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1. Introduction 

1.1. Background 

The Pubic and Environmental Economics Research Centre (PEERC), University of 
Johannesburg, is undertaking a study entitled Further Evidence on the Debate to Shake Off the 
South African Water Pricing System for the Water Research Commission (WRC). As the title 
suggests, the overall objective of the research is to offer a critical evaluation of the current 
water pricing system in South Africa with a move towards improving its overall design to be 
more flexible and responsive to current economic and social circumstance. This is done under 
the primary premise that the current pricing system might be inconducive to the changing 
global and national developments impacting on water as a resource. In economic theory, the 
price of a good shows the benefit consumers derive from said good and the cost of providing 
the good. Inefficient pricing systems can result in the poor allocation of the resource, i.e. 
allocative inefficiency, where the pricing system does not provide the good to where it is 
needed the most.  

Defining water as a good or service is complex. Unlike most other goods and services, water 
is essential for human survival in that all living organisms require a minimum level of water to 
live. However, water is also an economic good that is used to satisfy human wants and is used 
in the production of other goods and services. The development of mechanisms for the 
allocation and pricing of water needs to effectively account for the two relatively competing 
objectives of universal access for water for survival and the economic needs for water, amongst 
other objectives. Of equal, if not greater importance though, is that water is also a scarce 
resource and, like other goods, such scarcity needs to be reflected in its value.  

South Africa’s management of water through its allocation and pricing mechanisms has tried 
to balance these competing needs for the good. This is done through its complex water value 
chain, where raw water resources are managed by national government and provision of 
potable water is within the constitutional ambit of local government. The allocation of water 
resources, which is regulated by the National Water Act (NWA) of 1998, promotes the 
equitable access to water towards economic and social development while simultaneously 
ensuring that the basic human needs for water and protection of water resources are guaranteed 
through the water reserve. The financing of the management of water resources is implemented 
through a raw water pricing strategy and is charged retrospectively to all users of raw water. 
The Water Services Act of 1997 establishes water boards and water services authorities 
(WSAs), the latter of which are usually municipalities, to treat raw water towards the provision 
of potable water services. These entities recover the costs of these services through bulk water 
tariffs and municipal tariffs, which is charged to the final consumers of water services.  

1.2. Problem Statement 

Given the importance of water for human and economic needs, as highlighted above, the 
allocation and pricing mechanisms that government attempts to implement essentially balances 
the goals of social equity and economic efficiency towards the sustainable use and development 
of water resources. However, such mechanisms also need to be flexible to supply side issues 
driven by changing natural, social, economic and political circumstances. One such 
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circumstance is climate change and consequent increased pressure on water resources. Many 
developed and developing countries are facing significant constraints on water supplies that 
will continue over the coming decades considering projected climate change impacts 
(Dharmaratna & Harris, 2010). Climate change and the prevalent water scarcity challenges 
currently plaguing the world have brought water debates concerning sustainability and 
efficiency of the pricing (and allocation) model to the forefront (Cole, 2004). Water 
policymakers are faced with the situation where they need to set cost-reflective tariffs, address 
equity, meet increasing demand, and manage water supply in the face of these challenges of 
climate change and the sustainability of water resources.  

The impact of climate change is more pronounced in countries that are naturally water scarce, 
such as South Africa. As a result, water decision-makers in the country that are responsible for 
setting tariffs face the challenge of incorporating climate change into the water pricing model 
in addition to reconciling equity, economic efficiency, and conservation objectives. Currently, 
at the raw water level, the water charges tend to recover the costs associated with water 
resources management and water resource infrastructure, amongst others, (Department of 
Water Affairs and Sanitation, 2022) while the increasing block tariff (IBT) pricing mechanism 
has been adopted at the municipal level for potable water to strike a balance between these 
varied water policy goals (Schreiner, 2015: Anstey, 2013). 

The IBT structure, which is also predominantly applied for final water users in many countries 
around the world, is frequently supported as a good tool for achieving the goals of equity, water 
conservation and revenue neutrality. The IBT increases the price of water relative to greater 
use, thus intending to send the signal of greater value of water with higher levels of 
consumption and “controlling” higher levels of consumption. For this to work though, for the 
marginal cost of water to reflect its scarcity and marginal benefit consumers receive at higher 
levels of consumption. If marginal costs are lower at higher levels of consumption, this can 
result in over consumption. As a result, the design and the ability of this mechanism to 
incorporate the climatic change aspect and reflect it into the price to send a water scarcity signal 
to consumers is currently remains under scrutiny. In essence, the growing impact of climate 
change on the supply of water and water demand dynamics driven by population and economic 
growth, requires a comprehensive review and reassessment of the current mechanisms used in 
the allocation and pricing of water.  

1.3. Objectives of the Project 

Given this background and statement of the problem, PEERC is undertaken exploratory 
research on mechanisms that can be used to improve the incorporation of scarcity into the water 
management system in South Africa, particularly with regards to the allocation of water via the 
water pricing system. Most water management areas (WMAs) and WSAs in South Africa 
suffer from varying degrees of water supply volatility, which is usually accompanied by 
temporary but frequent water shortages. Such shortages are driven by a combination of long 
term and short-term factors related to the supply and demand for water. In terms of the former, 
insufficient planning, infrastructure investment and climate change are some of the long-term 
factors impacting on water supply, while poor infrastructure maintenance, water leakages and 
climate change can also impact on short term water supply. In terms of water demand, an 
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embedded culture of excessive water consumption for both domestic and economic purposes 
in a society, a growing population and varying structural changes (or lack thereof) in the 
economy can impact on long term demand for water.  

On the demand side, inefficient pricing policies can promote excessive usage in the short term, 
putting unnecessary pressure on water supply. Equally, it can also contribute to a culture of 
excessive water use in the long-term, if domestic and non-domestic water consumers do not 
adjust their economic decisions to consider the true value of water. Therefore, it is important 
to consider the possibility of incorporating issues of climate change and general scarcity aspects 
into the water pricing system in the South Africa. Indeed, climate changes such as higher 
temperatures and volatile precipitation levels can also impact on water demand. 

The incorporation of the scarcity component into the tariff setting model has become an integral 
part of cyclical water demand management in mostly developed countries. One of the growing 
mechanisms being implemented internationally (USA, Australia, UK) is what is called the 
dynamic water pricing. Under a dynamic water tariff regime, there are two approaches 
identified in literature most commonly used to account for scarcity in the water tariff:  

i. Linking the tariff to the reservoir capacity/water volume resulting in the volumetric 
price increasing by an amount that would reduce current water demand to the present 
(and restricted) water supply (Quentin and Kopmans, 2007; Grafton, Chu, Kompas, & 
Ward, 2015; Grafton, Chu & Wyrwoll, 2020; Chu & Grafton; 2021). 

ii. The water tariff is linked to seasonal variations (summer and winter) of water supply 
within the year. This common strategy links the tariff to exogenous factors such as the 
temperature and rainfall. In this approach, a tariff adjustment factor is determined by 
the two climate variables: temperature and rainfall (Ernst and Young, 1994, Griffin, 
2006, Herrington, 1999, Munasinghe, 2019: Pesic et al. (2012), Ioslovich and Gutman, 
2001).  

Essentially, dynamic tariffs adjust to reflect the degree of water scarcity at a given point in time 
to send the signal of water supply constraints to final consumers. The adjusted tariff is expected 
to alter consumers behaviour to try and adjust their consumption patterns considering scarcity. 
Such a system has the advantage of embedding scarcity into the water pricing structure to 
proactively control consumption and ease the demand on currently available water resources, 
thus potentially preventing instances of extreme scarcity and potential “day zero” scenarios 
driven by normal consumption patterns on a static water price.  

Given the above, this project explores the possibility of incorporating dynamic water pricing 
principles into the water pricing model in South Africa, specifically applying the two options 
mentioned above to specific components of the water value chain in South Africa. The 
exploratory nature of the project was informed by the complexity and relative limited flexibility 
of the South African water industry in terms of its institutional configuration and operating 
practices. Certain practices, designs and complexities makes it largely impossible to implement 
a dynamic water tariff in South Africa. Given this, this study aimed to achieve the following 
objectives: 
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i. Provide the theoretical rationale for a dynamic water pricing mechanism to show how 
scarcity increases the value of water from other a supply and demand side 

ii. Outline the options for designing dynamic water tariffs and how they could potentially 
be incorporated into the South African water value chain 

iii. Simulate the potential benefits on consumer demand of a dynamic water pricing system 
iv. Outline the current constraints in the South African water industry that limits the 

possibility of implementing dynamic water tariffs 
Propose short, medium- and long-term recommendations to improve various aspects 
of the South African water value chain to improve its current operations, pricing and 
to potentially implement dynamic water pricing in the long term 

1.4. Feedback from Reference Group Meetings and National Workshop 

The development of this research occurred through the WRC processes and was evaluated and 
guided by the Reference Group established for this project. During the course of the project, 
the research evolved from its initial conception based on the inputs from the Reference Group. 
Some of the fundamental changes incorporated were as follows: 

i. The potential implementation of dynamic water pricing should ideally be considered at 
the raw water level: Initially, the project intended to look at water services and the 
exploration of dynamic water pricing at the municipal level. However, the Reference 
Group suggested that raw water pricing should also be considered 

ii. Related to the above, the Reference Group also suggested a brief review of the raw 
water allocation process in South Africa: The argument was made that the process of 
raw water allocation and the fundamentals that guides it are possibly not reflective of 
the contemporary dynamics of supply-side challenges, such as water scarcity driven by 
climate change. The potential application of dynamic water pricing cannot be 
implemented without a review of the raw water allocation process.  

iii. The research should be exploratory and provide a “first step” towards the consideration 
of dynamic water pricing in the South African water industry. The current institutional 
and economic configuration of the water industry will likely not support the immediate 
implementation of dynamic water pricing. However, the research should focus on the 
potential benefits of such a concept and the changes that would be required to the 
current South African water system to potentially effect dynamic water pricing.  

1.5. Developments from Previous Deliverables 

The research was undertaken via eight deliverables. The nature of the deliverables were 
adjusted from their initial conception in the proposal, given the changes proposed by the 
Reference group. The revised deliverables and their objectives are outlined as follows: 

i. Deliverable 1: Inception report and study design – The inception report 
conceptualised the study by undertaking a comprehensive literature review that 
provided the theoretical basis for dynamic pricing in the water sector and provided 
practical examples of its implementation using international case studies.  

ii. Deliverable 2: Data collection – Collected the required data to undertake a review of 
the current water pricing system in South Africa, as part of deliverable 2.  
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iii. Deliverable 3: Review of the current pricing model – Deliverable 3 undertook a 
crucial assessment of the current municipal water tariffs to assess its flexibility in 
dealing with scarcity and issues of climate change. It is important to emphasise here 
that focus was primarily on potable (municipal) water tariffs. It was concluded that the 
current IBT structure1 that is applied in most municipalities (WSAs) across the country 
does not send a scarcity signal to water consumers at times of low water supply levels. 
Indeed, the results from this analysis showed that water demand is significantly 
impacted by climate change variables that impact on water scarcity, such as high 
temperatures and low precipitation, thus indicating limited variation in the price to 
show scarcity. This leads to instances where water authorities have to be reactive and 
implement non-price and price (e.g. scarcity tariffs) to curb water demand. 

iv. Deliverable 4: Options for designing dynamic water tariffs – This deliverable 
outlined, in detail, the two options for incorporating dynamic pricing. This was linking 
the price to existing volumes of available water at a water resource (dam or reservoir) 
or incorporating variations in scarcity or climate change variables (such as temperature 
and precipitation) in the price mechanism 

v. Deliverable 5: Design of the pilot and data collection – This deliverable attempted 
to design dynamic tariffs for the South African water sector and pilot it at a municipal 
level respectively. It was during this phase of the project that it was concluded that the 
potentially ideal to explore the implementation of dynamic water tariffs at the raw 
water level. In this phase, the project team engaged with the City of Tshwane and 
obtained  

vi. Deliverable 6: Raw water pilot of dynamic pricing – the evolution of the project 
towards the raw water level saw a change in deliverable 6. In this deliverable, the 
project team explored the data requirements to test dynamic pricing at the raw water 
level. The results found that the current inability of the Department to track water users 
and water use at the raw water level makes it difficult to estimate raw water demand 
functions and the benefits raw water users derive from water use. Given this, the 
implementation of dynamic raw water tariffs will be difficult. In addition, one cannot 
assess the benefit raw water users attach to water use without actual consumption data. 
However this deliverable did critically assess the theoretical fundamentals of water 
allocation and developed an exciting new water allocation model 

vii. Deliverable 7: Institutional options for implementation and acceptability of the 
concept – This deliverable constituted focus group discussions with the Department 
and municipalities to discuss the merits of dynamic tariffs and some of the institutional 
constraints to implementing dynamic tariffs  

viii. Deliverable 8: National workshop – the results of the study were presented at a 
national workshop to input towards the finalisation of the research. The workshop was 
attended by over 50 participants from all sectors of the water industry, including the 
DWS, water boards and the South African Local Government Association (SALGA). 

 
1 This refers to the general design of the IBT structure applied in South Africa in normal operating instances and 
does not refer to special circumstances where prices are hiked to control water demand in the face of severely 
constrained water supply and droughts.  
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Explicit feedback was received from the DWS and SALGA on the dynamic water 
pricing concept, while valuable feedback was also received from other participants of 
the workshop. In general, there was support for the dynamic water pricing concept and 
its benefits were clearly acknowledged. The workshop called for further research 
towards potential implementation of the concept in South Africa. A workshop report 
was submitted to the WRC.  

1.6. Objectives and Outline of the Final Report 

This report constitutes the final deliverable on the project entitled Further Evidence on the 
Debate to Shake-Off the South African Water Pricing System. It is a culmination of the 
deliverables outlined in 1.5 and is presented as follows: 

i. Section 1 presented the background, problem statement, rationale for the study and the 
outline of the research process  

ii. Section 2 presents the theoretical framework for dynamic water pricing 
iii. Section 3 outline the two options for dynamic water pricing  
iv. Section 4 offers a brief review of previous empirical literature relating to various 

applications and assessments of the dynamic water pricing concept 
v. Section 5 briefly discusses the South African water value chain and includes a 

discussion in raw water allocation 
vi. Section 6 critically assesses each component of the water value chain and the possibility 

of implementing dynamic water pricing at each stage 
vii. Section 7 provides an overview of the methodologies used for the various research 

questions and objectives, particularly on implementing dynamic water pricing on the 
respective case studies 

viii. Section 8 presents the results of the analysis 
ix. Section 9 concludes the paper with a summary of the key findings, provides a set of 

short, medium- and long-term recommendations and provides a way forward emanating 
from the research  

1.7. Links to WRC Aims and Research Objectives 

This project intends to assess the performance of current water prices model against the 
alternative water-pricing model, based on the dynamic water pricing, in South Africa and 
propose the ideal water-pricing model suitable for implementation in the country. This revised 
water-pricing model should send the right signal for water scarcity and provide significant 
incentives to consumers to save water and enhance environmental conservations. Moreover, 
the dynamic pricing model should improve the cost-recovery aspect and promote financial 
sustainability of the WSAs.  

The dynamic pricing model should ensure equity and affordability for vulnerable groups in 
accessing water (progressive water tariff, i.e. the rich pay more). The desired outcomes of this 
project uphold the WRC Knowledge Tree, which provides the fundamental guiding framework 
for the outcomes and impacts of WRC research in the policy, social and economic arenas. The 
project outcome fits several pillars of the WRC Knowledge Tree such as the transformation 
and re-dress pillar, as it intends to induce behavioural change to consumers that promote greater 
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equity and protection of future generations through efficient water use. The sustainable 
development solutions pillar is at the core of this project as it is designed to provide solutions 
to water conservation (environmental sustainability) and cost recovery (financial 
sustainability). The project will also fit in the new product and services for economic 
development as we intend to come with new/alternative pricing model for water provision in 
South Africa. 
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2. Theoretical Fundamentals of Dynamic Water Pricing 
Dynamic water pricing is an approach that includes seasonal water scarcity and dynamic 
connections between present and future consumption of water. It provides an effective tool for 
conserving water resources and to ensure that water supply is able to satisfy peak-season 
demand (Molinos-Senante, 2014; Pesic et al., 2012; Saʇlam, 2015). Dynamic water pricing 
encourages investment in water conservation technology in response to increased climate 
uncertainty (Bhaduri & Manna, 2014) and can be implemented with risk-adjusted user cost 
(RAUC). The RAUC is the component in the cost of water supply that represents the scarcity 
of water while considering possible realisations of uncertain future outcomes. In other words, 
it is the implicit and intertemporal cost of supplying water when water consumption in the 
present poses a risk of causing water scarcity in the future.  

Dynamic prices aim to enhance water use efficiency because they reflect real-time variations 
of water supply costs and incentivise water conservation among customers. Several time-
varying factors influence water supply costs, including demand peaks, demand trends, water 
scarcity, and opportunity costs related to alternative human and ecosystem-related water uses 
(Brelsford & Abbott, 2017). In principle, dynamic pricing could help better consider these 
factors and help manage residential water demand (Rougé et al., 2018). In particular, increasing 
water prices during scarcity scenarios could send end users a signal on water value, leading to 
a decrease in demand and more efficient water allocation across time and among uses (Pulido-
Velazquez et al., 2008). 

Grafton et al. (2020) confirm dynamic water pricing as a key tool to manage the growing 
uncertainty of future water demand and supply. Essentially, dynamic water pricing extends 
current water tariffs to account for the long term interest of water consumers by increasing the 
water price to account for scarcity of water in different periods, provide signals to efficient 
water capacity expansion and account for the future value of in situ water into current 
consumption decisions.  

2.1. The Economic Value and Opportunity Cost of Water 

Water, like most economic goods, has a value linked to the demand and supply of the good. 
This is given by the price of the good that reflects its economic value. However, Grafton, Chu 
& Crawford (2020) explained the paradox of water pricing, stating that the price of water 
almost never equals its value and rarely covers its cost. Harou et al. (2009) points out that 
traditional “engineering” models used to determine infrastructure roll out focused on a water 
value that are “fixed” or “static”. Essentially, the demand for water is defined narrowly based 
on “water rights, priorities and projections of population growth and agricultural and industrial 
water requirements” (Horou et al., 2009: 628). As such, this “static” notion of water has 
resulted in an oversupply of infrastructure and a water system that is slow to adapt to new 
conditions, such as climate change or other factors that drive water scarcity.  

The economic value of water better captures the raising costs of supplies, new technologies, 
conflict between users of water and general water scarcity problems, as it changes with 
concomitant changes in such conditions. The economic monetisation of water use would 
capture these varying dynamic demand and supply factors and provide a basis to compare the 
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water usage between different water uses and users. Building on the issue of the economic 
value and monetisation of water, the SmartH2O project (2017) introduces the concept of 
marginal resource opportunity cost (MROC) of water, as a measure of the value of water. This 
is defined as “the benefit foregone by not allocating an additional unit of water introduced to 
its most productive use” (SmartH20, 2017: 8). The use of the MROC captures the relationship 
between scarcity and choice (SmartH2O, 2017). In the face of scarcity, one cannot satisfy all 
the needs of water in society, as such, the MROC measures the efficiency of the allocation of 
a scarce resource. The MROC measure extends the issue of RAUC by applying a cost/price to 
the use of water.  

The MROC value of water has several defining specifications. It is measured at a specific point 
in time and space, as water scarcity is both impacted by time and space. The MROC of water 
is best captured at a reservoir or places where water is stored. This is due to a reservoir being 
able to determine the best use of water for immediate purposes and for future purposes. For 
example, it might be more efficient to save water at the current moment for future use, as the 
future use of the water is seemed more productive. Therefore, pricing water at the MROC will 
capture all these dynamics and provide proper value water relative to scarcity. In conclusion, 
the value of water is likely to change (is dynamic), as the factors that influence its value change. 
In instances of water scarcity, the value of water increases, as the MROC becomes higher for 
the amount of water redirected to less productive use.  

2.2. The Risk-Adjusted User Cost (RAUC) 

A concept linked to the MROC is the risk-adjusted user cost (RAUC) of water. The RAUC 
looks specifically at the time dimension of current water use by measuring its risk impact on 
the welfare of future water consumption. In formalising a model for RAUC, one can essentially 
obtain the variables that one would need to consider when setting water prices. Such a model 
is given in equation 1 below: 

𝑆𝑆t+1 = min[𝐼𝐼t + ∈t  - ℎt  - 𝐿𝐿t + 𝑆𝑆t, 𝑆𝑆cap]                                                                    (1) 

Where:  

 𝐼𝐼t  = expected inflow of (usable) water into storage in time t 

∈t  = the uncertainty in future water inflows that is unknown at the time of decision-making in 
time t 

ℎt = the volume of water extracted by water users in time t 

𝑟𝑟  = the proportion of the abstracted water that is returned to the environment after use in time 
t  

𝑆𝑆t = the storage level in time t  

𝑆𝑆cap  = for the storage capacity. 

 

Equation 1 specifies that the change in dam storage is the difference between inflow and 
abstraction (with water losses, i.e. 𝐿𝐿t, e.g. evaporation) and spillover of dams. When setting 
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water prices, one needs to consider the dam level (𝑆𝑆t) and the explicit cost of water supply, 
such as the costs of catchment management, water distribution, sewage treatment and the cost 
of pumping. In addition, the price should also include implicit costs, i.e. opportunity costs, such 
as water abstractions, water availability and water quality (Grafton, Chu & Crawford, 2020). 

2.3. Determining the Economic Value of Water through Hydro-Economic 
Modelling 

Most authors agree that determining the value of water (through its price or MROC) is difficult, 
as water markets are usually not fully functional or inefficient. As such, the efficient value of 
water, which captures the dynamics of scarcity, can be determined through hydro-economic 
modelling. Hydro-economic modelling can be defined as “the science of determining the 
variations of the value of water in space and time” (SmartH20, 2071: 9). Computing the 
efficient value of water improves the efficient management of water by linking scarcity to the 
value of water and the demand for water with the price of water. There are essentially two ways 
of assessing the value of water: 

1) Use of an optimisation model to determine the value of water at optimal water 
management conditions and water use 

2) Simulation model looking at current water management conditions  

Hydro-economic models (HEMs) constitute useful instruments to assess water-resource 
management and inform water policy. In the last decade, HEMs have achieved significant 
advances regarding the assessment of the impacts of water-policy instruments at a river basin 
or catchment level in the context of climate change (Expósito et al., 2020). 

Furthermore, integrated hydro-economic models aim to capture the complexity of interactions 
between water and the economy (Brouwer & Hofkes, 2008). Population growth and economic 
development constitute the main forces behind processes such as irrigation expansion, 
urbanisation, and industrialisation, all of which trigger increasing water demands (Vörösmarty 
et al., 2000; Chapagain et al., 2004; Gerten et al., 2011; D’Odorico et al., 2014). Climate change 
may act as an amplifier of these impacts on water resources (Berbel et al., 2020). Water scarcity 
also constitutes an economic problem and has become a serious limitation for socio-economic 
development worldwide (Damania et al., 2017). The gap between water demand and supply 
capacity that exists in many parts of the world leads to higher competition between alternative 
uses (and economic sectors). Water scarcity and extreme events exacerbate this competition 
for water resources and generate negative social and economic impacts, which need to be 
considered to guarantee the sustainable management of water-resource systems. Understanding 
the allocation of water in catchments (or river basins) and its impacts in economic and 
hydrological dimensions is crucial in this context (Olmstead, 2014). 

Hydrological and economic tools have been commonly used to model hydrological and socio-
economic interactions to assess the impacts of certain policy measures in specific hydrological 
and climatic contexts (Alamanos et al., 2019). At the policy level, the use of integrated multi-
disciplinary methods (e.g. hydrology, engineering, and economics) to support water decision-
making has been promoted for the assessment and development of sustainable water-
management strategies in integrated water-resource management (IWRM) (Booker, 1995; 
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Booker et al., 2012; Expósito et al., 2020). One example is the paradigm shift represented by 
the EU Water Framework Directive (WFD) that imposes the use of economic science, 
including the use of scenarios in the characterisation of water uses (Art 5) and the consideration 
of economic instruments to reach sustainability goals (Art 4 and Art 9) [EU, 2008]. In line with 
this reasoning, HEMs have been widely used by academics and policymakers in recent decades. 

Moreover, in designing an alternate water-pricing model based on dynamic pricing principles, 
one needs to represent the first comprehensive life cycle modelling of potable water systems 
(Sahin, Siems, Stewart and Porter, 2016). This would represent the interconnected feedback 
loops in tariff structures; demand levels and financing capacity being included in the HEMs 
model design. Moreover, in designing a dynamic water pricing, a hydro-economic simulation 
model (HESM) must be considered. HESMs are often based on simulation techniques to 
predict the water level and, combined with economic models estimating the water demand, are 
used to predict the price. The HESM links the marginal value of water (MROC), which reflects 
water scarcity given its competing uses, to water supply reservoir levels. Thus, varying 
reservoir levels trigger variations in the pricing model.  

While the literature points to the benefits of dynamic water pricing as a method of introducing 
scarcity into the pricing model, an empirical test of this model to ascertain its performance over 
the current pricing model in South Africa is required. More pertinently, there are concerns over 
the performance of the current pricing model in the country in terms of addressing equity issues, 
which should also be considered in a new pricing model. Thus, the ideal pricing model should 
address these issues within the unique social-economic setup of South Africa. 

2.4. The Theory of Pricing During Scarcity  

The discussions thus far explained the notion of water value that captures the intertemporal use 
of water and water scarcity given by reservoir levels. This is given by the concepts of the RAUC 
and, the more broader, MROC. The discussions also explained how HESMs could be used to 
determine the MROC of water towards a dynamic water pricing structure. This section explains 
the impact of a proposed dynamic water price on consumer behaviour.  

The impact of dynamic pricing on consumer behaviour and water utilities depends on the nature 
of the demand for water and the price elasticity of water (the sensitivity of consumption to a 
price change). Figure 1 shows the demand for water from residential customers (left hand side 
demand curve) and non-residential customers (right hand side demand curve), the latter of 
which would include water use for agricultural, commercial, and other purposes. Residential 
demand is divided into demand for raw, i.e. untreated water and “tap-delivered” water, i.e. 
treated water, which would include the cost of treated such water. In Figure 1, there is no water 
scarcity problem. The water price is given as p0, where the price of water is simply the average 
cost for a delivering water utility.  
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Source: SmartH20 (2017) 

Figure 1: Water Pricing with No Scarcity 

 

Figure 2 introduces water scarcity to the residential and non-residential demand for water 
scenario in Figure 1. This introduces a competition for water, which increases the value of 
water. The optimal allocation is given at price π, where both demand curves intersect. 
Residential customers will thus pay p0 + π at pr, i.e. the average cost of producing water plus 
the increase in its value due to scarcity. Dynamic pricing would thus reflect changes in the 
scarcity level that increases the value of water and would ultimately impact on the final price 
paid.  

 
Source: SmartH20 (2017) 

Figure 2: Water Pricing with Scarcity 
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2.5. Benefits of Dynamic Water Pricing 

An alternative to setting in advance (with automatic adjustments for inflation) a water tariff 
that is independent of water inflows, is a dynamic price (Grafton and Kompas, 2007) that 
increases in a stepwise fashion as the volume of water storage decreases. The key benefit of 
dynamic pricing is that it greatly reduces the need for water restrictions or rationing (which are 
estimated to have significant welfare loss, see Grafton & Ward, 2008) and can also provide the 
revenues needs to fully recover all supply costs when water demand declines (Chu and Grafton, 
2019; Grafton, Chu & Wyrwoll, 2020). 

There are other benefits that are expected from efficient pricing, i.e. by defining residential 
prices according to the marginal cost of supply at a point in time. Reducing peak demand, e.g. 
through peak pricing, lowers the cost of a water distribution network operation, maintenance, 
and expansion. It also has the potential to reduce the size of new mains when a city expands 
and new areas must be served or during the replacement of leaky mains in network maintenance 
operations; both of which translate into financial savings (Carragher et al., 2012; Lucas et al., 
2010).  

Alternatively, peak pricing can help delay investment in new mains by postponing the date at 
which existing mains will no longer be able to handle a rising demand and by lowering the risk 
of pipe bursts caused by high pressure. As such, reducing peak demand is expected to reduce 
operational costs. In addition, dynamic water pricing can also lower peak-hour energy 
consumption because the daily morning and evenings water use peaks often correspond to 
times of peak-hour electricity tariffs. Therefore, if a utility does not have enough in-network 
water storage, it must incur higher energy costs to deliver water during peak time. Optimal 
pumping scheduling then becomes a significant source of savings (McCormick and Powell 
2003; Martínez et al., 2007) and reducing peak use can add substantially to these operational 
savings. Alternatively, if a utility has enough in-network storage, but expects peak demand to 
grow, reducing peak use delays the investment in new in-network storage. 
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3. Review Previous Empirical Literature  
This section provides a brief review of previous work done regarding the implementation of 
dynamic water tariffs. The literature review looks at methods used, such as HEMs, to determine 
water value. As discussed above, determining the relative value user place on water 
consumption assists in the appropriate design of tariffs that align to the cost and demand of 
water. The literature review also focuses on the demand for water and how customers are likely 
to react to dynamic pricing and price increases.   

The recent bibliometric review by Bekchanov et al. (2017) shows that the largest number of 
studies using HEMs in recent years have focused on the impact of climate on water-resource 
systems and the assessment of adaptation policies to decreasing water availability. As 
mentioned above, HEMs are appropriate in determining the economic value of water and thus 
play an important role in simulating a dynamic water-pricing model.  

Pulido-Velazquez et al. (2008) the applied the HEM to estimate the economic values for water 
use in Spain. Economic values for water use were defined according to the marginal residual 
value of water for production (for agricultural and industrial uses) or the aggregated willingness 
to pay (WTP) for urban supply and other final water uses in Spain. The study by Kragt et al., 
(2011) used the HEM to describe a model development process where biophysical modelling 
is integrated with economic information on the non-market environmental costs and benefits 
of catchment management changes for a study of the George Catchment in northeast Tasmania, 
Australia (Kragt et al., 2011).  

Ward & Pulido (2009) applied a HEM using data from the Rio Grande Basin of North America 
on an analysis of a two-tiered water pricing system that sets a low price for subsistence needs, 
while charging a price equal to marginal cost, including environmental cost, for discretionary 
uses. Riegels et al. (2011) applied a HEM in estimating the ecological status in northern Greece 
using metrics that relate average monthly river flow volumes to the natural hydrologic regime. 
The decision variable in the optimisation is the price of water, which is used to vary demands 
using consumer and producer water demand functions (Riegels et al., 2011). The study by 
Varela-Ortega et al. (2011) used the HEM to analyse the spatial and temporal effects of 
different water and agricultural policies under different climate scenarios in Spain's central arid 
region (Varela-Ortega et al., 2011). 

As is evident from the brief review of previous work above, HEM is a comprehensive 
methodology that allows one to determine water prices under several scenarios. This includes 
spatial effects, temporal effects, climate issues and river flow volume.  

One approach to optimally invest in water supply augmentation is for the volumetric price to 
increase by an amount that would reduce current water demand to the present (and restricted) 
water supply. When this price premium equals the marginal cost of supply augmentation, or 
“marginal capacity cost,” it is optimal for the next supply-side investment to occur (for 
applications (Grafton, Chu, Kompas, & Ward, 2015; Grafton, Chu & Wyrwoll, 2020). Table 1 
below provides an example of a water pricing scheme that responds to water scarcity (dynamic 
water pricing). When the storage is 85% of the dam capacity or above, the volumetric price is 
$0.03/L and the water quantity demanded is 1,700,000 L. When the storage reduces to 80% of 
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the dam capacity, the volumetric price would be increased to reduce the water demanded. 
Assuming the price elasticity is 0.5, that is, water consumers would reduce consumption by 
0.5% in response to a 1% increase in the water price, a premium of $0.004/L could be added 
to the volumetric price to reduce the water quantity extracted from 1,700,000 L to 1,600,000 
L. Lower storage levels would require higher premiums to manage water demand, as illustrated 
in Table 

Several empirical studies have assessed the feasibility of implementing the dynamic pricing 
and its impacts include the study by Hughes et al. (2009) assessed scarcity pricing as a potential 
alternative to the predominant demand management policy of water restrictions in Australian 
Capital Territory (ACT). Marzano et al. (2020) used the online experiment that measures end-
users’ water consumption decisions when confronted with time-varying (dynamic) prices and 
investigates the interaction between pricing and water scarcity awareness. The study by Chu & 
Grafton, 2021 formalised a dynamic water-pricing model as a tool for increasing social surplus 
in short-term water allocations and long-term water supply planning and investments the 
Australian Capital Territory. 

The Smart H2O project (2017) used London and Valencia as case studies to explore the 
possibility of introducing dynamic pricing in these two cities. The project used HEM to 
compute the marginal value of water in order to determine the impact of scarcity pricing in the 
face of uncertain factors, in the case of London, and to develop scarcity-based tariffs, in the 
case of Valencia. Both case studies confirm that the use of dynamic water pricing can play a 
key role in reducing consumption in times of water scarcity. In the case of London, the analysis 
showed that dynamic water pricing is limited when applied to cases of extreme drought. In 
such cases, dynamic water pricing models need to be complemented with other non-price 
methods of regulating water use. In the Valencia case study, scarcity water tariffs were 
designed and indexed on reservoir levels in a river basin. The analysis confirmed that dynamic 
tariffs greatly assists water utilities in protecting revenues during periods of water scarcity.   

Typically, water supply pricing policies are aimed at meeting costs incurred through system 
operation and expected infrastructure expansion. Such pricing does not reflect the climate 
change impacts has at any particular point in time. This means energy availability, current 
water demand and water supply (i.e. scarcity) and the environmental damage incurred through 
water abstraction are not typically represented in water pricing. In most cases water 
consumption and supply are not measured with sufficient frequency to allow incorporating 
these realities into water pricing policies. As a consequence, users cannot be provided with 
pricing signals that incentive their conservation of water in response to the scarcity the water 
system is incurring at any point in time (SmartH20, 2017). 

Currently there is growing trend in introducing dynamic pricing model for water. There are 
two type of approaches that have emerged in introducing dynamic pricing.  

1) The first trend is focused on time-varying prices. Supported by recent technological 
advances such as “smart” meters (Smart meters gather household’s water consumption data on 
sub-daily basis, e.g. a few minutes to an hour) make it possible to manage water demand by 
moving from time-invariant to time-varying volumetric prices, known as dynamic pricing 
(Marzano et al., 2020; Lopez-Nicolas et al., 2018; Rougé et al., 2018; Vesal et al., 2018; 
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SmartH20, 2017, Pérez-Urdiales and García-Valiñas, 2016) Examples of cities that have 
deployed smart meters on a large scale include San Francisco and London (Marzano et al., 
2020).  

2) The second approach focuses on the seasonal/climate variations linked into pricing 
model by dynamically changing prices to reflect water scarcity and supply cost variability 
(Grafton, Chu, Kompas, & Ward, 2015; Grafton, Chu & Wyrwoll, 2020). In this approach to 
optimally invest in water supply augmentation is for the volumetric price to increase by an 
amount that would reduce current water demand to the present (and restricted) water supply. 
When this price premium equals the marginal cost of supply augmentation, or “marginal 
capacity cost,” it is optimal for the next supply-side investment to occur (for applications 
(Grafton, Chu, Kompas, & Ward, 2015; Grafton, Chu & Wyrwoll, 2020). The table below 
provides an example of a water pricing scheme that responds to water scarcity (dynamic water 
pricing). When the storage is 85% of the dam capacity or above, the volumetric price is $0.03/L 
and the water quantity demanded is 1,700,000 L. When the storage reduces to 80% of the dam 
capacity, the volumetric price would be increased to reduce the water demand. Assuming the 
price elasticity is 0.5, that is, water consumers would reduce consumption by 0.5% in response 
to a 1% increase in the water price, a premium of $0.004/L could be added to the volumetric 
price to reduce the water quantity extracted from 1,700,000 L to 1,600,000 L. Lower storage 
levels would require higher premiums to manage water demand, as illustrated in Table 1; 

Table 1: Volumetric Charge and Storage 

Storage Water quantity (L) Scarcity premium Total volumetric price 

85% 1,700,000 $0.00 $0.03 

80% 1,600,000 $0.004 $0.034 

75% 1,500,000 $0.007 $0.037 

70% 1,400,000 $0.011 $0.041 

65% 1,300,000 $0.014 $0.044 

60% 1,200,000 $0.018 $0.048 

55% 1,100,000 $0.021 $0.051 

50% 1,000,000 $0.025 $0.055 

 Source; Grafton, Chu & Wyrwoll, (2020) 

Dynamic prices aim to enhance water use efficiency because they reflect real-time variations 
of water supply costs and incentivize water conservation among customers. Several time-
varying factors influence water supply costs, including demand peaks, demand trends, water 
scarcity, and opportunity costs related to alternative human and ecosystem-related water uses 
(Brelsford and Abbott, 2017). In principle, dynamic pricing could help better consider these 
factors and help manage residential water demand (Rougé et al., 2018). In particular, increasing 
water prices during scarcity scenarios could send end users a signal on water value, leading to 
a decrease in demand and more efficient water allocation across time and among uses (Pulido-
Velazquez et al., 2008; Pulido-Velazquez et al., 2013; Macian-Sorribes et al., 2015). Recent 
work has demonstrated it is possible to design such tariffs for residential users in drought-prone 
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Valencia, Spain, while balancing economic efficiency with other tariff objectives such as cost 
recovery and equity (Lopez-Nicolas et al., 2018). Frequent price variations over time are 
commonplace in many industries, from travel to online and traditional retail. In recent years, 
electricity utilities also experimented with dynamic pricing policies, linking the unit price 
charged to end users with variations in the marginal costs of electricity supply (Faruqui and 
Sergici, 2010; Ito et al., 2018; Joskow and Wolfram, 2012; Wolak, 2010).  

Several empirical studies have assessed the feasibility of implementing the dynamic pricing 
and its impacts include the study by Hughes et al. (2009) assessed scarcity pricing as a potential 
alternative to the predominant demand management policy of water restrictions in Australian 
Capital Territory (ACT). Marzano et al., 2020 used the online experiment that measures end-
users’ water consumption decisions when confronted with time-varying (dynamic) prices and 
investigates the interaction between pricing and water scarcity awareness. Drawing conclusion 
on dynamically changing prices to reflect water scarcity and supply cost variability in 
conserving water. The study by (Chu & Grafton, 2021) formalised a dynamic water pricing 
model as a tool for increasing social surplus in short-term water allocations and long-term water 
supply planning and investments the Australian Capital Territory. 

Yet, political resistance to time-varying prices and unavailability of cheap enabling 
technologies (Dutta and Mitra, 2017) have proved to be important hurdles to the 
implementation and diffusion of dynamic pricing in the electricity sector. These barriers may 
prove even higher in the water sector where time-varying prices could be considered as an 
infringement on the essential right to water. What is more, impacts of dynamic pricing on water 
use are uncertain due to contrasting evidence from economic literature. Established wisdom 
suggests that price elasticity of demand should be lower in the short run than in the long one 
(Hicks, 1939). The common rationale for this is that it takes time for consumers to become 
fully aware of a price increase and adapt their choices. This is true for goods as varied as 
gasoline (Espey, 1998; Sterner, 2007; Brons et al., 2008; Havranek et al., 2012) and electricity 
(Holtedahl and Joutz, 2004; Halicioglu, 2007) or cigarettes (Becker et al., 1994).  

For residential water use, short-term price elasticity may be even lower because end users may 
find it difficult to fully adjust to the new price if price variations are sudden or expected to be 
frequent. That being said, different mechanisms can lead end users to respond to dynamic 
pricing. First, end users may over-react to sudden changes in water price. Adaptation-level 
theory holds that agents judge a stimulus relative to the level to which they have become 
adapted (Helson 1964). Consumers immediately compare a new price to the past reference 
price (Mizutani et al., 2018), i.e. to a predictive price expectation that is shaped by past 
purchasing experiences and the current context (Briesch et al., 1997; Kalyanaram and Winer 
1995; O'Donoghue and Sprenger 2018). Second, water consumers may become more sensitive 
if prices were to change more frequently. Agents incrementally react to repeated stimulation, 
because a sensitization process drives the behavioural outcome of a sequence of stimuli 
(Groves and Thompson, 1973). Empirical evidence for price elasticity of residential water 
demand upholds the intuitive idea that demand is more elastic in the long run (e.g. Espey, 1997; 
Marzano et al., 2018; Nauges and Thomas, 2003).  
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In some studies, the price-driven reduction of consumption has been estimated in the short run 
by exploiting the introduction of increasing block rates (Wichman, 2014) or an additional price 
block (Nataraj and Hanemann, 2011). However, there were once-off price shocks, perceived 
by customers as persistent. Accordingly, the estimated price responses can hardly be 
conceivable as dynamic pricing effects. Besides, a recent study (Schleich and Hillenbrand, 
2019) has provided evidence that the short-term effect of a price increase was stronger than 
that of a price decrease, and showed that computing a unique short-run elasticity for both types 
of price changes amounted to underestimating the short-term impacts of tariff hikes. This 
contrasting evidence suggests the possible impacts of dynamic pricing on demand are not a 
foregone conclusion and require further investigation. 

Basing on the argument above we suggest focussing on the seasonal dynamic pricing, 
considering the significant seasonal differences in water availability in the country. IBTs are 
commonly used by South Africans’ water utilities to price residential water consumption, even 
though tariffs are independently chosen by each of the more than 150 municipalities (WSAs). 
Most literature on efficient tariff design doesn’t account the dynamic pricing. only part of the 
abundant literature on water pricing provides efficiency results since most studies either 
compare the properties of different possible price schemes or estimate water demand, and many 
also point out the difficulties in moving toward more efficient pricing rules. 

In South Africa, aside from a single study on price elasticity by Bailey and Buckley (2005), 
there is not much evidence pertaining to known effects of water prices on household 
consumption behaviour and the affordability of water for households. Bailey and Buckley 
estimated water demand in Durban between 1996 and 2003, using monthly average household 
water consumption data for low-, middle- and high-income group samples. Using both linear 
and log linear regression models, the study revealed the price elasticity of water demand to be 
-0.55 (log-linear) and -0.52 (linear) for the low-income group, -0.14 (both linear and log-linear) 
for the middle-income group, and -0.10 (both linear and log-linear) for the high-income group.  

Although water demand in Durban is inelastic, as revealed by the study (because the absolute 
elasticity value is less than 1), it can be noted that a comparison of the elasticity figures show 
that water demand is more elastic among low-income earners than among middle- and high 
income earners. Such findings confirm the results from Van Vuuren et al. (2004), which 
revealed the price elasticity of water demand in eThekwini to be -0.13 (low income), -0.13 
(middle income) and -0.14 (high income). Coupled with similar results from Döckel (1973), 
Veck and Bill (2000) and Jansen and Schulz (2006), it can be assumed that the responsiveness 
of water demand to changes in price is inelastic in South Africa. However, it is worth observing 
that the -0.55-elasticity figure for low-income earners produced by Bailey and Buckley, 
suggesting higher elasticity among the poor, contradicts the results of Veck and Bill (2000) and 
those from Jansen and Schulz (2006), who suggest the opposite. These inconsistencies inspire 
the need for further research on the nature and form of the responsiveness of water demand to 
water price changes in South Africa. Van Vuuren et al. (2004) used the participative payment 
strategy testing (PPST) and contingent valuation (CV) methodologies to determine the price 
elasticity of water demand for low-, middle- and high-income groups, and to compare different 
water payment strategies in the Tshwane, Cape Town and eThekwini metropoles.  
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The hypotheses tested in the study were that price does influence the amount of water 
demanded by all classes of water consumers, and that the perception of water consumers about 
water consumption may be changed by appropriate water payment strategies. Surveys were 
conducted through face-to-face interviews among low -27 income, middle-income and high-
income population groups of residential water users in the three metropolitan areas. Results 
confirmed the hypotheses of the study to be true. The results revealed that the price elasticity 
of demand for low-income groups was -0.37 (Tshwane), -0.11 (Cape Town) and -0.13 
(eThekwini). The price elasticity of water demand for middle-income groups was -0.17 
(Tshwane), -0.10 (Cape Town) and -0.13 (eThekwini). High income groups were shown to 
have price elasticity of water demand of -0.12 (Tshwane), -0.09 (Cape Town), and -0.14 
(eThekwini). These results suggest inelastic water demand in all three metropolitan areas, and 
for all income groups, because the absolute price elasticity of water demand was less than -1. 
Findings from this study are compatible with those of Dockel (1973), Veck and Bill (2000) and 
Jansen and Schulz (2006), as they all have elasticities of less than -1. However, unlike Van 
Vuuren et al., the work of Veck and Bill and that of Jansen and Schulz suggested that the 
demand for water services in South Africa is more elastic among the rich and inelastic among 
the poor – something that was not observed by Van Vuuren et al. Jansen and Schulz (2006) 
used a panel data analysis and the two-stage least squares method in a model that aimed to 
demonstrate how different factors influence water consumption, among them the price of water 
in Cape Town.  

The study also aimed to estimate the price elasticity of water demand using data from 
households from the Cape Flats area of Cape Town. Jansen and Schulz used data covering a 
period of up to 60 months, from July 1998 to June 2003. Both primary and secondary data were 
used in the study; primary data was harvested through a survey conducted in five suburbs of 
the Cape Flats, while secondary data was obtained from local government and the City of Cape 
Town. Jansen and Schulz discovered that water consumption was insensitive to price changes 
among the poor, while the richest group of households reacted far more to price changes. It 
was also revealed that the short-run price elasticity of water demand on the Cape Flats is 
negative. The key finding from the study by Jansen and Schulz was achieved when the data 
was split into two different groups: low-income and high-income. It was discovered that the 
price elasticity for water demand for the low-income group was only -0.23, whereas the high-
income group had a price elasticity of -0.99. Results from the study by Jansen and Schulz 
almost agreed in absolute terms with results from Dockel (1973), who used the contingent 
valuation method and estimated the price elasticity of demand for Gauteng residents to be  
-0.69. This is in line with the study by Veck and Bill (2000), which estimated the short-run 
price elasticity of water demand for high-income Alberton 28 residents to be -0.19 in the short 
run and -0.73 in the long run, and the short-run price elasticity for Thokoza residents to be  
-0.14. Such consensus leads to the conclusion that the degree of responsiveness to changes in 
water services tariffs in South Africa is higher among the rich and lower among poor South 
Africans, who do not have alternative sources of water. 

In assessing the water demand several studies have been conducted in South Africa as 
discussed above however, they have not considered whether the current IBT would still be 
efficient in providing the intended benefits (the three objectives) when climate variation is 
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considered. In particular, one study that stands out in assessing efficiency of IBT considering 
climate price variation through an estimation of residential water demand is study by Monteiro 
& Roseta-Palma (2011). The study found that when both demand and costs react to climate 
factors, increasing marginal prices may come about as a response to a combination of water 
scarcity and customer heterogeneity. The best way to allocate water when scarcity occurs is to 
raise its price in accordance with its true marginal cost, which includes the scarcity cost. 
Nonlinear pricing is a consequence of consumer heterogeneity and not specifically of scarcity 
considerations.  
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4. Overview of the approaches to dynamic water pricing 
This section builds from the theoretical and empirical literature review to provide details into 
the two options of dynamic water pricing. Currently, there is a growing trend of incorporating 
climate change impact in pricing models for water with the two approaches outlined above.  

4.1. Linking Price Variations to Level of Water Storage 

The seasonal/climate variations link into the pricing model by dynamically changing prices to 
reflect water scarcity and supply cost variability (Quentin and Kopmans, 2007; Grafton, Chu, 
Kompas, & Ward, 2015; Grafton, Chu & Wyrwoll, 2020). In this approach, to optimally invest 
in water supply augmentation is for the volumetric price to increase by an amount that would 
reduce current water demand to the present (and restricted) water supply. When this price 
premium equals the marginal cost of supply augmentation, or “marginal capacity cost,” it is 
optimal for the next supply-side investment to occur (for applications (Grafton, Chu, Kompas, 
& Ward, 2015; Grafton, Chu & Wyrwoll, 2020). This is shown in Table 1 above.  

When the storage is 85% of the dam capacity or above, the volumetric price is $0.03/L and the 
water quantity demanded is 1,700,000 L. When the storage reduces to 80% of the dam 
capacity, the volumetric price would be increased to reduce the water demanded. Assuming 
the price elasticity is 0.5, that is, water consumers would reduce consumption by 0.5% in 
response to a 1% increase in the water price, a premium of $0.004/L could be added to the 
volumetric price to reduce the water quantity extracted from 1,700,000 L to 1,600,000 L. 
Lower storage levels would require higher premiums to manage water demand, as illustrated 
in Table 2. 

This approach was applied in South Africa during drought intensification in 2017/2018 in 
Cape Town. This approach, in combination with other non-pricing mechanisms, was effective 
in reducing the demand to content the situation in the short-run. However, it has been criticized 
by Pesic et al. (2012) on the basis that it is only effective if the water is supplied from surface 
reservoirs. This is not the case for South Africa, as surface water accounts for 68% of all water 
supplied. Moreover, while this approach might be effective in the short-run it might be difficult 
to predict the price in the long-run. 

4.2. Seasonal Water Pricing (SWP) Approach  

In this approach, water pricing is linked to seasonal variations within the year. Although used 
infrequently, applied in fewer than 3% of the largest US cities (Ernst and Young, 1994), 
seasonal water pricing is not unknown to policy makers. Modern metering systems with 
monthly meter readings allow water prices to vary by month (Griffin, 2006). Although the so-
called time of the year pricing has not gained full favour yet, it appears to be more efficient 
than keeping uniform prices for an entire year. Summer prices can significantly flatten water 
consumption peaks. There are reported cases, such as in New York, where the imposition of a 
premium summer tariff was responsible for the reduction of the day peak ratio by 14% 
(Herrington, 1999).  

Rationales for the introduction of seasonal pricing can also be found on the supply side. 
Literature reports that marginal costs during peak summer months are double those observed 
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during off-peak periods (Munasinghe, 2019). These high marginal costs may be related to 
higher pumping costs which are, in turn, due to electric power utilities’ use of peak load pricing. 
The basic concept of the SWP model is to introduce water prices that are sensitive to the 
temperature and precipitation whereby the seasonal water prices are deviations from the 
monthly average temperatures and the monthly precipitation totals (Pesic et al., 2012).  Only 
when the average monthly temperatures are higher than thirty years’ average (temperature 
normal), and simultaneously, the total monthly precipitations are lower than thirty years’ 
average (precipitation normal), are seasonal prices higher than regular. The incorporation of 
two climate determinants (temperature and precipitation) is vital for long-run policy. Another 
feature of the model lies in an ex-post price determination, which means that prices are to be 
calculated for the previous months using the official meteorological data. Potential benefits of 
the model implementation should be a) pushing consumers towards rationality, b) valuable 
resource conservation and, c) enabling the water supply company to cover peaked season costs. 

Compared to the other water pricing models (Ioslovich and Gutman, 2001; Zhao and Chen, 
2008), the proposed model may be characterised as a very simple one, with a low demand for 
information inputs. Rather than complex shadow price calculations and marginal opportunity 
cost models, consisting of marginal water production costs, marginal user costs and marginal 
environmental costs, the proposed model is simple. It does not need any assumptions on 
efficiency functions for various types of consumers, and it does not depend on complex 
calculation procedures. Therefore, this model may be useful for developing economies 
characterised by a low level of information availability and a low level of managerial skills in 
water supply authorities or providers. 

We propose using the SWP model proposed by Pesic et al. (2012) to the costs of raw water. 
However, contrary to Pesic et al. (2012), we suggest the model also be applied simultaneously 
with the current IBT pricing model under the assumption that the costs of raw water are always 
transferred to the final consumer. Thus, the price variation the water bodies will face due to 
seasonal variations will be passed to the portable water consumers. In the SWP model. water 
prices during the dry season, from May to September, are to be multiplied by a correction factor 
τ, where τ is larger than 1 (“increasing rate” condition, τ > 1). If τ is equal or lower than 1, 
regular water prices are used, without seasonal adjustments. The model is algebraically 
expressed in Equation 2 

              SWP = wP. τ …………………………………………………………………..(2) 

Whereby: 

SWP - seasonally adjusted water price (summer price) 

 wP - regular water price determined by WSAs 

 τ - correction factor applied from May to September (“dry” months)  
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Factor τ is calculated according to the following formula: 

τ = 1+ [(MAt-LRAt)/LRAt +(LRTp-MTp)/LRTp]/2 …………………………….(3) 

whereby: 

MAt - average temperature for a certain month, in 0C  

LRAt - long run average temperature (normal temperature) for WSAs 

MTp - total precipitation for a certain month, in mm  

LRTp - long run total precipitation (normal precipitation) for WSAs 

At the beginning of June, July, August, September and October, the correction factor(s) are 
calculated for the previous months by using the data obtained from WeatherSA. Monthly 
values of the average temperature and total precipitation obtained from the official climatology 
observations are used to calculate seasonal prices (SWP) for the previous months. Although 
seasonal SWPs are determined for the previous months, on an ex-post basis, it is assumed that 
the consumers are aware of the price-setting rule and are expected to act rationally. This means 
that, on days when the air temperatures are higher than usual, and/or precipitation lower than 
normal, consumers will try to save water due to not knowing how high the water price will be 
for the current month. Without ex ante knowledge about the full impact of the high seasonal 
prices, consumers are expected to diminish consumption, particularly for irrigation purposes in 
suburban agriculture. By not knowing the exact nominal increase in their monthly bill, 
consumers will be forced to rationalize public supply-system water usage and try to find other 
water sources for irrigation and recreation purposes. 

The SPW presented here is one of the simplest forms of dynamic pricing models created for 
the electricity supply (Faruqui and George, 2002; Faruqui and George, 2005), and it belongs to 
a group of models where price levels are unknown but application time is known in advance 
(summer season). Besides rational consumption and resource conservation, the SWP model is 
expected to improve financial performances of the WSAs. Higher summer prices will force 
consumers to consume less water for non-essential purposes thereby enabling the WSAs to 
collect more revenues for less water sold and phase out the need for unpopular cut offs. For the 
SWP model to be effective, it is essential that water consumers have a full understanding of 
the price-setting rule for only if water users know how the seasonal prices are calculated would 
they have a chance to react rationally to them. 
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5. Critically Assessing the Water Value Chain in South Africa 
The discussions thus far outlined the theoretical fundamentals and rationale for dynamic water 
pricing, an empirical literature review of how dynamic pricing is implemented internationally 
and two options of implementing dynamic pricing. This section outlines the water value chain 
in South Africa, briefly describes each component of the water value chain in South Africa. 
Figure 3 shows the water value chain in the country and the different water charges per 
component from raw water abstraction to waste water treatment and management. 

 
Source: Draft Water Pricing Strategy (2012) 

Figure 3: The Water Sector Value Chain in South Africa 

 

Figure 3 shows the different tariffs applied at different levels of the value chain, including the 
water resource management charge (1), raw water tariff (2), bulk water tariff (3) and retail 
water tariff (4). Theoretically, dynamic tariffs can be applied to any of the above-mentioned 
charges applied across the water value chain in order to send a scarcity signal to the consumer. 
This section outlines each of these components of the value chain and outlines the benefits and 
drawbacks of applying dynamic water pricing at each of these components.  

5.1 Raw Water Allocation and Charges in South Africa 

5.1.1   General Overview of Water Allocation Mechanisms  

Allocation of water resources is a key component of political, social and economic policy, 
given the fundamental role water places in society and the economy. In addition to its 
fundamental role in sustaining human and organic life, water is a key input in economic 
processes, including agriculture, industry, hydropower, recreational and domestic use. Given 
increased competition for water resources driven by progressively growing demand and 
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constraints on the supply side, the efficient and effective allocation of water resources is pivotal 
in contemporary society.  

As with most goods and services, the allocation process tends to combine and balance the 
principles of equity and economic efficiency. In terms of the latter, economic efficiency is 
essentially the allocation of goods and services to where the benefit is the most ostensible. 
Essentially, this is the basis of the market system where the price mechanism is essentially the 
source of the efficient allocation of resources. The price mechanism is seen as an efficient 
mechanism for allocation as it is determined by an equilibrium between the demand and supply 
side of a market. Costing water at marginal cost is seen as economically efficient price of water 
due to this price allocation mechanism. 

Equity, on the other hand, assesses allocation based on fairness, i.e. whether the allocation of 
resources is fair based on criteria of need across society. While the price mechanism allocates 
resources to areas of the economy where there is more benefit, it is debatable whether the use 
of resources in these areas is fair, especially when certain members of society are excluded due 
to issues of affordability. Therefore, an economic efficient allocation of resources is not 
necessarily an equitable or fair allocation of resources. As a result, there is a need to balance 
equity and efficiency in the allocation of water.  

Balancing the equity and efficiency principles in the allocation of goods and services is most 
apparent in a good such as water, where there is a minimum sustainable level that is required 
by all living organisms to sustain life. In this case, ensuring equity is life-sustaining, as a good 
portion of society requires access to water to survive, regardless of the economic efficiency or 
price of the water. As a result, policy makers need to ensure the most equitable distribution of 
water with limited impact on the efficiency of the production and distribution of water. As a 
result, there are certain principles that can a guide the appropriate allocation of water in trying 
to achieve the optimum balance between there efficiency and equity principles (Howe et al., 
1986 and Winpenny, 1994. These are:  

i. Flexibility – is the allocation of a resource that equates marginal benefits with 
minimized cost across various sectors as and when demand changes. 

ii. Security – is the security of tenure for established users of the good.  
iii. Real opportunity cost – the cost of using the good likes fully with the user. All other 

demand and external effects of the good is therefore internalised in the price and 
consumption of the good. This allows the allocation mechanism to account for uses of 
the good with a non-market value, such as environmental uses.  

iv. Predictability – is materialising the best allocation and minimising uncertainty of the 
allocation process, such as unforeseen transaction costs. 

v. Equity – is the providing of equal opportunity gains every potential user of the resource. 
vi. Political and public acceptability – ensures that the allocation is serving the values and 

objectives that are accepted by several sectors in society. 
vii. Efficacy – ensures that the allocation discourages or changes an existing undesirable 

situation, such as depletion of water or water pollution. The allocation should support 
the attainment of anticipated policy goals. 
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viii. Administrative feasibility and sustainability – implementing the allocation mechanism 
at minimal administrative costs and ensuing the continued and growing ability to 
maintain the policy. 

Dinar et al. (n.d.) identifies four water allocation mechanisms, namely, marginal price costing 
(MCP), water markets, user-based allocation and public allocation. MCP prices water at its 
marginal cost of supply, i.e. the economic value placed on water by its users. Essentially, using 
the price mechanism of allocating water, in this case treats water as essentially an economic 
good. It can be argued that, using the price as an allocation mechanism, in its most general 
terms, tends to promote economic efficiency over equity. While allocating water using a price 
that is equivalent to marginal cost is theoretically economically efficient, water utilities and 
water service providers tend to find it difficult to price water at marginal cost, due to several 
social, political and economic reasons.  

A market-based allocation of water is an exchange of water use rights. Put simply, lower users 
of water can “sell” their rights to water to higher users of water. The exchange is totally 
voluntary and can improve the efficiency of water allocation. Such a market would require 
initial government intervention to establish the institutional and legal framework for such a 
market, define the original water allocations and ensure that the technology and infrastructure 
is in place to allow for water trading between market sellers and buyers. Again, while this 
method of allocation is theoretically sound, it faces several practical challenges.  

The third method used to allocate water is the “user based” allocation system. In this system, 
water rights and the allocation of water is determined by a collective action group. Essentially, 
water resources are managed, and their allocation is determined collectively by all water users. 
User based allocation systems are deemed to be more flexible and easily responds to the needs 
of water users. In terms of the latter, the tastes, preferences and requirements of all water users 
are transparent, therefore water need can be easily determined, and water allocated accordingly. 
Such a system is also politically and socially acceptable. However, such a system of allocation 
is easily implemented on a smaller scale or in specific water user markets. Its operation does 
get complicated when there are competing sectors negotiating for water use and some groups 
cannot identify with the needs of other groups.  

Lastly, the public (administrative) water allocation method is essentially a centralised 
“command and control” system where the management and allocation of water resources lies 
with the state. While there are many ways to implement such a model, many water authorities 
tend to issue licences or permits to water users or use other ways to regulate their use. Having 
a central authority, such as the state, to allocate water resources is deemed beneficial for inter-
sectoral allocation of water, since the state has jurisdiction over all water users. The state is 
also best placed to determine the social needs and norms, given that it is usually a popular 
elected government and can thus allocate resources that align with the resource social desires 
and equity principles of a country. It can be argued that the public water allocation method 
tends to promote equity over efficiency, as the methods used to recover the costs of raw water 
management and infrastructure development do not necessarily reflect the true cost of such 
operations. As a result, the true benefit of water is not valued, and the water might not be 
allocated to areas of greater economic benefit. Public water allocation can thus promote misuse 
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and waste in sectors that value water relatively less than other sectors on the demand side and 
can result in fragmented investment in water resources on the supply side.  

The application of these four general methods of allocating water varies across countries, with 
some countries even using a combination of these methods across various sectors. While there 
are several advantages and disadvantages to each of these methods, which will not be 
elaborated on in this report, it is important to understand these theoretical methods for the 
context of this study. Raw water allocation in South Africa tends to follow the public water 
allocation method due to the promotion of equity in water allocation and for historical reasons. 
However, these methods has several drawbacks including allocative inefficiency, potential 
overuse of water and a price that does not reflect the true value of water. Furthermore, given 
that the value of water is likely underestimated, it is difficult to build in scarcity of the resource 
on the demand side of the market. In other words, scarcity is determined at the point of 
allocation, but users of raw water and potable water are unlikely to change their water 
consumption behaviour, as the price of water would not reflect current levels of scarcity.  

5.1.2 Overview of Raw Water Allocation in South Africa  

In general, national government, in the form of the DWS, water boards and local government 
(municipalities) are the key players in the South African water sector. The primary role of 
national government is to formulate and implement policies governing water resource 
management. The Department is also the custodian of South Africa’s water resources and 
allocates raw water to agriculture, mines, industries, water boards and municipalities. The 
water boards (which are state-owned) provide bulk water primarily, offer some retail water 
services, and sometimes provide technical assistance to municipalities. Although WSAs also 
own some of the bulk water-supply infrastructure, their main role is to provide retail water 
services. Water provision in each area of South Africa is the responsibility of the area 
municipality either in the form of a metropolitan, local or district municipality. A WSA may 
carry out the functions of a water services provider (WSP) itself, or it may sub-contract the 
delivery to a third party.  

In terms of raw water, which is managed and allocated by national government through the 
DWS, the 2005 draft position paper on water allocation reform outlines seven guidelines to 
guide the appropriate allocation of water resources. These are: 

i. Redress past imbalances in water allocations to historically disadvantaged individuals 
ii. Water allocations should be accompanied by capacity building programmes to support 

the productive use of water 
iii. Water allocations should contribute to broad based black economic empowerment 
iv. The water allocation process should respond to local, provincial, national and regional 

initiatives, including South Africa’s international obligations.  
v. The water allocation process should be fair, reasonable and consistent  

vi. The water allocation process should give effect to the protection of water resources  
vii. Ensure the development of innovative mechanisms to reduce the administrative burden 

of authorising water use 



32 
 

As mentioned, South Africa uses the administrative method of allocating water in a centralised 
way. While these guidelines inform this allocation process, it is not clear how the actual 
allocation is determined. Indeed, the Department is currently struggling with registering raw 
water users and monitoring raw water usage in the country.  

5.1.3 Raw Water Pricing In South Africa  

The charging of raw water to users occurs after the water has been allocated. Raw water users 
are given licences to abstract their allocated amount from the raw water resource and are then 
charged after use. Figure 4 provides a simple illustration of the allocation and billing process 
for raw water use.  

 

 
Figure 4: Simple Illustration of Raw Water Allocation and Billing 

 

Water is allocated from a water resource (water catchment area) to a raw water user. The basis 
for the allocation is an application received by the potential raw water user, usually via a licence 
(although there are other lawful water users and generally authorised water users that do not 
need a licence). The department then determines this allocation based on this application to the 
raw water users. This is the registered water use. The raw water user can use more or less of 
this amount, but the department bills the user based on the registered amount. This is currently 
due to the lack of meters to measure consumption. However, the raw water user usually reports 
its use and then this charge is adjusted accordingly.  

There are guidelines in place for instances where a catchment area cannot meet the water 
demand at a given moment in time. Furthermore, in instances of drought or a perceived lack of 
water supply, the department can temporarily adjust downwards the allocation given to a raw 
water user.  
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5.2 Raw Water Charges 

Section 56 of the NWA promotes the imposition of a raw water pricing strategy to charge for 
the use, maintenance and extension of raw water resources in South Africa. As a result, the 
DWS has formulated and implemented a national water pricing to charge for the use of raw 
water. The initial strategy was designed in 1999 with a revision of this version undertaken in 
2007. In 2015, the Department released a draft revised pricing strategy for public consultation. 
Following comments received and extensive research to address some of these comments, the 
department released a revised strategy for public consultation in 2022. During the intervening 
period between 2015 and 2022, the provisions of the 2007 strategy informed the charging of 
raw water use.  

This section briefly outlines the raw water charges as proposed by the new raw water pricing 
strategy. It is important to outline these components of the charges in order to potentially 
identify the avenue for dynamic pricing.  Figure 3 shows the categories of charges as proposed 
in the 2022 raw water pricing strategy:  

Figure 5: Categories of Raw Water Charges 

Of the charges listed in Figure 5, water resource management charges capture the costs of 
abstraction of water and related costs in managing the operations of raw water allocations. 
Included in these potential operational charges is the water resource management programme, 
which includes water conservation and water demand management efforts. This provides a 
potential avenue of building in a link between the availability of the water resource and the raw 
water charge. Water resource infrastructure charges consists of various components that 
support the maintenance and development of new water resource infrastructure. Dynamic 
pricing would like be possible in these two charges.  

Water Resource Managment Charges

Water Resource Infrastructure Charges

Waste Mitigation Charges

Water Research Levy
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5.3 Bulk and Retail Water Pricing 

Schedule 4B of the South African Constitution assigns the potable water function (retail water 
services) to local government. South African local government consists of 257 municipalities 
of which 144 are WSAs. As per Section 155(1) of the Constitution, metropolitan municipalities 
have exclusive legislative and executive authority within their jurisdictions while such power 
is shared amongst local municipalities and district municipalities in non-metropolitan areas of 
the country. As such, the authority to bestow the authorisation to provide water services to 
either a district or local municipality lies with the Minister of Cooperative Governance and 
Traditional Affairs, as per Section 84 and 85 of the Municipal Structure Act (Act 117 of 1998). 
Of the 144 WSAs, only 90 purchase bulk water from Water Boards2.  

  
Source: Authors’ visualization using data from DWS (2016) 

Figure 6:  WSAs served by Water Boards in South Africa 

 

The provision of sufficient and quality water services has significant social, health and 
economic benefits, especially for poorer households. Providing such water services in the 
context of water scarcity, high poverty and high inequality, as is the case in South Africa, is a 
difficult balancing task for water policy makers and managers. In pursuit of the objectives of 
water management, it is widely agreed that setting an appropriate price for a natural resource 
such as water can be an effective mechanism to achieve its efficient and productive use (DWA, 

 
2 The research team received several pieces of information from the Department of Water and Sanitation regarding 
the exact number of municipalities served by Water Boards. This number ranges from 79 to 90. The Department 
also confirmed that WSAs not on these lists sourced raw water directly from the source.  
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2013). The DWS has several guidelines for setting appropriate tariff structures and water 
packages aimed at ensuring good-quality water provision, equity in access, affordability, and 
long-term sustainability. As stated in the Water Services Act (Act 108 of 1997), WSAs can use 
water tariffs as a cost-recovery tool. Although they need to recoup water-provision costs, they 
are obliged by the Free Basic Water Policy of 2002 to provide free basic water to indigent 
households (DWA, 2002). 

For water services, the IBT structure is prescribed by regulations under the Water Services Act 
and the Municipal Systems Act (MSA) (Act 32 of 2000), to address the problems of unequal 
income distribution and to provide fair access to water (Bailey and Buckley, 2005). Most 
WSAs in South Africa use the IBT structure. In general, the tariff system consists of two types 
of charges: fixed and volumetric charges. The volumetric charge varies and is subject to 
increasing block pricing with a varying number of blocks. A look at the water tariff schedules 
of WSAs reveals that the number of blocks ranges from 2 blocks to 10. The size of the blocks 
and prices charged within each block also varies considerably across WSAs. Retail water-
service tariffs also vary between user categories (residential, commercial, industrial or public 
buildings) and consumption (the higher the consumption, the higher the tariff). Non-residential 
users of water are charged higher tariffs than residential users, on average. Section 28(6) of the 
Municipal Financial Management Act (MFMA, 2003) provide the legal constraint that must be 
abided when setting tariffs at the municipality level, the act states that “Municipal tax and 
tariffs may not be increased during the financial year except required in terms of a financial 
recovery plan”. This clause has significant implications for introducing dynamic water tariffs.  

  



36 
 

6. Assessing the Water Value Chain for the Potential Implementation of 
Dynamic Water Pricing 

Section 5 above provided a brief outline of the water value chain in South Africa. It presented 
the different components of the system in order to ascertain the potential area most suitable for 
dynamic water pricing. This section critically assesses the potential of introducing dynamic 
pricing at the components of the water value chain. The section concludes with a review of 
potential changes that are required to implement dynamic pricing.  

6.1. Dynamic Pricing at the Raw Water Level 

Implementing raw water pricing has the advantage of inclusiveness which means that all water 
users will be forced to adjust their water consumption/usage due to price change. Therefore, 
the main objective of demand management especially accounting for climate change will be 
broadly achieved. However, the study identified three areas in raw water that deserve necessary 
attention as far as the dynamic water pricing is concerned: 1) raw water allocation 2) raw water 
billing system and 3) current raw water pricing arrangements. 

The DWS issue licenses to raw water users and subsequently determine the allocation of raw 
water to the respective water user categories by ensuring that there is fair distribution of water 
resources amongst all categories of users in the country. Once the allocation is set, the DWS 
does not change the allocations on the WARMS system, even in the event of severe drought. 
Once the license and allocation process are completed, the data is uploaded to the WARMS 
system. The WARMS register all the raw water authorisations for the purpose of billing or 
water resource management charges generation as prescribed by the water pricing strategy. 
Raw water charges are then applied on the reported use of the water by the specific user 
categories, as per their respective allocation.  

While such allocations do not change, instances of climate extreme events, such as drought, 
obligates the Department to restrict raw water users to use below a certain amount of water. 
This is communicated via gazetted limits and restrictions applied to the water user and results 
in the user getting access to less water than what they are registered for or allocated initially. 
This fact suggests that the allocation of raw water to users is static throughout the year. While 
this may not be a setback on its behalf to institutionalise raw water dynamic price, it has 
significant implications on the billing generation which forms an important component of 
dynamic pricing system.   

In terms of raw water pricing, the National Water Act (NWA or the Act) 36 of 1998 allows the 
Minister of Water and Sanitation (hereafter, the Minister) to establish a pricing strategy for 
water use charges. In giving effect to the Act, the Department of Water and Sanitation 
(hereafter, the Department) developed a National Pricing Strategy for Water Use Charges 
(hereafter, the pricing strategy) in 1999 with a subsequent revision of this version undertaken 
in 2007. In 2015, the Department released a draft revised pricing strategy for comment. The 
revision of the pricing strategy is mandated by Section 56 of the NWA (1998), which ensures 
the constant refinement of water pricing practices to match the needs of the country to achieve 
its social, economic and climate goals. The legal framework provides a room to adjust the price 
mechanism to account for climate change at raw water level. 
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 In terms of the billing for raw water use, rates determined by the raw water price strategy are 
applied to the initial allocation level but are likely contested in instances of drought or low 
water supply when water users would have used less water than their allocated amounts. For 
instance, during drought times as it was in Cape Town there were communication (gazetted) 
as to restrict the user to use below a certain amount of water. This restriction affects the 
collections because due to drought the user get access to less water than what they are 
registered or allocated. Thus, users contest the bill referring to the gazette as motivation for 
the discounts. The DWS will be obliged by treasury regulation 11 under PFMA compliance to 
review such complains. When the discounts are granted, the user will therefore end up not pay 
the full amount. It can be noted that the policies are flexible to account for quantity changes 
on account of climate change (drought) but the pricing aspect has no being considered for such 
climate change adjustment. 

Moreover, the frequency of billing of raw water provides another drawback in placing dynamic 
pricing system. Many users of raw water are now receiving bills for water resource 
management from the DWS as they implement the Water Pricing Strategy. The charge, set out 
in the Water Pricing Strategy is payable by all water users (excluding those defined in the 
National Water Act as Schedule 1 users), taking quantities of water from the country’s water 
resources for irrigation, mining, industry, municipal purposes and for commercial afforestation. 
Table 2 provides an indication of the different raw water charges applied to different user 
categories across the various water management areas (WMA) in the country.  

 

Table 2: Raw water tariffs in South Africa 
 

 

9 CMA/PROTO CMA'S 

DOMESTIC 
&INDUSTRIAL 

 

IRRIGATION 

 

FORESTRY 

c/cm3 c/cm3 c/cm3 

1 Limpopo-North West 4.80 3.37 2.65 

2 Olifants 4.41 2.88 2.43 

3 Inkomati-Usuthu 3.87 1.96 1.55 

4 Pongola-Mzimkulu 3.12 1.91 1.77 

5 Vaal 2.87 2.01 2.43 

6 Orange 1.71 1.06 
 

7 Mzimvumbu-Tsisikama 3.79 2.54 2.24 

8 Breede-Gouritz 5.48 2.49 1.27 

9 Berg-Olifants 5.79 2.34 2.28 

Source: https://www.dws.gov.za/Projects/WARMS/Revenue/Default1.aspx 

Industrial and municipal users are being billed monthly for their water use, while the irrigation 
farmers and forest growers are billed every 6 months (DWA, 2021). The water resource 

https://www.dws.gov.za/Projects/WARMS/Revenue/Default1.aspx
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management charge varies from WMA to WMA and for the type of water use, though they are 
charged on fixed tariff basis. Thus, in term of fitting the dynamic price at the raw water level 
only two users will be accessible (industrial and municipalities) because they are billed monthly 
for their water use. Other water users including irrigation farmers and forest growers will not 
be accessible to implement dynamic water tariff as their bills are average of 6 months and 
therefore it will be difficulty to know how much water they used specifically during drought 
months and be billed accordingly. Therefore, the allocation and billing process of raw water 
raises challenges to implementing a dynamic water tariff at this level of the water value chain. 
In order to allow a dynamic pricing system at this value chain level, the water allocation 
estimation can still be done annually for the purposes of issuing licenses, but the water use 
should be calibrated monthly to allow monthly charges   

6.2. Dynamic Pricing at the Bulk Water Level  

The second option proposed to introduce the dynamic water pricing system is at the Water 
Board level, i.e. the bulk water tariff. This constitutes the water treatment process of bulk water. 
The disadvantage of this approach is that not all municipalities receive their bulk water from 
Water Boards. As per Figure 3, around 63% (90 out of 144 municipalities authorised to provide 
water) are served by one or many Water Boards. This suggests that, if the system is introduced 
at Water Boards, then it may not be applicable to some municipalities. Moreover, the 
complication is further driven by the fact that some municipalities are served by more than one 
Water Board, and, in addition, they have other sources of water to complement the bulk water 
they purchase from Water Boards. Figure 7 confirms this observation for the City of Tshwane.  

 

 
Source: City of Tshwane (June 2022) 

Figure 7: The sources of bulk water inputs for the City of Tshwane 

 

Figure 7 shows the different sources of bulk water (system input volume) for the City of 
Tshwane. While the City receives 70% of its bulk water from Rand Water, a considerable share 
is sourced from other sources, including its own water treatment and another Water Board. 
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This may complicate the potential introduction of dynamic tariffs at the Water Board level, as 
each Water Board is most likely to have its own tariff and the scarcity component would depend 
on its sources of raw water. This will result in the municipality facing several different tariffs 
and there would be a need to harmonise them for implementation across the municipality. 

6.3. Dynamic Pricing at the Municipal Level 

The third option for the proper fit of the dynamic pricing in the value chain is at the municipality 
total bulk water input. The discussions in the preceding section confirmed that municipalities 
source their bulk water from several sources, including more than one Water Board and even 
from their own water treatment sources. Due to this complexity, this section of the paper 
explores the possibility of using the total bulk water system input volume available at a given 
time to a municipality to service as the scarcity measure to link the dynamic water tariff system 
at municipality level.  

 

 
Source: City of Tshwane (2022) 

Figure 8: Bulk water input trend in the City of Tshwane 

 

Figure 8 shows that the fluctuation of the bulk water input within the 2021 year. An important 
note to Figure 8 is that the trend does not necessarily correspond to the actual monthly 
fluctuations experienced in the City. The dry months in the interior of the country is usually in 
the winter period beginning in May and ending in September. However, Figure 4 contradicts 
this, as the graph captures a moving average of the water supply for the entire year. With actual 
bulk water input fluctuation being determined ex-ante, the dynamic pricing system can be 
anchored against it at a municipality level.  

The bulk water input in Figure 3 is the sum of all sourced monthly meter readings processed 
by Swift to calculate total input in the last 12 months in kl/y. Table 3 shows the details: 
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Table 3: The total bulk water input calculation 

Source Data source Detail 

Rand Water Rand Water monthly meter readings processed by 
Swift to calculate total input in the last 12 months 

Bulk input from Rand 
Water 

WTP CoT monthly meter readings processed by Swift to 
calculate total input in the last 12 months 

Bulk input from CoT's 
water treatment plants 

Boreholes/F
ountains 

CoT monthly meter readings processed by Swift to 
calculate total input in the last 12 months 

Bulk input from CoT's 
fountains & boreholes 

Magalies 
Water 

Magalies Water monthly meter readings processed 
by Swift to calculate total input in the last 12 
months. 

Bulk input from 
Magalies Water 

Total Bulk 
Input 

Calculated in Swift Total Bulk Input. Sum 
of the above inputs 

Source: City of Tshwane (2022) 

Using the bulk water input at the municipality level as the base for determining the scarcity 
premium is a straightforward way which falls under approach two of dynamic pricing system 
which links the price variation to level of water storage. Moreover, unlike the raw water, the 
price elasticities of water at municipalities are empirically established which can easily help to 
determine the scarcity premium. Furthermore, the net benefit in terms of the revenue will 
improve the respective municipality financial sustainability, contrary if the dynamic system is 
established at the raw water level whereby the net financial benefit will be to at the nation level. 

While acknowledging the straightforward implementation at municipality level. However, we 
must note that implementing the dynamic pricing system at this level excludes most (68%) 
water users. Municipality only account for 22% of raw water use in the country. Therefore, a 
disadvantage of placing the system at this level of value chain will have less net benefit comes 
with the system as compared to the being fitted at raw water level.  

The discussions above briefly discussed various components of the water management value 
chain in South Africa and assessed the possibility of introducing a dynamic pricing structure at 
each of these levels. The discussions confirmed that there are institutional and operational 
challenges at each of these levels that complicates the implementation of dynamic water tariffs 
in theory. However, the pilot study at City of Tshwane provides a more empirical situation at 
municipality level.  

i. This was due to the following conclusions from these two deliverables:  
a. Municipal provision of potable water only accounts for approximately 22% of 

total water use in the country (Department of Water Affairs), thus excluding 
the bulk of water use at the raw water level 

b. Municipalities have several sources of bulk water, including water boards and 
buying raw water directly from the Department 
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c. The reservoirs that serve municipalities are numerous and complex systems. 
As a result, it is difficult for a municipality to track reservoir levels across its 
systems. Furthermore, the systems are integrated, with some reservoir feeding 
others. Therefore, it is difficult to link prices to reservoir levels 

d. Given the complex and integrated system, at some stages of the year, certain 
reservoirs in a municipality has more water than others. Linking prices to 
reservoir levels could create several different tariffs for areas across the 
municipality. Further, some reservoirs serve predominantly poor areas, where 
increasing prices to reflect scarcity might not have the desired impact on 
lowering consumption and is likely to have a negative impact on indigent 
households  

6.4. Implementation Framework  

This section provides some brief proposed amendments to the current institutional and 
operating configurations of the raw water industry and municipal potable water to potentially 
implement dynamic pricing.  

6.4.1. Implementation at the Raw Water Level   

The issues discussed in section 6.1 informs the following guidelines if dynamic water pricing 
has to be implemented at raw water level :  

1) water use estimation should be done annually for all water users except domestic 
and industrial users. 

2) Water bills should be provided on monthly bases to all users.  
3) All raw water users must be included in the dynamic water pricing except for those 

defined in the National Water Act as Schedule 1 users. 
4) The heterogeneity of the tariff across CMAs between the user categories, tariff rate 

and its variation from CMA to another (see Table 4) is acknowledged. Therefore, 
the team proposes each CMA to generate its scarcity restriction level based on the 
percentage of total bulk water input per month (the perception of severity may differ 
from among municipalities). Along that each CMA should provide the respective 
tariff increase on each level. To demonstrate see Table 4 below 

Table 4: The Total Bulk Water Input Calculation 
 

Quantity of raw water consumed 
Per 30 days 

level 1 scarcity 
premium  
Per kl * 

level 2 scarcity 
premium 
Per kl** 

level 3 scarcity 
premium 
Per kl*** 

1 Agriculture          R 0,00           R 2,00          R 3,00 

2 Municipal          R 0,00           R 3,00          R 4,00 

3 Industrial and mining          R 0,00           R 5,00           R 6,00 

4 Hydropower           R 0,00          R 5,00          R 6,00 

5 High assurance use          R 0,00          R 7,00          R 8,00 

6 Stream flow reduction activities          R 0,00          R 7,00          R 8,00  
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*The basic level whereby total water storage level is above 80%. 
**The restriction level 2 is applicable if total water storage level is between 79% to 60%. 
*** The restriction level 3 is applicable if total water storage level is less than 60%. 
NB: The scarcity premium provided in Table 4 should added to the raw water price provided 
in the raw water strategy to total price to be charged (refer to Table 1).  

6.4.2. Implementation at the Municipal Level   

Given the discussion above on the possibility of implementing dynamic pricing by linking 
scarcity to the total bulk water input at the municipal level, the team proposed the following 
implementation guidelines: 

1) That the dynamic tariff should be imbedded in the current IBT tariff structure to balance 
the water policy objectives of equity, affordability, financial and environmental 
sustainability.  

2) The dynamic price should not compromise the municipality mandate to provide free 
basic water to indigent households. As a result, the FBW policies of the municipality 
and/or the first block of the IBT should be exempt from a dynamic tariff.  

3) The heterogeneity of the tariff across municipalities between the blocks size, tariff rate 
and its variation from one municipality to another is acknowledged. Therefore, the team 
proposes each municipality to generate its scarcity restriction level based on the 
percentage of total bulk water input per month (the perception of severity may differ 
from among municipalities). Along that each municipality should provide the 
respective tariff increase on each level. To demonstrate see Table 5 below 

Table 5: Dynamic tariff structure based on the total bulk water input at municipality 
level 
 

Quantity of water consumed 

Per 30 days 

level 1 restriction 

Per kl * 

level 2 restriction 

Per kl** 

level 3 restriction 

Per kl*** 

1 0-9 kl          R 0,00           R 0,00           R 0,00  

2 10-18 kl          R 25,05           R 30,04           R 36,04  

3 19-30 kl          R 33,90           R 50,53           R 90,96  

4 31-42 kl          R 39,02           R 62,41           R 137,27  

5 43-60 kl          R 41,75           R 75,13           R 195,31  

6 ˃ 60 kl          R 44,70           R 89,39           R 268,13  

*The basic level whereby total bulk water input is above 80%. 
**The restriction level 2 is applicable if total bulk water is between 79% to 60%. 
*** The restriction level 3 is applicable if total bulk water is less than 60%. 
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To implement a successful dynamic water pricing at raw water value chain level, the following 
conditions must be adhered: 

1) The water uses estimations for every raw water user must be quantified on monthly 
bases.  

2) The billing system should ensure every raw water user are saved their bills monthly. 
Essentially, with dynamic tariff you have a tariff that changes frequently (reflecting the 
degree of scarcity) to show consumers that there is an issue of scarcity, and that water 
supply is currently constrained. The adjusted tariff is expected to alter consumers 
behaviour to try and adjust their consumption pattern taking into account scarcity. 
Therefore, monthly bill is appropriate to trigger behavioural change. 

3) The implementation framework at the end user (municipality) must be an integral 
aspect of raw water dynamic pricing. Therefore, the municipality implementation plan 
must be in place. 
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7. Methodology 
Given the various objectives of the study, various method were implemented. These are 
outlined as follows relative to the research objective that needed to be achieved: 

i. Assessment of the current pricing model and water demand estimations – Conventional 
and Stone Geary demand functions using data from the 2014/15 living standards survey 

ii. Implementation of the SWP using the City of Tshwane as a case study – the 
methodology outlined in Section 4.2 was applied using information sourced directly 
from the City of Tshwane  

iii. Implementation of dynamic water tariffs linked to the volume of available water at the 
water source – Development of a comprehensive water allocation model based on the 
demand side principles of hydro-economic models 

Each of these methods are briefly explained below.  

7.1. Assessment of the Current Pricing Model and Demand Estimations  

The aim of this aspect of the analysis is two-fold. Firstly, we estimate conventional demand 
functions to calculate how water consumption at households at different income levels react to 
changes in the price. This would allow us to predict the potential consumption changes with 
the introduction of dynamic prices. Secondly, we include “climate change” variables in the 
form of temperatures and precipitation to see how water demand reacts to these variables. This 
would indicate whether such variables apply pressure on the demand for water. It will also 
show us whether the current municipal water tariffs, being IBT, incorporates changes in supply 
constraints. From an a priori perspective, we do know that the current IBT system does not 
adjust for scarcity issues, be it related to actual supply of water or climate variables that impact 
on supply. As a result, we do not expect the price to play a role in controlling demand with 
changes in temperature or precipitation.  

In estimating the water demand, the standard literature primarily uses two function forms: 

1) The Cobb-Douglas function and  

2) Stone-Geary functional form.  

The elasticities estimate in empirical studies differ depending on the function form specified 
and other factors. Some studies have found high elastic while other have found weak elastic. 
Several factors contribute to the weak sensitivity of water consumption to price changes 
identified in empirical literature: the intrinsic nature of water as a necessity to life; water bills 
constitute a small proportion of overall household budget and; imperfect price information 
(Gaudin, 2006). However, water demand will exhibit different elasticities at different levels of 
use and in different price ranges which is inherent characteristic of the IBT (Nauges, and 
Martinez-Espineira, 2004). Moreover, the water volume required for the necessities of life, 
such as drinking and cooking, will be extremely inelastic. For this reason, the Stone-Geary 
functional form has two main advantages over Cobb-Douglas:  

1) It allows for non-constant price elasticities and;  

2) It considers that water consumption includes two components: a fixed quantity that cannot 
be adjusted immediately after a price increase and a residual that can adapt instantaneously.  



45 
 

This allows us to establish a minimum water use threshold below which water consumption is 
insensitive to price changes. In this context, a Stone-Geary utility function has twin objectives. 
Firstly, it enables the calculation of a portion of the inelastic level of water use. Secondly, there 
is a derivation of the equity index of the water utility bill components, through the estimation 
of a water demand function.  

The Stone-Geary model underlying our assumptions is that consumers have a given level of 
income and faces a set of prices for water supply and other goods. consumers must satisfy their 
basic needs first, so they purchase a subsistence level of goods and services, then allocate the 
remainder of their income in fixed proportions to each of the other goods and services 
according to their preference parameters. Using the Stone-Geary utility function (assumption 
of implicit separability, which justifies the water demand function with only single price), the 
demand model for water can be given as (see Gaudin, Griffin and Sickles, 2001): 

 𝑄𝑄𝑤𝑤 = (1 − 𝛽𝛽𝑤𝑤)𝛾𝛾𝑤𝑤 + 𝛽𝛽𝑤𝑤
𝐼𝐼
𝑃𝑃𝑤𝑤

+ 𝑍𝑍 + 𝜇𝜇 (4) 

One of the advantages of the Stone-Geary function is that it is theoretically consistent and uses 
only two parameters for each type of good or service, while considering non-constant 
elasticities that may increase with price. Moreover, both parameters have an intuitive economic 
meaning: 𝛾𝛾𝑤𝑤 can be deemed a threshold below which consumption is not affected by changes 
in either price or income, while 𝛽𝛽𝑤𝑤 represents the marginal budget share allocated to the good 
or service considered, Z is a set of variables that describe the water utility, and μ is the usual 
idiosyncratic error term. 

Climatic effects in residential water demand models can be introduced in different ways. 
Generally, climate exerts the following influences on water demand: high temperatures 
increase water demand while high rainfalls decrease water demand. Outdoor water use depends 
on climatic conditions that are represented by weather variables. To capture the influence of 
climate, annually average temperature and rainfall data are used in the demand estimation. The 
coefficient of temperature with respect to water use is expected to be positive, while the 
coefficient of rainfall is expected to be negative. The empirical demand function is specified 
as: 

 𝑄𝑄𝑖𝑖𝑖𝑖 = (1 − 𝛽𝛽𝑤𝑤)𝛾𝛾𝑤𝑤 + 𝛽𝛽𝑤𝑤
𝐼𝐼𝑖𝑖𝑖𝑖
𝑀𝑀𝑃𝑃𝑖𝑖𝑖𝑖

+ 𝛼𝛼1𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 + 𝛼𝛼2𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖 
(5) 

Where,  𝑄𝑄𝑖𝑖𝑖𝑖 is an average annually water consumption, 𝛽𝛽𝑤𝑤 and 𝛾𝛾𝑤𝑤 are structural parameters 
representing respectively the share of water expenditure in the supernumerary income and the 
fixed component of annually consumption; Temp is annually temperature; Rain is annually 
rainfall; and 𝜀𝜀𝑖𝑖 is the usual error term. Implicitly we assume of a threshold ( 𝛾𝛾𝑤𝑤 ) that does not 
vary over time. Price and income elasticities can be derived from these estimates. In this 
particular case, the two elasticities have the same magnitude but opposite sign. 

 𝜉𝜉𝑃𝑃 = −𝛽𝛽𝑤𝑤
𝐼𝐼
𝑃𝑃𝑄𝑄

= −𝜉𝜉𝐼𝐼 
(6) 

We estimate both the Cobb Douglas and Stone Geary estimations using information from the 
2014/15 Living Conditions Survey undertaken by Statistics South Africa. This was the last 
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comprehensive survey that looked at the expenditure and income trends for households in the 
country. Like most income and expenditure surveys, the data we received constituted 
household expenditure on water and only for metropolitan areas. We then sourced the retail 
water tariffs charged for all metropolitan municipalities for the 2014/15 municipal financial 
year and aligned it with the expenditure data. Consumption levels were then estimated using 
this approach. While the approach is crude, we are limited on household water consumption 
that and would need to improvise to achieve such information.  

7.2. Implementation of the SWP – City of Tshwane Case Study 

The second component of the analysis will constitute the implementation of the SWP method 
to simulate the design and potential impact of a dynamic water price using the City of Tshwane 
metropolitan municipality. This component of the analysis shows how climate change variables 
or, more specifically, weather variables that impact on the availability of water (scarcity on the 
supply side) and the change in consumer behaviour (overuse on the demand side) can be 
incorporated into a tariff. While this assessment will occur using a municipality at the potable 
water level, such a concept can easily be applied to the raw water sector or bulk water sector, 
with the former being preferable.  

We use equation 2 and equation 3 to develop a dynamic tariff for the City of Tshwane. The 
municipality provided the research team with water consumption data for 10 years. We 
undertake the analysis for the 2014/15 financial year to align with the demand estimations from 
Section 7.1 using the Statistics South African 2014/15 Living Standards Survey. We sourced 
rainfall and temperature data from WeatherSA to allow us to look at current weather patterns 
and deviations from the long run trend. Water tariffs for the City of Tshwane was sourced 
directly from their budget documents for 2014/15 and the tariff applied to one of the tariff 
blocks. As presented in Figure 5, dynamic tariffs should not be applied to the subsistent block, 
i.e. the first block that should cover the basic consumption needs of households, but on other 
consumption blocks. We use the forth block for our illustration purposes.  

7.3. Development of the Water Allocation Model 

One of the aims of the project was to review the water allocation model in South Africa. This 
review was not meant to be comprehensive, but rather to inform the appropriate design of 
dynamic water tariffs. As per theory, dynamic water tariffs would need to reflect the marginal 
benefit that each water user places on the good. As such, one would need to ideally estimate 
raw water user demand functions, calculate the marginal benefit each user derives, maximise 
the consumer surplus of each user, find out the efficient allocation of water amongst users and 
determine the change in the price of the good that would induce a demand response. This is 
shown graphically in Figure 9. 

  



47 
 

 
Figure 9: Efficient Allocation of Water between Users 

 

As per the graphically representation in Figure 9, one would need to estimate the respective 
demand curves for each user of raw water. As discussed above, currently, the DWS cannot 
provide accurate raw water use due to a lack of meters or related measures to track users and 
their consumption. As a result, one cannot scrutinise current raw water allocations from an 
economic science side nor can one determine accurate dynamic water tariffs at the raw water 
level.  

In spite of this, the project team innovated with the development of a Water Allocation Model, 
built in Excel. This model allows one to input demand estimations for each water user within 
a scheme and explicitly calculate the efficient water allocation based on the description in 
Figure 9. This model will accompany this report and can be used in future, as and when better 
information becomes available. 
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8. Analysis 
This section presents the analysis of the research project. It constitutes the application of both 
options for dynamic water pricing, i.e. linking water tariffs to temperature variations (SWP) 
and linking water prices to the available volume of water available in the water resource. In 
terms of the former, we use the City of Tshwane metropolitan municipality as a case study to 
illustrate the potential implementation of the dynamic water pricing option and its potential 
impact on water demand. In terms of the latter, we use the Mdloti River raw water scheme to 
illustrate the potential implementation of the second dynamic water pricing option and its 
potential impact on raw water demand.  

As argued in Section 4, linking water prices to temperature and precipitation variations does 
not necessarily or, more accurately, explicitly show the current scarcity of the water sources 
and the “increased value” being placed on the resource by users. However, the short-term 
variations of these variables are linked to availability of water and large variations from these 
levels can apply pressure on available water resources. Furthermore, the application of this 
option for dynamic pricing is relatively simpler, with very little institutionally or structural 
changes and no need for significant investments in technology, such as smart meters. Section 
8.2 applies the SWP method using the City of Tshwane as a case study.  

Section 8.3 applies the second method to a raw water scheme in the form of the Mdloti River. 
As mentioned, monitoring the level of a dam or water resource is currently being done. As 
shown in the theoretical analysis and the methodology, users value water given their respective 
needs and wants. When water becomes relatively scarcer, the respective value such users places 
on would increase. Section 8.3 applies the demand Water Allocation Model to estimate the 
demand functions of different water users in the scheme. However, data challenges and 
institutional challenges limited the scope of this analysis.  

Prior to presented the results of our simulations on both options for dynamic pricing, we first 
present results from our demand functions estimations. This is presented in Section 8.1. Here, 
we present both the conventional and Stone Geary demand function estimations for each 
income decile group using information from the 2024/15 living standards survey. The aim of 
Section 8.1 is two-fold. Firstly, we include climate change variables into the demand 
estimations to test the impact of these variables on demand. Secondly, we estimate demand 
functions to allow us to simulate the potential impact dynamic water tariffs for the City of 
Tshwane simulation in 8.2.  

8.1. Metropolitan Demand Estimations   

We commence the analysis by presenting the demand estimations for each income quintile. 
Recall from the discussion in the methodology that the data was sourced for metropolitan 
municipalities only using the 2014/15 living standards survey. All metropolitan municipalities 
during this period implemented IBT. Therefore, this assessment shows the reaction of water 
consumers in different income categories to prices that increase with higher levels of 
consumption. Table 6 shows the demand estimation results for quintile 5 households, with the 
results of quintiles 1 to 4 in Annexure A to this report. The key component of the analysis is 
the price elasticities that were estimated. As indicated, the price elasticities for quintile 1 and 2 
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income households are statistically insignificant. This suggests that, regardless of the increase 
in price, demand is unlikely to be impacted. Such price elasticities for lower income households 
are theoretically supported, as these households tend to use water for largely subsistence 
reasons and would thus struggle to adjust water use in the face of higher prices.  

The price elasticities for income quintile 3 and 5 are statistically significant, suggesting that 
these types of households are sensitive to price changes. For income quintile 3 households, we 
estimated a price elasticity of demand of -0.25. This suggests that a 1% increase in the price 
results in a 0.25% decrease in water consumption. On the other end of the income spectrum 
with quintile 5 households, we estimated a price elasticity of demand of -0.85. This is a very 
high price elasticity and theoretically unexpected. However, one can argue such a finding can 
suggest that higher income households in South Africa seem to benefit from lower water prices 
and consume water to largely meet their wants. In other words, these households can adjust 
their consumption with higher increases in price, suggesting a lower marginal benefit derived 
from water use compared to other households, i.e. a flatter demand curve.  

Table 6: Demand Estimation for Quintile 5 Households 

 
One of the proposed theoretical benefits of the IBT is that scarcity of the resource, in this case 
water, is considered to be incorporated in the price by increasing with higher levels of 
consumption (Monteiroi and Roseta-Palma (2011). In other words, the more you value the 
resource the more you pay for it. However, the incorporation of weather variables into the 
demand functions shows that demand adjusts to changes in these variables. In Table XX, a 1% 
increase in average temperature increases consumption by 0.135%. In other words, income 
quintile 5 consumers consume more water (and thus would have a greater marginal willingness 
to pay for water) with higher temperatures. This suggests that these customers value water more 
when temperature raises.  

Variables Natural Log of Water Consumption

Natural Log of Price -0.878***
(0.256)

Natural Log of Income -0.00343
(0.0142)

Natual Log of Household Size 0.0956***
(0.0233)

Natural Log of Number of Bathrooms 0.0533***
(0.0172)

Natural Log of Rainfall -0.352***
(0.0646)

Natural Log of Temperature 0.135***
(0.0302)

Formal House - Dummy Variable 0.120***
(0.0442)

Flush Toilet - Dummy Variable 0.166***
(0.0528)

Receives FBW - Dummy Variable -0.248***
(0.0306)

Pool - Dummy Variable 0.417***
(0.0582)

Constant 6.842***
(1.046)

Observations 2398
R-Squared 0.103
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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In terms of precipitation, a 1% increase in annual precipitation levels decreases quintile 5 
household consumption levels by 0.352%. In this case, due to higher levels of rainfall, 
customers in this quintile group consume less water. The findings on the weather variables are 
very important, as it shows that consumer value for water is impacted by changes in these 
variables. In other words, consumers are likely willing to pay more when temperatures are 
higher or when precipitation is lower. However, the IBT is not usually linked to changes in 
these weather variables. Therefore, the increased value placed on water is not considered in the 
price. This also has implications for water scarcity. Usually, water levels are compromised 
when temperatures are higher, or precipitation is lower. The results show that higher 
temperatures and lower precipitation levels will result in greater levels of consumption when 
water supply is likely to be simultaneously under pressure.  

The results from the demand estimations are important in our assessment of the potential 
impacts of dynamic water pricing and its potential impacts on households. Firstly, the results 
do show that higher income households are relatively sensitive to price increases and can adjust 
their consumption downwards. Secondly, it also shows that such households are sensitive to 
climate factors, with increasing demand during higher temperatures and lower precipitation. 
This confirms that, when the design of the IBT does not explicitly adjust to climate change 
variables, the marginal cost of water does not increase in the face of scarcity factors. Under the 
assumption that higher temperatures and lower precipitation levels decrease the supply of 
water, this should result in the value of water increasing. However, if the price of water does 
not adjust to incorporate this scarcity, consumption levels are likely to reflect the increased 
value of water.  

Such results clearly support the rationale for dynamic water pricing where the marginal price 
of water explicitly adjusts for factors that impact on water scarcity (option 1 – SWP) or actual 
scarcity at the water resource (option 2). It is likely that higher income households would adjust 
their consumption downwards in the face of increasing marginal cost of water. Therefore, 
dynamic pricing at higher consumption blocks of the IBT would likely have an impact in 
decreasing consumption. The results also show that lower income households are less sensitive 
to increasing prices, given their largely subsistence use of water. Such households and their 
consumption levels should be exempt from dynamic pricing. The first block of the IBT, which 
is essentially the subsistence level of water use, should be exempt from dynamic pricing to 
protect lower income water users. This is under the assumption that lower income households 
consume less than higher income households.  

Related to the preceding point, Table 7 below shows the Stone Geary demand estimation of 
water for all households. Recall that the Stone Geary estimation generates a price inelastic 
portion of water demand and a variable consumption component that adjusts with price 
increases. Our analysis estimates a minimum consumption level of 9.85kl, i.e. households will 
not consume less than this amount, regardless of the price of water. 
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Table 7: Stone Geary Estimation 

 

8.2. Application of the SWP Method – City of Tshwane Case Study  

The analysis in Section 8.1 undertook conventional and Stone Geary demand estimations to 
ascertain how consumers react to climate change variables and to price increases in the IBTs 
applied. We concluded that the IBT does not increase the marginal cost of water with changes 
in climate change variables. It also shows that increasing the marginal cost of water in the face 
of scarcity can result in downward consumption in higher income households.  

Given the results above, this section explores the implementation of one of the options of 
introducing dynamic water pricing, i.e. the SWP option, using the City of Tshwane as an 
example. Recall, the SWP option incorporates deviations of climate change variables from their 
long run trends into the pricing system. This is under the assumption that such deviations from 
long run trends results in an unexpected pressure on water supply. As per the demand 
estimations in Section 8.1, temperature and precipitation deviations away from long run 
average trends also impacts on demand, as our estimations show that water use increases. Both 
effects results in a increasing marginal value of water use. As such, the goal of dynamic water 
pricing is to ensure that the increased value attached to water is incorporated into the cost 
towards supporting an appropriate balance between water demand and supply.  

From the description of the SWP in Section 4.2 above, the incorporation of climate change 
variables into the pricing mechanisms would see variations in temperature and precipitation as 
the key variable of analysis. Figure 10 below shows the deviation of the monthly average 
temperatures from July 2014 to June 2015 (2014/15 municipal financial year) to its long run 
average per month over 20 years for the City of Tshwane region. This is aligned to the 
information received from the 2014/15 living standards survey, which covers the 2014/15 
municipal financial year. As it can be seen, there are clear deviations in temperatures in the 
summer months (November 2014 to January 2015), where average temperatures are lower than 

Variables Monthly Water Consumption

Income/Average Water Price 0.000727**
(0.000)

Household Size 0.105
(0.097)

Number of Toilets in House 1.906***
(0.462)

Annual Rainfall 0.00256
(0.002)

Household has a Garden 1.228*
(0.653)

Household has a Flush Toilet 1.583***
(0.570)

Formal Household 1.200*
(0.719)

Household receives Free Basic Water -4.470***
(0.579)

Household in an Urban Area 0.796
(0.705)

Household has a Pool 7.007***
(2.049)

Constant 9.844***
(1.125)

Observations 3,168
R-squared 0.09
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Lifeline Level 9.85
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long term averages, and the winter months (April 2015 to June 2015), where temperatures are 
higher than long term averages. In terms of the latter, our demand estimations would suggest 
that demand in winter during this period would have been higher than expected, as temperatures 
are higher than the general average. This is likely to apply pressure on water supply.  

 
Figure 10: Variation in Monthly Temperatures from Long Run Averages – Tshwane 

 

Figure 11 undertakes a similar analysis for the City of Tshwane for the same period but looking 
at deviations in precipitation. Immediately, one can clearly see distinct volatility in the 
precipitation for the 2014/15 financial year relative to the long-term trend. Such a trend is one 
of the consequences of climate change, i.e. volatility in climate. In general, precipitation was 
lower than its long-term average during the period, including a significant fall in precipitation 
levels in January 2015, one of the hottest months, and a large increase in precipitation in March 
2015. The incorporation of dynamic tariffs can also play a role in smoothing consumption 
levels in the face of large deviations in climate factors that impact on water demand and supply.  

 
Figure 11: Variation in Monthly Precipitation from Long Run Averages – Tshwane 
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Figure 12 implements the SWP option for the City of Tshwane block 4 water tariff. As 
mentioned, it incorporates the deviations of temperature and precipitation into the price of 
water, thus sending the signal of scarcity and greater value of water being placed during these 
times. The City of Tshwane block 4 water tariff for the 2014/15 financial year was R14.77 
consumption between 19-24kl. Implementing the SWP option sees a price increase in July 2014 
to September 2014, during the winter months when demand is high, but supply is constrained 
due to a lack of precipitation. There is also a price increase in January 2015, due to a large fall 
in precipitation in January for the year, and price increases in April 2015 to June 2015, due 
here to lower deviations in precipitation levels and higher temperatures during this period.  

 
Figure 12: SWP on Water Block 4 – Tshwane 

Information on monthly precipitation and temperatures are readily available but with a month’s 
lag. If there are large deviations in precipitation and temperature levels in the previous month, 
one can assume, from our analysis, that water use would have increased. The municipality can 
then use the preceding (current) month to adjust consumption and lower levels on demand and 
supply.  

8.3. Application of Dynamic Pricing at the Raw Water Level  

This section applies the demand component of HEM to estimate the marginal benefit of raw 
water use by different raw water users in the Mdloti River water scheme. The recently 
developed Water Allocation Model to determine this marginal benefit and efficient allocation 
of water relative to what is actually allocated. In order to develop the marginal benefit of water 
use, one needs to estimate raw water demand functions for each user. However, it is important 
to note that the lack of data on actual raw water use is not available. As a result, these actual 
demand functions cannot be estimated. This is a major detriment to assessing raw water 
allocation for economic efficiency, improving water allocation and implementing dynamic 
prices.  

Given the above, the actual application of the Water Allocation Model on an actual scheme is 
not fully possible. However, we show the value and application of the Water Allocation Model 
using simulated demand functions to show how water allocation can be done using demand 
functions, how such demand functions can be used to determine the marginal benefit each user 
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attaches to water use and how such information can be used to design dynamic raw water 
tariffs. Figure 13 shows the differences in the actual raw water allocation and the predicted 
water allocation with our simulated demand function. From Figure 12, the analysis suggests 
that the irrigation customer values water more in the scheme relative to domestic users. In fact, 
demand from both customers is actually lower than the actual allocation given to both 
customers.  

 
Figure 13: Actual Water Allocation vs Modelled Water Allocation – Mdloti River 

To reiterate, the modelled allocations above are based on assumed demand curves, as the 
information to generate actual demand curves is not available. This was done to generate the 
marginal benefit each customer places on water in order to assist us in developing accurate 
dynamic tariffs relative to the marginal benefit placed on the demand side by customers and 
the increase in the value of water due to scarcity. Figure 14 shows the changes in the raw water 
price at the scheme level relative to the available water in the water resource.  

 
Figure 14: Dynamic Pricing – Mdloti River 
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Figure 15 extends the analysis above to show the movement of the dam levels and the relative 
raw water price.  

 
Figure 15: Dynamic Pricing and Dam Levels – Mdloti River 
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9. Conclusions and Recommendations 
Like any economic good, the efficient allocation of water, via the market, can be achieved 
through efficient pricing. However, water is no normal economic good. A component of water 
consumption is necessary for the sustaining of human life. Indeed, a portion of water is 
necessary for all forms of life, for vegetation and for the sustaining of most environments. In 
addition, water availability if complex. In economic terms, water is readily available in its raw 
untreated form and is considered a common resource good. From an economic perspective, all 
of these factors complicate the pricing and allocation of water.  

Notwithstanding the general but complex issues of the preceding paragraph, the use of raw 
water and the delivery of potable water for social and economic needs is also a complex 
contemporary problem. Governments across the world are faced with the need to bridge the 
gap between the demand for water and the supply for water. While the demand and supply for 
water is complicated by the very nature of water as an economic and social good, these factors 
are further complicated by contemporary social, economic, political and natural issues. On the 
demand side, modern day spatial patterns, dynamics of economic activities, urbanisation, 
changing technology and a host of other factors impact on the demand for water. Water 
availability, planning and infrastructure, abstraction and purification technologies and climate 
change are but some of the factors that impact on the supply of water.  

One of the key mechanisms used to promote the equitable and efficient allocation of water is 
the pricing mechanism. The appropriate pricing of water, both in the raw form and potable 
form, is key in this regard. There is substantial work done on water pricing, both from the 
academic and policy side. In South Africa, the allocation of raw water and the overall pricing 
of both untreated and treated water across the water value chain intends to achieve a balance 
of these various competing goals. In terms of raw water, the pricing intends to protect the water 
resource, improve efficiency and cover the costs operating and reinvestment in the water sector. 
On the potable water side, municipalities attempt to achieve the same goals through the use of 
IBT, ensuring protection of the poor, the sustainability of the service and the promotion of 
efficient water allocation and use.  

The design of a pricing mechanism that balances these objectives is complex. Pricing structures 
should be continuously innovating and evolving, particularly when it comes to being sensitive 
to the changing political, economic, social and natural changes. Given this, this study 
constituted exploratory research to assess the merits and possibilities of introducing dynamic 
water pricing in the South African water sector. Dynamic water pricing essentially adjusts the 
price of water for a change in the marginal cost or marginal benefit of the use of the good, thus 
sending the signal of an increased value of water at time of water scarcity or changes in demand 
behaviour. On the supply side, the issue of water scarcity is a growing concern in contemporary 
society, with growing urbanisation and changes in living patterns. Water scarcity is now of 
greater concern with the growing impact of climate change. Climate change results in an 
increased volatility in weather patterns and a greater occurrence of extreme weather events, 
such as droughts and floods. Ideally, dynamic factors that impact on the supply and demand of 
prices need to be incorporated into the price.  
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At initial inception, this project intended to focus on exploring dynamic pricing at the potable 
water (municipal) level. However, this position evolved through the guidance of the Reference 
Group and the resource to explore the overall allocation of water resources in South Africa and 
the pricing of water across the value chain. This, in itself, is a complex exercise, and the 
research acknowledges that the complexities of each of these aspects could not be fully 
explored to the extent required in this research. Nonetheless, the research achieved the 
following objectives, taking into consideration time and resource constraints: 

i. Showed the theoretical rationale for a dynamic water pricing system 
ii. Outlined the options of implementing a dynamic water pricing system 

iii. Critically outlined the water value chain in South Africa and explored the scope of 
implementing dynamic water pricing within the current configuration of the industry  

iv. Proposed amendments to certain aspects of the South African value chain to allow for 
the implementation of dynamic pricing 

9.1. Key Findings 

Some of the key findings of this report are summarised as follows: 

i. Our analysis shows that the current water pricing system in South Africa, be it from a 
raw, bulk or retail water tariff, does not incorporate issues of scarcity in its design 

a. This was confirmed by the econometric analysis that showed demand reactions 
to climate change variables that also impact on water supply 

ii. A pricing system that does not incorporate aspects of scarcity can contribute to 
deviations from the supply and demand of water, putting pressure on water supplies 

iii. The price of raw, bulk and retail water is static, i.e. it does not change during a financial 
year. This makes it difficult to account for supply and demand changes or shocks during 
the year. Such inflexibility in the pricing system can result in short and long run water 
constraints 

iv. Legislation, in specific the Water Services Act, allows for drought and seasonal tariffs, 
thus empowering policy makers to adjust tariffs to control for demand and supply 
fluctuations  

v. To date, drought tariffs have been implemented, but these are a short term, “crisis” 
driven approach to controlling water demand at the last resort. Dynamic water tariffs, 
be it directly linked to water supply or seasonal, intends to embed the notion of water 
scarcity on the consumer and create a culture that can ultimate influence short and long 
run water demand and supply 

vi. Our analysis shows that embedding a dynamic price into the South Africa water system 
is most efficient and accurate using the option that links the price to the actual volume 
of water available as opposed to embedding deviations of climate change variables in 
the price system 

a. However, option 1 cannot be implemented at the bulk water (water boards) or 
retail water levels 

i. Water boards do not serve all municipalities, as some municipalities 
treat their own raw water 

ii. Municipalities use several sources for bulk water 



58 
 

iii. The reservoirs at the municipal level is complex, serving different areas. 
It will be difficult to monitor these reservoirs without investment in 
systems and technologies  

iv. One would need to implement dynamic pricing linked to the water 
source through the use of smart water meters to adjust the price relative 
to the volume of water available. This will result in significant 
investments at the municipal level  

vii. From our analysis, it is most feasible for dynamic pricing to be implemented at the raw 
water level. This conclusion was reached based on: 

a. It covers most of the water use in the country. Municipalities only account for 
22% of total water use in the country 

b. Raw water sold to municipal customers can make its way to the final customer 
through the pricing system 

viii. However, the current state of raw water allocation and billing makes it difficult to 
implement dynamic pricing. Some of these issues are: 

a. The current practice of allocating water resources prioritises equity over 
efficiency. It is difficult to determine whether current allocations are efficient 
and reaching the customers that need it the most 

b. While there are systems in place to monitor dam levels, linking such levels to 
the price of raw water can be problematic as there are currently limited methods 
to monitor raw water consumption in water users 

c. Water billing would need to be done monthly 
d. The inability to register raw water users and monitor raw water usage is a major 

concern and a major detriment towards the efficient allocation of water and the 
implementation of dynamic pricing. Without such information, it is not possible 
to determine the value users places on water 

ix. Our analysis shows that option 2 for implementing dynamic tariffs, i.e. embedding 
deviations in climate variables in the price is a feasible and easy to implement option. 
It is also legally allowed and should impact on easing supply during times of potential 
water supply shortages 

An information form of dynamic pricing, in the form of water scarcity tariffs, is being 
implemented in South Africa to curb short-run short run water shortages in certain parts of the 
country. While there have been provisions for water scarcity tariffs in the legislative and 
institutional framework of the country, the relative proliferation of its use shows an increasing 
need to control water consumption on the demand side. This could be due to the growing 
impacts of climate change.  Given these developments, there is clearly a need for such a 
dynamic price system to be institutionalize in the South African water sector. However, the 
current institutional set up in the water market was not fully designed for the implementation 
of demand side controls using the price mechanism. This is due to the system being designed 
at a time when there was not an imperative need to control water use. Therefore, the finding of 
this project intends to provides the clear guidelines and prerequisites to formally introduce the 
potential of dynamic prices across the water value chain.  
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9.2. Recommendations 

To be finalised after Final Meeting  

9.3. Limitations of the Study and Future Work  

It is important to emphasise that this research and the concept of dynamic water pricing in 
South Africa was exploratory, i.e. the concept of dynamic water pricing was introduced, and 
its potential benefits highlighted. However, substantial changes to the current institutional 
configuration of raw water management and allocation is required. These proposed changes 
are highlighted in this report. Furthermore, we propose the following projects to further support 
the role of dynamic water pricing in South Africa: 

i. Detailed case study at a scheme where actual consumption data can be collected to 
determine water use and efficient water allocation 

ii. Development of more complex hydro-economic models that take into consideration 
both supply and demand side factors to obtain a proper assessment of climate and 
demand dynamics at the scheme level. 
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RAW WATER ALLOCATION AND DYNAMIC PRICING IMPACT MODEL 
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Model Instructions

		TO BE FINALISED





Model Calibration

		Water Resource Information

		Name of Water Resource		Ngagane River

		Total Water Volume		63.21

		Time Variable		Monthly

		Number of Years		28

		Starting Year/Year of Analysis		2001



		Customer Information

		Municipal		Yes

		Agriculture 		Yes

		Mining		No

		Industry		No

		Hydropower		No

		Strategic Users		No

		Stream Flow Reduction		No





























Model Inputs

		Time Variable		January		February		March		April		May		June		July		August		September		October		November		December																																				

		Total Dam Level		65%		76%		75%		73%		74%		75%		75%		72%		70%		70%		68%		64%





		Customer Demand Functions		Municipal		Agriculture 										

		Price Elasticity		-0.1938586042		-0.0863778953

		Constant		67.8583154982		3.1923058197

		Raw Water Charge		58.43		38.20

		Current Allocation		57.31		5.9



		Dynamic Pricing Assumptions		Scarcity Premium

		100% Capacity		0%

		95% Capacity		0%

		90% Capacity		0%

		85% Capacity		0%

		80% Capacity		5%

		75% Capacity		10%

		70% Capacity		12%

		65% Capacity		14%

		60% Capacity		16%

		55% Capacity		18%

		50% Capacity		20%

		45% Capacity		22%

		40% Capacity		24%





Model Outputs

		Raw Water Customer		Actual Allocation		Calculated Efficient Allocation		Difference		Calculated Marginal Benefit

		Municipal		57.31		62.38827		-5.07827		28.22

		Agriculture 		5.9		0.82173		5.07827		28.22

				

				

				

				

				





























Dynamic Pricing

		Customer Demand		January		February		March		April		May		June		July		August		September		October		November		December																																				

		Water Availability		41.09		48.04		47.41		46.14		46.78		47.41		47.41		45.51		44.25		44.25		42.98		40.45

		Initial Allocation

		Actual Consumption

		Dynamic Price		FALSE

		Predicted Consumption with Dynamic Prices





























Calculations

		Daily		1		Yes				100		7		14.2857142857

		Monthly		2		No						6		16.6666666667

		Yearly		3								5		20

				4								4		25

				5								3		33.3333333333

				6								2		50

				7

				8

				9

				10

				11

				12

				13

				14

				15

				16

				17

				18

				19

				20

				21

				22

				23

				24

				25

				26

				27

				28

				29

				30





Allocations

		Percentage Allocation																Allocation																Marginal Benefit



		100.0%		0%		0%		0%		0%		0%		0%				63.21		0		0		0		0		0		0				23.978		36.957		-12.980

		99.9%		0.1%														63.14679		0.06321		63.21		63.21		63.21		63.21		63.21				24.304		36.226		-11.922

		99.8%		0.2%														63.08358		0.12642		63.21		63.21		63.21		63.21		63.21				24.630		35.494		-10.864

		99.7%		0.3%														63.02037		0.18963		63.21		63.21		63.21		63.21		63.21				24.956		34.762		-9.806

		99.6%		0.4%														62.95716		0.25284		63.21		63.21		63.21		63.21		63.21				25.282		34.030		-8.748

		99.5%		0.5%														62.89395		0.31605		63.21		63.21		63.21		63.21		63.21				25.608		33.299		-7.690

		99.4%		0.6%														62.83074		0.37926		63.21		63.21		63.21		63.21		63.21				25.934		32.567		-6.632

		99.3%		0.7%														62.76753		0.44247		63.21		63.21		63.21		63.21		63.21				26.260		31.835		-5.575

		99.2%		0.8%														62.70432		0.50568		63.21		63.21		63.21		63.21		63.21				26.586		31.103		-4.517

		99.1%		0.9%														62.64111		0.56889		63.21		63.21		63.21		63.21		63.21				26.912		30.371		-3.459

		99.0%		1.0%														62.5779		0.6321		63.21		63.21		63.21		63.21		63.21				27.238		29.640		-2.401

		98.9%		1.1%														62.51469		0.69531		63.21		63.21		63.21		63.21		63.21				27.565		28.908		-1.343

		98.8%		1.2%														62.45148		0.75852		63.21		63.21		63.21		63.21		63.21				27.891		28.176		-0.285

		98.7%		1.3%														62.38827		0.82173		63.21		63.21		63.21		63.21		63.21				28.217		27.444		0.772

		98.6%		1.4%														62.32506		0.88494		63.21		63.21		63.21		63.21		63.21				28.543		26.712		1.830

		98.5%		1.5%														62.26185		0.94815		63.21		63.21		63.21		63.21		63.21				28.869		25.981		2.888

		98.4%		1.6%														62.19864		1.01136		63.21		63.21		63.21		63.21		63.21				29.195		25.249		3.946

		98.3%		1.7%														62.13543		1.07457		63.21		63.21		63.21		63.21		63.21				29.521		24.517		5.004

		98.2%		1.8%														62.07222		1.13778		63.21		63.21		63.21		63.21		63.21				29.847		23.785		6.062

		98.1%		1.9%														62.00901		1.20099		63.21		63.21		63.21		63.21		63.21				30.173		23.054		7.120

		98.0%		2.0%														61.9458		1.2642		63.21		63.21		63.21		63.21		63.21				30.499		22.322		8.177

		97.9%		2.1%														61.88259		1.32741		63.21		63.21		63.21		63.21		63.21				30.825		21.590		9.235

		97.8%		2.2%														61.81938		1.39062		63.21		63.21		63.21		63.21		63.21				31.151		20.858		10.293

		97.7%		2.3%														61.75617		1.45383		63.21		63.21		63.21		63.21		63.21				31.477		20.126		11.351

		97.6%		2.4%														61.69296		1.51704		63.21		63.21		63.21		63.21		63.21				31.803		19.395		12.409

		97.5%		2.5%														61.62975		1.58025		63.21		63.21		63.21		63.21		63.21				32.129		18.663		13.467

		97.4%		2.6%														61.56654		1.64346		63.21		63.21		63.21		63.21		63.21				32.455		17.931		14.524

		97.3%		2.7%														61.50333		1.70667		63.21		63.21		63.21		63.21		63.21				32.782		17.199		15.582

		97.2%		2.8%														61.44012		1.76988		63.21		63.21		63.21		63.21		63.21				33.108		16.467		16.640

		97.1%		2.9%														61.37691		1.83309		63.21		63.21		63.21		63.21		63.21				33.434		15.736		17.698

		97.0%		3.0%														61.3137		1.8963		63.21		63.21		63.21		63.21		63.21				33.760		15.004		18.756

		96.9%		3.1%														61.25049		1.95951		63.21		63.21		63.21		63.21		63.21				34.086		14.272		19.814

		96.8%		3.2%														61.18728		2.02272		63.21		63.21		63.21		63.21		63.21				34.412		13.540		20.872

		96.7%		3.3%														61.12407		2.08593		63.21		63.21		63.21		63.21		63.21				34.738		12.809		21.929

		96.6%		3.4%														61.06086		2.14914		63.21		63.21		63.21		63.21		63.21				35.064		12.077		22.987

		96.5%		3.5%														60.99765		2.21235		63.21		63.21		63.21		63.21		63.21				35.390		11.345		24.045

		96.4%		3.6%														60.93444		2.27556		63.21		63.21		63.21		63.21		63.21				35.716		10.613		25.103

		96.3%		3.7%														60.87123		2.33877		63.21		63.21		63.21		63.21		63.21				36.042		9.881		26.161

		96.2%		3.8%														60.80802		2.40198		63.21		63.21		63.21		63.21		63.21				36.368		9.150		27.219

		96.1%		3.9%														60.74481		2.46519		63.21		63.21		63.21		63.21		63.21				36.694		8.418		28.276

		96.0%		4.0%														60.6816		2.5284		63.21		63.21		63.21		63.21		63.21				37.020		7.686		29.334

		95.9%		4.1%														60.61839		2.59161		63.21		63.21		63.21		63.21		63.21				37.346		6.954		30.392

		95.8%		4.2%														60.55518		2.65482		63.21		63.21		63.21		63.21		63.21				37.672		6.222		31.450

		95.7%		4.3%														60.49197		2.71803		63.21		63.21		63.21		63.21		63.21				37.999		5.491		32.508

		95.6%		4.4%														60.42876		2.78124		63.21		63.21		63.21		63.21		63.21				38.325		4.759		33.566

		95.5%		4.5%														60.36555		2.84445		63.21		63.21		63.21		63.21		63.21				38.651		4.027		34.624

		95.4%		4.6%														60.30234		2.90766		63.21		63.21		63.21		63.21		63.21				38.977		3.295		35.681

		95.3%		4.7%														60.23913		2.97087		63.21		63.21		63.21		63.21		63.21				39.303		2.564		36.739

		95.2%		4.8%														60.17592		3.03408		63.21		63.21		63.21		63.21		63.21				39.629		1.832		37.797

		95.1%		4.9%														60.11271		3.09729		63.21		63.21		63.21		63.21		63.21				39.955		1.100		38.855

		95.0%		5.0%														60.0495		3.1605		63.21		63.21		63.21		63.21		63.21				40.281		0.368		39.913

		94.9%		5.1%														59.98629		3.22371		63.21		63.21		63.21		63.21		63.21				40.607		0.000		40.607

		94.8%		5.2%														59.92308		3.28692		63.21		63.21		63.21		63.21		63.21				40.933		0.000		40.933

		94.7%		5.3%														59.85987		3.35013		63.21		63.21		63.21		63.21		63.21				41.259		0.000		41.259

		94.6%		5.4%														59.79666		3.41334		63.21		63.21		63.21		63.21		63.21				41.585		0.000		41.585

		94.5%		5.5%														59.73345		3.47655		63.21		63.21		63.21		63.21		63.21				41.911		0.000		41.911

		94.4%		5.6%														59.67024		3.53976		63.21		63.21		63.21		63.21		63.21				42.237		0.000		42.237

		94.3%		5.7%														59.60703		3.60297		63.21		63.21		63.21		63.21		63.21				42.563		0.000		42.563

		94.2%		5.8%														59.54382		3.66618		63.21		63.21		63.21		63.21		63.21				42.889		0.000		42.889

		94.1%		5.9%														59.48061		3.72939		63.21		63.21		63.21		63.21		63.21				43.216		0.000		43.216

		94.0%		6.0%														59.4174		3.7926		63.21		63.21		63.21		63.21		63.21				43.542		0.000		43.542

		93.9%		6.1%														59.35419		3.85581		63.21		63.21		63.21		63.21		63.21				43.868		0.000		43.868

		93.8%		6.2%														59.29098		3.91902		63.21		63.21		63.21		63.21		63.21				44.194		0.000		44.194

		93.7%		6.3%														59.22777		3.98223		63.21		63.21		63.21		63.21		63.21				44.520		0.000		44.520

		93.6%		6.4%														59.16456		4.04544		63.21		63.21		63.21		63.21		63.21				44.846		0.000		44.846

		93.5%		6.5%														59.10135		4.10865		63.21		63.21		63.21		63.21		63.21				45.172		0.000		45.172

		93.4%		6.6%														59.03814		4.17186		63.21		63.21		63.21		63.21		63.21				45.498		0.000		45.498

		93.3%		6.7%														58.97493		4.23507		63.21		63.21		63.21		63.21		63.21				45.824		0.000		45.824

		93.2%		6.8%														58.91172		4.29828		63.21		63.21		63.21		63.21		63.21				46.150		0.000		46.150

		93.1%		6.9%														58.84851		4.36149		63.21		63.21		63.21		63.21		63.21				46.476		0.000		46.476

		93.0%		7.0%														58.7853		4.4247		63.21		63.21		63.21		63.21		63.21				46.802		0.000		46.802

		92.9%		7.1%														58.72209		4.48791		63.21		63.21		63.21		63.21		63.21				47.128		0.000		47.128

		92.8%		7.2%														58.65888		4.55112		63.21		63.21		63.21		63.21		63.21				47.454		0.000		47.454

		92.7%		7.3%														58.59567		4.61433		63.21		63.21		63.21		63.21		63.21				47.780		0.000		47.780

		92.6%		7.4%														58.53246		4.67754		63.21		63.21		63.21		63.21		63.21				48.106		0.000		48.106

		92.5%		7.5%														58.46925		4.74075		63.21		63.21		63.21		63.21		63.21				48.433		0.000		48.433

		92.4%		7.6%														58.40604		4.80396		63.21		63.21		63.21		63.21		63.21				48.759		0.000		48.759

		92.3%		7.7%														58.34283		4.86717		63.21		63.21		63.21		63.21		63.21				49.085		0.000		49.085

		92.2%		7.8%														58.27962		4.93038		63.21		63.21		63.21		63.21		63.21				49.411		0.000		49.411

		92.1%		7.9%														58.21641		4.99359		63.21		63.21		63.21		63.21		63.21				49.737		0.000		49.737

		92.0%		8.0%														58.1532		5.0568		63.21		63.21		63.21		63.21		63.21				50.063		0.000		50.063

		91.9%		8.1%														58.08999		5.12001		63.21		63.21		63.21		63.21		63.21				50.389		0.000		50.389

		91.8%		8.2%														58.02678		5.18322		63.21		63.21		63.21		63.21		63.21				50.715		0.000		50.715

		91.7%		8.3%														57.96357		5.24643		63.21		63.21		63.21		63.21		63.21				51.041		0.000		51.041

		91.6%		8.4%														57.90036		5.30964		63.21		63.21		63.21		63.21		63.21				51.367		0.000		51.367

		91.5%		8.5%														57.83715		5.37285		63.21		63.21		63.21		63.21		63.21				51.693		0.000		51.693

		91.4%		8.6%														57.77394		5.43606		63.21		63.21		63.21		63.21		63.21				52.019		0.000		52.019

		91.3%		8.7%														57.71073		5.49927		63.21		63.21		63.21		63.21		63.21				52.345		0.000		52.345

		91.2%		8.8%														57.64752		5.56248		63.21		63.21		63.21		63.21		63.21				52.671		0.000		52.671

		91.1%		8.9%														57.58431		5.62569		63.21		63.21		63.21		63.21		63.21				52.997		0.000		52.997

		91.0%		9.0%														57.5211		5.6889		63.21		63.21		63.21		63.21		63.21				53.323		0.000		53.323

		90.9%		9.1%														57.45789		5.75211		63.21		63.21		63.21		63.21		63.21				53.650		0.000		53.650

		90.8%		9.2%														57.39468		5.81532		63.21		63.21		63.21		63.21		63.21				53.976		0.000		53.976

		90.7%		9.3%														57.33147		5.87853		63.21		63.21		63.21		63.21		63.21				54.302		0.000		54.302

		90.6%		9.4%														57.26826		5.94174		63.21		63.21		63.21		63.21		63.21				54.628		0.000		54.628

		90.5%		9.5%														57.20505		6.00495		63.21		63.21		63.21		63.21		63.21				54.954		0.000		54.954

		90.4%		9.6%														57.14184		6.06816		63.21		63.21		63.21		63.21		63.21				55.280		0.000		55.280

		90.3%		9.7%														57.07863		6.13137		63.21		63.21		63.21		63.21		63.21				55.606		0.000		55.606

		90.2%		9.8%														57.01542		6.19458		63.21		63.21		63.21		63.21		63.21				55.932		0.000		55.932

		90.1%		9.9%														56.95221		6.25779		63.21		63.21		63.21		63.21		63.21				56.258		0.000		56.258

		90.0%		10.0%														56.889		6.321		63.21		63.21		63.21		63.21		63.21				56.584		0.000		56.584

		89.9%		10.1%														56.82579		6.38421		63.21		63.21		63.21		63.21		63.21				56.910		0.000		56.910

		89.8%		10.2%														56.76258		6.44742		63.21		63.21		63.21		63.21		63.21				57.236		0.000		57.236

		89.7%		10.3%														56.69937		6.51063		63.21		63.21		63.21		63.21		63.21				57.562		0.000		57.562

		89.6%		10.4%														56.63616		6.57384		63.21		63.21		63.21		63.21		63.21				57.888		0.000		57.888

		89.5%		10.5%														56.57295		6.63705		63.21		63.21		63.21		63.21		63.21				58.214		0.000		58.214

		89.4%		10.6%														56.50974		6.70026		63.21		63.21		63.21		63.21		63.21				58.540		0.000		58.540

		89.3%		10.7%														56.44653		6.76347		63.21		63.21		63.21		63.21		63.21				58.867		0.000		58.867

		89.2%		10.8%														56.38332		6.82668		63.21		63.21		63.21		63.21		63.21				59.193		0.000		59.193

		89.1%		10.9%														56.32011		6.88989		63.21		63.21		63.21		63.21		63.21				59.519		0.000		59.519

		89.0%		11.0%														56.2569		6.9531		63.21		63.21		63.21		63.21		63.21				59.845		0.000		59.845

		88.9%		11.1%														56.19369		7.01631		63.21		63.21		63.21		63.21		63.21				60.171		0.000		60.171

		88.8%		11.2%														56.13048		7.07952		63.21		63.21		63.21		63.21		63.21				60.497		0.000		60.497

		88.7%		11.3%														56.06727		7.14273		63.21		63.21		63.21		63.21		63.21				60.823		0.000		60.823

		88.6%		11.4%														56.00406		7.20594		63.21		63.21		63.21		63.21		63.21				61.149		0.000		61.149

		88.5%		11.5%														55.94085		7.26915		63.21		63.21		63.21		63.21		63.21				61.475		0.000		61.475

		88.4%		11.6%														55.87764		7.33236		63.21		63.21		63.21		63.21		63.21				61.801		0.000		61.801

		88.3%		11.7%														55.81443		7.39557		63.21		63.21		63.21		63.21		63.21				62.127		0.000		62.127

		88.2%		11.8%														55.75122		7.45878		63.21		63.21		63.21		63.21		63.21				62.453		0.000		62.453

		88.1%		11.9%														55.68801		7.52199		63.21		63.21		63.21		63.21		63.21				62.779		0.000		62.779

		88.0%		12.0%														55.6248		7.5852		63.21		63.21		63.21		63.21		63.21				63.105		0.000		63.105

		87.9%		12.1%														55.56159		7.64841		63.21		63.21		63.21		63.21		63.21				63.431		0.000		63.431

		87.8%		12.2%														55.49838		7.71162		63.21		63.21		63.21		63.21		63.21				63.757		0.000		63.757

		87.7%		12.3%														55.43517		7.77483		63.21		63.21		63.21		63.21		63.21				64.084		0.000		64.084

		87.6%		12.4%														55.37196		7.83804		63.21		63.21		63.21		63.21		63.21				64.410		0.000		64.410

		87.5%		12.5%														55.30875		7.90125		63.21		63.21		63.21		63.21		63.21				64.736		0.000		64.736

		87.4%		12.6%														55.24554		7.96446		63.21		63.21		63.21		63.21		63.21				65.062		0.000		65.062

		87.3%		12.7%														55.18233		8.02767		63.21		63.21		63.21		63.21		63.21				65.388		0.000		65.388

		87.2%		12.8%														55.11912		8.09088		63.21		63.21		63.21		63.21		63.21				65.714		0.000		65.714

		87.1%		12.9%														55.05591		8.15409		63.21		63.21		63.21		63.21		63.21				66.040		0.000		66.040

		87.0%		13.0%														54.9927		8.2173		63.21		63.21		63.21		63.21		63.21				66.366		0.000		66.366

		86.9%		13.1%														54.92949		8.28051		63.21		63.21		63.21		63.21		63.21				66.692		0.000		66.692

		86.8%		13.2%														54.86628		8.34372		63.21		63.21		63.21		63.21		63.21				67.018		0.000		67.018

		86.7%		13.3%														54.80307		8.40693		63.21		63.21		63.21		63.21		63.21				67.344		0.000		67.344

		86.6%		13.4%														54.73986		8.47014		63.21		63.21		63.21		63.21		63.21				67.670		0.000		67.670

		86.5%		13.5%														54.67665		8.53335		63.21		63.21		63.21		63.21		63.21				67.996		0.000		67.996

		86.4%		13.6%														54.61344		8.59656		63.21		63.21		63.21		63.21		63.21				68.322		0.000		68.322

		86.3%		13.7%														54.55023		8.65977		63.21		63.21		63.21		63.21		63.21				68.648		0.000		68.648

		86.2%		13.8%														54.48702		8.72298		63.21		63.21		63.21		63.21		63.21				68.974		0.000		68.974

		86.1%		13.9%														54.42381		8.78619		63.21		63.21		63.21		63.21		63.21				69.301		0.000		69.301

		86.0%		14.0%														54.3606		8.8494		63.21		63.21		63.21		63.21		63.21				69.627		0.000		69.627

		85.9%		14.1%														54.29739		8.91261		63.21		63.21		63.21		63.21		63.21				69.953		0.000		69.953

		85.8%		14.2%														54.23418		8.97582		63.21		63.21		63.21		63.21		63.21				70.279		0.000		70.279

		85.7%		14.3%														54.17097		9.03903		63.21		63.21		63.21		63.21		63.21				70.605		0.000		70.605

		85.6%		14.4%														54.10776		9.10224		63.21		63.21		63.21		63.21		63.21				70.931		0.000		70.931

		85.5%		14.5%														54.04455		9.16545		63.21		63.21		63.21		63.21		63.21				71.257		0.000		71.257

		85.4%		14.6%														53.98134		9.22866		63.21		63.21		63.21		63.21		63.21				71.583		0.000		71.583

		85.3%		14.7%														53.91813		9.29187		63.21		63.21		63.21		63.21		63.21				71.909		0.000		71.909

		85.2%		14.8%														53.85492		9.35508		63.21		63.21		63.21		63.21		63.21				72.235		0.000		72.235

		85.1%		14.9%														53.79171		9.41829		63.21		63.21		63.21		63.21		63.21				72.561		0.000		72.561

		85.0%		15.0%														53.7285		9.4815		63.21		63.21		63.21		63.21		63.21				72.887		0.000		72.887

		84.9%		15.1%														53.66529		9.54471		63.21		63.21		63.21		63.21		63.21				73.213		0.000		73.213

		84.8%		15.2%														53.60208		9.60792		63.21		63.21		63.21		63.21		63.21				73.539		0.000		73.539

		84.7%		15.3%														53.53887		9.67113		63.21		63.21		63.21		63.21		63.21				73.865		0.000		73.865

		84.6%		15.4%														53.47566		9.73434		63.21		63.21		63.21		63.21		63.21				74.191		0.000		74.191

		84.5%		15.5%														53.41245		9.79755		63.21		63.21		63.21		63.21		63.21				74.518		0.000		74.518

		84.4%		15.6%														53.34924		9.86076		63.21		63.21		63.21		63.21		63.21				74.844		0.000		74.844

		84.3%		15.7%														53.28603		9.92397		63.21		63.21		63.21		63.21		63.21				75.170		0.000		75.170

		84.2%		15.8%														53.22282		9.98718		63.21		63.21		63.21		63.21		63.21				75.496		0.000		75.496

		84.1%		15.9%														53.15961		10.05039		63.21		63.21		63.21		63.21		63.21				75.822		0.000		75.822

		84.0%		16.0%														53.0964		10.1136		63.21		63.21		63.21		63.21		63.21				76.148		0.000		76.148

		83.9%		16.1%														53.03319		10.17681		63.21		63.21		63.21		63.21		63.21				76.474		0.000		76.474

		83.8%		16.2%														52.96998		10.24002		63.21		63.21		63.21		63.21		63.21				76.800		0.000		76.800

		83.7%		16.3%														52.90677		10.30323		63.21		63.21		63.21		63.21		63.21				77.126		0.000		77.126

		83.6%		16.4%														52.84356		10.36644		63.21		63.21		63.21		63.21		63.21				77.452		0.000		77.452

		83.5%		16.5%														52.78035		10.42965		63.21		63.21		63.21		63.21		63.21				77.778		0.000		77.778

		83.4%		16.6%														52.71714		10.49286		63.21		63.21		63.21		63.21		63.21				78.104		0.000		78.104

		83.3%		16.7%														52.65393		10.55607		63.21		63.21		63.21		63.21		63.21				78.430		0.000		78.430

		83.2%		16.8%														52.59072		10.61928		63.21		63.21		63.21		63.21		63.21				78.756		0.000		78.756

		83.1%		16.9%														52.52751		10.68249		63.21		63.21		63.21		63.21		63.21				79.082		0.000		79.082

		83.0%		17.0%														52.4643		10.7457		63.21		63.21		63.21		63.21		63.21				79.408		0.000		79.408

		82.9%		17.1%														52.40109		10.80891		63.21		63.21		63.21		63.21		63.21				79.735		0.000		79.735

		82.8%		17.2%														52.33788		10.87212		63.21		63.21		63.21		63.21		63.21				80.061		0.000		80.061

		82.7%		17.3%														52.27467		10.93533		63.21		63.21		63.21		63.21		63.21				80.387		0.000		80.387

		82.6%		17.4%														52.21146		10.99854		63.21		63.21		63.21		63.21		63.21				80.713		0.000		80.713

		82.5%		17.5%														52.14825		11.06175		63.21		63.21		63.21		63.21		63.21				81.039		0.000		81.039

		82.4%		17.6%														52.08504		11.12496		63.21		63.21		63.21		63.21		63.21				81.365		0.000		81.365

		82.3%		17.7%														52.02183		11.18817		63.21		63.21		63.21		63.21		63.21				81.691		0.000		81.691

		82.2%		17.8%														51.95862		11.25138		63.21		63.21		63.21		63.21		63.21				82.017		0.000		82.017

		82.1%		17.9%														51.89541		11.31459		63.21		63.21		63.21		63.21		63.21				82.343		0.000		82.343

		82.0%		18.0%														51.8322		11.3778		63.21		63.21		63.21		63.21		63.21				82.669		0.000		82.669

		81.9%		18.1%														51.76899		11.44101		63.21		63.21		63.21		63.21		63.21				82.995		0.000		82.995

		81.8%		18.2%														51.70578		11.50422		63.21		63.21		63.21		63.21		63.21				83.321		0.000		83.321

		81.7%		18.3%														51.64257		11.56743		63.21		63.21		63.21		63.21		63.21				83.647		0.000		83.647

		81.6%		18.4%														51.57936		11.63064		63.21		63.21		63.21		63.21		63.21				83.973		0.000		83.973

		81.5%		18.5%														51.51615		11.69385		63.21		63.21		63.21		63.21		63.21				84.299		0.000		84.299

		81.4%		18.6%														51.45294		11.75706		63.21		63.21		63.21		63.21		63.21				84.625		0.000		84.625

		81.3%		18.7%														51.38973		11.82027		63.21		63.21		63.21		63.21		63.21				84.952		0.000		84.952

		81.2%		18.8%														51.32652		11.88348		63.21		63.21		63.21		63.21		63.21				85.278		0.000		85.278

		81.1%		18.9%														51.26331		11.94669		63.21		63.21		63.21		63.21		63.21				85.604		0.000		85.604

		81.0%		19.0%														51.2001		12.0099		63.21		63.21		63.21		63.21		63.21				85.930		0.000		85.930

		80.9%		19.1%														51.13689		12.07311		63.21		63.21		63.21		63.21		63.21				86.256		0.000		86.256

		80.8%		19.2%														51.07368		12.13632		63.21		63.21		63.21		63.21		63.21				86.582		0.000		86.582

		80.7%		19.3%														51.01047		12.19953		63.21		63.21		63.21		63.21		63.21				86.908		0.000		86.908

		80.6%		19.4%														50.94726		12.26274		63.21		63.21		63.21		63.21		63.21				87.234		0.000		87.234

		80.5%		19.5%														50.88405		12.32595		63.21		63.21		63.21		63.21		63.21				87.560		0.000		87.560

		80.4%		19.6%														50.82084		12.38916		63.21		63.21		63.21		63.21		63.21				87.886		0.000		87.886

		80.3%		19.7%														50.75763		12.45237		63.21		63.21		63.21		63.21		63.21				88.212		0.000		88.212

		80.2%		19.8%														50.69442		12.51558		63.21		63.21		63.21		63.21		63.21				88.538		0.000		88.538

		80.1%		19.9%														50.63121		12.57879		63.21		63.21		63.21		63.21		63.21				88.864		0.000		88.864

		80.0%		20.0%														50.568		12.642		63.21		63.21		63.21		63.21		63.21				89.190		0.000		89.190

		79.9%		20.1%														50.50479		12.70521		63.21		63.21		63.21		63.21		63.21				89.516		0.000		89.516

		79.8%		20.2%														50.44158		12.76842		63.21		63.21		63.21		63.21		63.21				89.842		0.000		89.842

		79.7%		20.3%														50.37837		12.83163		63.21		63.21		63.21		63.21		63.21				90.169		0.000		90.169

		79.6%		20.4%														50.31516		12.89484		63.21		63.21		63.21		63.21		63.21				90.495		0.000		90.495

		79.5%		20.5%														50.25195		12.95805		63.21		63.21		63.21		63.21		63.21				90.821		0.000		90.821

		79.4%		20.6%														50.18874		13.02126		63.21		63.21		63.21		63.21		63.21				91.147		0.000		91.147

		79.3%		20.7%														50.12553		13.08447		63.21		63.21		63.21		63.21		63.21				91.473		0.000		91.473

		79.2%		20.8%														50.06232		13.14768		63.21		63.21		63.21		63.21		63.21				91.799		0.000		91.799

		79.1%		20.9%														49.99911		13.21089		63.21		63.21		63.21		63.21		63.21				92.125		0.000		92.125

		79.0%		21.0%														49.9359		13.2741		63.21		63.21		63.21		63.21		63.21				92.451		0.000		92.451

		78.9%		21.1%														49.87269		13.33731		63.21		63.21		63.21		63.21		63.21				92.777		0.000		92.777

		78.8%		21.2%														49.80948		13.40052		63.21		63.21		63.21		63.21		63.21				93.103		0.000		93.103

		78.7%		21.3%														49.74627		13.46373		63.21		63.21		63.21		63.21		63.21				93.429		0.000		93.429

		78.6%		21.4%														49.68306		13.52694		63.21		63.21		63.21		63.21		63.21				93.755		0.000		93.755

		78.5%		21.5%														49.61985		13.59015		63.21		63.21		63.21		63.21		63.21				94.081		0.000		94.081

		78.4%		21.6%														49.55664		13.65336		63.21		63.21		63.21		63.21		63.21				94.407		0.000		94.407

		78.3%		21.7%														49.49343		13.71657		63.21		63.21		63.21		63.21		63.21				94.733		0.000		94.733

		78.2%		21.8%														49.43022		13.77978		63.21		63.21		63.21		63.21		63.21				95.059		0.000		95.059

		78.1%		21.9%														49.36701		13.84299		63.21		63.21		63.21		63.21		63.21				95.386		0.000		95.386

		78.0%		22.0%														49.3038		13.9062		63.21		63.21		63.21		63.21		63.21				95.712		0.000		95.712

		77.9%		22.1%														49.24059		13.96941		63.21		63.21		63.21		63.21		63.21				96.038		0.000		96.038

		77.8%		22.2%														49.17738		14.03262		63.21		63.21		63.21		63.21		63.21				96.364		0.000		96.364

		77.7%		22.3%														49.11417		14.09583		63.21		63.21		63.21		63.21		63.21				96.690		0.000		96.690

		77.6%		22.4%														49.05096		14.15904		63.21		63.21		63.21		63.21		63.21				97.016		0.000		97.016

		77.5%		22.5%														48.98775		14.22225		63.21		63.21		63.21		63.21		63.21				97.342		0.000		97.342

		77.4%		22.6%														48.92454		14.28546		63.21		63.21		63.21		63.21		63.21				97.668		0.000		97.668

		77.3%		22.7%														48.86133		14.34867		63.21		63.21		63.21		63.21		63.21				97.994		0.000		97.994

		77.2%		22.8%														48.79812		14.41188		63.21		63.21		63.21		63.21		63.21				98.320		0.000		98.320

		77.1%		22.9%														48.73491		14.47509		63.21		63.21		63.21		63.21		63.21				98.646		0.000		98.646

		77.0%		23.0%														48.6717		14.5383		63.21		63.21		63.21		63.21		63.21				98.972		0.000		98.972

		76.9%		23.1%														48.60849		14.60151		63.21		63.21		63.21		63.21		63.21				99.298		0.000		99.298

		76.8%		23.2%														48.54528		14.66472		63.21		63.21		63.21		63.21		63.21				99.624		0.000		99.624

		76.7%		23.3%														48.48207		14.72793		63.21		63.21		63.21		63.21		63.21				99.950		0.000		99.950

		76.6%		23.4%														48.41886		14.79114		63.21		63.21		63.21		63.21		63.21				100.276		0.000		100.276

		76.5%		23.5%														48.35565		14.85435		63.21		63.21		63.21		63.21		63.21				100.603		0.000		100.603

		76.4%		23.6%														48.29244		14.91756		63.21		63.21		63.21		63.21		63.21				100.929		0.000		100.929

		76.3%		23.7%														48.22923		14.98077		63.21		63.21		63.21		63.21		63.21				101.255		0.000		101.255

		76.2%		23.8%														48.16602		15.04398		63.21		63.21		63.21		63.21		63.21				101.581		0.000		101.581

		76.1%		23.9%														48.10281		15.10719		63.21		63.21		63.21		63.21		63.21				101.907		0.000		101.907

		76.0%		24.0%														48.0396		15.1704		63.21		63.21		63.21		63.21		63.21				102.233		0.000		102.233

		75.9%		24.1%														47.97639		15.23361		63.21		63.21		63.21		63.21		63.21				102.559		0.000		102.559

		75.8%		24.2%														47.91318		15.29682		63.21		63.21		63.21		63.21		63.21				102.885		0.000		102.885

		75.7%		24.3%														47.84997		15.36003		63.21		63.21		63.21		63.21		63.21				103.211		0.000		103.211

		75.6%		24.4%														47.78676		15.42324		63.21		63.21		63.21		63.21		63.21				103.537		0.000		103.537

		75.5%		24.5%														47.72355		15.48645		63.21		63.21		63.21		63.21		63.21				103.863		0.000		103.863

		75.4%		24.6%														47.66034		15.54966		63.21		63.21		63.21		63.21		63.21				104.189		0.000		104.189

		75.3%		24.7%														47.59713		15.61287		63.21		63.21		63.21		63.21		63.21				104.515		0.000		104.515

		75.2%		24.8%														47.53392		15.67608		63.21		63.21		63.21		63.21		63.21				104.841		0.000		104.841

		75.1%		24.9%														47.47071		15.73929		63.21		63.21		63.21		63.21		63.21				105.167		0.000		105.167

		75.0%		25.0%														47.4075		15.8025		63.21		63.21		63.21		63.21		63.21				105.493		0.000		105.493

		74.9%		25.1%														47.34429		15.86571		63.21		63.21		63.21		63.21		63.21				105.820		0.000		105.820

		74.8%		25.2%														47.28108		15.92892		63.21		63.21		63.21		63.21		63.21				106.146		0.000		106.146

		74.7%		25.3%														47.21787		15.99213		63.21		63.21		63.21		63.21		63.21				106.472		0.000		106.472

		74.6%		25.4%														47.15466		16.05534		63.21		63.21		63.21		63.21		63.21				106.798		0.000		106.798

		74.5%		25.5%														47.09145		16.11855		63.21		63.21		63.21		63.21		63.21				107.124		0.000		107.124

		74.4%		25.6%														47.02824		16.18176		63.21		63.21		63.21		63.21		63.21				107.450		0.000		107.450

		74.3%		25.7%														46.96503		16.24497		63.21		63.21		63.21		63.21		63.21				107.776		0.000		107.776

		74.2%		25.8%														46.90182		16.30818		63.21		63.21		63.21		63.21		63.21				108.102		0.000		108.102

		74.1%		25.9%														46.83861		16.37139		63.21		63.21		63.21		63.21		63.21				108.428		0.000		108.428

		74.0%		26.0%														46.7754		16.4346		63.21		63.21		63.21		63.21		63.21				108.754		0.000		108.754

		73.9%		26.1%														46.71219		16.49781		63.21		63.21		63.21		63.21		63.21				109.080		0.000		109.080

		73.8%		26.2%														46.64898		16.56102		63.21		63.21		63.21		63.21		63.21				109.406		0.000		109.406

		73.7%		26.3%														46.58577		16.62423		63.21		63.21		63.21		63.21		63.21				109.732		0.000		109.732

		73.6%		26.4%														46.52256		16.68744		63.21		63.21		63.21		63.21		63.21				110.058		0.000		110.058

		73.5%		26.5%														46.45935		16.75065		63.21		63.21		63.21		63.21		63.21				110.384		0.000		110.384

		73.4%		26.6%														46.39614		16.81386		63.21		63.21		63.21		63.21		63.21				110.710		0.000		110.710

		73.3%		26.7%														46.33293		16.87707		63.21		63.21		63.21		63.21		63.21				111.037		0.000		111.037

		73.2%		26.8%														46.26972		16.94028		63.21		63.21		63.21		63.21		63.21				111.363		0.000		111.363

		73.1%		26.9%														46.20651		17.00349		63.21		63.21		63.21		63.21		63.21				111.689		0.000		111.689

		73.0%		27.0%														46.1433		17.0667		63.21		63.21		63.21		63.21		63.21				112.015		0.000		112.015

		72.9%		27.1%														46.08009		17.12991		63.21		63.21		63.21		63.21		63.21				112.341		0.000		112.341

		72.8%		27.2%														46.01688		17.19312		63.21		63.21		63.21		63.21		63.21				112.667		0.000		112.667

		72.7%		27.3%														45.95367		17.25633		63.21		63.21		63.21		63.21		63.21				112.993		0.000		112.993

		72.6%		27.4%														45.89046		17.31954		63.21		63.21		63.21		63.21		63.21				113.319		0.000		113.319

		72.5%		27.5%														45.82725		17.38275		63.21		63.21		63.21		63.21		63.21				113.645		0.000		113.645

		72.4%		27.6%														45.76404		17.44596		63.21		63.21		63.21		63.21		63.21				113.971		0.000		113.971

		72.3%		27.7%														45.70083		17.50917		63.21		63.21		63.21		63.21		63.21				114.297		0.000		114.297

		72.2%		27.8%														45.63762		17.57238		63.21		63.21		63.21		63.21		63.21				114.623		0.000		114.623

		72.1%		27.9%														45.57441		17.63559		63.21		63.21		63.21		63.21		63.21				114.949		0.000		114.949

		72.0%		28.0%														45.5112		17.6988		63.21		63.21		63.21		63.21		63.21				115.275		0.000		115.275

		71.9%		28.1%														45.44799		17.76201		63.21		63.21		63.21		63.21		63.21				115.601		0.000		115.601

		71.8%		28.2%														45.38478		17.82522		63.21		63.21		63.21		63.21		63.21				115.927		0.000		115.927

		71.7%		28.3%														45.32157		17.88843		63.21		63.21		63.21		63.21		63.21				116.254		0.000		116.254

		71.6%		28.4%														45.25836		17.95164		63.21		63.21		63.21		63.21		63.21				116.580		0.000		116.580

		71.5%		28.5%														45.19515		18.01485		63.21		63.21		63.21		63.21		63.21				116.906		0.000		116.906

		71.4%		28.6%														45.13194		18.07806		63.21		63.21		63.21		63.21		63.21				117.232		0.000		117.232

		71.3%		28.7%														45.06873		18.14127		63.21		63.21		63.21		63.21		63.21				117.558		0.000		117.558

		71.2%		28.8%														45.00552		18.20448		63.21		63.21		63.21		63.21		63.21				117.884		0.000		117.884

		71.1%		28.9%														44.94231		18.26769		63.21		63.21		63.21		63.21		63.21				118.210		0.000		118.210

		71.0%		29.0%														44.8791		18.3309		63.21		63.21		63.21		63.21		63.21				118.536		0.000		118.536

		70.9%		29.1%														44.81589		18.39411		63.21		63.21		63.21		63.21		63.21				118.862		0.000		118.862

		70.8%		29.2%														44.75268		18.45732		63.21		63.21		63.21		63.21		63.21				119.188		0.000		119.188

		70.7%		29.3%														44.68947		18.52053		63.21		63.21		63.21		63.21		63.21				119.514		0.000		119.514

		70.6%		29.4%														44.62626		18.58374		63.21		63.21		63.21		63.21		63.21				119.840		0.000		119.840

		70.5%		29.5%														44.56305		18.64695		63.21		63.21		63.21		63.21		63.21				120.166		0.000		120.166

		70.4%		29.6%														44.49984		18.71016		63.21		63.21		63.21		63.21		63.21				120.492		0.000		120.492

		70.3%		29.7%														44.43663		18.77337		63.21		63.21		63.21		63.21		63.21				120.818		0.000		120.818

		70.2%		29.8%														44.37342		18.83658		63.21		63.21		63.21		63.21		63.21				121.144		0.000		121.144

		70.1%		29.9%														44.31021		18.89979		63.21		63.21		63.21		63.21		63.21				121.471		0.000		121.471

		70.0%		30.0%														44.247		18.963		63.21		63.21		63.21		63.21		63.21				121.797		0.000		121.797

		69.9%		30.1%														44.18379		19.02621		63.21		63.21		63.21		63.21		63.21				122.123		0.000		122.123

		69.8%		30.2%														44.12058		19.08942		63.21		63.21		63.21		63.21		63.21				122.449		0.000		122.449

		69.7%		30.3%														44.05737		19.15263		63.21		63.21		63.21		63.21		63.21				122.775		0.000		122.775

		69.6%		30.4%														43.99416		19.21584		63.21		63.21		63.21		63.21		63.21				123.101		0.000		123.101

		69.5%		30.5%														43.93095		19.27905		63.21		63.21		63.21		63.21		63.21				123.427		0.000		123.427

		69.4%		30.6%														43.86774		19.34226		63.21		63.21		63.21		63.21		63.21				123.753		0.000		123.753

		69.3%		30.7%														43.80453		19.40547		63.21		63.21		63.21		63.21		63.21				124.079		0.000		124.079

		69.2%		30.8%														43.74132		19.46868		63.21		63.21		63.21		63.21		63.21				124.405		0.000		124.405

		69.1%		30.9%														43.67811		19.53189		63.21		63.21		63.21		63.21		63.21				124.731		0.000		124.731

		69.0%		31.0%														43.6149		19.5951		63.21		63.21		63.21		63.21		63.21				125.057		0.000		125.057

		68.9%		31.1%														43.55169		19.65831		63.21		63.21		63.21		63.21		63.21				125.383		0.000		125.383

		68.8%		31.2%														43.48848		19.72152		63.21		63.21		63.21		63.21		63.21				125.709		0.000		125.709

		68.7%		31.3%														43.42527		19.78473		63.21		63.21		63.21		63.21		63.21				126.035		0.000		126.035

		68.6%		31.4%														43.36206		19.84794		63.21		63.21		63.21		63.21		63.21				126.361		0.000		126.361

		68.5%		31.5%														43.29885		19.91115		63.21		63.21		63.21		63.21		63.21				126.688		0.000		126.688

		68.4%		31.6%														43.23564		19.97436		63.21		63.21		63.21		63.21		63.21				127.014		0.000		127.014

		68.3%		31.7%														43.17243		20.03757		63.21		63.21		63.21		63.21		63.21				127.340		0.000		127.340

		68.2%		31.8%														43.10922		20.10078		63.21		63.21		63.21		63.21		63.21				127.666		0.000		127.666

		68.1%		31.9%														43.04601		20.16399		63.21		63.21		63.21		63.21		63.21				127.992		0.000		127.992

		68.0%		32.0%														42.9828		20.2272		63.21		63.21		63.21		63.21		63.21				128.318		0.000		128.318

		67.9%		32.1%														42.91959		20.29041		63.21		63.21		63.21		63.21		63.21				128.644		0.000		128.644

		67.8%		32.2%														42.85638		20.35362		63.21		63.21		63.21		63.21		63.21				128.970		0.000		128.970

		67.7%		32.3%														42.79317		20.41683		63.21		63.21		63.21		63.21		63.21				129.296		0.000		129.296

		67.6%		32.4%														42.72996		20.48004		63.21		63.21		63.21		63.21		63.21				129.622		0.000		129.622

		67.5%		32.5%														42.66675		20.54325		63.21		63.21		63.21		63.21		63.21				129.948		0.000		129.948

		67.4%		32.6%														42.60354		20.60646		63.21		63.21		63.21		63.21		63.21				130.274		0.000		130.274

		67.3%		32.7%														42.54033		20.66967		63.21		63.21		63.21		63.21		63.21				130.600		0.000		130.600

		67.2%		32.8%														42.47712		20.73288		63.21		63.21		63.21		63.21		63.21				130.926		0.000		130.926

		67.1%		32.9%														42.41391		20.79609		63.21		63.21		63.21		63.21		63.21				131.252		0.000		131.252

		67.0%		33.0%														42.3507		20.8593		63.21		63.21		63.21		63.21		63.21				131.578		0.000		131.578

		66.9%		33.1%														42.28749		20.92251		63.21		63.21		63.21		63.21		63.21				131.905		0.000		131.905

		66.8%		33.2%														42.22428		20.98572		63.21		63.21		63.21		63.21		63.21				132.231		0.000		132.231

		66.7%		33.3%														42.16107		21.04893		63.21		63.21		63.21		63.21		63.21				132.557		0.000		132.557

		66.6%		33.4%														42.09786		21.11214		63.21		63.21		63.21		63.21		63.21				132.883		0.000		132.883

		66.5%		33.5%														42.03465		21.17535		63.21		63.21		63.21		63.21		63.21				133.209		0.000		133.209

		66.4%		33.6%														41.97144		21.23856		63.21		63.21		63.21		63.21		63.21				133.535		0.000		133.535

		66.3%		33.7%														41.90823		21.30177		63.21		63.21		63.21		63.21		63.21				133.861		0.000		133.861

		66.2%		33.8%														41.84502		21.36498		63.21		63.21		63.21		63.21		63.21				134.187		0.000		134.187

		66.1%		33.9%														41.78181		21.42819		63.21		63.21		63.21		63.21		63.21				134.513		0.000		134.513

		66.0%		34.0%														41.7186		21.4914		63.21		63.21		63.21		63.21		63.21				134.839		0.000		134.839

		65.9%		34.1%														41.65539		21.55461		63.21		63.21		63.21		63.21		63.21				135.165		0.000		135.165

		65.8%		34.2%														41.59218		21.61782		63.21		63.21		63.21		63.21		63.21				135.491		0.000		135.491

		65.7%		34.3%														41.52897		21.68103		63.21		63.21		63.21		63.21		63.21				135.817		0.000		135.817

		65.6%		34.4%														41.46576		21.74424		63.21		63.21		63.21		63.21		63.21				136.143		0.000		136.143

		65.5%		34.5%														41.40255		21.80745		63.21		63.21		63.21		63.21		63.21				136.469		0.000		136.469

		65.4%		34.6%														41.33934		21.87066		63.21		63.21		63.21		63.21		63.21				136.795		0.000		136.795

		65.3%		34.7%														41.27613		21.93387		63.21		63.21		63.21		63.21		63.21				137.122		0.000		137.122

		65.2%		34.8%														41.21292		21.99708		63.21		63.21		63.21		63.21		63.21				137.448		0.000		137.448

		65.1%		34.9%														41.14971		22.06029		63.21		63.21		63.21		63.21		63.21				137.774		0.000		137.774

		65.0%		35.0%														41.0865		22.1235		63.21		63.21		63.21		63.21		63.21				138.100		0.000		138.100

		64.9%		35.1%														41.02329		22.18671		63.21		63.21		63.21		63.21		63.21				138.426		0.000		138.426

		64.8%		35.2%														40.96008		22.24992		63.21		63.21		63.21		63.21		63.21				138.752		0.000		138.752

		64.7%		35.3%														40.89687		22.31313		63.21		63.21		63.21		63.21		63.21				139.078		0.000		139.078

		64.6%		35.4%														40.83366		22.37634		63.21		63.21		63.21		63.21		63.21				139.404		0.000		139.404

		64.5%		35.5%														40.77045		22.43955		63.21		63.21		63.21		63.21		63.21				139.730		0.000		139.730

		64.4%		35.6%														40.70724		22.50276		63.21		63.21		63.21		63.21		63.21				140.056		0.000		140.056

		64.3%		35.7%														40.64403		22.56597		63.21		63.21		63.21		63.21		63.21				140.382		0.000		140.382

		64.2%		35.8%														40.58082		22.62918		63.21		63.21		63.21		63.21		63.21				140.708		0.000		140.708

		64.1%		35.9%														40.51761		22.69239		63.21		63.21		63.21		63.21		63.21				141.034		0.000		141.034

		64.0%		36.0%														40.4544		22.7556		63.21		63.21		63.21		63.21		63.21				141.360		0.000		141.360

		63.9%		36.1%														40.39119		22.81881		63.21		63.21		63.21		63.21		63.21				141.686		0.000		141.686

		63.8%		36.2%														40.32798		22.88202		63.21		63.21		63.21		63.21		63.21				142.012		0.000		142.012

		63.7%		36.3%														40.26477		22.94523		63.21		63.21		63.21		63.21		63.21				142.339		0.000		142.339

		63.6%		36.4%														40.20156		23.00844		63.21		63.21		63.21		63.21		63.21				142.665		0.000		142.665

		63.5%		36.5%														40.13835		23.07165		63.21		63.21		63.21		63.21		63.21				142.991		0.000		142.991

		63.4%		36.6%														40.07514		23.13486		63.21		63.21		63.21		63.21		63.21				143.317		0.000		143.317

		63.3%		36.7%														40.01193		23.19807		63.21		63.21		63.21		63.21		63.21				143.643		0.000		143.643

		63.2%		36.8%														39.94872		23.26128		63.21		63.21		63.21		63.21		63.21				143.969		0.000		143.969

		63.1%		36.9%														39.88551		23.32449		63.21		63.21		63.21		63.21		63.21				144.295		0.000		144.295

		63.0%		37.0%														39.8223		23.3877		63.21		63.21		63.21		63.21		63.21				144.621		0.000		144.621

		62.9%		37.1%														39.75909		23.45091		63.21		63.21		63.21		63.21		63.21				144.947		0.000		144.947

		62.8%		37.2%														39.69588		23.51412		63.21		63.21		63.21		63.21		63.21				145.273		0.000		145.273

		62.7%		37.3%														39.63267		23.57733		63.21		63.21		63.21		63.21		63.21				145.599		0.000		145.599

		62.6%		37.4%														39.56946		23.64054		63.21		63.21		63.21		63.21		63.21				145.925		0.000		145.925

		62.5%		37.5%														39.50625		23.70375		63.21		63.21		63.21		63.21		63.21				146.251		0.000		146.251

		62.4%		37.6%														39.44304		23.76696		63.21		63.21		63.21		63.21		63.21				146.577		0.000		146.577

		62.3%		37.7%														39.37983		23.83017		63.21		63.21		63.21		63.21		63.21				146.903		0.000		146.903

		62.2%		37.8%														39.31662		23.89338		63.21		63.21		63.21		63.21		63.21				147.229		0.000		147.229

		62.1%		37.9%														39.25341		23.95659		63.21		63.21		63.21		63.21		63.21				147.556		0.000		147.556

		62.0%		38.0%														39.1902		24.0198		63.21		63.21		63.21		63.21		63.21				147.882		0.000		147.882

		61.9%		38.1%														39.12699		24.08301		63.21		63.21		63.21		63.21		63.21				148.208		0.000		148.208

		61.8%		38.2%														39.06378		24.14622		63.21		63.21		63.21		63.21		63.21				148.534		0.000		148.534

		61.7%		38.3%														39.00057		24.20943		63.21		63.21		63.21		63.21		63.21				148.860		0.000		148.860

		61.6%		38.4%														38.93736		24.27264		63.21		63.21		63.21		63.21		63.21				149.186		0.000		149.186

		61.5%		38.5%														38.87415		24.33585		63.21		63.21		63.21		63.21		63.21				149.512		0.000		149.512

		61.4%		38.6%														38.81094		24.39906		63.21		63.21		63.21		63.21		63.21				149.838		0.000		149.838

		61.3%		38.7%														38.74773		24.46227		63.21		63.21		63.21		63.21		63.21				150.164		0.000		150.164

		61.2%		38.8%														38.68452		24.52548		63.21		63.21		63.21		63.21		63.21				150.490		0.000		150.490

		61.1%		38.9%														38.62131		24.58869		63.21		63.21		63.21		63.21		63.21				150.816		0.000		150.816

		61.0%		39.0%														38.5581		24.6519		63.21		63.21		63.21		63.21		63.21				151.142		0.000		151.142

		60.9%		39.1%														38.49489		24.71511		63.21		63.21		63.21		63.21		63.21				151.468		0.000		151.468

		60.8%		39.2%														38.43168		24.77832		63.21		63.21		63.21		63.21		63.21				151.794		0.000		151.794

		60.7%		39.3%														38.36847		24.84153		63.21		63.21		63.21		63.21		63.21				152.120		0.000		152.120

		60.6%		39.4%														38.30526		24.90474		63.21		63.21		63.21		63.21		63.21				152.446		0.000		152.446

		60.5%		39.5%														38.24205		24.96795		63.21		63.21		63.21		63.21		63.21				152.773		0.000		152.773

		60.4%		39.6%														38.17884		25.03116		63.21		63.21		63.21		63.21		63.21				153.099		0.000		153.099

		60.3%		39.7%														38.11563		25.09437		63.21		63.21		63.21		63.21		63.21				153.425		0.000		153.425

		60.2%		39.8%														38.05242		25.15758		63.21		63.21		63.21		63.21		63.21				153.751		0.000		153.751

		60.1%		39.9%														37.98921		25.22079		63.21		63.21		63.21		63.21		63.21				154.077		0.000		154.077

		60.0%		40.0%														37.926		25.284		63.21		63.21		63.21		63.21		63.21				154.403		0.000		154.403

		59.9%		40.1%														37.86279		25.34721		63.21		63.21		63.21		63.21		63.21				154.729		0.000		154.729

		59.8%		40.2%														37.79958		25.41042		63.21		63.21		63.21		63.21		63.21				155.055		0.000		155.055

		59.7%		40.3%														37.73637		25.47363		63.21		63.21		63.21		63.21		63.21				155.381		0.000		155.381

		59.6%		40.4%														37.67316		25.53684		63.21		63.21		63.21		63.21		63.21				155.707		0.000		155.707

		59.5%		40.5%														37.60995		25.60005		63.21		63.21		63.21		63.21		63.21				156.033		0.000		156.033

		59.4%		40.6%														37.54674		25.66326		63.21		63.21		63.21		63.21		63.21				156.359		0.000		156.359

		59.3%		40.7%														37.48353		25.72647		63.21		63.21		63.21		63.21		63.21				156.685		0.000		156.685

		59.2%		40.8%														37.42032		25.78968		63.21		63.21		63.21		63.21		63.21				157.011		0.000		157.011

		59.1%		40.9%														37.35711		25.85289		63.21		63.21		63.21		63.21		63.21				157.337		0.000		157.337

		59.0%		41.0%														37.2939		25.9161		63.21		63.21		63.21		63.21		63.21				157.663		0.000		157.663

		58.9%		41.1%														37.23069		25.97931		63.21		63.21		63.21		63.21		63.21				157.990		0.000		157.990

		58.8%		41.2%														37.16748		26.04252		63.21		63.21		63.21		63.21		63.21				158.316		0.000		158.316

		58.7%		41.3%														37.10427		26.10573		63.21		63.21		63.21		63.21		63.21				158.642		0.000		158.642

		58.6%		41.4%														37.04106		26.16894		63.21		63.21		63.21		63.21		63.21				158.968		0.000		158.968

		58.5%		41.5%														36.97785		26.23215		63.21		63.21		63.21		63.21		63.21				159.294		0.000		159.294

		58.4%		41.6%														36.91464		26.29536		63.21		63.21		63.21		63.21		63.21				159.620		0.000		159.620

		58.3%		41.7%														36.85143		26.35857		63.21		63.21		63.21		63.21		63.21				159.946		0.000		159.946

		58.2%		41.8%														36.78822		26.42178		63.21		63.21		63.21		63.21		63.21				160.272		0.000		160.272

		58.1%		41.9%														36.72501		26.48499		63.21		63.21		63.21		63.21		63.21				160.598		0.000		160.598

		58.0%		42.0%														36.6618		26.5482		63.21		63.21		63.21		63.21		63.21				160.924		0.000		160.924

		57.9%		42.1%														36.59859		26.61141		63.21		63.21		63.21		63.21		63.21				161.250		0.000		161.250

		57.8%		42.2%														36.53538		26.67462		63.21		63.21		63.21		63.21		63.21				161.576		0.000		161.576

		57.7%		42.3%														36.47217		26.73783		63.21		63.21		63.21		63.21		63.21				161.902		0.000		161.902

		57.6%		42.4%														36.40896		26.80104		63.21		63.21		63.21		63.21		63.21				162.228		0.000		162.228

		57.5%		42.5%														36.34575		26.86425		63.21		63.21		63.21		63.21		63.21				162.554		0.000		162.554

		57.4%		42.6%														36.28254		26.92746		63.21		63.21		63.21		63.21		63.21				162.880		0.000		162.880

		57.3%		42.7%														36.21933		26.99067		63.21		63.21		63.21		63.21		63.21				163.207		0.000		163.207

		57.2%		42.8%														36.15612		27.05388		63.21		63.21		63.21		63.21		63.21				163.533		0.000		163.533

		57.1%		42.9%														36.09291		27.11709		63.21		63.21		63.21		63.21		63.21				163.859		0.000		163.859

		57.0%		43.0%														36.0297		27.1803		63.21		63.21		63.21		63.21		63.21				164.185		0.000		164.185

		56.9%		43.1%														35.96649		27.24351		63.21		63.21		63.21		63.21		63.21				164.511		0.000		164.511

		56.8%		43.2%														35.90328		27.30672		63.21		63.21		63.21		63.21		63.21				164.837		0.000		164.837

		56.7%		43.3%														35.84007		27.36993		63.21		63.21		63.21		63.21		63.21				165.163		0.000		165.163

		56.6%		43.4%														35.77686		27.43314		63.21		63.21		63.21		63.21		63.21				165.489		0.000		165.489

		56.5%		43.5%														35.71365		27.49635		63.21		63.21		63.21		63.21		63.21				165.815		0.000		165.815

		56.4%		43.6%														35.65044		27.55956		63.21		63.21		63.21		63.21		63.21				166.141		0.000		166.141

		56.3%		43.7%														35.58723		27.62277		63.21		63.21		63.21		63.21		63.21				166.467		0.000		166.467

		56.2%		43.8%														35.52402		27.68598		63.21		63.21		63.21		63.21		63.21				166.793		0.000		166.793

		56.1%		43.9%														35.46081		27.74919		63.21		63.21		63.21		63.21		63.21				167.119		0.000		167.119

		56.0%		44.0%														35.3976		27.8124		63.21		63.21		63.21		63.21		63.21				167.445		0.000		167.445

		55.9%		44.1%														35.33439		27.87561		63.21		63.21		63.21		63.21		63.21				167.771		0.000		167.771

		55.8%		44.2%														35.27118		27.93882		63.21		63.21		63.21		63.21		63.21				168.097		0.000		168.097

		55.7%		44.3%														35.20797		28.00203		63.21		63.21		63.21		63.21		63.21				168.424		0.000		168.424

		55.6%		44.4%														35.14476		28.06524		63.21		63.21		63.21		63.21		63.21				168.750		0.000		168.750

		55.5%		44.5%														35.08155		28.12845		63.21		63.21		63.21		63.21		63.21				169.076		0.000		169.076

		55.4%		44.6%														35.01834		28.19166		63.21		63.21		63.21		63.21		63.21				169.402		0.000		169.402

		55.3%		44.7%														34.95513		28.25487		63.21		63.21		63.21		63.21		63.21				169.728		0.000		169.728

		55.2%		44.8%														34.89192		28.31808		63.21		63.21		63.21		63.21		63.21				170.054		0.000		170.054

		55.1%		44.9%														34.82871		28.38129		63.21		63.21		63.21		63.21		63.21				170.380		0.000		170.380

		55.0%		45.0%														34.7655		28.4445		63.21		63.21		63.21		63.21		63.21				170.706		0.000		170.706

		54.9%		45.1%														34.70229		28.50771		63.21		63.21		63.21		63.21		63.21				171.032		0.000		171.032

		54.8%		45.2%														34.63908		28.57092		63.21		63.21		63.21		63.21		63.21				171.358		0.000		171.358

		54.7%		45.3%														34.57587		28.63413		63.21		63.21		63.21		63.21		63.21				171.684		0.000		171.684

		54.6%		45.4%														34.51266		28.69734		63.21		63.21		63.21		63.21		63.21				172.010		0.000		172.010

		54.5%		45.5%														34.44945		28.76055		63.21		63.21		63.21		63.21		63.21				172.336		0.000		172.336

		54.4%		45.6%														34.38624		28.82376		63.21		63.21		63.21		63.21		63.21				172.662		0.000		172.662

		54.3%		45.7%														34.32303		28.88697		63.21		63.21		63.21		63.21		63.21				172.988		0.000		172.988

		54.2%		45.8%														34.25982		28.95018		63.21		63.21		63.21		63.21		63.21				173.314		0.000		173.314

		54.1%		45.9%														34.19661		29.01339		63.21		63.21		63.21		63.21		63.21				173.641		0.000		173.641

		54.0%		46.0%														34.1334		29.0766		63.21		63.21		63.21		63.21		63.21				173.967		0.000		173.967

		53.9%		46.1%														34.07019		29.13981		63.21		63.21		63.21		63.21		63.21				174.293		0.000		174.293

		53.8%		46.2%														34.00698		29.20302		63.21		63.21		63.21		63.21		63.21				174.619		0.000		174.619

		53.7%		46.3%														33.94377		29.26623		63.21		63.21		63.21		63.21		63.21				174.945		0.000		174.945

		53.6%		46.4%														33.88056		29.32944		63.21		63.21		63.21		63.21		63.21				175.271		0.000		175.271

		53.5%		46.5%														33.81735		29.39265		63.21		63.21		63.21		63.21		63.21				175.597		0.000		175.597

		53.4%		46.6%														33.75414		29.45586		63.21		63.21		63.21		63.21		63.21				175.923		0.000		175.923

		53.3%		46.7%														33.69093		29.51907		63.21		63.21		63.21		63.21		63.21				176.249		0.000		176.249

		53.2%		46.8%														33.62772		29.58228		63.21		63.21		63.21		63.21		63.21				176.575		0.000		176.575

		53.1%		46.9%														33.56451		29.64549		63.21		63.21		63.21		63.21		63.21				176.901		0.000		176.901

		53.0%		47.0%														33.5013		29.7087		63.21		63.21		63.21		63.21		63.21				177.227		0.000		177.227

		52.9%		47.1%														33.43809		29.77191		63.21		63.21		63.21		63.21		63.21				177.553		0.000		177.553

		52.8%		47.2%														33.37488		29.83512		63.21		63.21		63.21		63.21		63.21				177.879		0.000		177.879

		52.7%		47.3%														33.31167		29.89833		63.21		63.21		63.21		63.21		63.21				178.205		0.000		178.205

		52.6%		47.4%														33.24846		29.96154		63.21		63.21		63.21		63.21		63.21				178.531		0.000		178.531

		52.5%		47.5%														33.18525		30.02475		63.21		63.21		63.21		63.21		63.21				178.858		0.000		178.858

		52.4%		47.6%														33.12204		30.08796		63.21		63.21		63.21		63.21		63.21				179.184		0.000		179.184

		52.3%		47.7%														33.05883		30.15117		63.21		63.21		63.21		63.21		63.21				179.510		0.000		179.510

		52.2%		47.8%														32.99562		30.21438		63.21		63.21		63.21		63.21		63.21				179.836		0.000		179.836

		52.1%		47.9%														32.93241		30.27759		63.21		63.21		63.21		63.21		63.21				180.162		0.000		180.162

		52.0%		48.0%														32.8692		30.3408		63.21		63.21		63.21		63.21		63.21				180.488		0.000		180.488

		51.9%		48.1%														32.80599		30.40401		63.21		63.21		63.21		63.21		63.21				180.814		0.000		180.814

		51.8%		48.2%														32.74278		30.46722		63.21		63.21		63.21		63.21		63.21				181.140		0.000		181.140

		51.7%		48.3%														32.67957		30.53043		63.21		63.21		63.21		63.21		63.21				181.466		0.000		181.466

		51.6%		48.4%														32.61636		30.59364		63.21		63.21		63.21		63.21		63.21				181.792		0.000		181.792

		51.5%		48.5%														32.55315		30.65685		63.21		63.21		63.21		63.21		63.21				182.118		0.000		182.118

		51.4%		48.6%														32.48994		30.72006		63.21		63.21		63.21		63.21		63.21				182.444		0.000		182.444

		51.3%		48.7%														32.42673		30.78327		63.21		63.21		63.21		63.21		63.21				182.770		0.000		182.770

		51.2%		48.8%														32.36352		30.84648		63.21		63.21		63.21		63.21		63.21				183.096		0.000		183.096

		51.1%		48.9%														32.30031		30.90969		63.21		63.21		63.21		63.21		63.21				183.422		0.000		183.422

		51.0%		49.0%														32.2371		30.9729		63.21		63.21		63.21		63.21		63.21				183.748		0.000		183.748

		50.9%		49.1%														32.17389		31.03611		63.21		63.21		63.21		63.21		63.21				184.074		0.000		184.074

		50.8%		49.2%														32.11068		31.09932		63.21		63.21		63.21		63.21		63.21				184.401		0.000		184.401

		50.7%		49.3%														32.04747		31.16253		63.21		63.21		63.21		63.21		63.21				184.727		0.000		184.727

		50.6%		49.4%														31.98426		31.22574		63.21		63.21		63.21		63.21		63.21				185.053		0.000		185.053

		50.5%		49.5%														31.92105		31.28895		63.21		63.21		63.21		63.21		63.21				185.379		0.000		185.379

		50.4%		49.6%														31.85784		31.35216		63.21		63.21		63.21		63.21		63.21				185.705		0.000		185.705

		50.3%		49.7%														31.79463		31.41537		63.21		63.21		63.21		63.21		63.21				186.031		0.000		186.031

		50.2%		49.8%														31.73142		31.47858		63.21		63.21		63.21		63.21		63.21				186.357		0.000		186.357

		50.1%		49.9%														31.66821		31.54179		63.21		63.21		63.21		63.21		63.21				186.683		0.000		186.683

		50.0%		50.0%														31.605		31.605		63.21		63.21		63.21		63.21		63.21				187.009		0.000		187.009

		49.9%		50.1%														31.54179		31.66821		63.21		63.21		63.21		63.21		63.21				187.335		0.000		187.335

		49.8%		50.2%														31.47858		31.73142		63.21		63.21		63.21		63.21		63.21				187.661		0.000		187.661

		49.7%		50.3%														31.41537		31.79463		63.21		63.21		63.21		63.21		63.21				187.987		0.000		187.987

		49.6%		50.4%														31.35216		31.85784		63.21		63.21		63.21		63.21		63.21				188.313		0.000		188.313

		49.5%		50.5%														31.28895		31.92105		63.21		63.21		63.21		63.21		63.21				188.639		0.000		188.639

		49.4%		50.6%														31.22574		31.98426		63.21		63.21		63.21		63.21		63.21				188.965		0.000		188.965

		49.3%		50.7%														31.16253		32.04747		63.21		63.21		63.21		63.21		63.21				189.291		0.000		189.291

		49.2%		50.8%														31.09932		32.11068		63.21		63.21		63.21		63.21		63.21				189.618		0.000		189.618

		49.1%		50.9%														31.03611		32.17389		63.21		63.21		63.21		63.21		63.21				189.944		0.000		189.944

		49.0%		51.0%														30.9729		32.2371		63.21		63.21		63.21		63.21		63.21				190.270		0.000		190.270

		48.9%		51.1%														30.90969		32.30031		63.21		63.21		63.21		63.21		63.21				190.596		0.000		190.596

		48.8%		51.2%														30.84648		32.36352		63.21		63.21		63.21		63.21		63.21				190.922		0.000		190.922

		48.7%		51.3%														30.78327		32.42673		63.21		63.21		63.21		63.21		63.21				191.248		0.000		191.248

		48.6%		51.4%														30.72006		32.48994		63.21		63.21		63.21		63.21		63.21				191.574		0.000		191.574

		48.5%		51.5%														30.65685		32.55315		63.21		63.21		63.21		63.21		63.21				191.900		0.000		191.900

		48.4%		51.6%														30.59364		32.61636		63.21		63.21		63.21		63.21		63.21				192.226		0.000		192.226

		48.3%		51.7%														30.53043		32.67957		63.21		63.21		63.21		63.21		63.21				192.552		0.000		192.552

		48.2%		51.8%														30.46722		32.74278		63.21		63.21		63.21		63.21		63.21				192.878		0.000		192.878

		48.1%		51.9%														30.40401		32.80599		63.21		63.21		63.21		63.21		63.21				193.204		0.000		193.204

		48.0%		52.0%														30.3408		32.8692		63.21		63.21		63.21		63.21		63.21				193.530		0.000		193.530

		47.9%		52.1%														30.27759		32.93241		63.21		63.21		63.21		63.21		63.21				193.856		0.000		193.856

		47.8%		52.2%														30.21438		32.99562		63.21		63.21		63.21		63.21		63.21				194.182		0.000		194.182

		47.7%		52.3%														30.15117		33.05883		63.21		63.21		63.21		63.21		63.21				194.508		0.000		194.508

		47.6%		52.4%														30.08796		33.12204		63.21		63.21		63.21		63.21		63.21				194.835		0.000		194.835

		47.5%		52.5%														30.02475		33.18525		63.21		63.21		63.21		63.21		63.21				195.161		0.000		195.161

		47.4%		52.6%														29.96154		33.24846		63.21		63.21		63.21		63.21		63.21				195.487		0.000		195.487

		47.3%		52.7%														29.89833		33.31167		63.21		63.21		63.21		63.21		63.21				195.813		0.000		195.813

		47.2%		52.8%														29.83512		33.37488		63.21		63.21		63.21		63.21		63.21				196.139		0.000		196.139

		47.1%		52.9%														29.77191		33.43809		63.21		63.21		63.21		63.21		63.21				196.465		0.000		196.465

		47.0%		53.0%														29.7087		33.5013		63.21		63.21		63.21		63.21		63.21				196.791		0.000		196.791

		46.9%		53.1%														29.64549		33.56451		63.21		63.21		63.21		63.21		63.21				197.117		0.000		197.117

		46.8%		53.2%														29.58228		33.62772		63.21		63.21		63.21		63.21		63.21				197.443		0.000		197.443

		46.7%		53.3%														29.51907		33.69093		63.21		63.21		63.21		63.21		63.21				197.769		0.000		197.769

		46.6%		53.4%														29.45586		33.75414		63.21		63.21		63.21		63.21		63.21				198.095		0.000		198.095

		46.5%		53.5%														29.39265		33.81735		63.21		63.21		63.21		63.21		63.21				198.421		0.000		198.421

		46.4%		53.6%														29.32944		33.88056		63.21		63.21		63.21		63.21		63.21				198.747		0.000		198.747

		46.3%		53.7%														29.26623		33.94377		63.21		63.21		63.21		63.21		63.21				199.073		0.000		199.073

		46.2%		53.8%														29.20302		34.00698		63.21		63.21		63.21		63.21		63.21				199.399		0.000		199.399

		46.1%		53.9%														29.13981		34.07019		63.21		63.21		63.21		63.21		63.21				199.725		0.000		199.725

		46.0%		54.0%														29.0766		34.1334		63.21		63.21		63.21		63.21		63.21				200.052		0.000		200.052

		45.9%		54.1%														29.01339		34.19661		63.21		63.21		63.21		63.21		63.21				200.378		0.000		200.378

		45.8%		54.2%														28.95018		34.25982		63.21		63.21		63.21		63.21		63.21				200.704		0.000		200.704

		45.7%		54.3%														28.88697		34.32303		63.21		63.21		63.21		63.21		63.21				201.030		0.000		201.030

		45.6%		54.4%														28.82376		34.38624		63.21		63.21		63.21		63.21		63.21				201.356		0.000		201.356

		45.5%		54.5%														28.76055		34.44945		63.21		63.21		63.21		63.21		63.21				201.682		0.000		201.682

		45.4%		54.6%														28.69734		34.51266		63.21		63.21		63.21		63.21		63.21				202.008		0.000		202.008

		45.3%		54.7%														28.63413		34.57587		63.21		63.21		63.21		63.21		63.21				202.334		0.000		202.334

		45.2%		54.8%														28.57092		34.63908		63.21		63.21		63.21		63.21		63.21				202.660		0.000		202.660

		45.1%		54.9%														28.50771		34.70229		63.21		63.21		63.21		63.21		63.21				202.986		0.000		202.986

		45.0%		55.0%														28.4445		34.7655		63.21		63.21		63.21		63.21		63.21				203.312		0.000		203.312

		44.9%		55.1%														28.38129		34.82871		63.21		63.21		63.21		63.21		63.21				203.638		0.000		203.638

		44.8%		55.2%														28.31808		34.89192		63.21		63.21		63.21		63.21		63.21				203.964		0.000		203.964

		44.7%		55.3%														28.25487		34.95513		63.21		63.21		63.21		63.21		63.21				204.290		0.000		204.290

		44.6%		55.4%														28.19166		35.01834		63.21		63.21		63.21		63.21		63.21				204.616		0.000		204.616

		44.5%		55.5%														28.12845		35.08155		63.21		63.21		63.21		63.21		63.21				204.942		0.000		204.942

		44.4%		55.6%														28.06524		35.14476		63.21		63.21		63.21		63.21		63.21				205.269		0.000		205.269

		44.3%		55.7%														28.00203		35.20797		63.21		63.21		63.21		63.21		63.21				205.595		0.000		205.595

		44.2%		55.8%														27.93882		35.27118		63.21		63.21		63.21		63.21		63.21				205.921		0.000		205.921

		44.1%		55.9%														27.87561		35.33439		63.21		63.21		63.21		63.21		63.21				206.247		0.000		206.247

		44.0%		56.0%														27.8124		35.3976		63.21		63.21		63.21		63.21		63.21				206.573		0.000		206.573

		43.9%		56.1%														27.74919		35.46081		63.21		63.21		63.21		63.21		63.21				206.899		0.000		206.899

		43.8%		56.2%														27.68598		35.52402		63.21		63.21		63.21		63.21		63.21				207.225		0.000		207.225

		43.7%		56.3%														27.62277		35.58723		63.21		63.21		63.21		63.21		63.21				207.551		0.000		207.551

		43.6%		56.4%														27.55956		35.65044		63.21		63.21		63.21		63.21		63.21				207.877		0.000		207.877

		43.5%		56.5%														27.49635		35.71365		63.21		63.21		63.21		63.21		63.21				208.203		0.000		208.203

		43.4%		56.6%														27.43314		35.77686		63.21		63.21		63.21		63.21		63.21				208.529		0.000		208.529

		43.3%		56.7%														27.36993		35.84007		63.21		63.21		63.21		63.21		63.21				208.855		0.000		208.855

		43.2%		56.8%														27.30672		35.90328		63.21		63.21		63.21		63.21		63.21				209.181		0.000		209.181

		43.1%		56.9%														27.24351		35.96649		63.21		63.21		63.21		63.21		63.21				209.507		0.000		209.507

		43.0%		57.0%														27.1803		36.0297		63.21		63.21		63.21		63.21		63.21				209.833		0.000		209.833

		42.9%		57.1%														27.11709		36.09291		63.21		63.21		63.21		63.21		63.21				210.159		0.000		210.159

		42.8%		57.2%														27.05388		36.15612		63.21		63.21		63.21		63.21		63.21				210.486		0.000		210.486

		42.7%		57.3%														26.99067		36.21933		63.21		63.21		63.21		63.21		63.21				210.812		0.000		210.812

		42.6%		57.4%														26.92746		36.28254		63.21		63.21		63.21		63.21		63.21				211.138		0.000		211.138

		42.5%		57.5%														26.86425		36.34575		63.21		63.21		63.21		63.21		63.21				211.464		0.000		211.464

		42.4%		57.6%														26.80104		36.40896		63.21		63.21		63.21		63.21		63.21				211.790		0.000		211.790

		42.3%		57.7%														26.73783		36.47217		63.21		63.21		63.21		63.21		63.21				212.116		0.000		212.116

		42.2%		57.8%														26.67462		36.53538		63.21		63.21		63.21		63.21		63.21				212.442		0.000		212.442

		42.1%		57.9%														26.61141		36.59859		63.21		63.21		63.21		63.21		63.21				212.768		0.000		212.768

		42.0%		58.0%														26.5482		36.6618		63.21		63.21		63.21		63.21		63.21				213.094		0.000		213.094

		41.9%		58.1%														26.48499		36.72501		63.21		63.21		63.21		63.21		63.21				213.420		0.000		213.420

		41.8%		58.2%														26.42178		36.78822		63.21		63.21		63.21		63.21		63.21				213.746		0.000		213.746

		41.7%		58.3%														26.35857		36.85143		63.21		63.21		63.21		63.21		63.21				214.072		0.000		214.072

		41.6%		58.4%														26.29536		36.91464		63.21		63.21		63.21		63.21		63.21				214.398		0.000		214.398

		41.5%		58.5%														26.23215		36.97785		63.21		63.21		63.21		63.21		63.21				214.724		0.000		214.724

		41.4%		58.6%														26.16894		37.04106		63.21		63.21		63.21		63.21		63.21				215.050		0.000		215.050

		41.3%		58.7%														26.10573		37.10427		63.21		63.21		63.21		63.21		63.21				215.376		0.000		215.376

		41.2%		58.8%														26.04252		37.16748		63.21		63.21		63.21		63.21		63.21				215.703		0.000		215.703

		41.1%		58.9%														25.97931		37.23069		63.21		63.21		63.21		63.21		63.21				216.029		0.000		216.029

		41.0%		59.0%														25.9161		37.2939		63.21		63.21		63.21		63.21		63.21				216.355		0.000		216.355

		40.9%		59.1%														25.85289		37.35711		63.21		63.21		63.21		63.21		63.21				216.681		0.000		216.681

		40.8%		59.2%														25.78968		37.42032		63.21		63.21		63.21		63.21		63.21				217.007		0.000		217.007

		40.7%		59.3%														25.72647		37.48353		63.21		63.21		63.21		63.21		63.21				217.333		0.000		217.333

		40.6%		59.4%														25.66326		37.54674		63.21		63.21		63.21		63.21		63.21				217.659		0.000		217.659

		40.5%		59.5%														25.60005		37.60995		63.21		63.21		63.21		63.21		63.21				217.985		0.000		217.985

		40.4%		59.6%														25.53684		37.67316		63.21		63.21		63.21		63.21		63.21				218.311		0.000		218.311

		40.3%		59.7%														25.47363		37.73637		63.21		63.21		63.21		63.21		63.21				218.637		0.000		218.637

		40.2%		59.8%														25.41042		37.79958		63.21		63.21		63.21		63.21		63.21				218.963		0.000		218.963

		40.1%		59.9%														25.34721		37.86279		63.21		63.21		63.21		63.21		63.21				219.289		0.000		219.289

		40.0%		60.0%														25.284		37.926		63.21		63.21		63.21		63.21		63.21				219.615		0.000		219.615

		39.9%		60.1%														25.22079		37.98921		63.21		63.21		63.21		63.21		63.21				219.941		0.000		219.941

		39.8%		60.2%														25.15758		38.05242		63.21		63.21		63.21		63.21		63.21				220.267		0.000		220.267

		39.7%		60.3%														25.09437		38.11563		63.21		63.21		63.21		63.21		63.21				220.593		0.000		220.593

		39.6%		60.4%														25.03116		38.17884		63.21		63.21		63.21		63.21		63.21				220.920		0.000		220.920

		39.5%		60.5%														24.96795		38.24205		63.21		63.21		63.21		63.21		63.21				221.246		0.000		221.246

		39.4%		60.6%														24.90474		38.30526		63.21		63.21		63.21		63.21		63.21				221.572		0.000		221.572

		39.3%		60.7%														24.84153		38.36847		63.21		63.21		63.21		63.21		63.21				221.898		0.000		221.898

		39.2%		60.8%														24.77832		38.43168		63.21		63.21		63.21		63.21		63.21				222.224		0.000		222.224

		39.1%		60.9%														24.71511		38.49489		63.21		63.21		63.21		63.21		63.21				222.550		0.000		222.550

		39.0%		61.0%														24.6519		38.5581		63.21		63.21		63.21		63.21		63.21				222.876		0.000		222.876

		38.9%		61.1%														24.58869		38.62131		63.21		63.21		63.21		63.21		63.21				223.202		0.000		223.202

		38.8%		61.2%														24.52548		38.68452		63.21		63.21		63.21		63.21		63.21				223.528		0.000		223.528

		38.7%		61.3%														24.46227		38.74773		63.21		63.21		63.21		63.21		63.21				223.854		0.000		223.854

		38.6%		61.4%														24.39906		38.81094		63.21		63.21		63.21		63.21		63.21				224.180		0.000		224.180

		38.5%		61.5%														24.33585		38.87415		63.21		63.21		63.21		63.21		63.21				224.506		0.000		224.506

		38.4%		61.6%														24.27264		38.93736		63.21		63.21		63.21		63.21		63.21				224.832		0.000		224.832

		38.3%		61.7%														24.20943		39.00057		63.21		63.21		63.21		63.21		63.21				225.158		0.000		225.158

		38.2%		61.8%														24.14622		39.06378		63.21		63.21		63.21		63.21		63.21				225.484		0.000		225.484

		38.1%		61.9%														24.08301		39.12699		63.21		63.21		63.21		63.21		63.21				225.810		0.000		225.810

		38.0%		62.0%														24.0198		39.1902		63.21		63.21		63.21		63.21		63.21				226.137		0.000		226.137

		37.9%		62.1%														23.95659		39.25341		63.21		63.21		63.21		63.21		63.21				226.463		0.000		226.463

		37.8%		62.2%														23.89338		39.31662		63.21		63.21		63.21		63.21		63.21				226.789		0.000		226.789

		37.7%		62.3%														23.83017		39.37983		63.21		63.21		63.21		63.21		63.21				227.115		0.000		227.115

		37.6%		62.4%														23.76696		39.44304		63.21		63.21		63.21		63.21		63.21				227.441		0.000		227.441

		37.5%		62.5%														23.70375		39.50625		63.21		63.21		63.21		63.21		63.21				227.767		0.000		227.767

		37.4%		62.6%														23.64054		39.56946		63.21		63.21		63.21		63.21		63.21				228.093		0.000		228.093

		37.3%		62.7%														23.57733		39.63267		63.21		63.21		63.21		63.21		63.21				228.419		0.000		228.419

		37.2%		62.8%														23.51412		39.69588		63.21		63.21		63.21		63.21		63.21				228.745		0.000		228.745

		37.1%		62.9%														23.45091		39.75909		63.21		63.21		63.21		63.21		63.21				229.071		0.000		229.071

		37.0%		63.0%														23.3877		39.8223		63.21		63.21		63.21		63.21		63.21				229.397		0.000		229.397

		36.9%		63.1%														23.32449		39.88551		63.21		63.21		63.21		63.21		63.21				229.723		0.000		229.723

		36.8%		63.2%														23.26128		39.94872		63.21		63.21		63.21		63.21		63.21				230.049		0.000		230.049

		36.7%		63.3%														23.19807		40.01193		63.21		63.21		63.21		63.21		63.21				230.375		0.000		230.375

		36.6%		63.4%														23.13486		40.07514		63.21		63.21		63.21		63.21		63.21				230.701		0.000		230.701

		36.5%		63.5%														23.07165		40.13835		63.21		63.21		63.21		63.21		63.21				231.027		0.000		231.027

		36.4%		63.6%														23.00844		40.20156		63.21		63.21		63.21		63.21		63.21				231.354		0.000		231.354

		36.3%		63.7%														22.94523		40.26477		63.21		63.21		63.21		63.21		63.21				231.680		0.000		231.680

		36.2%		63.8%														22.88202		40.32798		63.21		63.21		63.21		63.21		63.21				232.006		0.000		232.006

		36.1%		63.9%														22.81881		40.39119		63.21		63.21		63.21		63.21		63.21				232.332		0.000		232.332

		36.0%		64.0%														22.7556		40.4544		63.21		63.21		63.21		63.21		63.21				232.658		0.000		232.658

		35.9%		64.1%														22.69239		40.51761		63.21		63.21		63.21		63.21		63.21				232.984		0.000		232.984

		35.8%		64.2%														22.62918		40.58082		63.21		63.21		63.21		63.21		63.21				233.310		0.000		233.310

		35.7%		64.3%														22.56597		40.64403		63.21		63.21		63.21		63.21		63.21				233.636		0.000		233.636

		35.6%		64.4%														22.50276		40.70724		63.21		63.21		63.21		63.21		63.21				233.962		0.000		233.962

		35.5%		64.5%														22.43955		40.77045		63.21		63.21		63.21		63.21		63.21				234.288		0.000		234.288

		35.4%		64.6%														22.37634		40.83366		63.21		63.21		63.21		63.21		63.21				234.614		0.000		234.614

		35.3%		64.7%														22.31313		40.89687		63.21		63.21		63.21		63.21		63.21				234.940		0.000		234.940

		35.2%		64.8%														22.24992		40.96008		63.21		63.21		63.21		63.21		63.21				235.266		0.000		235.266

		35.1%		64.9%														22.18671		41.02329		63.21		63.21		63.21		63.21		63.21				235.592		0.000		235.592

		35.0%		65.0%														22.1235		41.0865		63.21		63.21		63.21		63.21		63.21				235.918		0.000		235.918

		34.9%		65.1%														22.06029		41.14971		63.21		63.21		63.21		63.21		63.21				236.244		0.000		236.244

		34.8%		65.2%														21.99708		41.21292		63.21		63.21		63.21		63.21		63.21				236.571		0.000		236.571

		34.7%		65.3%														21.93387		41.27613		63.21		63.21		63.21		63.21		63.21				236.897		0.000		236.897

		34.6%		65.4%														21.87066		41.33934		63.21		63.21		63.21		63.21		63.21				237.223		0.000		237.223

		34.5%		65.5%														21.80745		41.40255		63.21		63.21		63.21		63.21		63.21				237.549		0.000		237.549

		34.4%		65.6%														21.74424		41.46576		63.21		63.21		63.21		63.21		63.21				237.875		0.000		237.875

		34.3%		65.7%														21.68103		41.52897		63.21		63.21		63.21		63.21		63.21				238.201		0.000		238.201

		34.2%		65.8%														21.61782		41.59218		63.21		63.21		63.21		63.21		63.21				238.527		0.000		238.527

		34.1%		65.9%														21.55461		41.65539		63.21		63.21		63.21		63.21		63.21				238.853		0.000		238.853

		34.0%		66.0%														21.4914		41.7186		63.21		63.21		63.21		63.21		63.21				239.179		0.000		239.179

		33.9%		66.1%														21.42819		41.78181		63.21		63.21		63.21		63.21		63.21				239.505		0.000		239.505

		33.8%		66.2%														21.36498		41.84502		63.21		63.21		63.21		63.21		63.21				239.831		0.000		239.831

		33.7%		66.3%														21.30177		41.90823		63.21		63.21		63.21		63.21		63.21				240.157		0.000		240.157

		33.6%		66.4%														21.23856		41.97144		63.21		63.21		63.21		63.21		63.21				240.483		0.000		240.483

		33.5%		66.5%														21.17535		42.03465		63.21		63.21		63.21		63.21		63.21				240.809		0.000		240.809

		33.4%		66.6%														21.11214		42.09786		63.21		63.21		63.21		63.21		63.21				241.135		0.000		241.135

		33.3%		66.7%														21.04893		42.16107		63.21		63.21		63.21		63.21		63.21				241.461		0.000		241.461

		33.2%		66.8%														20.98572		42.22428		63.21		63.21		63.21		63.21		63.21				241.788		0.000		241.788

		33.1%		66.9%														20.92251		42.28749		63.21		63.21		63.21		63.21		63.21				242.114		0.000		242.114

		33.0%		67.0%														20.8593		42.3507		63.21		63.21		63.21		63.21		63.21				242.440		0.000		242.440

		32.9%		67.1%														20.79609		42.41391		63.21		63.21		63.21		63.21		63.21				242.766		0.000		242.766

		32.8%		67.2%														20.73288		42.47712		63.21		63.21		63.21		63.21		63.21				243.092		0.000		243.092

		32.7%		67.3%														20.66967		42.54033		63.21		63.21		63.21		63.21		63.21				243.418		0.000		243.418

		32.6%		67.4%														20.60646		42.60354		63.21		63.21		63.21		63.21		63.21				243.744		0.000		243.744

		32.5%		67.5%														20.54325		42.66675		63.21		63.21		63.21		63.21		63.21				244.070		0.000		244.070

		32.4%		67.6%														20.48004		42.72996		63.21		63.21		63.21		63.21		63.21				244.396		0.000		244.396

		32.3%		67.7%														20.41683		42.79317		63.21		63.21		63.21		63.21		63.21				244.722		0.000		244.722

		32.2%		67.8%														20.35362		42.85638		63.21		63.21		63.21		63.21		63.21				245.048		0.000		245.048

		32.1%		67.9%														20.29041		42.91959		63.21		63.21		63.21		63.21		63.21				245.374		0.000		245.374

		32.0%		68.0%														20.2272		42.9828		63.21		63.21		63.21		63.21		63.21				245.700		0.000		245.700

		31.9%		68.1%														20.16399		43.04601		63.21		63.21		63.21		63.21		63.21				246.026		0.000		246.026

		31.8%		68.2%														20.10078		43.10922		63.21		63.21		63.21		63.21		63.21				246.352		0.000		246.352

		31.7%		68.3%														20.03757		43.17243		63.21		63.21		63.21		63.21		63.21				246.678		0.000		246.678

		31.6%		68.4%														19.97436		43.23564		63.21		63.21		63.21		63.21		63.21				247.005		0.000		247.005

		31.5%		68.5%														19.91115		43.29885		63.21		63.21		63.21		63.21		63.21				247.331		0.000		247.331

		31.4%		68.6%														19.84794		43.36206		63.21		63.21		63.21		63.21		63.21				247.657		0.000		247.657

		31.3%		68.7%														19.78473		43.42527		63.21		63.21		63.21		63.21		63.21				247.983		0.000		247.983

		31.2%		68.8%														19.72152		43.48848		63.21		63.21		63.21		63.21		63.21				248.309		0.000		248.309

		31.1%		68.9%														19.65831		43.55169		63.21		63.21		63.21		63.21		63.21				248.635		0.000		248.635

		31.0%		69.0%														19.5951		43.6149		63.21		63.21		63.21		63.21		63.21				248.961		0.000		248.961

		30.9%		69.1%														19.53189		43.67811		63.21		63.21		63.21		63.21		63.21				249.287		0.000		249.287

		30.8%		69.2%														19.46868		43.74132		63.21		63.21		63.21		63.21		63.21				249.613		0.000		249.613

		30.7%		69.3%														19.40547		43.80453		63.21		63.21		63.21		63.21		63.21				249.939		0.000		249.939

		30.6%		69.4%														19.34226		43.86774		63.21		63.21		63.21		63.21		63.21				250.265		0.000		250.265

		30.5%		69.5%														19.27905		43.93095		63.21		63.21		63.21		63.21		63.21				250.591		0.000		250.591

		30.4%		69.6%														19.21584		43.99416		63.21		63.21		63.21		63.21		63.21				250.917		0.000		250.917

		30.3%		69.7%														19.15263		44.05737		63.21		63.21		63.21		63.21		63.21				251.243		0.000		251.243

		30.2%		69.8%														19.08942		44.12058		63.21		63.21		63.21		63.21		63.21				251.569		0.000		251.569

		30.1%		69.9%														19.02621		44.18379		63.21		63.21		63.21		63.21		63.21				251.895		0.000		251.895

		30.0%		70.0%														18.963		44.247		63.21		63.21		63.21		63.21		63.21				252.222		0.000		252.222

		29.9%		70.1%														18.89979		44.31021		63.21		63.21		63.21		63.21		63.21				252.548		0.000		252.548

		29.8%		70.2%														18.83658		44.37342		63.21		63.21		63.21		63.21		63.21				252.874		0.000		252.874

		29.7%		70.3%														18.77337		44.43663		63.21		63.21		63.21		63.21		63.21				253.200		0.000		253.200

		29.6%		70.4%														18.71016		44.49984		63.21		63.21		63.21		63.21		63.21				253.526		0.000		253.526

		29.5%		70.5%														18.64695		44.56305		63.21		63.21		63.21		63.21		63.21				253.852		0.000		253.852

		29.4%		70.6%														18.58374		44.62626		63.21		63.21		63.21		63.21		63.21				254.178		0.000		254.178

		29.3%		70.7%														18.52053		44.68947		63.21		63.21		63.21		63.21		63.21				254.504		0.000		254.504

		29.2%		70.8%														18.45732		44.75268		63.21		63.21		63.21		63.21		63.21				254.830		0.000		254.830

		29.1%		70.9%														18.39411		44.81589		63.21		63.21		63.21		63.21		63.21				255.156		0.000		255.156

		29.0%		71.0%														18.3309		44.8791		63.21		63.21		63.21		63.21		63.21				255.482		0.000		255.482

		28.9%		71.1%														18.26769		44.94231		63.21		63.21		63.21		63.21		63.21				255.808		0.000		255.808

		28.8%		71.2%														18.20448		45.00552		63.21		63.21		63.21		63.21		63.21				256.134		0.000		256.134

		28.7%		71.3%														18.14127		45.06873		63.21		63.21		63.21		63.21		63.21				256.460		0.000		256.460

		28.6%		71.4%														18.07806		45.13194		63.21		63.21		63.21		63.21		63.21				256.786		0.000		256.786

		28.5%		71.5%														18.01485		45.19515		63.21		63.21		63.21		63.21		63.21				257.112		0.000		257.112

		28.4%		71.6%														17.95164		45.25836		63.21		63.21		63.21		63.21		63.21				257.439		0.000		257.439

		28.3%		71.7%														17.88843		45.32157		63.21		63.21		63.21		63.21		63.21				257.765		0.000		257.765

		28.2%		71.8%														17.82522		45.38478		63.21		63.21		63.21		63.21		63.21				258.091		0.000		258.091

		28.1%		71.9%														17.76201		45.44799		63.21		63.21		63.21		63.21		63.21				258.417		0.000		258.417

		28.0%		72.0%														17.6988		45.5112		63.21		63.21		63.21		63.21		63.21				258.743		0.000		258.743

		27.9%		72.1%														17.63559		45.57441		63.21		63.21		63.21		63.21		63.21				259.069		0.000		259.069

		27.8%		72.2%														17.57238		45.63762		63.21		63.21		63.21		63.21		63.21				259.395		0.000		259.395

		27.7%		72.3%														17.50917		45.70083		63.21		63.21		63.21		63.21		63.21				259.721		0.000		259.721

		27.6%		72.4%														17.44596		45.76404		63.21		63.21		63.21		63.21		63.21				260.047		0.000		260.047

		27.5%		72.5%														17.38275		45.82725		63.21		63.21		63.21		63.21		63.21				260.373		0.000		260.373

		27.4%		72.6%														17.31954		45.89046		63.21		63.21		63.21		63.21		63.21				260.699		0.000		260.699

		27.3%		72.7%														17.25633		45.95367		63.21		63.21		63.21		63.21		63.21				261.025		0.000		261.025

		27.2%		72.8%														17.19312		46.01688		63.21		63.21		63.21		63.21		63.21				261.351		0.000		261.351

		27.1%		72.9%														17.12991		46.08009		63.21		63.21		63.21		63.21		63.21				261.677		0.000		261.677

		27.0%		73.0%														17.0667		46.1433		63.21		63.21		63.21		63.21		63.21				262.003		0.000		262.003

		26.9%		73.1%														17.00349		46.20651		63.21		63.21		63.21		63.21		63.21				262.329		0.000		262.329

		26.8%		73.2%														16.94028		46.26972		63.21		63.21		63.21		63.21		63.21				262.656		0.000		262.656

		26.7%		73.3%														16.87707		46.33293		63.21		63.21		63.21		63.21		63.21				262.982		0.000		262.982

		26.6%		73.4%														16.81386		46.39614		63.21		63.21		63.21		63.21		63.21				263.308		0.000		263.308

		26.5%		73.5%														16.75065		46.45935		63.21		63.21		63.21		63.21		63.21				263.634		0.000		263.634

		26.4%		73.6%														16.68744		46.52256		63.21		63.21		63.21		63.21		63.21				263.960		0.000		263.960

		26.3%		73.7%														16.62423		46.58577		63.21		63.21		63.21		63.21		63.21				264.286		0.000		264.286

		26.2%		73.8%														16.56102		46.64898		63.21		63.21		63.21		63.21		63.21				264.612		0.000		264.612

		26.1%		73.9%														16.49781		46.71219		63.21		63.21		63.21		63.21		63.21				264.938		0.000		264.938

		26.0%		74.0%														16.4346		46.7754		63.21		63.21		63.21		63.21		63.21				265.264		0.000		265.264

		25.9%		74.1%														16.37139		46.83861		63.21		63.21		63.21		63.21		63.21				265.590		0.000		265.590

		25.8%		74.2%														16.30818		46.90182		63.21		63.21		63.21		63.21		63.21				265.916		0.000		265.916

		25.7%		74.3%														16.24497		46.96503		63.21		63.21		63.21		63.21		63.21				266.242		0.000		266.242

		25.6%		74.4%														16.18176		47.02824		63.21		63.21		63.21		63.21		63.21				266.568		0.000		266.568

		25.5%		74.5%														16.11855		47.09145		63.21		63.21		63.21		63.21		63.21				266.894		0.000		266.894

		25.4%		74.6%														16.05534		47.15466		63.21		63.21		63.21		63.21		63.21				267.220		0.000		267.220

		25.3%		74.7%														15.99213		47.21787		63.21		63.21		63.21		63.21		63.21				267.546		0.000		267.546

		25.2%		74.8%														15.92892		47.28108		63.21		63.21		63.21		63.21		63.21				267.873		0.000		267.873

		25.1%		74.9%														15.86571		47.34429		63.21		63.21		63.21		63.21		63.21				268.199		0.000		268.199

		25.0%		75.0%														15.8025		47.4075		63.21		63.21		63.21		63.21		63.21				268.525		0.000		268.525

		24.9%		75.1%														15.73929		47.47071		63.21		63.21		63.21		63.21		63.21				268.851		0.000		268.851

		24.8%		75.2%														15.67608		47.53392		63.21		63.21		63.21		63.21		63.21				269.177		0.000		269.177

		24.7%		75.3%														15.61287		47.59713		63.21		63.21		63.21		63.21		63.21				269.503		0.000		269.503

		24.6%		75.4%														15.54966		47.66034		63.21		63.21		63.21		63.21		63.21				269.829		0.000		269.829

		24.5%		75.5%														15.48645		47.72355		63.21		63.21		63.21		63.21		63.21				270.155		0.000		270.155

		24.4%		75.6%														15.42324		47.78676		63.21		63.21		63.21		63.21		63.21				270.481		0.000		270.481

		24.3%		75.7%														15.36003		47.84997		63.21		63.21		63.21		63.21		63.21				270.807		0.000		270.807

		24.2%		75.8%														15.29682		47.91318		63.21		63.21		63.21		63.21		63.21				271.133		0.000		271.133

		24.1%		75.9%														15.23361		47.97639		63.21		63.21		63.21		63.21		63.21				271.459		0.000		271.459

		24.0%		76.0%														15.1704		48.0396		63.21		63.21		63.21		63.21		63.21				271.785		0.000		271.785

		23.9%		76.1%														15.10719		48.10281		63.21		63.21		63.21		63.21		63.21				272.111		0.000		272.111

		23.8%		76.2%														15.04398		48.16602		63.21		63.21		63.21		63.21		63.21				272.437		0.000		272.437

		23.7%		76.3%														14.98077		48.22923		63.21		63.21		63.21		63.21		63.21				272.763		0.000		272.763

		23.6%		76.4%														14.91756		48.29244		63.21		63.21		63.21		63.21		63.21				273.090		0.000		273.090

		23.5%		76.5%														14.85435		48.35565		63.21		63.21		63.21		63.21		63.21				273.416		0.000		273.416

		23.4%		76.6%														14.79114		48.41886		63.21		63.21		63.21		63.21		63.21				273.742		0.000		273.742

		23.3%		76.7%														14.72793		48.48207		63.21		63.21		63.21		63.21		63.21				274.068		0.000		274.068

		23.2%		76.8%														14.66472		48.54528		63.21		63.21		63.21		63.21		63.21				274.394		0.000		274.394

		23.1%		76.9%														14.60151		48.60849		63.21		63.21		63.21		63.21		63.21				274.720		0.000		274.720

		23.0%		77.0%														14.5383		48.6717		63.21		63.21		63.21		63.21		63.21				275.046		0.000		275.046

		22.9%		77.1%														14.47509		48.73491		63.21		63.21		63.21		63.21		63.21				275.372		0.000		275.372

		22.8%		77.2%														14.41188		48.79812		63.21		63.21		63.21		63.21		63.21				275.698		0.000		275.698

		22.7%		77.3%														14.34867		48.86133		63.21		63.21		63.21		63.21		63.21				276.024		0.000		276.024

		22.6%		77.4%														14.28546		48.92454		63.21		63.21		63.21		63.21		63.21				276.350		0.000		276.350

		22.5%		77.5%														14.22225		48.98775		63.21		63.21		63.21		63.21		63.21				276.676		0.000		276.676

		22.4%		77.6%														14.15904		49.05096		63.21		63.21		63.21		63.21		63.21				277.002		0.000		277.002

		22.3%		77.7%														14.09583		49.11417		63.21		63.21		63.21		63.21		63.21				277.328		0.000		277.328

		22.2%		77.8%														14.03262		49.17738		63.21		63.21		63.21		63.21		63.21				277.654		0.000		277.654

		22.1%		77.9%														13.96941		49.24059		63.21		63.21		63.21		63.21		63.21				277.980		0.000		277.980

		22.0%		78.0%														13.9062		49.3038		63.21		63.21		63.21		63.21		63.21				278.307		0.000		278.307

		21.9%		78.1%														13.84299		49.36701		63.21		63.21		63.21		63.21		63.21				278.633		0.000		278.633

		21.8%		78.2%														13.77978		49.43022		63.21		63.21		63.21		63.21		63.21				278.959		0.000		278.959

		21.7%		78.3%														13.71657		49.49343		63.21		63.21		63.21		63.21		63.21				279.285		0.000		279.285

		21.6%		78.4%														13.65336		49.55664		63.21		63.21		63.21		63.21		63.21				279.611		0.000		279.611

		21.5%		78.5%														13.59015		49.61985		63.21		63.21		63.21		63.21		63.21				279.937		0.000		279.937

		21.4%		78.6%														13.52694		49.68306		63.21		63.21		63.21		63.21		63.21				280.263		0.000		280.263

		21.3%		78.7%														13.46373		49.74627		63.21		63.21		63.21		63.21		63.21				280.589		0.000		280.589

		21.2%		78.8%														13.40052		49.80948		63.21		63.21		63.21		63.21		63.21				280.915		0.000		280.915

		21.1%		78.9%														13.33731		49.87269		63.21		63.21		63.21		63.21		63.21				281.241		0.000		281.241

		21.0%		79.0%														13.2741		49.9359		63.21		63.21		63.21		63.21		63.21				281.567		0.000		281.567

		20.9%		79.1%														13.21089		49.99911		63.21		63.21		63.21		63.21		63.21				281.893		0.000		281.893

		20.8%		79.2%														13.14768		50.06232		63.21		63.21		63.21		63.21		63.21				282.219		0.000		282.219

		20.7%		79.3%														13.08447		50.12553		63.21		63.21		63.21		63.21		63.21				282.545		0.000		282.545

		20.6%		79.4%														13.02126		50.18874		63.21		63.21		63.21		63.21		63.21				282.871		0.000		282.871

		20.5%		79.5%														12.95805		50.25195		63.21		63.21		63.21		63.21		63.21				283.197		0.000		283.197

		20.4%		79.6%														12.89484		50.31516		63.21		63.21		63.21		63.21		63.21				283.524		0.000		283.524

		20.3%		79.7%														12.83163		50.37837		63.21		63.21		63.21		63.21		63.21				283.850		0.000		283.850

		20.2%		79.8%														12.76842		50.44158		63.21		63.21		63.21		63.21		63.21				284.176		0.000		284.176

		20.1%		79.9%														12.70521		50.50479		63.21		63.21		63.21		63.21		63.21				284.502		0.000		284.502

		20.0%		80.0%														12.642		50.568		63.21		63.21		63.21		63.21		63.21				284.828		0.000		284.828

		19.9%		80.1%														12.57879		50.63121		63.21		63.21		63.21		63.21		63.21				285.154		0.000		285.154

		19.8%		80.2%														12.51558		50.69442		63.21		63.21		63.21		63.21		63.21				285.480		0.000		285.480

		19.7%		80.3%														12.45237		50.75763		63.21		63.21		63.21		63.21		63.21				285.806		0.000		285.806

		19.6%		80.4%														12.38916		50.82084		63.21		63.21		63.21		63.21		63.21				286.132		0.000		286.132

		19.5%		80.5%														12.32595		50.88405		63.21		63.21		63.21		63.21		63.21				286.458		0.000		286.458

		19.4%		80.6%														12.26274		50.94726		63.21		63.21		63.21		63.21		63.21				286.784		0.000		286.784

		19.3%		80.7%														12.19953		51.01047		63.21		63.21		63.21		63.21		63.21				287.110		0.000		287.110

		19.2%		80.8%														12.13632		51.07368		63.21		63.21		63.21		63.21		63.21				287.436		0.000		287.436

		19.1%		80.9%														12.07311		51.13689		63.21		63.21		63.21		63.21		63.21				287.762		0.000		287.762

		19.0%		81.0%														12.0099		51.2001		63.21		63.21		63.21		63.21		63.21				288.088		0.000		288.088

		18.9%		81.1%														11.94669		51.26331		63.21		63.21		63.21		63.21		63.21				288.414		0.000		288.414

		18.8%		81.2%														11.88348		51.32652		63.21		63.21		63.21		63.21		63.21				288.741		0.000		288.741

		18.7%		81.3%														11.82027		51.38973		63.21		63.21		63.21		63.21		63.21				289.067		0.000		289.067

		18.6%		81.4%														11.75706		51.45294		63.21		63.21		63.21		63.21		63.21				289.393		0.000		289.393

		18.5%		81.5%														11.69385		51.51615		63.21		63.21		63.21		63.21		63.21				289.719		0.000		289.719

		18.4%		81.6%														11.63064		51.57936		63.21		63.21		63.21		63.21		63.21				290.045		0.000		290.045

		18.3%		81.7%														11.56743		51.64257		63.21		63.21		63.21		63.21		63.21				290.371		0.000		290.371

		18.2%		81.8%														11.50422		51.70578		63.21		63.21		63.21		63.21		63.21				290.697		0.000		290.697

		18.1%		81.9%														11.44101		51.76899		63.21		63.21		63.21		63.21		63.21				291.023		0.000		291.023

		18.0%		82.0%														11.3778		51.8322		63.21		63.21		63.21		63.21		63.21				291.349		0.000		291.349

		17.9%		82.1%														11.31459		51.89541		63.21		63.21		63.21		63.21		63.21				291.675		0.000		291.675

		17.8%		82.2%														11.25138		51.95862		63.21		63.21		63.21		63.21		63.21				292.001		0.000		292.001

		17.7%		82.3%														11.18817		52.02183		63.21		63.21		63.21		63.21		63.21				292.327		0.000		292.327

		17.6%		82.4%														11.12496		52.08504		63.21		63.21		63.21		63.21		63.21				292.653		0.000		292.653

		17.5%		82.5%														11.06175		52.14825		63.21		63.21		63.21		63.21		63.21				292.979		0.000		292.979

		17.4%		82.6%														10.99854		52.21146		63.21		63.21		63.21		63.21		63.21				293.305		0.000		293.305

		17.3%		82.7%														10.93533		52.27467		63.21		63.21		63.21		63.21		63.21				293.631		0.000		293.631

		17.2%		82.8%														10.87212		52.33788		63.21		63.21		63.21		63.21		63.21				293.958		0.000		293.958

		17.1%		82.9%														10.80891		52.40109		63.21		63.21		63.21		63.21		63.21				294.284		0.000		294.284

		17.0%		83.0%														10.7457		52.4643		63.21		63.21		63.21		63.21		63.21				294.610		0.000		294.610

		16.9%		83.1%														10.68249		52.52751		63.21		63.21		63.21		63.21		63.21				294.936		0.000		294.936

		16.8%		83.2%														10.61928		52.59072		63.21		63.21		63.21		63.21		63.21				295.262		0.000		295.262

		16.7%		83.3%														10.55607		52.65393		63.21		63.21		63.21		63.21		63.21				295.588		0.000		295.588

		16.6%		83.4%														10.49286		52.71714		63.21		63.21		63.21		63.21		63.21				295.914		0.000		295.914

		16.5%		83.5%														10.42965		52.78035		63.21		63.21		63.21		63.21		63.21				296.240		0.000		296.240

		16.4%		83.6%														10.36644		52.84356		63.21		63.21		63.21		63.21		63.21				296.566		0.000		296.566

		16.3%		83.7%														10.30323		52.90677		63.21		63.21		63.21		63.21		63.21				296.892		0.000		296.892

		16.2%		83.8%														10.24002		52.96998		63.21		63.21		63.21		63.21		63.21				297.218		0.000		297.218

		16.1%		83.9%														10.17681		53.03319		63.21		63.21		63.21		63.21		63.21				297.544		0.000		297.544

		16.0%		84.0%														10.1136		53.0964		63.21		63.21		63.21		63.21		63.21				297.870		0.000		297.870

		15.9%		84.1%														10.05039		53.15961		63.21		63.21		63.21		63.21		63.21				298.196		0.000		298.196

		15.8%		84.2%														9.98718		53.22282		63.21		63.21		63.21		63.21		63.21				298.522		0.000		298.522

		15.7%		84.3%														9.92397		53.28603		63.21		63.21		63.21		63.21		63.21				298.848		0.000		298.848

		15.6%		84.4%														9.86076		53.34924		63.21		63.21		63.21		63.21		63.21				299.175		0.000		299.175

		15.5%		84.5%														9.79755		53.41245		63.21		63.21		63.21		63.21		63.21				299.501		0.000		299.501

		15.4%		84.6%														9.73434		53.47566		63.21		63.21		63.21		63.21		63.21				299.827		0.000		299.827

		15.3%		84.7%														9.67113		53.53887		63.21		63.21		63.21		63.21		63.21				300.153		0.000		300.153

		15.2%		84.8%														9.60792		53.60208		63.21		63.21		63.21		63.21		63.21				300.479		0.000		300.479

		15.1%		84.9%														9.54471		53.66529		63.21		63.21		63.21		63.21		63.21				300.805		0.000		300.805

		15.0%		85.0%														9.4815		53.7285		63.21		63.21		63.21		63.21		63.21				301.131		0.000		301.131

		14.9%		85.1%														9.41829		53.79171		63.21		63.21		63.21		63.21		63.21				301.457		0.000		301.457

		14.8%		85.2%														9.35508		53.85492		63.21		63.21		63.21		63.21		63.21				301.783		0.000		301.783

		14.7%		85.3%														9.29187		53.91813		63.21		63.21		63.21		63.21		63.21				302.109		0.000		302.109

		14.6%		85.4%														9.22866		53.98134		63.21		63.21		63.21		63.21		63.21				302.435		0.000		302.435

		14.5%		85.5%														9.16545		54.04455		63.21		63.21		63.21		63.21		63.21				302.761		0.000		302.761

		14.4%		85.6%														9.10224		54.10776		63.21		63.21		63.21		63.21		63.21				303.087		0.000		303.087

		14.3%		85.7%														9.03903		54.17097		63.21		63.21		63.21		63.21		63.21				303.413		0.000		303.413

		14.2%		85.8%														8.97582		54.23418		63.21		63.21		63.21		63.21		63.21				303.739		0.000		303.739

		14.1%		85.9%														8.91261		54.29739		63.21		63.21		63.21		63.21		63.21				304.065		0.000		304.065

		14.0%		86.0%														8.8494		54.3606		63.21		63.21		63.21		63.21		63.21				304.392		0.000		304.392

		13.9%		86.1%														8.78619		54.42381		63.21		63.21		63.21		63.21		63.21				304.718		0.000		304.718

		13.8%		86.2%														8.72298		54.48702		63.21		63.21		63.21		63.21		63.21				305.044		0.000		305.044

		13.7%		86.3%														8.65977		54.55023		63.21		63.21		63.21		63.21		63.21				305.370		0.000		305.370

		13.6%		86.4%														8.59656		54.61344		63.21		63.21		63.21		63.21		63.21				305.696		0.000		305.696

		13.5%		86.5%														8.53335		54.67665		63.21		63.21		63.21		63.21		63.21				306.022		0.000		306.022

		13.4%		86.6%														8.47014		54.73986		63.21		63.21		63.21		63.21		63.21				306.348		0.000		306.348

		13.3%		86.7%														8.40693		54.80307		63.21		63.21		63.21		63.21		63.21				306.674		0.000		306.674

		13.2%		86.8%														8.34372		54.86628		63.21		63.21		63.21		63.21		63.21				307.000		0.000		307.000

		13.1%		86.9%														8.28051		54.92949		63.21		63.21		63.21		63.21		63.21				307.326		0.000		307.326

		13.0%		87.0%														8.2173		54.9927		63.21		63.21		63.21		63.21		63.21				307.652		0.000		307.652

		12.9%		87.1%														8.15409		55.05591		63.21		63.21		63.21		63.21		63.21				307.978		0.000		307.978

		12.8%		87.2%														8.09088		55.11912		63.21		63.21		63.21		63.21		63.21				308.304		0.000		308.304

		12.7%		87.3%														8.02767		55.18233		63.21		63.21		63.21		63.21		63.21				308.630		0.000		308.630

		12.6%		87.4%														7.96446		55.24554		63.21		63.21		63.21		63.21		63.21				308.956		0.000		308.956

		12.5%		87.5%														7.90125		55.30875		63.21		63.21		63.21		63.21		63.21				309.282		0.000		309.282

		12.4%		87.6%														7.83804		55.37196		63.21		63.21		63.21		63.21		63.21				309.609		0.000		309.609

		12.3%		87.7%														7.77483		55.43517		63.21		63.21		63.21		63.21		63.21				309.935		0.000		309.935

		12.2%		87.8%														7.71162		55.49838		63.21		63.21		63.21		63.21		63.21				310.261		0.000		310.261

		12.1%		87.9%														7.64841		55.56159		63.21		63.21		63.21		63.21		63.21				310.587		0.000		310.587

		12.0%		88.0%														7.5852		55.6248		63.21		63.21		63.21		63.21		63.21				310.913		0.000		310.913

		11.9%		88.1%														7.52199		55.68801		63.21		63.21		63.21		63.21		63.21				311.239		0.000		311.239

		11.8%		88.2%														7.45878		55.75122		63.21		63.21		63.21		63.21		63.21				311.565		0.000		311.565

		11.7%		88.3%														7.39557		55.81443		63.21		63.21		63.21		63.21		63.21				311.891		0.000		311.891

		11.6%		88.4%														7.33236		55.87764		63.21		63.21		63.21		63.21		63.21				312.217		0.000		312.217

		11.5%		88.5%														7.26915		55.94085		63.21		63.21		63.21		63.21		63.21				312.543		0.000		312.543

		11.4%		88.6%														7.20594		56.00406		63.21		63.21		63.21		63.21		63.21				312.869		0.000		312.869

		11.3%		88.7%														7.14273		56.06727		63.21		63.21		63.21		63.21		63.21				313.195		0.000		313.195

		11.2%		88.8%														7.07952		56.13048		63.21		63.21		63.21		63.21		63.21				313.521		0.000		313.521

		11.1%		88.9%														7.01631		56.19369		63.21		63.21		63.21		63.21		63.21				313.847		0.000		313.847

		11.0%		89.0%														6.9531		56.2569		63.21		63.21		63.21		63.21		63.21				314.173		0.000		314.173

		10.9%		89.1%														6.88989		56.32011		63.21		63.21		63.21		63.21		63.21				314.499		0.000		314.499

		10.8%		89.2%														6.82668		56.38332		63.21		63.21		63.21		63.21		63.21				314.826		0.000		314.826

		10.7%		89.3%														6.76347		56.44653		63.21		63.21		63.21		63.21		63.21				315.152		0.000		315.152

		10.6%		89.4%														6.70026		56.50974		63.21		63.21		63.21		63.21		63.21				315.478		0.000		315.478

		10.5%		89.5%														6.63705		56.57295		63.21		63.21		63.21		63.21		63.21				315.804		0.000		315.804

		10.4%		89.6%														6.57384		56.63616		63.21		63.21		63.21		63.21		63.21				316.130		0.000		316.130

		10.3%		89.7%														6.51063		56.69937		63.21		63.21		63.21		63.21		63.21				316.456		0.000		316.456

		10.2%		89.8%														6.44742		56.76258		63.21		63.21		63.21		63.21		63.21				316.782		0.000		316.782

		10.1%		89.9%														6.38421		56.82579		63.21		63.21		63.21		63.21		63.21				317.108		0.000		317.108

		10.0%		90.0%														6.321		56.889		63.21		63.21		63.21		63.21		63.21				317.434		0.000		317.434

		9.9%		90.1%														6.25779		56.95221		63.21		63.21		63.21		63.21		63.21				317.760		0.000		317.760

		9.8%		90.2%														6.19458		57.01542		63.21		63.21		63.21		63.21		63.21				318.086		0.000		318.086

		9.7%		90.3%														6.13137		57.07863		63.21		63.21		63.21		63.21		63.21				318.412		0.000		318.412

		9.6%		90.4%														6.06816		57.14184		63.21		63.21		63.21		63.21		63.21				318.738		0.000		318.738

		9.5%		90.5%														6.00495		57.20505		63.21		63.21		63.21		63.21		63.21				319.064		0.000		319.064

		9.4%		90.6%														5.94174		57.26826		63.21		63.21		63.21		63.21		63.21				319.390		0.000		319.390

		9.3%		90.7%														5.87853		57.33147		63.21		63.21		63.21		63.21		63.21				319.716		0.000		319.716

		9.2%		90.8%														5.81532		57.39468		63.21		63.21		63.21		63.21		63.21				320.043		0.000		320.043

		9.1%		90.9%														5.75211		57.45789		63.21		63.21		63.21		63.21		63.21				320.369		0.000		320.369

		9.0%		91.0%														5.6889		57.5211		63.21		63.21		63.21		63.21		63.21				320.695		0.000		320.695

		8.9%		91.1%														5.62569		57.58431		63.21		63.21		63.21		63.21		63.21				321.021		0.000		321.021

		8.8%		91.2%														5.56248		57.64752		63.21		63.21		63.21		63.21		63.21				321.347		0.000		321.347

		8.7%		91.3%														5.49927		57.71073		63.21		63.21		63.21		63.21		63.21				321.673		0.000		321.673

		8.6%		91.4%														5.43606		57.77394		63.21		63.21		63.21		63.21		63.21				321.999		0.000		321.999

		8.5%		91.5%														5.37285		57.83715		63.21		63.21		63.21		63.21		63.21				322.325		0.000		322.325

		8.4%		91.6%														5.30964		57.90036		63.21		63.21		63.21		63.21		63.21				322.651		0.000		322.651

		8.3%		91.7%														5.24643		57.96357		63.21		63.21		63.21		63.21		63.21				322.977		0.000		322.977

		8.2%		91.8%														5.18322		58.02678		63.21		63.21		63.21		63.21		63.21				323.303		0.000		323.303

		8.1%		91.9%														5.12001		58.08999		63.21		63.21		63.21		63.21		63.21				323.629		0.000		323.629

		8.0%		92.0%														5.0568		58.1532		63.21		63.21		63.21		63.21		63.21				323.955		0.000		323.955

		7.9%		92.1%														4.99359		58.21641		63.21		63.21		63.21		63.21		63.21				324.281		0.000		324.281

		7.8%		92.2%														4.93038		58.27962		63.21		63.21		63.21		63.21		63.21				324.607		0.000		324.607

		7.7%		92.3%														4.86717		58.34283		63.21		63.21		63.21		63.21		63.21				324.933		0.000		324.933

		7.6%		92.4%														4.80396		58.40604		63.21		63.21		63.21		63.21		63.21				325.260		0.000		325.260

		7.5%		92.5%														4.74075		58.46925		63.21		63.21		63.21		63.21		63.21				325.586		0.000		325.586

		7.4%		92.6%														4.67754		58.53246		63.21		63.21		63.21		63.21		63.21				325.912		0.000		325.912

		7.3%		92.7%														4.61433		58.59567		63.21		63.21		63.21		63.21		63.21				326.238		0.000		326.238

		7.2%		92.8%														4.55112		58.65888		63.21		63.21		63.21		63.21		63.21				326.564		0.000		326.564

		7.1%		92.9%														4.48791		58.72209		63.21		63.21		63.21		63.21		63.21				326.890		0.000		326.890

		7.0%		93.0%														4.4247		58.7853		63.21		63.21		63.21		63.21		63.21				327.216		0.000		327.216

		6.9%		93.1%														4.36149		58.84851		63.21		63.21		63.21		63.21		63.21				327.542		0.000		327.542

		6.8%		93.2%														4.29828		58.91172		63.21		63.21		63.21		63.21		63.21				327.868		0.000		327.868

		6.7%		93.3%														4.23507		58.97493		63.21		63.21		63.21		63.21		63.21				328.194		0.000		328.194

		6.6%		93.4%														4.17186		59.03814		63.21		63.21		63.21		63.21		63.21				328.520		0.000		328.520

		6.5%		93.5%														4.10865		59.10135		63.21		63.21		63.21		63.21		63.21				328.846		0.000		328.846

		6.4%		93.6%														4.04544		59.16456		63.21		63.21		63.21		63.21		63.21				329.172		0.000		329.172

		6.3%		93.7%														3.98223		59.22777		63.21		63.21		63.21		63.21		63.21				329.498		0.000		329.498

		6.2%		93.8%														3.91902		59.29098		63.21		63.21		63.21		63.21		63.21				329.824		0.000		329.824

		6.1%		93.9%														3.85581		59.35419		63.21		63.21		63.21		63.21		63.21				330.150		0.000		330.150

		6.0%		94.0%														3.7926		59.4174		63.21		63.21		63.21		63.21		63.21				330.477		0.000		330.477

		5.9%		94.1%														3.72939		59.48061		63.21		63.21		63.21		63.21		63.21				330.803		0.000		330.803

		5.8%		94.2%														3.66618		59.54382		63.21		63.21		63.21		63.21		63.21				331.129		0.000		331.129

		5.7%		94.3%														3.60297		59.60703		63.21		63.21		63.21		63.21		63.21				331.455		0.000		331.455

		5.6%		94.4%														3.53976		59.67024		63.21		63.21		63.21		63.21		63.21				331.781		0.000		331.781

		5.5%		94.5%														3.47655		59.73345		63.21		63.21		63.21		63.21		63.21				332.107		0.000		332.107

		5.4%		94.6%														3.41334		59.79666		63.21		63.21		63.21		63.21		63.21				332.433		0.000		332.433

		5.3%		94.7%														3.35013		59.85987		63.21		63.21		63.21		63.21		63.21				332.759		0.000		332.759

		5.2%		94.8%														3.28692		59.92308		63.21		63.21		63.21		63.21		63.21				333.085		0.000		333.085

		5.1%		94.9%														3.22371		59.98629		63.21		63.21		63.21		63.21		63.21				333.411		0.000		333.411

		5.0%		95.0%														3.1605		60.0495		63.21		63.21		63.21		63.21		63.21				333.737		0.000		333.737

		4.9%		95.1%														3.09729		60.11271		63.21		63.21		63.21		63.21		63.21				334.063		0.000		334.063

		4.8%		95.2%														3.03408		60.17592		63.21		63.21		63.21		63.21		63.21				334.389		0.000		334.389

		4.7%		95.3%														2.97087		60.23913		63.21		63.21		63.21		63.21		63.21				334.715		0.000		334.715

		4.6%		95.4%														2.90766		60.30234		63.21		63.21		63.21		63.21		63.21				335.041		0.000		335.041

		4.5%		95.5%														2.84445		60.36555		63.21		63.21		63.21		63.21		63.21				335.367		0.000		335.367

		4.4%		95.6%														2.78124		60.42876		63.21		63.21		63.21		63.21		63.21				335.694		0.000		335.694

		4.3%		95.7%														2.71803		60.49197		63.21		63.21		63.21		63.21		63.21				336.020		0.000		336.020

		4.2%		95.8%														2.65482		60.55518		63.21		63.21		63.21		63.21		63.21				336.346		0.000		336.346

		4.1%		95.9%														2.59161		60.61839		63.21		63.21		63.21		63.21		63.21				336.672		0.000		336.672

		4.0%		96.0%														2.5284		60.6816		63.21		63.21		63.21		63.21		63.21				336.998		0.000		336.998

		3.9%		96.1%														2.46519		60.74481		63.21		63.21		63.21		63.21		63.21				337.324		0.000		337.324

		3.8%		96.2%														2.40198		60.80802		63.21		63.21		63.21		63.21		63.21				337.650		0.000		337.650

		3.7%		96.3%														2.33877		60.87123		63.21		63.21		63.21		63.21		63.21				337.976		0.000		337.976

		3.6%		96.4%														2.27556		60.93444		63.21		63.21		63.21		63.21		63.21				338.302		0.000		338.302

		3.5%		96.5%														2.21235		60.99765		63.21		63.21		63.21		63.21		63.21				338.628		0.000		338.628

		3.4%		96.6%														2.14914		61.06086		63.21		63.21		63.21		63.21		63.21				338.954		0.000		338.954

		3.3%		96.7%														2.08593		61.12407		63.21		63.21		63.21		63.21		63.21				339.280		0.000		339.280

		3.2%		96.8%														2.02272		61.18728		63.21		63.21		63.21		63.21		63.21				339.606		0.000		339.606

		3.1%		96.9%														1.95951		61.25049		63.21		63.21		63.21		63.21		63.21				339.932		0.000		339.932

		3.0%		97.0%														1.8963		61.3137		63.21		63.21		63.21		63.21		63.21				340.258		0.000		340.258

		2.9%		97.1%														1.83309		61.37691		63.21		63.21		63.21		63.21		63.21				340.584		0.000		340.584

		2.8%		97.2%														1.76988		61.44012		63.21		63.21		63.21		63.21		63.21				340.911		0.000		340.911

		2.7%		97.3%														1.70667		61.50333		63.21		63.21		63.21		63.21		63.21				341.237		0.000		341.237

		2.6%		97.4%														1.64346		61.56654		63.21		63.21		63.21		63.21		63.21				341.563		0.000		341.563

		2.5%		97.5%														1.58025		61.62975		63.21		63.21		63.21		63.21		63.21				341.889		0.000		341.889

		2.4%		97.6%														1.51704		61.69296		63.21		63.21		63.21		63.21		63.21				342.215		0.000		342.215

		2.3%		97.7%														1.45383		61.75617		63.21		63.21		63.21		63.21		63.21				342.541		0.000		342.541

		2.2%		97.8%														1.39062		61.81938		63.21		63.21		63.21		63.21		63.21				342.867		0.000		342.867

		2.1%		97.9%														1.32741		61.88259		63.21		63.21		63.21		63.21		63.21				343.193		0.000		343.193

		2.0%		98.0%														1.2642		61.9458		63.21		63.21		63.21		63.21		63.21				343.519		0.000		343.519

		1.9%		98.1%														1.20099		62.00901		63.21		63.21		63.21		63.21		63.21				343.845		0.000		343.845

		1.8%		98.2%														1.13778		62.07222		63.21		63.21		63.21		63.21		63.21				344.171		0.000		344.171

		1.7%		98.3%														1.07457		62.13543		63.21		63.21		63.21		63.21		63.21				344.497		0.000		344.497

		1.6%		98.4%														1.01136		62.19864		63.21		63.21		63.21		63.21		63.21				344.823		0.000		344.823

		1.5%		98.5%														0.94815		62.26185		63.21		63.21		63.21		63.21		63.21				345.149		0.000		345.149

		1.4%		98.6%														0.88494		62.32506		63.21		63.21		63.21		63.21		63.21				345.475		0.000		345.475

		1.3%		98.7%														0.82173		62.38827		63.21		63.21		63.21		63.21		63.21				345.801		0.000		345.801

		1.2%		98.8%														0.75852		62.45148		63.21		63.21		63.21		63.21		63.21				346.128		0.000		346.128

		1.1%		98.9%														0.69531		62.51469		63.21		63.21		63.21		63.21		63.21				346.454		0.000		346.454

		1.0%		99.0%														0.6321		62.5779		63.21		63.21		63.21		63.21		63.21				346.780		0.000		346.780

		0.9%		99.1%														0.56889		62.64111		63.21		63.21		63.21		63.21		63.21				347.106		0.000		347.106

		0.8%		99.2%														0.50568		62.70432		63.21		63.21		63.21		63.21		63.21				347.432		0.000		347.432

		0.7%		99.3%														0.44247		62.76753		63.21		63.21		63.21		63.21		63.21				347.758		0.000		347.758

		0.6%		99.4%														0.37926		62.83074		63.21		63.21		63.21		63.21		63.21				348.084		0.000		348.084

		0.5%		99.5%														0.31605		62.89395		63.21		63.21		63.21		63.21		63.21				348.410		0.000		348.410

		0.4%		99.6%														0.25284		62.95716		63.21		63.21		63.21		63.21		63.21				348.736		0.000		348.736

		0.3%		99.7%														0.18963		63.02037		63.21		63.21		63.21		63.21		63.21				349.062		0.000		349.062

		0.2%		99.8%														0.12642		63.08358		63.21		63.21		63.21		63.21		63.21				349.388		0.000		349.388

		0.1%		99.9%														0.06321		63.14679		63.21		63.21		63.21		63.21		63.21				349.714		0.000		349.714

		-0.0%		100.0%														-0		63.21		63.21		63.21		63.21		63.21		63.21				350.040		0.000		350.040
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