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1. INTRODUCTION

Water is the most crucial commodity for all livibgings on
earth. It is essential for all basic human needs &od, drinking
water, sanitation, and health, [Secretariat of @@vention on
Biological Diversity (2010)]. Access to water isegyone’s basic
right recognised by a number of development and ammghts
agencies. Management of water resources on sustaibasis is
the most pressing issue of the present age. Imptuge of water
has reduced the natural replenishment capacityatémveservoirs.
Due to which water scarcity has taken place anthswble supply
of water has become a challenge. The problem i reerious in
hilly and fragile areas of developing countries,enh supply of
water is very costly business.

Presently a number of development and environment
agencies are planning to introduce innovative peastto conserve
and supply water on sustainable basis. For inst&arthquake
Rehabilitation and Reconstruction Authority (IRRAWitiated
RRWH technology in earthquake affected areas oisRak The
technology has the potential to conserve and supgier at
sustainable basis but to date no formal actionbesen taken to
utilise this option. Informally some households &vesing it as an
adaptation strategy to water scarcity problem tbey were few in
numbers.  Moreover, this small scale use was mdreao
behavioural phenomenon, not planning. Now governnieas
formally launched it as a big project in earthquakiected areas.
These areas were more vulnerable in terms of watepost
earthquake scenario. In this context, RRWH candresidered as
an innovation as well as adaptation to changingewaupply
situation.



There were a number of factors due to which trahrielogy
has been implemented in earthquake affected akéasly this
includes rainfall in those areas which is considess the basic
ingredient of RRWH technology. These areas receiveaverage
1500 mm/annum rainfall that is highest in Pakisté&cond reason
of implementing the technology is that, newly buitbuse’ are
made of Galvanised Iron (Gl) sheet, known as thst batchment
area for harvesting rainwater. It has the higheseffitient of
Runoff (0.9), which means 90 percent water whictialing on
roofs can be harvestedThird important factor is the failure of
supply lines which are not successful due to HilRRain, and
fragile nature of water reservoirs.

Present study is the economic assessment of RRWH
technology in earthquake affected areas of KP adH./Study
attempts to estimate some of the economic bereditsy accrued
from RRWH technology. It compares few market and ntarket
economic benefits (e.g., yields of kitchen gardgnisaving of
water related diseases expenditures, value of lieneg saved) to
the costs (e.g., capital cost, O&M cost, administeacost) of
technology and analyses the viability and profitgbiof the
technology. For this purpose study adopted sonanfiial tools for
instance; Net Present Value (NPV), Internal RatReturn (IRR),
and Pay Back Period for evaluation.

2. ECONOMIC APPRAISAL OF RRWH
TECHNOLOGY

Economic appraisal of the technology is carried ¢tmt
analyse the viability, practicality and profitabli of RRWH
technology. So far no empirical study has been cotedl on ex-
post scenario of RRWH that can provide some insightlocal
context and contribute to literature. Present siadyst of its kind

In post earthquake situation (reconstruction)
RRWH Construction and Maintenance Manual, AFPROtitkc for
Food Production) UNICEF.
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which will fill the gap in literature of rainwatem Pakistan.
However, there are a number of studies on RRWH faitrer
countries which are covering some of the asped®RMVH.

Baguma, et al. (2010) and Lehmann and Tsukada (2009)
examined rainwater harvesting with reference to dumealth and
time allocation. Studies have focused the socioatn aspect of
rainwater and revealed that this technology redwoss incurred
on health as well as time allocation for curindkgpeople, which is
used for profitable activities. Young children {bhomale and
female) can go to school who are otherwise buggtohing water.
Moreover, this system improves the sanitation andidme
facilities for rural population by providing themater at home on
sustainable basis. Authors have also claimed thattéchnology
has reduces the riskassociated with water fetching.

Dwivedi and Bhadauria (2010) analysed the domestic
rainwater harvesting in India. Study is based amary survey of
households to examine the size of rooftops, stocagacity and
per unit cost of water. The unit cost of the wakdrich can be
harvested from rooftop area was calculated by denisig the 30
years of serviceable life of RRWH system and wasek at 7
percent rate of interest. The salvage value oRWH system was
assumed 25 percent and annual maintenance and cepaias 0.5
percent of the capital cost. In this study authmage calculated the
unit cost of water but have not explicitly indicatehat what
approach has used.

Singwane and Kunene (2010) carried out a studyumlr
areas of Swaziland to analyse the viability of water harvesting
technology. By using households’ survey, investagastudied the
price of equipment in local market and linked ithe affordability
of community. Findings showed that majority of theuseholds
are using rainwater harvesting technology whichwghohat the
technology is affordable. However authors have otdarly

3Study highlighted a number of risks associated wislter fetching being
faced by people, and in particular, women who assmonly involved in
fetching water. These include; risk of hurtinglifaj, being raped etc.
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mentioned whether the installation was done by éloolsls or
some other agency. Study also reported that althévagiseholds
are using this technology, but due to poor findnoiedition they
want to increase the storage capacity which thayt ¥maincrease.

3. METHODOLOGICAL FRAMEWORK

Present study is based on the analysis of RRWHtdoby
in ex-post scenario to investigate some of the titsrend costs of
technology by demonstrating their net value to ¢étenomy in
general and community in specific. Analysis enalnigslementers
to compare the expected benefits estimated in &x-siuation
with actual benefits which are being accrued. A bhamof tools
have been adopted to study the net benefits oprbject initiated
by ERRA. In this regard; first tool is NPV that cpares the value
of a currency today to the value of that in theufat taking
inflation and rate of returns into account. If tINPV of a
prospective project is positive it means that tr@qet is expected
to contribute in social welfare. In this case thejgct can be
implemented or scaled up, if other financial parerge also
support the results of NPV. However, if the NPV zero or
negative, the project is considered as unprofitable

In that case it depends on the nature of the praged
urgency of its implementation. In other words impbntation
decision of the projects (specifically in publicsa) is not only
determined by the associated monetary gains. Fsiamce; in
case of water even if project is not profitablegency or need
of water supply cannot be ignored. IRR is applisdaasecond
tool to examine the net value of technology. Ithe discount
rate often used in capital budgeting that makesnibtepresent
value of all cash flows equal to zero from a paiac project. It
is also defined as the rate of growth a projeatxpected to
generate for domestic economy. If IRR of a projeanore than
its social discount rate, which is its opporturstyst, the project
can be undertaken.



5

The third technique which present study has useassess
the technology is PBP. It refers to the time pereguired for the
return on an investment to repay the sum of thgiraal investment
cost. For example, a $10000 investment has maderg agency
and it has $1000 per year return. This investmeatldv be
recovered in ten years. And it will have a ten ye&P. It is
comparatively weaker tool to evaluate the investshém projects
because; it cannot tak&to account the time value of money. PBP
intuitively measures how long something takes tay"for itself"
or stream of earnings required covering the surst. call other
things remain same, shorter PBPs are preferablentger ones.
This analysis provided the relevant ex-post evidendthin the
frameworks of discounted cash flows and BenefittGasalysis
(BCA).

Study has used primary as well as secondary daiedar to
examine the economic benefits and costs of theegrroPata on
cost of the project of RRWH was collected from iimplementers
of the project. Cost of each installed RRWH unitimhaincludes
capital cost, operational and maintenance (O&M)t,cand
administrative costs. All other costs were takearsd point of time
except O&M cost, because it changes over time doe t
depreciation of the unit, inflation, and some otleogenous
factors. In order to encompass this, study has w@sexpecific
percentage for annual increment in O&M cost whiglbipercent
and is based on the inflation.

Benefits of the system are monetised and compdied) uthe
primary data collected through survey of benefiemin 2010. For
this purpose actual or estimated monetary valusaoh individual
benefit was summed up to reckon the aggregate ikenkfainly
there are three types of benefits accrued from RR&dHnology.
First was the monetary value of kitchen gardenirctv became
possible after the implementation of technologyisla saving for
households because earlier they were purchasingtalgdgs from
market. Second benefit was annual saving of meeéixga¢nditures
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on women health. It was calculated by computingdifference of
women medical cost of households which were usihg t
technology as of those which were not using thhrtelogy.
Moreover, the computed cost was based on watdnifgtaelated
diseases. Third component of benefits was savingno due to
RRWH technology, which was otherwise invested foatew
fetching.

The monetary value of time was calculated usinyailieg
women wages as proxy. To minimise the error, sindgstigated
from respondents that, out of total saved time, houch they
were using in productive activities. They reportbdt they were
using approximately 30 percent of total time whisls being
saved due to RRWH facility. In order to attain psean and
robustness of results, sensitivity analysis wagtatb For this two
comprehensive scenarios were developed where safingne
was considered as 20 percent and 30 percent.

3.1. Discount Rate

Discount rates are widely used in the public segtojects to
assess the proposals where costs and benefiteameulong time
periods. Socially optimal policy requires an appraie choice of
discount rate. It reflects the opportunity cost tfe funds
committed to the projects. The opportunity costetes upon what
other options are available to invest and markehditmns.
Discount rate is a measure to check and ensureffivgency in
allocation of scarce resources. The underlying rapsion is that
these funds could be used for other projects witlspacific
percentage of national rates of return. Following the
mathematical formulation of discount rate for atigafar project.

Eri) =Rf+Bi ECM) =R ... . e (D)

E(ri) = return required on financial asset

Rf = risk-free rate of return.

Bi = beta value for financial asset

E (rm) = average return on the capital market.
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The discount rate used in this analysis is 12 penadich is
used to evaluate the public sector projects/invests and is
determined by market rate of interest on whichedéht agencies
are lending money to government.

There are few assumptions which are used in fi@hnci
analysis of the projects like; markets are cldzerd is one market
interest rate, perfect information and all aspeuts covered by
markets. Under these assumptions the market ci¢arsate where
the time preference for consumption equates tooghgortunity
cost of capital. The opportunity cost of capitahisate of return the
capital must pay back to investors in order toifyshvestment
decision. In this case the market-clearing rate lavooe the
discount rate.

3.2. Lifeof theProject

Life of the RRWH technology varies across differeggjions
depending upon the nature of material used, opemiti and
maintenance (O&M) cost, weather conditions etc. iButase of
this project which has been implemented by ERRA, rthnimum
life of each unit (which includes gutter, pipessfiflush diverter,
and storage tank) is 20 years. It starts from imgeletation of the
pilot project that has taken place in year 2010is Tife time of
RRWH technology was defined by the technical agenivolved
in implementation [NESPAK (2010)].

3.3. Salvage Value

Whenever any project is implemented in which some

physical capital is involved; it has certain lifetone period which
is determined by the material which was used. Wifenof any
physical material or object is over there is alwagme leftover of
that material which was used as physical capitathat project.
That material or left over from physical capitalcalled ‘Salvage
Value’. This value which is established and defindy
implementing agencies varies with time, place amgept.



Specifically it depends on number of factors; fostance,
nature of the material which is used in a specfioject as
physical capital, maintenance and care, weatheditons etc.
Salvage value is presented in percentage of togaénmal which
has left. In case of RRWH technology salvage vauk0 percent
which is provided by the technical staff of implemers. It means
the leftover of total physical capital used is Hdgent.

3.4. Description of the Study Area

Study area includes one village of Bagh and onkagel
from Battgram, where RRWH project has been iniddig IRRA
with the coordination of two NGOs Maqgsood Welfaukdation
(MWF) and Save the Children as its implementingtrpas.
MWEF is local NGO which is operating in Bagh AJK. hias
implemented the pilot project of RRWH in Bagh. Sate
Children is an international NGO operating in diéfet areas of
Pakistan. It was involved in the implementatiorR&RWH project
in Battagram.

Battagram district lies in Hazara division of thePK
province in Pakistan. Total land area of the disis 1301 square
kilometres. It was estimated in 2004-05, that tlopyation of
Battagram district is 361,000 (Battagram, 2007)s kit a distance
of 90 km from Abbottabad and is 240 km far from tagital city
Islamabad. The mainly three languages Pashto, idiadkl Gojri
are also spoken. In offices English and Urdu isdusad
understood. Battagram was notified a district ity 1993 when it
was upgraded from a Tehsil and separated from Maas#strict.
[Battagram (2007)].

The project of RRWH has been executed in Sarooh&hw
is a village of Allai, the subdivision of Battagraithe Allai valley
is bounded by Kohistan on the north and east, ley Khghan
valley, Nandhiarh and Deshi of Deshiwals on thetBoand by the
Indus river on the West. The valley was ruled bya#s (tribal
rulers) until 1949, when it signed the Instrumenfocession with
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Pakistan. The valley was badly affected by the hearike on
october 8, 2005 which also destroyed the ‘cable’ whgit used to
allow residents to cross the Indus River. The Saaoallage is
comprised of 330 households and most of them arein@ome
families [Battagram (2007)].

The total population of the village is 5000, wherehe
average household size is eight. In pilot phase féudity of
RRWH was provided to 50 households. Bagh is onthefeight
districts of Azad Jammu and Kashni#&JK), Pakistan. The total
area of the district is 1,368 square kilometergg[B&2007)]. Bagh
district is composed of three sub-divisions, nanigiyrkot, Bagh
and Haveli. Bagh was also severely affected byBae¢hquake on
October 8, 2005 which destroyed the overall infredtire of the
district.

Survey of the present study has been conductedhitraC
Topi which is one village of union council Topi district Bagh. It
is situated in the north east of main city of Baghan altitude of
7000 feet above the sea level and on a distand8 &M [Bagh
(2007)]. Topography of the area is hilly. ChitrapTwillage has
relatively small number of the households which \2&g. Total
population of the village was 1918 in which males 840 and
females are 978. Literacy rate of the village i®wa 80 percent
which is comparatively high [Bagh (2007)]. The malans of the
Chitra Topi are Suddhen, Mughal, Qureshi.

3.5. Survey Methodology

In order to carry out detailed analysis, data wakected
through personal interviews of respondents in tlecsed villages
of both districts (Bagh and Battagram). The sunwag conducted
in year 2010. In this regard a pre-tested questimanwas
developed and used. Study is based on pilot pHabe @roject in
which only 50 households were provided with tecbggl To
assess the net benefits all of the households wereviewed and
there was no sampling involved in it.
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4. RESULTSAND DISCUSSIONS

Present study is based on economic appraisal of RRW
technology that has been conducted using certaendial tools
like NPV, IRR, and PBP. For robustness of resutmsitivity
analysis has been carried out. It is based on wvopcehensive
scenarios developed by using the variation in tsaeing that is
one benefit. It is worthwhile to observe that résydroduced by
present analysis are inflation adjusted. Appendithe study gives
the comparison of the findings with and without latibn
adjustment. To avoid the complexities inflation veasumed to be
constant throughout the project life. Moreover,csirthe study
focuses the net benefits of the technology, examithe inflation
variations was beyond its scope.

4.1. Sensitivity Analysis

4.1.1. NPV

In first scenario of sensitivity analysis, keepwother benefits
(saving of health cost, and saving due to kitchemdgning)
constant, 30 percent of women saved time has beed. urhis
saving of time was monetised and included in thgregate
benefits of technology by using the proxy of womeages. Based
on this assumption net cash flow was developedh®restimation
of NPV, IRR, and PBP. Firstis NPV that has bedimeded for all
individual households based on accrued benefit® fdported
value is average NPV of all households that is 8328rupees.

In case of project assessment, rule of thumb i KRV
should be positive which is true in case of thisnsgio. However,
the actual value of NPV showed some deviation fitsnmean
which was due to the variations in accrued benefdsss the
households. This is because of individual usage atnisation
of technology. It is worthwhile to mention here tthihere are a
number of ethereal benefits of the technology wihiatie not been
estimated because of some data related technicetramts. If
those benefits are also included, value of ovebalefits may
increase by some percentage.
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In second scenario, 20 percent of the saved timeeisg
utilised by women in productive work. As it is miemed in
previous section, this change was made to achlevedbustness
of findings. In this scenario the average valueN&¥Vv of all the
households is 2583.61 rupees which is less thanahe of NPV
in first scenario. But still it is quiet significaror technology’s
viability and profitability. Moreover, it also shewthat even if
minimum benefits are accrued still RRWH can be #etb@ms an
economical approach for supplying water in thesasrIn other
words, since the technology has the range of bsnédr study
areas, viability is less responsive to one indigicdaenefit.

41.2. IRR

Second measure used to examine the feasibility and
practicality of RRWH in study areas is IRR. In fiscenario of
sensitivity analysis IRR is estimated using 30 petof saved time
that was being productively utilised by women. IRRalculated for
all households but reported value is average IRRith24 percent
in first scenario. However, the actual value of IR& shown some
variations which can be explained by the differend¢ebenefits
across the households. This value of IRR is higlesidering the
rate of return and market conditions. Finding shtves technology
is profitable and communities are benefiting inmerof reported
benefits. It also supports the implementation acdlirsg up of
RRWH technologies.

Table 1

Average Values of NPV, IRR, and PBP
First Scenario (with 30% Second Scenario (with
usage of save time)  20% usage of save time)

NPV 224388.98 2583.61
IRR 24 % 13 %
PBP 5 7

*NPV is measured in rupees.
** PBP is measured in years.
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In second scenario women saving of time is dectets0
percent of the total saved time, and value of IRR3 percent that
is quiet lower than first scenario. It is comparely low but still
reasonable for technology to meet the conditioprofitability and
viability. The findings of IRR across the two sceoa shows the
same pattern as it was in case of NPV that alspedsed with the
decrease in value of women time saving.

4.1.3. PBP

PBP is the third measure adopted by present studggess
economic viability of RRWH technology. In first s@&io, keeping
other benefits constant PBP is calculated on tisestzd 30 percent
of the women save time which was being utilisedthvhis saving
of time analysis has revealed that average vallRB&f is 5 years.
It imply that on average this project required angeto get the total
return of investment keeping in view the monetaajue of above
mentioned types of benefits. However, inclusionaohumber of
other benefits can decrease the PBP. Actual valueB® also
fluctuates due to the variation in each householddividual
benefits.

In second scenario the average value of PBP isi&yehich
is also low. It is based on the 20 percent sharsagéd time in
overall benefits of technology. It implies that amerage RRWH
technology requires 7 years to get the total retfrmvestment.
The variation in PBP shows that each household fiteneave
significant role in determining the PBP. By thisding we can
conclude that profitability of a project is not thiction of its cost
and how it is implemented, but it is also deterrdigy the way
people use it.

5. CONCLUSION AND POLICY IMPLICATIONS

5.1. Conclusion

Present study is based on rural domestic water
management using RRWH technology. Findings revedhed
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RRWH has generated a number of benefits and hasvewery
advantageous project in earthquake prone and &ithas. Study
analysed the potential benefits which are beingueat by the
people of those communities in Bagh and Battagrdimese
benefits have tangible as well as intangible val8ace the
ethereal portion of benefits is difficult to reckopome of the
tangible benefits were investigated and compardtl Wie cost
of the technology in order to develop the net cigWs. Study
has exposed that this technology has huge potentidrms of
benefits associated with it.

These benefits include some monetary benefits iigaof
kitchen gardening, saving of medical cost) as wietle saving
which has also been monetised in this study. Dua tange of
RRWH tangible benefits there is very less time @ar{(PBP)
required to pay back the investment. Present statho
concludes that the technology has almost no chaotésilure
in all those areas which are receiving higher inMoreover,
it can be initiated by individuals and communitlesmobilising
the resources and technical expertise. It is wadntlen to
mention that the assessed benefits of the techp@ogone part
and there are a number of other benefits whichyateto be
investigated. This economic appraisal endorsed téainology
is viable, profitable, time saving, and practicgpeoach of
water supply.

5.2. Policy Recommendation

The findings of the underlying study have put fomva
number of policy implications. Some of the main ippl
implications are as follows;

(1) Present study has unveiled that RRWH technology is
viable and suitable for earthquake prone, hillyd an
scattered areas due to its cost effectiveness.dBase
this finding study proposes that, RRWH system stoul
be scaled up to other such areas which are fatiag t
problem of water shortage. This is a best alteveati
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which would supplement and ease out pressure from
traditional water supply sources.

(2) While computing the women health cost study found
that women who are harvesting rainwater have
comparatively better health and less health expersd
as of those who are not using this technology.nimgi
on better sanitation and hygiene may enhance thkhhe
benefits of the technology. It may further conttédto
better health and time saving to cure the illness.

(3) Study has explored that kitchen gardening has huge
potential in both villages which was not being is&t
before the introduction of this facility. It reducehe
dependence of poor people on market and increhsgs t
personal savings. Present analysis suggests tiet th
aspect should be included into future supply sclseme

(4) Time saving is also one important benefit of the
technology which has become possible due to RRWH in
Bagh and Battagram. This study recommends that some
policy measures should be taken to ensure theiesftic
utilisation of this time saving.

(5) Traditionally women have to manage the water andtmo
of the benefits (e.g. time saving, saving of mddaet,
and kitchen gardening) of RRWH are also being &ctru
by women in study areas. They are the major stadtefso
of this water supplying technology. Study recomnsend
that they should be trained to optimise these litsnef

Appendices
APPENDI X-I
Present study is the appraisal of RRWH technology.

Reckonings are based on the financial tools likeVNIRR and
PBP. Below is the NPV Table which gives a bird giewv of the
net cash flow. Table provides the value of NPV #orsingle
household who is using the technology and some mbhajoefits of
the technology are quantified using their monetaiye.



15

Capital O&M Total Net
Years  Cost Cost Cost Revenue Flow NPV
2010 42970 0 42970 11550 -31420 37,883.86
2011 0 1000 1000 11550 10550
2012 0 1050 1050 11550 10500
2013 0 1102.5 1102.5 11550 10447.5
2014 0 1157.625 1157.625 11550 10392.375
2015 0 1215506 1215506 11550 10334.494
2016 0 1291.281 1291.281 11550 10258.719
2017 0 1355.845 1355.845 11550 10194.155
2018 0 1423.637 1423.637 11550 10126.363
2019 0 1494.819 1494.819 11550 10055.181
2020 0 1569.56 1569.56 11550 9980.44
2021 0 1648.038 1648.038 11550  9901.962
2022 0 1730.4 1730.4 11550 9819.6
2023 0 1816.922 1816.922 11550 9733.078
2024 0 1907.768 1907.768 11550  9642.232
2025 0 2003.156 2003.156 11550 9546.844
2026 0 2103 2103 11550 9447
2027 0 2208.166 2208.166 11550 9341.834
2028 0 2318.574 2318.574 11550 9231.426
2029 0 2434.05 2434.05 11550 9115.95

APPENDI X-I1

Table-1l is the extended form of Table-l. Remainiat
information is same is same as it was in Tablede df discount
factor yielded that there is no big difference @sults with and
without engulfing inflation into calculation of NPV is providing
the NPV for same household, but it is calculatedjuémg
inflation into net cash flow. The inflation whictas been adjusted
in cash flows was 13 percent, and it was assumedoastant
throughout the life of the project. Assumption ofhstant inflation
was taken to avoid the complexity of analysis.
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2027
2028
2029

2208.166 2208.166 11550 9341.834 1.087672974.0160.86037
2318.574 2318.574 11550 9231.426 1.0930632630090.53263
2434.05 2434.05 115509115.95 1.09848026610013.69118

Inf.Adjusted
Capital O&M Total Reve- Net Cash Discount Net Cash

Years Cost Cost Cost nue Flow Factor Flow NPV
2010 42970 0 42970 11550 -31420 1 -31420 49,049.87
2011 0 1000 1000 11550 10550 1.0049558 10602.28369
2012 0 1050 1050 11550 10500 1.00993616 10604.32968
2013 O 11025 11025 1155010447.5 1.01494120210603.5982
2014 O 1157.625 1157.625 11550 10392.375 1.01997104710599.92161
2015 O 1215.506 1215.506 11550 10334.494 1.02502582 10593.12318
2016 0 1291.281 1291.281 11550 10258.719 1.03010564310567.56433
2017 0 1355.845 1355.845 11550 10194.155 1.03521064 10553.09772
2018 0 1423.637 1423.637 11550 10126.363 1.04034093710534.86997
2019 O 1494.819 1494.819 11550 10055.181 1.04549665910512.65814
2020 O 1569.56 1569.56 115509980.44 1.05067793110486.22805
2021 O 1648.038 1648.038 11550 9901.962 1.05588488110455.33197
2022 0 1730.4 1730.4 11550 9819.6 1.061117635.0419.75073
2023 0 1816.922 1816.922 11550 9733.078 1.0663763220379.12392
2024 0 1907.768 1907.768 11550 9642.232 1.07166107 10333.20466
2025 O 2003.156 2003.156 11550 9546.844 1.0769720080281.68375
2026 O 2103 2103 11550 9447  1.08230926510224.57563

0

0

0
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