 (AHP) 评估雨水收集的数量、

质量和维护的可持续雨水收集框架工作。可持续雨水收集已被评估为六个组成部分，例如 1. 

可收集的雨水，2. 过滤过程的技术知识，3. 住宅单元级别的监测，4. 雨水储存，5. 制度机制

和 6. 城市工程和建筑通过层次分析法思考。所有组件都经过质量、数量和管理的评估。结果

表明，雨水收集管理占质量和数量的 47%，城市工程和建筑思想的质量占 47%，城市地方主

体及其制度机制的维护和系统监测占 51%，城市蓄水能力占 51%。雨水占 47%，雨水系统有

效运行的监测显示了 45% 的权重，质量过滤系统约为 44%，用于社区级别和住宅单元级别的

可持续收集。本文确定了雨水的可持续框架在住宅单元级别和社区级别进行采伐，并适当考

虑相关权重。从而缩小供需差距 

关键词：层次分析过程，雨水收集，DUs 级收集，社区级收集和框架。 
 
INTRODUCTION. 
Rainwater harvesting (RWH) systems have 
many benefits being an effective alternative 
water supply solution, not only in arid and semi-
arid regions. Also these systems can be useful in 
the reduction of flood risk in urban areas. 
Litrature review shows, many studies  focused on 
the potential of RWH in reducing piped water 
consumption, a few examined their efficiency in 
the retention of storm water in residential areas.  
 
- Gabriele Freni and Lorena Liuzzo 2019 
investigated the reliability of RWH systems in 
terms of storm water retention.Rapid 
urbanization, population explosion and climate 
change have threatened water security globally, 
regionally and locally. While there are many 
ways of addressing these problems, one of the 
innovative techniques is the recent employment 
of Sustainable Urban Drainage Systems (SUDS) 

which include rainwater harvesting systems 
(RWHS) (Hosanna Aishah Zabidi, et al 2020).  
 
Rainwater harvesting system (RWH) is 
considered an environmentally sound solution to 
provide safe drinking water. It is particularly 
suitable for India because ofits tropical climatic 
conditions and a large seasonal cycle in 
rainfall.Historical as well as future predicted 
rainfall data has been considered in the model to 
explore the effect of climate change on reliability 
and financial feasibility in  Bangladesh, 
(Mohammad Maksimul Islam and Sadia Afrin, 
2020).Santosh R. Ghimirea, et al 2019study 
presents a life cycle assessment (LCA) of a 
rainwater harvesting (RWH) system and an air-
conditioning condensate harvesting (ACH) 
system for non-potable water reuse (). RS 
Krishna et al 2020 mentioned Rainwater 
harvesting (RWH) has been proved to be a 
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sustainable option in solving the on-ground water 
shortage to a great extent. India has been facing 
the wrath of a water crisis for  over two decades 
.  
 
Aim of the research is to develop a Sustainable 
rainwater harvesting mechanism for urban areas. 
A case study of Guntur city, in the state of  
Andhra Pradesh, India has been considered.It  
was observed in preliminary literature survey 
that Guntur was a typical town with inadequate 
local municipal water supply  and dependent on 
canalfrom  Krishna River and ground water. The 
objective is to develop a framework to optimize 
the use of rainwater, reducing the gap between 
demand and supply of water in Guntur. The 
studylooked at  residential units to a cluster, 
cluster to neighborhood level. It presented 
acritical review of existing RWH technologies 
available nationally and internationally, with the 
aim of identifying a sustainable model fit for 
Guntur  town. Further it used  the modular 
approach to enhance the RWH at micro level 
considering neighborhood as unit/module that 
can then be scaleup to macro level.To evaluate 
the application of RWH in Guntur, primary 
survey- was  conducted with structured and 
semistructured method. The critical analysis was 
done through Analytical Heirarchy Processusing 
principal components.  The influencing major 
components have been derived to understand the 
significance and importance of such components 
and related weightages added to bring 
sustainable framework. 
 
SIGNIFICANCE OF RAINWATER 
HARVESTING AND ITS POTENTIAL 
Irrigation departments and experts in irrigation 
engineering focused more on discharged point’s 
diversion to canals and taking the canal water to 

agricultural lands where in they are not 
emphasised much on fulfilling the water 
requirement for the settlements next to canals 
(Sara Angrill et al, 2017). Topographical slopes, 
geotechnical information related to water 
absorption, saturation, runoff, with respect to the 
intensity of rainfall per hour averaging to month 
or year had been discussed. The storage and its 
evaporation w.r.t time, related usage not been 
emphasised but the percolated water harvested 
directly to aquifers (Yan Tong et al, 2017). Daily 
water balance model was used to simulate the 
performance of a rainwater harvesting system 
using historical daily rainfall data for 20 years 
(Voilet KMA et al). The Diversion of flood water 
to the canals or water bodies so that flood related 
disasters can be mitigated w.r.t design of water 
channels from different pockets of the city(Uri 
nachson 2016).Rainwater harvesting, in its 
essence is the collection, conveyance, and 
storage of rainwater – The Texas water 
development board (2005). Rainwater harvesting 
is the collection of rainwater for beneficial use – 
capital region district water services (2007). 
Rainwater harvesting as a method to induce, 
collect, store, and conserve local surface runoff 
for agriculture in arid and semi- arid regions 
(Boers and Ben-Asher 1982). Rainwater 
harvesting is defined as the collection of runoff 
and its use for the irrigation of crops, pastures 
and trees, and for livestock consumption (Prinz, 
1996). Rain water harvesting is a process of 
concentrating, collecting, and storing rainwater 
for different uses at a later time in the same area 
where the rain falls or in another area during the 
same or later time(Mbilinyi et al., 2005).  
Permeable surfaces offer infiltration potential, 
which can contribute to alleviate the runoff to 
combined sewer systems(Frida E.A Parnas et al, 
2021). Infiltration is a key process controlling 
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runoff, but varies depending on antecedent 
conditions (Fletcher et al.2013; Redfern et al 
2016). In an urban context, impermeable surfaces 
are the primary contributors to runoff, runoff 
from permeable areas is therefore becoming 
more important to consider (chahinian et al 
2005). Compaction is common for urban soils 
and significantly decreases the infiltration 
capacity(Gregory et al, 2006; Pitt et all 2008). 
Runoff in a watershed affected by 
geomorphological factors, particularly, land use 
change effects the runoff volume and runoff 
significantly (S.Satheeshkumaret al, 2017). 
Runoff from urban pervious areas with the use of 
measured soil data, where the results showed a 
significant amount of runoff from some of the 
urban green surfaces (Becker, 2016). 30 years of 
historical rainfall events have been analysed to 
investigate the runoff generation for compacted 
sandy and clayey soils, simulated runoff from the 
previous soils (Davidsen et al 2018). The 
common procedure is to assume that the 
infiltration rate is equal to the rainfall intensity 
(Rossman & Huber 2016)Sensitivity analysis is 
used to achieve an awareness of the models’ 
uncertainties, optimize their functions, and 
identify the key parameters for which the model 
output is most sensitive (Loosvelt et al. 2013 
Song et al. 2015) 
Above literature review indicated that there were 
studies related to rainwater harvesting in 
settlements of urban & rural areas. There was no 
specific study related to quantum or framework 
of harvesting & usage of storage of rainwater to 
the residential dwellings in different levels such 
as block level & neighborhood level that gave 
considerations to ground water level 
configuration and thus to fulfill the certain gap 
between supply and  demand of water to 
individual dwelling nits.  

3.0 DELINEATION OF STUDY AREA 
3.1 CRITERIA 
It is essential to understand the macro level 
considerations related to the rain water 
hrevesting potential in terms of its demand, 
supply, availability, efficiency, intensity of rain 
water, runoff, surface absorptions, storage 
system and distribution at town level. Various 
delineatedstudy areahave  been considered to 
understand the broad perspective of the rainwater 
considerations.  
The  criteria as mentioned below: 
o Density of Population Vs Land use and land 

holding (250-350PPH) 
o Existence of Water shed areas / Discharge 

points, Municipaldrainage network, water 
supply system. 

o Rainwater quantity as per the seasonal rains 
Vs Supporting population 

o Topography, slopes and runoff 
considerations 

 
The density of the population has been 
considered between 350 to 550 per hectare.  The 
neighborhoods consisting of at least one patch of 
watershed areas, and one to two discharge points 
and water drainage system in existence were 
included. The slope of the terrain considered was 
between 5 to 10%.As per the above inclusiuon 
criteria ,eight pockets were identified 
i.e.Vengalaraonagar, Ashoknagar, Brodipet, 
Arundalpet, Nehru nagar, Ankamma nagar, Old 
Guntur Extension and  Sakethapuram. 
 
3.2 SIGNIFICANCE OF THE TOWN - 
GUNTUR 
The eight study pockets mentioned above were 
located in heart of Gunturtownwith in the 
municipal limits. The study pockets named as 
Ankamma Nagar, Old Guntur extension, and 
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Sakethapuram are have a  water body, which - 
collects the rain water runoff during the monsoon 
period. All the delineated pockets have been 
studied with regards to the different plot sizes 
from 100 sqm to 1000sqm and above, the  
existing land use map and verified with ground 
situation and tabulated in table 1. It is observed 
that 100 to 300sqm sizeed plots can have upto 
three floors and supported with three kitchens as 
per building bye laws.  Hence , this has been 
taken as a base to obtain number of dwelling 
units of three floors. The plot sizes of 300sqm to 
800 support six dwelling units on average.  
800sqm to 1000sqm support eight dwelling units.  

Presently the supporting population in each 
pocket vary from 68.5% to 75% of occupancy as 
per existing condition.Assumption of  maximum 
occupants was made - to arrive the future water 
demand at when all the plots are developed to its 
maximum potential as per master plan in the year 
2031.Among eight study pockets, the data about 
the dwelling units, inhabitants and the water 
demand has been mentioned for four study 
pockets named as Vengalarao nagar, Ashok 
nagar, Brodipet, and Nehru nagar in Table 2 & 3. 
So the water demand presently considered 
average of 70% peak population at present also a 
future estimated  requirement of 100% by the end 
of 2031 is in the table No.2 

Table1: Showing No of Plots, foot print of buildings, all plots & grouping of plot sizes 

Name of the Study pocket, Guntur city 

S.N
o Group Size sqm 

Vengalar
ao nagar 

Asho
k 
nagar 

Brodip
et 

Nehru 
Nagar 

Arund
al pet 

Saket
ha 
pura
m 

old 
guntur 
extensi
on 

Ankam
ma 
nagar 

1 Area 
8 
Hectare 

14 
Hecta
re 

85 
Hectar
e 

63 
Hecta
re 

67 
Hecta
re 

46 
Hecta
re 

89 
Hectar
e 

64 
Hectare 

2 

Total number of  
plots in the 
pocket 368 337 2040 1993 1985 1725 3102 2147 

3 1-100  Sqm 75 54 206 701 180 551 878 647 
4 100 - 200 Sqm 125 117 680 698 705 506 864 812 
5 200 - 300 Sqm 115 95 762 334 632 625 790 503 
6 300 - 400 Sqm 32 30 114 198 176 10 264 103 
7 400 - 500 Sqm 5 12 95 56 154 13 198 62 
8 500-600 Sqm 8 9 67 6 51 12 63 17 
9 600 - 700 Sqm 6 7 48 0 64 6 13 3 

10 700-800 Sqm 0 4 37 0 6 2 14 0 
11 800 - 900 Sqm 0 1 12 0 9 0 12 0 
12 900 - 1000 Sqm 2 3 12 0 6 0 3 0 

13 
1000 and above 
Sqm 0 5 7 0 2 0 3 0 

Source: Guntur Masterplan 2021 
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Table No: 2: Showing number of dwelling Units(DU) as per the plot grouping and the inhabitants, 
present and upto 2031 
S.N
o 

Study 
pocket 

Less  than 100 
to 300sqm 

300sqm to 
800sqm 

800 to 
1000sqm 

Total 
habitants as 
on date 70% 
occupancy  

Total habitants 
as on date 
100% 
occupancy[203
1] 

  DU
s 

Inhabita
nts 

DU
s 

Inhabita
nts 

D
Us 

Inhabita
nts 

DU
s 

Inhabita
nts 

DUs Inhabita
nts 

1 Vengal
rao 
nagar 

835 3423.5 243 996.3 20 82 109
8 

4501.8 1427
.4 

5852.34 

2 Ashok 
nagar 

519 2127.9 324 1328.4 40 164 883 3620.3 1147
.9 

4706.39 

3 Brodip
et 

364
6 

14948.6 196
5 

8056.5 24
0 

984 585
1 

23989.1 7606
.3 

31185.8 

4 Nehru 
nagar 

239
8 

9831.8 940 3854 0 0 333
8 

13685.8 8908
.1 

17791.5
4 

 
Table: 3 Showing number of inhabitants with water demand, present and upto 2031 
S.
No 

Study 
pocket 

Less  than 100 
to 300sqm 

300sqm to 
800sqm 

800 to 
1000sqm 

Total habitants 
as on date 
70% 
occupancy  

Total habitants 
as on date 
100% 
occupancy 

  Inhabit
ants 

Wate
r 
dem
and 
in 
CuM 

Inhabit
ants 

Wate
r 
dem
and 

Inhabit
ants 

Wate
r 
dem
and 

Inhabit
ants 

Wate
r 
dem
and 

Inhabit
ants 

Wate
r 
dem
and 

1 Venga
lrao 
nagar 

3423.5 462.
2 

996.3 134.
5 

82 11.1 4501.8 607.
7 

5852.3
4 

790 

2 Ashok 
nagar 

2127.9 287.
3 

1328.4 179.
3 

164 22.1 3620.3 488.
8 

4706.3
9 

635.
4 

3 Brodip
et 

14948.
6 

201.
8 

8056.5 1087
.6 

984 132.
8 

23989.
1 

3238
.5 

31185.
8 

4210 

4 Nehru 
nagar 

9831.8 1327
.3 

3854 520.
3 

0 0 13685.
8 

1847
.6 

17791.
54 

2401
.9 

 
QUANTITATIVE ANALYSIS FOR 
RUNOFF CONSIDERATIONS FOR 
RAINWATER HARVESTING. 

Average Annual rainfall in Guntur is 906 mm 
and the maximum precipitation month  is July, 
with an average of 171 mm recived.This 
information was taken form the local historic 
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rainfall, time series which involve the gathering 
of a continuous data set by recording the depth of 
rain falling at a given location within a specified 
period. As collected by the Meteorological 
department of Andhra Pradesh. In urban areas, 
the most rainwater surface types are restricted to 
roofs, thus the level of actual runoff is influenced 
by the type of surface material, surface wetting, 
ponding in depressions, absorption and 
evaporation. Soil Conservation Services and 
Curve Number (SCS–CN) technique is one of the 
primogenital and simplest method for rainfall 
runoff modelling which is useful in the planning 
of water resources very effectively.The 
assessment of runoff and related are elaborated 
with different methods below: 
 
RATIONALE METHOD 
Rational method is based on experimental idea. 
It proposes that the highest runoff produced in 
the stream is reliant on the watershed area that 
gives to the flow into the stream, and assuming 
that depth of runoff produced from the basin is a 
ratio of amount of rainfall. - 
Rationale methodformula 
Q=CIA                                        [1] 
 
Where: 
Q= peak flow (cum) 
C-runoff coefficient (dimension less) 
I-average rainfall intensity (mm/hr) 
A-drainage area basin (Hectare) 
 
SCS – CN METHOD 
The SCS curve number method is a simple, 
widely used and efficient method for determining 
the approximate amount of runoff from a rainfall 
even in a particular area.The curve number is 

based on the area's hydrologic soil group, land 
use, treatment and hydrologic condition. 
             SCS- CN Method formula  
 
Q= (P-0.3S)2/ (P+0.7S)              [2] 
  
Where: 
S = (25400/CN) – 254 
Q = runoff (mm) 
P = rainfall (mm) 
S = potential maximum retention after runoff 
begins (mm) 
CN= Coefficient (dimension less) 
 
DEMAND & SUPPLY 
The daily supply of water by the Guntur 
municipal corporation is at 95 LPCD, whereas, 
as per the Indian standards it should be  135 
LPCD. Hence depending on the study pocket 
population, the demand and supply gap have 
been calculated through which the percentage of 
the contribution from the harvestable rainwater 
can be established.  
As per the above difference,the daily water 
demand for all pockets have been calculated, the 
table given below shows the demand of Ashok 
Nagar. As per standards the daily demand for 
Ashok Nagar is 2213.73cum, the supply from 
Guntur municipal corporation is in the order of 
1557.81CuM and it establishes the gap of 
655.92cum that is the gap of nearly 30% is noted. 
Similirly other pockets also show agap between 
25 % to 35%.  Also the month wise gaps have 
been worked out. During the rainy season and 
subsequent following months the gap can be 
supported partially, with due consideration given  
to evaporation, loss of the water and its storage 
mechanism. 

Table4: Details of daily demand, daily supply, monthly demand and monthly gap of water from 
municipal corporation, Guntur to the study pocket of Ashok nagar. 
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Details of Water Demand for  Ashok Nagar, Population 3092 
Daily Demand of water as per the standards, 135 LPCD 
  417.42 CuM 
Daily supply from GMC, 95LPCD 
  293.74 CuM 
Gap between supply and demand on daily basis 
  123.68 CuM 
Gap per month 
  3710.4 CuM 

 
ANNUAL AVERAGE RAINFALL OF 
GUNTUR: 
The qualitative analysis is based on the actual 
data of rainfall is one of the important input for 
reliability and accuracy. So the actual monthly 

rain fall from 1999 to 2020 has been averaged to 
obtain the realistic average figures. The monthly 
average as shown in the Table no: 3 has been 
averaged to each month and considered same as 
the input data to the analysis. 

 
Table 5: Annual average rainfall in the Guntur city during the period 1999-2020 
Monthly rainfall data 1999 to 2020 

Monthly rainfall data 1999 to 2020 
Mont
h 

Januar
y 

Februa
ry 

Marc
h 

Apr
il May June July 

Augu
st 

Septemb
er 

Octob
er 

Novemb
er 

Decemb
er 

Annua
l 

year                           

2020 16.72 17.54 7.05 7.31 
10.2

6 
103.3

9 
239.2

2 
145.0

3 210.13 
137.8

7 117.61 0.12 
1012.2

5 

2019 25.7 0.4 0.6 6.8 17.8 82.4 157.9 181.6 253.5 202.7 6.4 2.1 937.9 

2018 0 0 1.7 14.1 31.8 114.2 136 210.8 64.9 18.1 18.1 50.1 659.8 

2017 0 0 6.9 2.1 40.5 169.1 139.9 186.7 145.1 93.7 7.6 0 791.6 

2016 0.2 0 0 0.2 
112.

8 199.6 87.5 194.1 289.9 71.5 1.9 7 964.7 

2015 1.3 0 0.7 18.8 17.3 183.3 93.5 144.9 142.4 31.8 78.6 0.9 713.5 

2014 0 2.4 0.3 0.3 65.2 19.1 130.5 116.9 144.7 149.6 51.7 0.7 681.4 

2013 0.4 80.6 0.3 19.3 32.4 115.4 151.2 177.4 163.6 358.8 59.6 2.5 1161.5 

2012 66 0 2.2 6 21.7 109.8 159.7 147.8 172.9 133.9 192.7 0 1012.7 

2011 0 22.4 0 45.1 17.8 44.5 199.8 194.7 56.7 62.3 15.9 1 660.2 

2010 8.6 0 0 9.2 
165.

3 124.2 349 229.5 233.9 141.7 104.9 118.8 1485.1 

2009 0 0 5 0 55 33.2 27.1 227 142.5 64.8 84.3 4.7 643.6 

2008 0 0 0.8 0.4 53.7 90.1 161.1 307 75.7 38.7 152.5 3.3 883.3 

2007 0 12.1 0 15.4 32.8 243.6 167.3 157.7 222.5 115.7 40.8 0.7 1008.6 

2006 0 0 45.2 73.6 63.6 86.5 52.6 78.9 148 238.8 65.4 0 852.6 

2005 0.3 5.2 4.7 7.6 63.3 22.2 236 76.2 277.9 237.4 18.6 3.3 952.7 

2004 3.5 0.4 7 9.4 61.4 102.9 192.2 47.5 183.7 132.8 18.7 0 759.5 

2003 0 0 0.3 10.8 28 126 209 138 159 156 11 91 929.1 

2002 1 0 19 2 2 74 68 175 33 132 14 0 520 
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2001 37 0 0 1 31 90 116 219 176 193 35 1 899 

2000 0 0 0 52 4 211 146 380 67 46 16 15 937 

1999 0 42 0 10 58 79 175 148 142 130 1 0 785 

Source: Indian Meteorological Department. www.imd.gov.in 
 
It is further analyzed with Rational Method and 
SCS-CN Method to obtain harvestable rainwater 
to all pockets of study area with respect to the 
equation 1 and 2 respectively. Details of daily 
demand of 417.42 CuM, daily supply of 293.74 
CuM, daily gap of 123.68 CuM and monthly gap 
of 3710.4 CuM of water from municipal supply, 
to the study pocket of Ashok nagar as shown 
intable 4. As per the rationale method, the 
quantity of harvestable rain water at plot level 
have been assessed. The evaporation loss has 
been assessed through PAN evaporation method, 
further the available harvestable rainwater 
quantity have been computed and mentioned in 

the table below.The yearly harvestable rain water 
fromSCS-CNmethod ranges  between 29% to 
39%,  where asusing the rational method it shows 
6% to 15%, however, it is observed that 10% 
fromthe rational method and 34% fromSCS-CN 
method as shown in table 6 are commonly 
observed, the lower  quantity has been 
considered for rainwater harvesting sustainable 
frame work in general. But the higher value of 
34% considered for Community level 
considerations. Also choosing the higher value 
will help  avoid floodingduring period of heavy 
rains, hence  recommended in urban engineering 
operations at community level. 

 
Table 6: The assessment of available harvestable rainwater through Rationale method and SCS CN 
method - Ashok Nagar pocket during the period of 1999-2020. 

y
e
a
r 

Average 
annual 
rainfall 
in mm 

run
off 
in 
m
m 

Harvestable 
rainwater 

through scs-cn 
method,cum 

Demand=p
opulation*
95lpcd*36

5,cuM 

percentage of 
contribution 

from 
harvestable 
rainwater 

Harvestable 
rainwater 
through 
rational 
method  

percentage of 
cotribution 

from 
havestable 
rainwater 

2
0
2
0 

1012.25 
285
1.9
3 

273499.82 808011.45 34% 82513.56 10% 

2
0
1
9 

937.9 
291
5.9
9 

279643.58 808011.45 35% 76452.92 9% 

2
0
1
8 

659.8 
316
4.1
5 

3053441.53 808011.45 38% 53783.6 7% 

2
0
1
7 

791.6 
304
4.8
4 

292000.45 808011.45 36% 64527.27 8% 



1000 
 

 
 
 

2
0
1
6 

964.7 
289
2.7
9 

277418.54 808011.45 34% 78637.52 10% 

2
0
1
5 

713.5 
311
5.1
6 

298744.31 808011.45 37% 58160.95 7% 

2
0
1
4 

681.4 
314
4.3
8 

301546.21 808011.45 37% 55544.32 7% 

2
0
1
3 

1161.5 
272
6.1
6 

261438.9 808011.45 32% 94679.67 12% 

2
0
1
2 

1012.7 
285
1.5
4 

273462.92 808011.45 34% 82550.24 10% 

2
0
1
1 

660.2 
316
3.7
8 

303406.36 808011.45 38% 53816.2 7% 

2
0
1
0 

1485.1 
246
6.1
7 

236505.33 808011.45 29% 121057.93 15% 

2
0
0
9 

643.6 
317
9.0
2 

304868.28 808011.45 38% 52463.05 6% 

2
0
0
8 

883.3 
296
3.6
4 

284213.47 808011.45 35% 72002.2 9% 

2
0
0
7 

1008.6 
285
5.0
5 

273799.32 808011.45 34% 82216.03 10% 

2
0
0
6 

852.6 
299
0.6
6 

286804.77 808011.45 35% 69499.6 9% 

2
0
0
5 

952.7 
290
3.1
6 

278413.36 808011.45 34% 77659.34 10% 
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2
0
0
4 

759.5 
307
3.6
2 

294759.74 808011.45 36% 61910.64 8% 

2
0
0
3 

929.1 
292
3.6
4 

280376.78 808011.45 35% 75735.59 9% 

2
0
0
2 

520 
329
4.0
9 

315903.38 808011.45 39% 42387.8 5% 

2
0
0
1 

899 
294
9.8
9 

282894.35 808011.45 35% 73281.99 9% 

2
0
0
0 

937 
291
6.7
7 

279718.51 808011.45 35% 76379.56 9% 

1
9
9
9 

785 
305
0.7
4 

292566.36 808011.45 36% 63989.28 8% 

Table 7: the selected methods for assessment of harvestable rainwater with in the selected eight study 
pockets 
 
HARVESTING POTENTIAL  
The overallmonth wise harvestable rainwater 
potential for all pockets has been analyzed and 
found that June to October the demand of water 
and its present shortages can be addressed 
through RWH. The annual rain water potential 
during these months 10 to 15% of the harvestable 
water availability is noted. The table below 

shows the availability of harvestable water for 
Ashok Nagar at 11 % in June, 15% in July, 18% 
in August,18% in September and 10 % in 
October. - The overall average demand can be 
reduced with the support of harvestable rain 
water by 12.5% in Ashok Nagar. Similarly for  
the seven case areas  can achieve a reduction in 
the range of 10 to 15% of water stress. 

 
Table 7: The assessment of available harvestable rainwater and percentage of harvestable rainwater 
with monthly demand. 

Name of the Study Pocket: Ashok Nagar 

Month 
Ja
n 

Feb 
Ma
r 

Apr 
Ma
y 

Jun Jul Aug Sep Oct Nov Dec 

Average monthly rainfall for 22 years 
from 1999-2020 

7.3
1 

08:
32 

4.6
3 

14.1
6 

44.8 
110.
16 

154.
3 

1760
.53 

159.
32 

131.
24 

50.5
6 

13.7
4 

Monthly Harvestable rainwater, Cubic 
Meter 

62
4 

710
.66 

395
.05 

120
9.06 

382
6.84 

940
9.25 

1317
9.29 

1507
8.66 

1360
8.35 

112
09.5 

431
8.57 

117
3.38 
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Loss due to evaporation, Cubic Meter, 
20% as per PAN Evaporation Method 

12
4.8 

142
013 

79.
01 

241.
81 

765.
37 

188
1.85 

2635
.86 

3015
73 

2721
.67 

224
1.9 

863.
71 

234.
68 

Harvestable rain water, Cubic Meter 
49
9.2 

568
.53 

316
.04 

967.
24 

306
1.48 

752
7.4 

1054
3.43 

1206
2.93 

1088
6.68 

896
7.6 

345
4.85 

938.
7 

Percentage of harvestable water with 
monthly water demand from plots 

1
% 

1% 0% 1% 4% 
11
% 

15% 18% 16% 
13
% 

5% 1% 

 
DERIVING THE WEIGHTAGES FOR 
SUSTAINABLE PARAMETERS 
THROUGH -  AHP 
The survey is conducted at the selected locations 
mentioned above. From each categorized plot, 50 
responses for the questionnaires were collected 
and used for the analysis part. The responses 
were collected from a different level of works 
including plotted development, group 
developments and mixed use plotsetc., The 

responses attained by the questionnaires are 
made into Pie Charts and then based on the 
percentages intensities are given for the elements 
to use in Analytic Hierarchy Process. The 
components are broadly categorised as 
Harvestable rain water, technical knowhow, 
implementation procedure, rainwater storage, 
institutional mechanism and urban engineering 
considerations. 

Table 8: Intensity of Importance 

Intensity of 
Importance 

Definition Explanation 

1 Equal importance Two activities contribute equally to the objective 

3 
Weak importance of one 

over another 
Experience and judgment slightly favour one 
activity over another 

5 
Essential or strong 

importance 
Experience and judgment strongly favour one 
activity over another 

7 Demonstrated importance 
Activity is strongly favoured, and its dominance is 
demonstrated in practice 

9 Absolute importance 
The evidence favouring one activity over another is 
of the highest possible order o affirmation 

2, 4, 6, 8 
Intermediate values 

between two adjacent 
judgments 

When compromise is needed 

 
THE METHODOLOGY USED IN THE 
ANALYTICAL HIERARCHY PROCESS 
(AHP) 

To find the ranking of priorities and the Eigen-
vector X, The normalization of Matrix, 
Calculation of Consistency Ratio and related 
weightages and it’s procedure has been given 
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below to apply for the sustainable components 
for rainwater harvesting to reduce the supply and 

water stress on local body to utilize the rain water 
through a natural means. 

 
 Normalize the column entries by dividing each entry by the sum of the column. 

𝐴 =  
𝑎1 𝑎2 𝑎3
𝑎4 𝑎5 𝑎6
𝑎7 𝑎8 𝑎9

 [4] 

𝑆𝑢𝑚 =  [𝑎1 + 𝑎4 + 𝑎7 𝑎2 + 𝑎5 + 𝑎8 𝑎3 + 𝑎6 + 𝑎9] [5] 

 Normalization of Matrix 

⎣
⎢
⎢
⎢
⎢
⎢
⎡

𝑎1

(𝑎1 + 𝑎4 + 𝑎7)

𝑎2

(𝑎2 + 𝑎5 + 𝑎8)

𝑎3

(𝑎3 + 𝑎6 + 𝑎9)
𝑎4

(𝑎1 + 𝑎4 + 𝑎7)

𝑎5

(𝑎2 + 𝑎5 + 𝑎8)

𝑎6

(𝑎3 + 𝑎6 + 𝑎9)
𝑎7

(𝑎1 + 𝑎4 + 𝑎7)

𝑎8

(𝑎2 + 𝑎5 + 𝑎8)

𝑎9

(𝑎3 + 𝑎6 + 𝑎9)⎦
⎥
⎥
⎥
⎥
⎥
⎤

 [6] 

 

a11 =
𝑎1

(𝑎1 + 𝑎4 + 𝑎7)
 

a12 =  
𝑎2

(𝑎2 + 𝑎5 + 𝑎8)
 

a13 =  
𝑎3

(𝑎3 + 𝑎6 + 𝑎9)
 

a21 =
𝑎4

(𝑎1 + 𝑎4 + 𝑎7)
 

a22 =  
𝑎5

(𝑎2 + 𝑎5 + 𝑎8)
 

a23 =  
𝑎6

(𝑎3 + 𝑎6 + 𝑎9)
 

a31 =
𝑎7

(𝑎1 + 𝑎4 + 𝑎7)
 

a32 =  
𝑎8

(𝑎2 + 𝑎5 + 𝑎8)
 

a33 =  
𝑎9

(𝑎3 + 𝑎6 + 𝑎9)
 

 
By applying these values to (Equation 3 3) we get (Equation 3 4) 

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

 [7] 

 

 Take the overall row averages. (Priority Vector) 
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𝑋 =  

⎣
⎢
⎢
⎢
⎢
⎡
𝑎11 + 𝑎12 + 𝑎13

3
𝑎21 + 𝑎22 + 𝑎23

3
𝑎31 + 𝑎32 + 𝑎33

3 ⎦
⎥
⎥
⎥
⎥
⎤

 [8] 

 

x1 =
𝑎11 + 𝑎12 + 𝑎13

3
 

x2 =  
𝑎21 + 𝑎22 + 𝑎23

3
 

x3 =  
𝑎31 + 𝑎32 + 𝑎33

3
 

 
By applying these values to [8 we get [9 

𝑋 =  
𝑥1
𝑥2
𝑥3

 [9] 

 
Calculation of Consistency Ratio 
To calculate λmax to lead to the consistency index and the Consistency Ratio. 

𝐴𝑋 =
𝑎1 𝑎2 𝑎3
𝑎4 𝑎5 𝑎6
𝑎7 𝑎8 𝑎9

 ∗  
𝑥1
𝑥2
𝑥3

=
𝑎1𝑥1 + 𝑎2𝑥2 + 𝑎3𝑥3
𝑎4𝑥1 + 𝑎5𝑥2 + 𝑎6𝑥3
𝑎7𝑥1 + 𝑎8𝑥2 + 𝑎9𝑥3

 [10] 

 
λmax will be achieved by averaging the AX/X matrix 

𝜆𝑚𝑎𝑥 =  
1

3
(
𝑎1𝑥1 + 𝑎2𝑥2 + 𝑎3𝑥3

𝑥1
+

𝑎4𝑥1 + 𝑎5𝑥2 + 𝑎6𝑥3

𝑥2
+

𝑎7𝑥1 + 𝑎8𝑥2 + 𝑎9𝑥3

𝑥3
) 

 [11] 

Consistency Index (CI) =  
λmax − 𝑛

𝑛 − 1
 [12] 

 
Where n is the number of elements in matrix i.e. n = 3 

Consistency Ratio (CR) =  
CI

𝑅𝐼
   [13] 

Where 
 
Table 9: RI (average random consistency index) 

N 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

 
If the value of the Consistency ratio is smaller or equal to 10%, the inconsistency was accepted -. If 
the Consistency Ratio is greater than 10%, then the subjective judgments were revised.  
 
Similarly, the priority vectors of each factor in a resource are estimated as 
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𝑋1 =  

𝑦1
𝑦2
𝑦3

   𝑋2 =  
𝑧1
𝑧2
𝑧3

   𝑋3 =  
𝑤1
𝑤2
𝑤3

           [14] 

 
Then the ranking of alternatives is calculated by  

𝑅𝑎𝑛𝑘𝑖𝑛𝑔 𝑜𝑓 𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 =

𝑦1 𝑧1 𝑤1
𝑦2 𝑧2 𝑤2
𝑦3 𝑧3 𝑤3

 ∗  
𝑥1
𝑥2
𝑥3

=
𝑦1𝑥1 + 𝑦2𝑥2 + 𝑦3𝑥3
𝑧1𝑥1 + 𝑧2𝑥2 + 𝑧3𝑥3

𝑤1𝑥1 + 𝑤2𝑥2 + 𝑤3𝑥3
 

              [15] 

Table10: The analysed weightages of six components through AHP     

     

S.NO 

SUSTAINABLE 
WATER 

ARVESTING  
Elements Weightage Received Priority 

  
Harvestable Rain 

water 

Quantity 0.21 
Management 1 Quality 0.32 

  Management 0.47 

  
Technical knowhow 
– filtration process 

Quantity 0.32 
Quality 2 Quality 0.44 

  Management 0.24 

  
Monitoring at DUs 

level 

Quantity 0.38 
Management 3 Quality 0.18 

  Management 0.45 

  
Rainwater storage 

Quantity 0.47 
Quantity 4 Quality 0.32 

  Management 0.21 

  
Institutional 
mechanism 

Quantity 0.28 
Management 6 Quality 0.21 

  Maintenance 0.51 

  Urban Engineering 
and Architectural 

thought 

Quantity 0.38 
Quality 6 Quality 0.47 

  Maintenance 0.15 
 
The sustainable rainwater harvesting has been 
assessed with six components such as 1. 
Harvestable rainwater, 2. Technical knowhow of 
filtration process, 3. Monitoring it dwelling Unit 
level, 4.  Storage of rain water, 5. Institutional 
mechanism and 6. Urban engineering and 
Architectural thought through AHP. All the 

components were assessed with respect to the 
quality, quantity and management. And it is 
found that the management of  rainwater 
harvesting 47% as compared to quality and 
quantity, the quality urban engineering and 
architectural  thought indicated 47% , the 
maintenance and systematic monitoring of urban 
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Local body and its institutional mechanism 
shown 51% , the storage capacity of the 
rainwater amounts to 47% and monitoring of the 
rainwater system to operate effectively shown 

45% of weightage, with quality filtration system 
in the order of 44% for sustainable harvesting in 
neighbourhood level and at dwelling unit level. 

 
Harvestable Rainwater 
The importance, significance level, along with 
pair wise comparison been carried with respect 
to the questionnaire survey for all above 
components with regard to quality, quantity and 

maintenance. The Harvestable rain water related 
factors have been shown indetail below, and the 
same procedure adopted for rest of the 5 item and 
the gained weightages shown above. 

 

Propose your significance for "Harvestable rain water " in comparison to " Roof" 

EXTREMELY IMPORTANT  6 12.00% 
VERY IMPORTANT 32 64.00% 
NEUTRAL 6 12.00% 
LESS IMPORTANT 4 8.00% 
NOT AT ALL IMPORTANT 2 4.00% 

 
 

Propose your significance for "Harvestable " in comparison to "Setbacks " 

EXTREMELY IMPORTANT  9 18.00% 
VERY IMPORTANT 29 58.00% 
NEUTRAL 6 12.00% 
LESS IMPORTANT 3 6.00% 
NOT AT ALL IMPORTANT 3 6.00% 

 

Propose your significance for " Harvestable rain water "  in comparison to " Community 
level support "  

EXTREMELY IMPORTANT  4 8.00% 
VERY IMPORTANT 2 4.00% 
NEUTRAL 6 12.00% 
LESS IMPORTANT 29 58.00% 
NOT AT ALL IMPORTANT 9 18.00% 

     
Pairwise Comparisons Matrix     
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Harvestable rain water  
Roof / 
terrace 

Set 
back 
area 

Community level 
RWH support 

 
Roof / terrace 1.00 0.33 0.33  
Set back area 3.00 1.00 2.00  

Community level RWH 
support 3.00 0.50 1.00  

Sum 7.01 1.83 3.33  
Normalized Matrix     

     

Harvestable rain water  
Roof / 
terrace 

Set 
back 
area 

Community level 
RWH support 

Criteria Wts 

Roof / terrace 0.14 0.18 0.10 0.14 
Set back area 0.43 0.55 0.60 0.52 

Community level RWH 
support 0.43 0.27 0.30 0.33 
Priority Vector (Criteria Wts)     

Harvestable rain water    
Roof / terrace 0.14    
Set back area 0.52    

Community level RWH 
support 0.33    

Consistency Ratio  
λmax 3.054    

Consistency Index 0.027    
Consistency Ratio 0.0464    

Decisio is Consistent     

 

Harvestable rain water      
          

Pairwise Comparisons Matrix     
          

Roof / terrace RW Quality 
Quantit
y 

management 
  

Quantity 1.00 0.50 3.00   
Quality 2.00 1.00 3.00   
Management 0.33 0.33 1.00   

Sum 3.33 1.83 7.00   
Normalized Matrix     
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Profits Quality 
Quantit
y 

Management Criteria Wts 

Quantity 0.30 0.27 0.43 0.33 
Quality 0.60 0.55 0.43 0.52 
Management 0.10 0.18 0.14 0.14 

Priority Vector (Criteria Wts)     
          

Profits       
Quantity 0.33       
Quality 0.52       
Management 0.14       

Consistency Ratio     
λmax 3.05       

Consistency Index 0.03       
Consistency Ratio 0.046       

 Decision is Consistent         

    
Ranking  

        
Harvestable Rain 

water 
Roof/terrace Set back area 

Community 
level 

Quantity 0.33 0.25 0.09 
Quality 0.52 0.25 0.35 
Management 0.14 0.50 0.56 

Priority Vector 
 

Harvestable Rain water 
Quantity 0.21  
Quality 0.32  
Management 0.47 

 
It is found that sustainable rain water harvesting through the AHP , with respect to the 50 samples in 
Ashok nagar, the “Harvestable rain water” and its related maintenance has shown the 47% weightage 
, similarly the “Technical know-how “ shown 44% for quality, “ Implementation procedure” gained 
45% for maintenance, “ Rain water Storage” shown the weightage of 47% for quality, “ The 
Institutional mechanism “ shown the weightage of 51% for maintenance and finally the “ Urban design 
“ shown 47% for quality engineering. The frame work for the sustainable rainwater harvesting can 
reduce the water stress by 10 to 15% of demand from June to October.  
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Fig: Sustainable rainwater harvesting Frame work showing the significance levels of different 
components 
 
11.0 CONCLUSION 
The Ashoknagar in Guntur shown the supply gap 
against the demand at grouping of Dwelling units 
level and rainwater supporting system with 
regard to the pre monsoon, monsoon and post 
monsoon months with the analyzed data from 
1999 to 2020. It is clear that the CN method 
utilized to assess the community level harvesting 
and rational method for dwelling Unit level with 
due consideration to the paved and non paved 
areas with absorption coefficients.The available 
harvesting rain water for different months and its 
storage, utilization and reduction of stress 
percentages or gap in municipal supply is proved 
through sustainable harvesting system in 
dwelling unit level and additional support from 
community level collected run off of rain water 
harvestable volumes. The additional reduction of 
gap to plots groupings /dwelling units through 
community level stored harvestable runoff and 
the components influencing the sustainable 
rainwater harvesting frame work such as 
Harvestable rain water, Filtration process, 

monitoring at unit/ plot level, supporting 
institutional mechanism, storage provisions with 
regard to size of the plot and urban engineering 
and architectural thought process been analyzed 
through AHP for a sample survey size of 50. The 
sustainable  harvesting frame work related 
components shown its weightages with regard to 
quality, quantity and maintenance [QQM].  The 
frame work process recommends the 
components related QQM matrices to sustainable 
rainwater harvesting to Ashok nagar and same 
model may be applicable for similar conditions 
of towns. 
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