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Baselines are often employed in shared water saving contracts for estimating water savings after some
type of intervention by the water service company. An adjustment to the baseline may become necessary
under certain conditions. Earlier work has described a number of relatively complex methods for baseline
determination and adjustment, but application in regions faced with relatively limited data becomes
problematic. If the adjustment were determined before finalising the contractual matters, it would be possible
to gather the required data in order to determine the adjustment. However, in cases where no adjustment
was fixed prior to the contract, a method is required to determine an adjustment mid-contract based on
whatever data are available at the time. This paper presents a methodology for baseline adjustment in an
existing shared water savings contract and explains how adjustment could be determined mid-contract,
under conditions of limited data. The adjustment compensates for expected reduced water consumption due
to external influences induced by serious water restrictions, typically introduced during periods of drought.
The fundamental principle underpinning the baseline adjustment methodology presented in this paper
involved segregating real water losses from the actual consumption of end-users, preferably by analysing
the minimum night flow. In the absence of recorded night flows, an alternative procedure involving the
minimum monthly consumption pre- and post-baseline was employed. The baseline adjustment method was
subsequently applied in a South African case study, reported on separately. This technique is helpful because
adjustments could be determined without adding unnecessary complexity or cost, and provides a means to
resolve disputes in cases where unexpected savings occur mid-contract.

INTRODUCTION
Various terms are used when referring to a shared energy savings contract, including risk-reward
contract, energy savings contract, shared energy contract, performance contracts, and many
more. In this text the term ‘shared water savings contract’ (SWSC) is used. In a SWSC the savings
achieved after interventions by the water services company (WASCO), and thus related payment
to the WASCO, are measured against some pre-determined baseline value, often called a base year.
Earlier research has noted that any SWSC may involve numerous contract partners in complex
relationships (Wegelin and McKenzie, 2005). The SWSC would include at least two contracting
parties, namely the property owner and the WASCO. Parties may include a funding agent and an
independent expert to adjudicate savings, in addition to the owner and the WASCO.
Water and energy savings are often viewed integrally (and reported on in this manner in literature)
when savings and related contractual matters are concerned. The use of a baseline for estimating
savings in a SWSC after some type of intervention by the WASCO is common. Some baselines are
contractually fixed, while others allow for pre-determined adjustments over time. USDE (2001)
comprehensively explained baseline adjustments. The adjustments could be steady (for example
a monthly increase to allow for steady growth in an area) or could allow for any other conditions
that commonly affect water use (e.g. weather). Also, adjustments could be positive, allowing for an
increased baseline value due to explainable increased water use over time, or the adjustment could
be negative to compensate for savings that are external to the SWSC, thus cannot be ascribed to
interventions by the WASCO. This study exclusively involved negative adjustments, allowing for
reduced consumption over time (relative to normal conditions) due to serious water restrictions
that were implemented during a drought.
According to USDE (2001), baseline adjustments are derived from identifiable physical facts,
which implies that these adjustments could be measured and would be included in the SWSC.
Adjustments could be made routinely, or when deemed necessary in the light of physical changes.
Allowance for adjustments in a SWSC are the most complicated component of setting up the
baseline contract, because description of the adjustments relies heavily on the availability of
accurate data for numerous parameters, all of which must be routinely measured to assess savings.
The required data intensity and accuracy in developing countries may not be available and a SWSC
may take a simpler form, say by assuming a fixed baseline value.
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Consideration for adjustment
An adjustment to baselines becomes necessary under certain
conditions. Negative adjustment would be required to
compensate for water savings that are not necessarily ascribed
to initiatives introduced by the WASCO. The saving may have
resulted from external factors, which led to reduced water use at
a particular site, for example:
• Pressure reduction in the upstream supply system by the
water service provider, particularly in the absence of pressure
reduction by the WASCO
• Water restriction measures that target specific end-uses, such
as garden irrigation, or banning of all outdoor water use
• Increased cost of water faced by the end-user (consumer), as
increased cost is known to reduce consumption
• Decommissioning certain sections of the site
• Consumer awareness campaigns that may lead to changed
habits, such as shorter showers, reduced toilet flush frequency
or in-house greywater reuse
Positive adjustment would result from external factors that
increase water use at a particular site and could be considered to
be beyond the control of the WASCO, for example:
• Increased occupancy over time
• Construction of new building(s) on the site
• Refurbishment of building(s) on site in view of land use
change, e.g., densification
• Increased commercial or other day-to-day activity on a site
• Weather fluctuations (including climate change) that may
lead to increased outdoor irrigation needs with increased
temperatures and reduced rainfall over time
Research question
How could the baselines in an existing shared water savings
contract be adjusted, under conditions of limited data, to
compensate for expected reduced water consumption due to
external influences caused by emergency water restrictions?
Scope and limitations
A unique method of baseline adjustment is presented in this
paper for application to cases where no adjustment was recorded
in the SWSC, but consumption was notably reduced by external
factors, resulting in the need for an adjustment mid-contract.
The method presented in this paper was aimed at regions with
limited data, relative to what is typically required for savings
determination and baseline adjustments reported on elsewhere
(USDE, 2001).
The methodology derived as part of this study was based on the
assumption that data would be limited to at least monthly water
consumption records, available for a notable portion of the baseline
period. Monthly records sufficient for setting a baseline would be
available (else, there would be no grounds for a baseline). More accurate
flow records – providing insight into minimum night flow – would
be available for selected ad-hoc periods in at least the post-baseline
period. The latter would typically be the result of measurements by
the WASCO at pressure control valves or at additional water meters,
as part of water-saving interventions and periodic inspections.
Terminology
Notation used in this text was adopted mainly from Gomes et
al. (2010) and is in line with earlier reports by Lambert (1994)
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and May (1994) and related water balance terminology by the
International Water Association (IWA).

METHODS
Baseline determination
When setting up baselines, ‘It is better to complete a less
accurate and less expensive savings determination than to have
an incomplete or poorly done, yet theoretically more accurate
determination ...’ (USDE, 2001 p. 21). Use of existing meters is
common for baseline setting and savings determination, but
literature underlines the value of a third party to help compile
baselines and to assess reported savings on a regular basis.
Third parties are typically needed when the firm performing
the savings has more experience than the property owner does.
Some methods rely on separate measurements of parameters
(e.g. different buildings on a site or separate components of the
usage profile) instead of a single measurement for the whole
site. Also, parameters for baseline determination and savings
calculations could be continuously measured or periodically
measured. The separate measurements are then factored together
to determine the baseline, or compute the saving. However,
if baseline determination relies on consumption reported by
existing water meters, then segregation of usage components
is impractical and the parameters are recorded periodically
(i.e., when water meters are read by the service provider). The
WASCO is unlikely to risk investment, say to record additional
water use at high resolution for separate components, prior to
having the baseline approved. Also, the property owner may not
intend investing for this purpose. Added complexity in baseline
and savings determination typically involves added cost to
evaluate additional parameters needed to determine the savings
(e.g. the need to count people on the site at regular intervals;
measurement of weather variables; an assessment of actual
expenses by the WASCO and so forth).
Corbett et al. (2005) described shared-savings contracts as
having a fixed service fee with a variable component based on
consumption volume. The same authors describe a broader class
of cost-of-effort functions than the linear cost-of-effort functions
commonly found in practice. Linear cost-of-effort functions
are applicable to this study and relate the reward (payment to
the WASCO) in a linear fashion to the effort (savings by the
WASCO). Corbett et al. (2005) also show that small changes in
the problem parameters could notably affect profits, suggesting
that the selection of parameters is important. The most basic
parameter in the relationship would be water savings, e.g., a
single consumption value based on a metered connection.
Rossi et al. (2014) used a relatively complex method for baseline
determination of energy consumption by employing artificial
neural networks to recreate the post-retrofit consumption; the
work is not directly applicable to this research, because the input
data in this study lacked the required accuracy and also the postretrofit water consumption would typically be measured directly.
The longer the period of savings analysis after inception of
the SWSC, the less significant is the impact of short-term
unexplained variations. A duration of 5 to 10 years would
smooth out normal fluctuations in water use.
Water consumption and savings estimation
Two notably different components of the total water use
profile were considered in this investigation, namely water
consumption (the actual usage by end-users) and water losses.
At each facility, the flow volume of both components combined
would be metered, and the consumer would normally be billed
for both in the same manner and at the same tariff. This section
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provides a concise review of methods for estimating the actual
consumption, followed by matters relating to water loss.
Models for estimating water demand abound, and a
comprehensive discussion of the methods and models was
considered beyond the scope of this study. A number of commonly
employed methods for estimating water use locally were based on
empirical data (CSIR, 2003; Jacobs et al., 2004; Jacobs et al., 2013).
Also, Jacobs and Haarhoff (2004) presented a theoretical end-use
model for household water use called REUM, that was further
extended to include stochastic variables (Scheepers and Jacobs,
2014). Independently, Blokker et al. (2010) developed a similar
stochastic model called SIMDEUM which allowed for increased
temporal resolution.
A model for estimating outdoor water use was developed by Du
Plessis and Jacobs (2015). Various advanced methods are also
available elsewhere to estimate the water demand of consumers,
including comprehensive end-use studies (Beal et al., 2011;
Mayer et al., 2003; Arbon et al., 2014). Advanced algorithms
such as genetic algorithms (Di Nardo et al., 2015) are available to
minimise the deviation between predicted and measured timeseries data at hourly intervals.
Pressure reduction is often reported as the fundamental step
towards water savings, because reduced pressure leads directly
to reduced real losses (Schwaller and Van Zyl, 2014; McKenzie,
2002; McKenzie et al., 2003), but could also result in reduced
demand (Meyer et al., 2018). The impact of pressure reduction
on water savings is more notable in cases of high leakage prior
to intervention. The pressure–leakage relationship is well
documented (Van Zyl and Malde, 2017; Gomes et al., 2011;
Lambert (2002). International best practice centres around the
so-called ‘IWA Water Balance’, where different components of
leakage are described, including current annual real loss (CARL),
unavoidable annual real loss (UARL) and the infrastructure
leakage index (ILI). The minimum night flow (MNF) usually
occurs between the hours of 02:00 and 04:00 (Mutikanga et al.,
2013) and is useful for estimating leakage in water distribution
system zones (Cheung et al., 2010). The MNF provides an
accurate estimate of the real losses in a distribution system,
provided that the zone is discrete (there is no cross-boundary
flow into or out of the zone that is measured) and provided that
the actual consumption during certain night hours is negligible.
The MNF is a function of water pressure, with reduced pressure
resulting directly in reduced MNF.
Water pressure notably affects water loss, but also influences the
actual demand of users. The well-documented pressure–leakage
relationship (Lambert 2002; Gomes et al., 2011; McKenzie, 2001;
McKenzie et al., 2002) involves a theoretical procedure to evaluate
leakage reduction due to reduced pressure by incorporating
the so-called N1-exponent, which is explained by Gomes et al.
(2011). Water distribution system pressure is typically reduced
by installation of pressure-reducing valves, keeping in mind
that the minimum pressure at the critical point in the system
needs to meet certain operational criteria (Strijdom et al., 2017).
Gomes et al. (2011) presented a method to assess the benefits
of pressure management and to evaluate the cost–benefit of
pressure reduction efforts. Meyer et al. (2018) investigated
demand reduction due to reduced pressure in an operational
WDS in South Africa and presented a linear relationship, based
on relatively crude data from the field investigation.
Water loss from leaks and bursts can be calculated using
software, such as PrimeWorks software (Alkasseh et al., 2015)
and the locally developed Benchleak and Presmac software
suites (Seago et al., 2004; McKenzie, 2001; McKenzie et al., 2002).
Software tools typically rely on accurate input data, which may
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not necessarily be available. Methods have also been developed
for detecting leakage based on statistical analysis of actual
consumption data (Buchberger and Nadimpalli, 2004), but the
methods only apply to small residential service zones. The work
shows that it is possible to evaluate leakage based on consumption
data – a principle that was also applied in this study.
Gomes et al. (2011) presented an equation to estimate the total
consumption QT1 (thus for leaks and actual use) for the preintervention state and the post-intervention state. The N1 leakage
exponent is used to model the relationship between pressure and
leaks, as per the model by Gomes et al. (2011), with N1 typically
assumed equal to 1. The N2 exponent in the same model explains
the relationship between pressure and user consumption. The
value for N2 is normally taken to be 0.5 (Giustolisi et al., 2008;
Gomes et al., 2011), but applies only to the pressure-dependent
part of the consumption. The pressure-dependent and pressureindependent components of water use in each building on each
site would have to be estimated in order to employ the Gomes et
al. (2011) equation.
The leakage flow QL0 could be estimated by assuming that the
daily leakage flow (say hourly) would be equal to the MNF
(volume per hour). This reference to ‘daily leakage flow’ would
vary depending on what time of day it is referring to, how it is
calculated and over what period of time. As used in this study
the term is used in a general sense to describe the average
leakage flow over 24 h, for the period under consideration (e.g.
the baseline period, or maybe a recent post-intervention week).
MNF is linked to the period of highest pressure, when the
demand is at a minimum. Thus, using MNF as an estimate for
total daily leakage would overestimate the leakage, especially
in cases where the pressure fluctuates notably. However, when
pressure is controlled (as was the case for most of the NPDW
sites) the assumption of MNF rate being equal to average daily
leakage flow rate is more valid.
The leakage–pressure relationship was used in this study to
evaluate the changed leakage and consumption after changes
in pressure if the following were known: MNF before change,
pressure before change, pressure after change and consumption
before change. These values could be obtained for most of the
complex sites in this study, although in some cases the MNF
before change would have to be estimated where necessary.
Of course, the calculation is only needed for those cases where
pressure management upstream induced pressure change
impacts on the particular baseline site directly. In cases where
pressure changes due to WASCO initiatives apply in the absence
of upstream pressure initiatives, this calculation would not be
needed – all the pressure-induced savings would be due to the
WASCOinitiatives.
Development of baseline adjustment methodology
The baseline adjustment methodology for drought conditions
was developed in parallel with application on selected sites
as part of a pilot project and was subsequently implemented
in South Africa (Jacobs et al., 2020). The application showed
that the method was practical and could be implemented for
baseline adjustment at various levels of data integrity and
availability. A phased approach was needed, using the most
accurate data if available, else shifting to an alternative less
accurate method. The fundamental principle underpinning
the baseline adjustment methodology involved segregating the
total consumption into two components: (i) real water losses
and (ii) the actual consumption of end-users. The two water use
components would allow different contributions to be allocated
to the WASCO efforts (versus external factors) in each case.
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The approach is best described by considering Fig. 1. Keep in
mind that Period B represents the baseline period, while Period
m would be any (much later) post-intervention period. Typically,
the real water loss would have been reduced in Period m, when
compared to Period B. The water saving from Period B to Period
m is due to reduction in the real loss-component (depicted as
reduced MNF from Period B to Period m in Fig. 1) plus the
reduced consumption component. The consumption component
change is equal to the difference between the total use, QTB , and
real loss, QTL , in Period B, and the difference between the total
use, QTm, and real loss, QTm,,in Period m. This principle was
used to derive the equation for baseline adjustment when MNF
was known, but an alternative was needed in cases where the
MNF was not known and could not be estimated.

particular site. The change in the actual end-user consumption
is both due to the WASCO interventions and external factors,
which have to be shared in a sensible manner. The latter was
handled by introducing a factor to describe the contribution by
the WASCO.

The adjustment calculation relies on the assumption that the
MNF is a realistic representation of real losses in the system
in both periods, or MNFB = QL B and MNFm = QL m. Change in
the leakage term is considered to be due to interventions by the
WASCO, especially if pressure is managed by the WASCO at the

• MNF: The actual minimum night flow, based on recorded flow
rate, is used as a proxy for real losses; the adjustment would
be based on actual data, or in the absence of one MNF value a
secondary step is needed whereby MNF is derived from preand post-intervention system pressure

The baseline adjustment methodology is presented as a flow
chart in Fig. 2. The necessary inputs include the total monthly
consumption (kL/d) during the baseline period QTB as well as
the total monthly consumption for the post-intervention period
in question, which is termed QTm. The method was split into
three (horizontal) tiers, as illustrated in Fig. 2. The three tiers
could broadly be described as follows:
• General: Data input and general processes

• Seasonal: The minimum winter month consumption is used
to evaluate the base flow, which would include leakage

RESULTS
Baseline adjustment
Adjustment calculation
The general equation for baseline savings in a shared water
savings contract (SWSC) is presented by USDE (2001) as:
Water savings =
(Baseline water use) − (Post-retrofit water use) ± Adjustments
(1)

Figure 1. Schematic time series of flow rate to a baseline site

The water saving for month m, QS m, is equal to the total baseline
water use, QTB , minus water use of the current month, QTm. In
a SWSC with no adjustments the water saving in month m is
calculated with Eq. 2:

Figure 2. Flow chart of baseline adjustment methodology for drought conditions
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QSm = QTB − QTm

(2)

Assuming that negative adjustments have to be incorporated,
the water saving for month m becomes:
QS m = QTB − QTm − Adjustment

(3)

The challenge is to calculate a scientifically based adjustment
value for any SWSC, given the data restrictions mentioned
earlier. With reference to the flow diagram presented in
Fig. 2, three alternative routes are subsequently presented. The
adjustment calculations for the three methods are based on
decreased data availability in each case:
• Case 1: Monthly consumption and MNF are available in both
periods
• Case 2: Monthly consumption is available, plus MNF in one
period and water pressure available in both periods
• Case 3: MNF is unavailable and the adjustment has to be based
exclusively on monthly consumption
Ideally, 12 adjustment values would be calculated, one per
month, in line with reported savings calculations in literature
(USDE, 2001). However, in view of limited monthly consumption
data, 12 unique monthly adjustment values were not deemed
achievable. Adjustment could possibly be stepped for 4 seasons,
instead of 12 adjustments, one for each month. However,
seasonal adjustments were considered impractical due to data
limitations and the model was constructed based on an annual
adjustment value. One adjustment value is determined per site
(thus per baseline) with the baseline adjustment methodology
presented in this paper; the adjustment would apply for the
duration of the serious water restrictions.
Case 1: MNF available in both periods
The method for baseline adjustment is explained by considering
the most basic case first, presuming that MNF is available
in both periods. Total monthly water use (kL/d) and MNF
(kL/d) should be available for the baseline period and also
for the post-intervention period. The MNF could involve any
measurement during the baseline calculation period that is
deemed representative of the baseline period, along with a
recent measurement. Ideally the MNF should be recorded
for each month to be invoiced, but the method is applicable if
any representative MNF value is available in both periods. A
representative MNF value could possibly be derived from only
a few days of ad-hoc data recording, if conditions on the site
(including leakage rates) remain quite static.
The parameters needed to follow Route 1 include the total
monthly consumption for all months in the baseline period,
QTB , the current monthly consumption for the recent month,
QTm as well as MNF for the two periods. In the absence of an
adjustment the savings QS would be calculated by comparing
QTB and QTm as per Eq. 2. As explained earlier (refer to Fig. 1),
the water savings QS* could alternatively be calculated for the

two different water use components separately by introducing
a contribution factor α and by assuming that MNF is a good
representation of real losses. Equation 4 is used as an alternative
to calculate the water savings, QS*:
QS* = (MNF component) + α∙(User consumption component)
QS* = (QL B − QL m) + α∙((QTB − QL B) − (QTm − QL m))

(4)

The contribution factor α is used to explain which fraction of use
is ascribed to the WASCO, versus external influences. Equation 4
correctly simplifies to Equation 2 in the case where α = 1. Values
for the contribution factor α are presented in Table 1, with limits
of α = 0 for the case where the WASCO has no contribution
to savings and α = 1 in the extreme of exclusive WASCOinduced savings. The values for α relate to the type of baseline
sites forming part of a South African case study, reported on
separately (Jacobs et al., 2020).
The adjustment parameter included in Eq. 3 must equal the difference
between the original QS calculation in Eq. 2 and the adjusted QS*
given in Eq. 4. Some margin of error, say ε, is introduced by the
assumptions stated earlier and due to measurement of the MNF. In
other words, the adjustment is found by Eq. 5:
Adjustment = QS − (QS* + ε)

(5)

Assuming that ε is relatively small compared to the errors known
to exist in monthly consumption data, and also assuming that ε
is relatively small compared to the baseline adjustment value,
the error term was ignored. The baseline adjustment is found by
Eq. 6, by substituting Eqs 2 and 4 into Eq. 5. Equation 6 is used
to calculate the adjustment of the baseline (in kL/day) for cases
with MNF in both periods:
Adjustment =
(QTB − QTm) − ((QLB − QLm) + α∙((QTB − QLB) − (QTm − QLm)))
		
(6)
Case 2: MNF available only in one period
Ideally, a representative measured MNF is needed for the baseline
period and the post-intervention period, as considered in Case 1.
However, the real losses could be estimated if MNF is available
only in one of the periods, provided that the average system
pressures are available in both periods. In this case all steps in
the MNF-tier (depicted in Fig. 2) need to be followed. The MNF
could be estimated based on the pressure-leakage relationship.
Knowledge of the N1 leakage exponent is required in this case.
The leakage exponent N1 could be determined by means of field
tests. Nsanzubuhoro and Van Zyl (2018) conducted a field test on
one section of pipe on a case study site that was also linked to the
application of the baseline adjustment methodology, discussed
separately by Jacobs et al. (2020). Alternatively, the N1 factor
could be crudely estimated from literature (e.g., Greyvenstein
and Van Zyl, 2007). The pressure–leakage relationship, adopted
from Gomes et al. (2011), is given by Eq. 7:

Table 1. Table for contribution factors used in adjustment calculation
Description of site and/or related water use activities
All water saving on site due to external influences (no WASCO initiatives to reduce water use)
Water users pay for water by volume; notable irrigation and outdoor use (e.g. residences; sports fields)
Residential with gardens; consumers do not pay for own use
Default value; unsure; mixed land uses on site
Dense residential, townhouses, poorly maintained residences; limited irrigation; non-domestic with some landscaping
Non-domestic; densely built-up; impervious ground cover
WASCO is responsible for almost all water saving on site
WASCO is exclusively responsible for all water saving on site
Water SA 46(1) 22–29 / Jan 2020
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α
0
0.2
0.4
0.5
0.6
0.8
0.9
1.0

β
0
0.5
0.6
0.7
0.8
0.9
0.9
1.0

γ
0
0.1
0.2
0.3
0.4
0.5
0.9
1.0
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QL1  P1 
= 
QL0  P0 

N1

(7)

The initial period (subscript 0) is the baseline period (B) and the
post-intervention period (subscript 1) is the recent month, m.
Based on the assumption that the MNF equals the total leakage
in both periods, Eq. 7 is used directly with known MNF values
by substituting:
QL B = MNFB (and QL m = MNFm)

(8)

Both MNF-values would be known at this point and the
adjustment is calculated directly from Eq. 4.
Case 3: Seasonal analysis
If MNF data is not available at all, then the approach outlined in
the seasonal tier could be used as a crude manner for estimating
the adjustment. The point of departure with development of the
seasonal tier was that only monthly water consumption data would
be available for the site. The seasonal approach is based on actual
monthly consumption analysis. The robust method was based on
a single adjustment value applied to the long-term average baseline
value. In the absence of MNF data, the difference between the
minimum winter consumption in the baseline period was compared
to the minimum winter consumption in the post-intervention
period. The difference approximates savings that could be ascribed
mainly to the WASCO (assuming that winter consumption would
comprise mainly leakage and indoor use). The remaining ‘seasonal’
portion is influenced more by external factors, as it would include
outdoor use for swimming pools, car washing and garden irrigation,
all of which would be banned during serious water restrictions.

Consider Fig. 3, showing (a) a seasonal use pattern for a
residential site and (b) the notably reduced summer use and
changed seasonal pattern for the same site during the recent water
restrictions (the data were lifted from one of the case study sites
with residential homes, as reported on by Jacobs et al., 2020). The
winter consumption for the baseline period QWB is calculated as
the average of the lowest three winter months in each year, and
again taking the average of the three values over the three most
recent baseline-years, as per Eq. 9. The three lowest values in any
year are denoted QWmin1, QWmin2 and QWmin3:
QWB =

1 3 QWmin1 + QWmin 2 + QWmin 3
∑
3 year =1
3

(9)

The same procedure would not apply to the post-intervention period,
because less than a full year of data would typically be available at the
time of calculating the adjustment (the adjustment would be needed
as soon as possible after introduction of water restrictions). After
testing a few options, it was considered appropriate to select the single
lowest value in the low-use season as the winter consumption QWm
for the post-intervention period during restrictions. The implication
is that the adjustment could only be calculated after the first postrestriction low-use season had passed.
The reduction in winter consumption is likely ascribed to interventions by the WASCO, because the particular component of use would
include all reduction of relatively constant leakage. The remaining
portion of consumption is likely ascribed to external factors not
introduced by the WASCO, meaning that two different factors are to
be incorporated in this instance. Suggested values for factors β (pressure dependent seasonal component) and factor γ (pressure independent winter minimum component) are presented in Table 1.

Figure 3. Seasonal analysis – water consumption time series sample
Water SA 46(1) 22–29 / Jan 2020
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Following similar logic as that explained to derive Eq. 6, the
adjustment was found as follows, by assessing the saving by the
service provider QS*:
QS* = β∙(Winter component) + γ∙(Remaining component)
QS* = β∙(QWB – QWm) + γ∙((QTB – QWB) – (QTm – QWm))
(10)
The adjustment can now be calculated. The adjustment in Eq. 10
must equal the difference between the original QS calculation
and the adjusted QS* as before. Substitute Eqs 2 and 10 into Eq. 5
to obtain the adjustment. Equation 11 is used to calculate the
adjustment of the baseline (in kL/day) in cases where no MNF
was available:
Adjustment =
(QTB − QTm) − (βꞏ(QWB − QWm) + γ∙((QTB − QWB) − (QTm − QWm)))
		
(11)

DISCUSSION
Calculation of a baseline adjustment as per the method presented
in this paper, for Cases 1 to 3, relies on the availability of accurate
monthly water consumption data, MNF, and/or pressure readings
being available for the baseline site in question over a relatively
long period. At some sites the required input data might not be
available, but all parties may agree that an adjustment is needed
to compensate for external influence on water saving. A fourth
case, essentially the same as Case 1, would imply one in which
the inputs would be crudely estimated. An informed decision
regarding the level of leakage, based on limited measured data
and records such as photos, maintenance records, pipe failure
records, sewer baseflows downstream of the site, or even records
of lush vegetation (in relation to the surrounding environment)
in the proximity of suspected long-term pipe leaks. A recordbased estimate of MNF (REM) could be obtained by assessing
previously recorded, available information. If records pointing
to real losses in the baseline period could be reviewed, MNF
in the baseline period could be crudely estimated by means
of REM, as per Fig. 4. The composition of Fig. 4 was based on
knowledge of MNF and available records at the different study
sample sites. Sites with a lack of data at this extreme level are
unlikely to have had low MNF values in the baseline period,
and a minimum value of 40% was considered reasonable in such
cases. Some sites with MNF in excess of 90% were found in this
case study, but 80% was considered a reasonable upper value
in the absence of measured data. The post-intervention MNF
could be determined by direct measurement in the post-baseline

period (at the time when an adjustment has to be calculated).
Given the estimated MNF in the baseline period, obtained with
REM (Fig. 4), the adjustment could be calculated as per Eq. 6.
In the absence of measured data, and if the MNF could not
be estimated by means of REM, then the adjustment could
alternatively be calculated theoretically. A theoretical model
would describe the water use in both periods as a function of
numerous theoretical input parameters, all of which could be
obtained by means of a desktop study and comprehensive site
investigation. Numerous theoretical models are available for
this purpose, but the results could be notably less accurate – with
results influenced heavily by input data accuracy. Leakage could
also be evaluated theoretically based on available drawings
of the pipe network and estimates describing the number of
connections, etc. In such cases assumptions of the ILI value,
system pressure and leakage per service connection, would be
required. Ideally a calibrated model should be developed for
each site. With a calibrated model the expected water use could
be predicted for pre- and post-intervention periods and savings
could be modelled, then compared to actual savings on a monthby-month basis. However, a calibrated model would be data
hungry, relatively complex and relies heavily on lengthy periods
of accurately recorded data.

CONCLUSION
A baseline adjustment methodology for existing shared water
savings contracts was devised, that could be implemented midcontract, under conditions of limited data. The methodology
was logically formulated by segregating water use and real
losses. The procedure comprised three cases. Each case involved
adjustment calculation with reduced accuracy, depending on the
level of available data for the baseline site. In addition to monthly
consumption data, the requirement for Case 1 was that MNF
would be available in both pre- and post-intervention periods.
Case 2 involved estimation of the MNF in one period based
on knowledge of pressures, coupled with the pressure–leakage
relationship and an assumed N1 value. The third case could be
employed in the absence of MNF data, and involved adjustment
calculation based exclusively on the monthly consumption. In all
cases, a contribution factor is estimated to describe the relative
contribution of the water services company’s interventions
to the resultant savings. The method is suitable for practical
implementation in cases where data availability of a baseline site
matches the input requirements.
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