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Foreword
The development of liberalized electricity markets around the world is, partly, an experiment of
applied market theory with uncertain outcome. For this new paradigm to benefit customers
thru efficient supply of electricity, we need increased and better knowledge on how
competitive electricity markets really work and how to solve the problems that might occur.

Elforsk is owned by the Swedish electrical utilities. Its’ business idea is to conduct research
and development considered appropriate by its’ owners and carry out this R&D jointly and
together with other parties. Elforsk has recently initiated the Market Design-program for the
purpose of supporting research on the functioning of competitive electricity markets. The
program is financed by Swedish utilities, EBL-Kompetanse in Norway as well as the Swedish
Energy Agency.

More information about the program, finished reports and conference documentation can be
found at www.elforsk-marketdesign.net.

Stockholm, november 2003

Peter Fritz
Secretary of the Market Design-program
Elforsk AB
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Summary
The regulation of distribution utilities is evolving from the traditional approach based on a cost
of service or rate of return remuneration, to ways of regulation more specifically focused on
providing incentives for improving efficiency, known as performance-based regulation or
ratemaking. Modern regulation systems are also, to a higher degree than previously, intended
to simulate competitive market conditions.

The Market Design 2003-conference gathered people from 18 different countries to discuss
“Methods to regulate unbundled transmission and distribution business on electricity markets”.
Speakers from nine different countries and backgrounds (academics, industry and regulatory)
presented their experiences and most recent works on how to make the regulation of
unbundled distribution business as accurate as possible.

This paper does not claim to be a fully representative summary of everything that was
presented or discussed during the conference. Rather, it is a purposely restricted document
where we focus on a few central themes and experiences from different countries.  For the full
documentation from the conference, please visit Elforsk’s Market Design-website:
www.elforsk-marketdesign.net.
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1 Developments in regulation

1.1 Regulation challenges and models

Opening speaker at the conference was Mr Ashley Brown, Executive Director of Harvard
Electricity Policy Group, who laid out the framework for regulators and the different choices
regulations offices and/or governments have to make.

As we shall see in the following pages, developing and applying a model for regulation is
always a matter of trade-off between short-term efficiency and long-term incentives for new
investments. Many of the models that have been used traditionally have generally proven to be
good for improving efficiency, while not always giving the proper incentives and measures for
control of the quality of service delivered.

There are a number of basic models for regulation of distribution and transmission.

1.1.1 Rate of Return

Although simple in its theoretical form, a rate of return system is quite fact-intensive, as it builds
on some kind of calculation of invested capital. Ashley Brown defined the formula for rate of
return regulation like this:

(Capital Investment – Depreciation) Rate of return + Expenses

1.1.2 Price/rate Cap

Rate caps are a direct way of controlling the rates charged by utilities. Compared to a rate of
return model, rate caps are more theory-intensive as they also implicate an acceptable rate of
return.

(Cost basis) RPI (-X?)

1.1.3 Revenue Cap

This model includes elements of both rate of return and price cap with addition of assumed
demand. In a system using a revenue cap, it is the revenue of the company and not its rates
that is the focus of restriction. This far, revenue caps are the most rarely seen regulations
model, but as we shall see in the following, maybe one to be more widely used in the future.

(Cost basis) RPI (-X?) (Assumed volume)

Ashley Brown also noted that the revenue cap formula gives neutrality between supply and
demand side options, which is probably one reason that it gains popularity from
environmentalists, for instance.
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Each model demands some kind of standard for setting the value of invested capital. The
general cost basis alternatives are:

- Historic (minus depreciation)
- Comparative (different kinds of benchmarking models)
- Theoretical

Choosing a regulatory policy, the regulator also has to decide how to define the optimal
debt/equity ratio in the regulated companies and what the symmetry between risk and reward
should look like.

1.2 Common features in the international development of regulation

The presentations made at the conference showed that many countries have made similar
experiences during their first years of regulation. The first priority has often been to restrict
prices charged by the distribution companies, while aspects of quality and long term security of
supply have taken the back seat.

Judging from discussions at the conference, during the following years we will see more
regulation policies and methods focused on issues of reliability and quality. These benefits will
be achieved thru the use of both rewards (for expected behaviour) and penalties (in the case
that regulators/society’s intentions are neglected by the distribution companies). An increased
interest in deciding the real customer valuation of services delivered will also be seen and the
cost based approach successively eliminated, as Igor Velikopolski, Deputy Head of
Department at RAO (Unified Energy System of Russia) noted.

1.3 Regulation independence in practice

In his opening speech, Ashley Brown focused on the decisions that regulators need to make
concerning regulation policies. He also touched on the topic of relationships between
authorities (politicians) and regulators. The institutional models to choose between are a rule
based or a contract based regime. Under a rule based model, regulators can change rules and
have the ability to adjust to changed circumstances. This gives political stability, but also
generates some short term uncertainty. Contract based regimes have the pressure to be
correct from the outset, since the regulator does not have the power to adjust the framework
continuously. This gives increased certainty in the short term, but generates a potentially more
unstable political situation in the longer term.

The question of relationships between regulator and the political assemblies was further
elaborated by Danish speaker Lene Holm Pedersen. As liberalisation of electricity markets has
taken place in Europe, it has often been considered a precondition of successful liberalisation
to establish so-called independent regulatory authorities. This issue has also been on the
agenda for many years in the USA.

In the Danish study presented at the conference, a comparison of the four Nordic countries
has been performed, which indicates that regulatory independence is more present in some
aspects than others.
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The analysis is built on Smith’s three dimensions of regulatory independence, completed with
the authors’ own, fourth dimension:

1. An arm’s length relationship to political authorities
2. An arm’s length relationship to regulated firms, consumers and other interests
3. Organisational autonomy
4. Independent decision-making autonomy

Country A.
Independence
from
government

B.
Independence
from
stakeholders

C.
Independent
decision-
making

D.
Organisational
autonomy

Index

Denmark 0.44 0.33 0.87 0.63 0.57
Finland 0,33 0,21 0,96 0,63 0,53
Norway 0,53 0,21 0,5 0,75 0,5
Sweden 0,67 0,33 0,72 0,88 0,65
Mean 0,49 0,27 0,76 0,72 0,56
Table 1. The independence index.1

The report concludes that the Nordic electricity regulators are similar, as all the countries have
low levels of independence from stakeholders and relatively low levels of independence from
government. However, the Norwegian system shows “remarkable features of diversity”. This
is interesting, taking into account that Norway was one of the first countries to liberalize the
electricity market. The other Nordic countries have, to a larger extent, followed patterns set by
UK and the US, which also have been adopted largely as the model for the rest of the EU to
follow.

1.4 What role do customers play?

Professor Stephen Littlechild (University of Birmingham) discussed whether regulators, in their
traditional role, are really necessary for regulation of today’s network business. Telling a story
from Florida, where consumer advocates Office of Public Counsel (OPC) seem to have
played an important role in keeping consumer rates down over the last 30 years, he showed
that it might be the case that consumers (or their representatives) will be competent enough to
act in their own best interests.

What are the ways that a consumer advocate can best represent customers? One means is by
challenging the utility in regulatory hearings. Another is by negotiating stipulated settlements
with the utility, then inviting the utility commission to approve. This latter approach reflects
previous less formal processes used by Commission staff and seems to be the model most
widely used by consumer advocates in the US. The main function of using this method is to
save time and cost, literature says.

                                                
1 Dimensions of regulatory independence, Sander Johannsen, Larsen, Holm Pedersen and Moll Sørensen.
(Proceedings to Market Design 2003)
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Cost savings for the regulated utilities seem to be fairly limited, though. From the studies that
were presented, the calculated savings for utilities by approving a stipulation account for less
than 1% of the revenue reductions that the same stipulations have incurred. This surely cannot
be the full explanation for why utilities sign a stipulation, Littlechild stated. Rightly so, he also
finds that utilities can get other benefits from signing stipulations, such as accounting provisions
and less resistance on matters such as mergers and acquisitions.

According to the material that Professor Littlechild presented, it is indeed arguable that many
of the registered rate reductions and decreased rate increases in the story from Florida are
attributable to OPC stipulations, or at least the rate reductions were larger and sooner than
they would otherwise have been. The savings seem to be most substantial for industrial
customers, who normally have a larger extent of influence and lobbying power, but the use of
consumer advocates also tends to favour domestic customers.

Whether this experience is matched by Consumer Advocates in other states or whether
Florida’s experience is unique is a topic for further research, Littlechild said. In either case, the
implications for regulation deserve further consideration.
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2 Different regulatory models in use
Several different regulatory models are used throughout the world. We have chosen to briefly
present a few different ways of using statistical benchmarking methods, both in Price Cap
regulation and in Revenue Cap regulation. An alternative to the statistical benchmarking
approach is the new Swedish regulation model. Both Norway and Sweden have chosen to
adopt a revenue cap regulation model, but use different ways to establish the means of
evaluation and comparison of network companies.

Historically, North American regulations practices were the first to apply benchmarking to find
the right X- and stretchfactors, which was further elaborated by Mr. Mark Newton Lowry
from PEG (Pacific Economics Group). Mr. Thor Erik Grammeltvedt from Norway’s regulator
NVE presented the Norwegian model, which is also based on benchmarking by using DEA-
analysis. Sweden, on the other hand, has recently developed the new Performance
Assessment Model (PAM), which rests on a more theoretical ground. Mr. Mats Larsson from
MML Analys & Strategi gave an exhaustive account of PAM’s fundamentals during the
conference while Håkan Heden, the Deputy Director General of Sweden’s Energy Agency
provided the ideological background and implications of the model.

With both model approaches, the aim is to find a way to compare different companies
working under different circumstances.

2.1 Price control regulation – use of indexing and benchmarking

Price controls are used widely today in the regulation of European network utilities. Under a
price control plan, rates are allowed to rise each year by the growth rate of a price cap index
(PCI). The growth of the PCI is driven by an inflation measure based on input prices, often
adjusted by an offset called an X-factor. This makes the price control for a specific industry
solely dependent on internal circumstances for that particular industry.

The founding principle of PCI design in North America is that indexes should simulate the
workings of competitive markets. Therefore, the development of prices/costs in the network
business should be compared to the overall levels in the economy seen as a whole or to other
industries suitable for comparison. Rate indexing has been used to regulate several U.S. energy
utilities.

According to Mark Newton Lowry, index logic can play a constructive benchmarking role in
price control regulation. It does not substitute regulation by use of caps, but complements it by
providing a relevant point of comparison. Two common mechanisms used to implement the
index logic are:

1. Rate caps
2. Revenue caps

In each mechanism, there is usually an X-factor, a measure of expected (or real) increase of
efficiency in the sector under study. The X-factor in a rate- or revenue-cap index influences
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the allowed escalation of rates or revenues. A higher value for X benefits customers of
regulated services. An X-factor designed in accordance with classic American principles is
calibrated to reflect the TFP (total factor productivity)-trend of the relevant industry.

One way to share expected plan benefits with customers, then, is to set the X-factor at a level
above the calibration point. This component of the X-factor is often called a stretch factor. It is
set in advance to help ensure an external character for X. The range of explicit stretch factor
values that have been approved is fairly narrow. Nearly all have fallen in the 0 to 1.0% range.
Benchmarking can also be used to assess whether the cost performance of individual
companies is good enough to warrant removal of the stretch factor.

2.2 The use of DEA-analysis in Norway

Norway uses a revenue cap-model, which entertains a strong benchmark-component. The
basis for the Norwegian model is historic data derived from distribution companies’
accounting. Individual X-factors are decided for each network company thru the use of
efficiency analysis using Data Envelopment Analysis (DEA). Several companies have appealed
to the Norwegian Ministry of Oil and Energy (OEG) regarding their individual X. However
none of these appeals have so far resulted in changes in the X’s or the benchmarking method.

The following criteria have been studied:
- Inputs: number of man-labour years, net losses (MWh), Net assets (NOK)
and other opex. costs (NOK)
- Outputs: Energy delivered (MWh) and number of connections
- Environmental factors: Network length (km) and length of sea cable (km)

A pure revenue cap will in theory give incentives to reduce cost by reducing quality. No such
effects have however been observed in Norway. The number of minutes of energy lost has
actually been reduced during the regulation period.

The results from studies of Norwegian distribution companies and their development under this
regulation show that the regulation has lead to a considerable general productivity
improvement (front shift effect). There is also evidence that the ones with the lowest efficiency
in the beginning of the period have improved more (catch-up effect).

Based on an evaluation of the regulation model, suggestions on five projects to be carried out
in the future have been made. Among the suggestions, we find:

- Hybrid approach with technical (engineering) models
- Introduce quality in regulation and benchmarking
- Optimal scale and industrial structure
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2.3 Sweden’s Performance Assessment Model – a theoretical
approach

Sweden has chosen to establish its revenue cap-model on a theoretical model called the
Performance Assessment Model (PAM). This model is not primarily based on statistics, but
on a virtual network and standard costs calculations. Each customer in a network is located
geographically and the model builds a theoretical network to serve all customers with a
specified level of quality and security of supply. The revenue-cap for each specific network
company will then be decided by calculating that company’s standard cost on the basis of the
virtual network and other relevant information such as each company’s number of customers.

There are four components in PAM:
1. Standard fixed costs (calculated by regulator)
2. Standard variable costs (calculated by regulator)
3. A quality of service credit – related to number of outages and the duration of those
4. Actual cost paid at the feeding point

Figure 1. Calculation of reasonable income with the Performance Assessment Model, average values for
a test population of 87 Swedish distribution companies.2

The results of the PAM model reflect:
The cost of investing in and operating a new distribution network designed to support
the present customers and built according to present technology and the present cost
level.

PAM is introduced along with a set of “conduct codes”. These will give the regulated
companies solid information on what to expect from the regulator. They will also have access
to use the PAM themselves in order to calculate their proper tariffs.

Expected results from the new regulation
- Increased efficiency in the network business

                                                
2 Performance based regulation – a new way to regulate the distribution of electricity in Sweden, Håkan
Heden, Swedish Energy Agency (Proceedings to Market Design 2003).

37%

26%

7%

30%
Standard capital cost

Standard operational costa

Quality of service credit

Cost paied at the feeding
point 
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• All companies will have a strong incentive to cut costs – profitability is no
concern for the Regulator

• No risk of micro regulation
• The regulator sets the price level and the companies run the business

Using PAM will also lead to an increased focus on quality aspects as it creates an automatic
link between the price level and the quality level. There is still a challenge to create the right
economic incentives.

2.4 Pros and cons – statistical benchmarking vs a more theoretical
approach

Sweden and Norway have chosen different approaches to calculate the reasonable level of
revenues for individual distribution companies. Both the theoretical approach and the statistical
benchmarking system have their strengths and weaknesses. Many opinions were discussed
during the conference.

Giving his views on Sweden’s newly developed model, Anthony White of Anthony White
Consulting expressed concern that investors will be troubled by too much flexibility in the
parameters in the model, since a small 1-2 percent change in one parameter could give 8-10
percents change in the profit line. It will therefore be important to the Swedish regulator not to
alter adjustments too easily and regularly.

Another point of criticism brought forth in the conference, is that since the reference/
comparison in PAM is limited to other Swedish companies, hypothetically a generally low level
of efficiency in Sweden would still give moderately efficient companies a price premium on
international standards. If all Swedish companies are 10% shy of international levels of
efficiency, all Swedish companies will, in fact, earn a 10% premium. Some kind of international
outlook is therefore desirable.

PAM does not take into account that various distribution areas have different characteristics
when it comes to topography, soil conditions, prevalence of seas/lakes and/or need of
submarine lines. Issues like these can be integrated in a later stage of legal assessment of
regulation results for an individual company.

Many speakers, among them Mr. Virendra Ajodhia of Delft University of Technology, pointed
out that all benchmarking approaches are very sensitive to data errors. When you use a
statistical benchmarking model you also need to have a number of similar companies to
compare to. That is not always the case, even for countries like Norway and Sweden where
there are more than 200 distribution companies in each country.
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3 Ways to regulate quality
By adding a quality factor and/or perspective to the regulations, today’s models aim to find the
correct balance between short-term efficiency and long-term quality of supply.
Below is a short summary of the ways in which some of the countries in Europe today are
tackling these issues.

3.1 Netherlands

Virendra Ajodhia presented the case for the Netherlands, where the Dutch Energy Regulator
(DTe) has announced its plans for the next regulation system starting in 2004 for electricity
distribution companies. An important feature of the new system is the integrated approach
towards price and quality (with reliability as the most important quality feature). The new
regulation system is based on the concept of yardstick competition. Under this approach, the
rewards to each company are based on its performance relative to that of others.

For the first regulatory period from 2001 to 2003, tariffs for distribution network use have
been regulated on the basis of a price cap system. Tariff levels are annually adjusted by a
factor of CPI-X, in which CPI is the consumer price index and the X-factor is the regulator’s
estimate of future efficiency improvements.

The future regulation system for reliability can best be characterized as a penalty and reward
system. The level of the reward or penalty depends on the deviation from a quality target. If
the actual level of reliability is higher than the target, the company receives a reward. On the
other hand, if actual reliability is lower than the target, the company pays a penalty. The
rewards and penalties come in the form of a revenue increase respectively decrease. For each
company, initially, an individual reliability target will be established, based (among other things)
on whether the network serves an urban or a rural area.

The idea is that – since reliability and costs are inextricably related – companies will choose a
reliability level at which profits are maximized. If the level of the marginal penalty or reward is
set at a level that reflects customers’ preferences for reliability, then the company’s private
reliability level choice will equal the socially optimal one. DTe will carry out a large scale
survey to determine the marginal costs customers experience due to outages.

In Netherlands, statistics on frequency, duration, underlying causes and other characteristics of
outages, have been collected since 1975 under the NESTOR project. These 25 years of data
will be most useful in the regulation.

3.2 Norway

Norway has used an income cap regulation regime since 1997. The consequences observed
so far have been increased system utilisation and reduced component maintenance that might
give a socio-economic negative impact on component and system reliability, argued Mr. Kjell
Sand of SINTEF Energy Research Institute.
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The Norwegian regulator, NVE, has taken some regulatory steps concerning the quality of
supply management. One of these is the mandatory reporting of interruptions (>3 minutes) for
end-users at all voltage levels. From 2001, NVE introduced quality dependent revenue caps
(the Cost of Electricity Not Supplied arrangement, CENS). Through the CENS, the revenue
caps will be dependent on the customers’ costs of long interruptions (>3 minutes). Short
interruptions (<3 minutes) and other voltage characteristics are not yet taken into account in
the present CENS system. NVE is however working on a set of regulations for the quality of
supply management in addition to the CENS.

In his presentation, Kjell Sand showed calculations that proved that the CENS costs will have
an important impact on utility decisions. He also concluded that only long interruptions (>3
minutes) are being subject for regulation from the NVE, although they only stand for 50% of
total costs related to interruptions and voltage dips. From a socio-economic point of view,
short interruptions and voltage dips should also be considered in investment planning and
hence in the regulatory framework.

Long interruptions (> 3min) 100 mill €

Short interruptions (< 3min) 75 mill €

Voltage dips 20-40 mill €

Total 195 – 215 mill €

Table 2. National Power Quality Costs3.

By and large, Kjell Sand believes that the CENS arrangement will not be enough to cover all
utility investment situations. But in the Norwegian income-cap regime, it has so far been a
useful instrument that still has to be improved.

3.3 Spain

As Juan Rivier from University Pontificia in Madrid related, Spain has followed the
international evolution of regulation practices. The new power quality regulation was
introduced in 2000. The electricity law established that the method to determine the
remuneration of regulated distribution activities should be based on objective, non-
discriminatory, and transparent criteria. Also, the method should consider the geographic and
market characteristics of the different distribution areas.

The remuneration in Spain has been untied from actual distribution costs (at least until next
revision). This gives a very strong incentive to cost reduction, which is the main reason that the
Spanish regulator has also developed an explicit power quality regulation. The three main
aspects of service quality that weigh into the regulation are:

1. Technical power quality, which includes

                                                
3 The Use of Payment for Electricity not Delivered in Norway: Is It Enough to Give Incentives for
Investments?, Kjell Sand, SINTEF (Proceedings to Market Design 2003).
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a. Continuity of supply or reliability (long interruptions)
b. Voltage quality (voltage level variations and voltage disturbances)

2. Commercial services
a. Commercial services associated to the wires are regulated as well as

commercial services for energy retail to regulated customers.

The continuity of supply refers to any interruption that lasts more than 3 minutes. In Spanish
regulation, there is an interruption when the voltage level at the connection point drops under
10% of the normal or contractual voltage level. The limit of 3 minutes is to take into account
only the permanent faults. An individual economic compensation for energy not supplied
(ENS) is used. The Spanish regulation also uses geographic areas differentiation and both
individual and system control of the continuity of supply.

The Spanish power quality regulation has several positive aspects and some negative. A
definite positive feature is that it is an explicit power quality regulation that is based on
measured and auditable continuity of supply indices. Some of the negative aspects are
discussed and referred to under the pros and cons-section below.

3.4 United Kingdom

Also in the United Kingdom, work has been done on how to encourage investments in quality
through adequate regulations practices. How this work has progressed was presented to the
conference by Martin Crouch in the proceedings and by Richard Clay (both OFGEM) on
location in Saltsjöbaden.

One of the challenges that UK regulators have identified concerns how to strengthen the
incentives that companies are provided with to deliver relevant output measures and/or place
increased focus on the monitoring of outputs. The way UK regulators have handled this is by
introducing the Information and Incentives Project (IIP) along with some other measures.

Two of the key aims of the IIP are to improve quality of service information and to strengthen
incentives on DNOs (Distribution Network Operators) to deliver an appropriate level of
service to customers. Three main workstreams have dominated OFGEM’s efforts:

1. To establish the key measures of quality of service appropriate for incentivisation
2. To ensure that these are measured accurately across time and across DNOs
3. To introduce an incentive scheme that links quality of service to the revenues DNOs

can recover under the price control framework

OFGEM and the industry agreed that a small number of quality of service measures should be
financially incentivised and that those incentives should reflect what customers actually value.
The key measures chosen were:

1. the number and duration of interruptions to supply that customers experience, and
2. the speed and quality of response to customer telephone calls.
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How to measure these aspects proved to be difficult since DNOs used different definitions and
different approaches to measuring their quality of service performance. OFGEM therefore
decided to introduce standard definitions and guidance and minimum levels of accuracy that
DNOs must meet for reporting quality of supply.

On 1 April 2002, OFGEM introduced a new quality of service incentive scheme directly
linking the quality of service DNOs deliver to customers to the amount of revenue that they
can collect from customers. The scheme involves several elements, among those:

1. a mechanism that penalises DNOs annually, by up to 1.75 per cent of revenue, for not
meeting their targets for the number and duration of interruptions to supply.

2. a mechanism for rewarding or penalising companies annually by up to 0.125 per cent
of revenue depending on the quality of the telephone response they provide to
customers.

3.5 Are quality regulations and incentives enough?

One could definitely question if the measures taken to secure quality and continuous
investments in networks are enough. Mr. Curt Lindqvist of Sydkraft (Sweden) was one of the
speakers at the conference who raised concern regarding this, specifically with the new
Swedish model in mind. He suggested that problems could arise from working with a model
that is too mathematically and quantitatively exact. Mr. Lindqvist would therefore like to see
the proposed model to be complemented with a model that integrates qualitative factors like,
for instance, future investment ambitions and/or plans. By saying this, he implicates that
incentives are probably not given to the proper extent in PAM.  On the other hand, the
proposed Swedish model puts a lot more emphasis on quality aspects than, for example, the
model used in the UK.

A problem with inconsequence that could arise from weighing in more qualitative factors (like
investment plans) in the regulation was illustrated by the Spanish model, which was presented
by Mr. Juan Rivier. If some area has a worse quality level (as assessed by system indices) than
expected, the distribution company is not necessarily penalized for this. It has one year to
invest and to correct the problem. On top of that, though, the company may also get an
allowance to increase tariffs to cover up to 50% of the investment plan. That way, the
distribution company does not only avoid penalization, it also gets a premium for doing what it
should have already done. Firm rules and principles are needed when including qualitative
factors in the regulation.

Another inconsistency in the Spanish system, as pointed out by Juan Rivier, is that the
compensation for ENS is derived from the customer’s cost of energy (per kWh), multiplied by
five. This makes the compensation to an individual customer dependent on that customer’s
specific cost of energy (which tends to be high for domestic customer and lower for an
industrial customer) and not on the customer’s valuation of the energy not supplied.
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Just like the referred to UK-example above indicates it can be quite a job just to define what
criteria to follow up and how to do it. The need for accurate and consequently compiled data
is obvious. Also, the task to define customer value is crucial.

Whether the models suggested for the future will give incentives that are enough to secure
investments is almost impossible to tell. As is the case with all models, nuances and
developments in the real world run the risk of not being fully and/or correctly represented.
Therefore, it is definitely one step in the right direction to incorporate the quality aspect in
regulation, but regulators can’t stop there. All models will need further refining and fine-tuning.
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