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28.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-13; Appendix DD, pp. 7, 9
Monthly Energy Study – Primary Objectives

BC Hydro states in its Application:

The primary objectives of the Energy Study are to forecast:
The marginal value of water in BC Hydro’s two largest reservoirs (Williston 
and Kinbasket) that is used to inform operational dispatch decisions; and
The Cost of Energy for financial reporting.

BC Hydro filed the Energy Studies Process Internal Audit in Appendix DD to the 
Application. It states on page 7 that “BC Hydro produces an Energy Study every 
month. The primary objective is to forecast, over a five year horizon, an optimal 
set of reservoir and generating station operations and market transactions under 
current forecasts of market, inflow and weather conditions.”

BC Hydro states on page 9 of Appendix DD that “Energy Study reports are 
prepared on time and contain an appropriate level of detail; however they do not 
serve short-term operational planning needs.”

1.28.1 Please reconcile the primary objective of the Energy Study “to 
inform operational dispatch decisions,” and the statement in the 
Energy Studies Process Audit that the Energy Study “do not serve 
short-term operational planning needs.”

RESPONSE:

This answer also responds to BCUC IR 1.28.1.1 and BCUC IR 1.28.1.2.

The Energy Study does not serve short-term operational planning needs because
it does not recommend a day-to-week ahead operation based on short-term 
variation in inflows, loads and market prices. Furthermore, Energy Study models 
simulate and optimize operation at plant level, not a generating unit level, in order 
to be able to run over multi-year time periods. Other tools such as spreadsheets, 
database applications and proprietary software are used to manage individual 
units, projects and the system as a whole to be responsive to rapidly changing 
conditions (e.g., storms, cold snaps, forced outages).

In the month-to-year ahead time horizon, the Energy Study provides an 
appropriate level of guidance in terms of pricing, given that the large storage 
reservoirs fill and draft on a seasonal time scale. In other words, short-term
impacts can be absorbed by the larger system and there would be little benefit 
from increasing the frequency of the monthly Energy Study.
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29.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-16; Appendix DD, p. 9
Monthly Energy Study – Maximizing Revenue

In its Application, BC Hydro states “[a]s part of minimizing costs to ratepayers, 
BC Hydro’s objective is to maximize ‘expected consolidated net revenue from 
operations.’”

BC Hydro states in Appendix DD: “BC Hydro has developed in-house models for 
long-term hydrothermal scheduling. These models are built to maximize risk 
neutral long-term net revenue.”

1.29.1 Please discuss whether BC Hydro’s objective to maximize 
expected consolidated net revenue from operations is the same 
objective as the in-house models developed in the Energy Study, 
which is to maximize risk neutral long-term net revenue.

RESPONSE:

BC Hydro’s objective to maximize expected consolidated net revenue from 
operations as referenced on page 4-16 of Chapter 4 of the Application is done on a 
risk-neutral basis and is therefore the same as the objective to maximize risk 
neutral long-term net revenue, as referenced in Appendix DD to the Application. 

PDF Page 2



British Columbia Utilities Commission
Information Request No. 1.29.1.1 Dated: April 23, 2019
British Columbia Hydro & Power Authority
Response issued June 6, 2019

Page 1
of 1

British Columbia Hydro & Power Authority 
Fiscal 2020 to Fiscal 2021 Revenue Requirements 
Application

Exhibit:
B-5

29.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-16; Appendix DD, p. 9
Monthly Energy Study – Maximizing Revenue

In its Application, BC Hydro states “[a]s part of minimizing costs to ratepayers, 
BC Hydro’s objective is to maximize ‘expected consolidated net revenue from 
operations.’”

BC Hydro states in Appendix DD: “BC Hydro has developed in-house models for 
long-term hydrothermal scheduling. These models are built to maximize risk 
neutral long-term net revenue.”

1.29.1 Please discuss whether BC Hydro’s objective to maximize 
expected consolidated net revenue from operations is the same 
objective as the in-house models developed in the Energy Study, 
which is to maximize risk neutral long-term net revenue.

1.29.1.1 Please explain the term “risk neutral long-term net revenue.”

RESPONSE:

A risk-neutral operating strategy is based on achieving the expected outcome,
assuming each of the modeled possible outcomes is equally likely, and does not 
bias towards or against favourable or unfavourable outcomes. Long-term refers to 
the five-year time horizon over which the optimization is run.
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29.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-16; Appendix DD, p. 9
Monthly Energy Study – Maximizing Revenue

In its Application, BC Hydro states “[a]s part of minimizing costs to ratepayers, 
BC Hydro’s objective is to maximize ‘expected consolidated net revenue from 
operations.’”

BC Hydro states in Appendix DD: “BC Hydro has developed in-house models for 
long-term hydrothermal scheduling. These models are built to maximize risk 
neutral long-term net revenue.”

1.29.2 Please confirm, or explain otherwise, that “consolidated net 
revenue from operations” includes any cost and revenues incurred 
by BC Hydro and Powerex.

1.29.2.1 Please discuss to what extent BC Hydro (and through 
Powerex) consider minimizing costs from operations as part of 
its objective to “minimizing costs to ratepayers.”

RESPONSE:

BC Hydro does not believe that minimizing costs from operations should be an 
objective of the Energy Study. The Energy Studies models are designed manage 
risks, revenues and certain costs in order to maximize overall net revenue to the 
benefit of our customers. Minimizing costs from operations would have a 
corresponding impact on BC Hydro’s ability to maximize overall net revenue. 

Maximizing overall net revenue means that increases in costs may occur in order 
to achieve even greater increases in revenues. For example, by increasing market 
purchases during lower priced periods, BC Hydro can receive the benefit of 
increased sales revenue in higher priced periods, resulting in a net overall benefit 
to customers.

For more information on the nature of the costs considered by the Energy Study, 
please refer to BC Hydro’s response to BCUC IR 1.29.2. 

PDF Page 4



British Columbia Utilities Commission
Information Request No. 1.31.1 Dated: April 23, 2019
British Columbia Hydro & Power Authority
Response issued June 6, 2019

Page 1
of 4

British Columbia Hydro & Power Authority 
Fiscal 2020 to Fiscal 2021 Revenue Requirements 
Application

Exhibit:
B-5

31.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, Appendix DD, pp. 9, 13
Monthly energy studies – Backtesting

BC Hydro states on page 9 of Appendix DD to the Application that “[m]ost of the 
85 models involved in the Energy Studies process are documented in the Model 
inventory, and have been assigned a primary and a secondary owner.”

On page 13 of Appendix DD, BC Hydro states that “[n]o regular back testing (or 
benchmarking) is performed in the current process.” 

1.31.1 Please explain whether a range of inputs are used in the 
85 models. If yes, please elaborate on how the range of values is 
determined and explain the methodology on how the range of 
inputs to the 85 models are compiled to produce the single values 
reported for each of the Cost of Energy components.

RESPONSE:

There are many dependencies between models within the Energy Studies 
process, where the outputs from one are used as the inputs for another. Most
models take inputs in ensemble form and produce an ensemble of results, 
corresponding to 45 different weather years (1973-2017). 

Please see the Hydrology section below for details on the implementation of the 
ensemble of weather years.

The use of these weather year ensembles ensures that the variability in inflows, 
prices, loads, and resources due to the impacts of weather are well represented in 
the models, producing a range of possible outcomes. This range captures both 
dry and wet periods and accurately represents the historic geographic correlation 
in weather between the regions included in the modeling. This range is large 
enough that BC Hydro considers the average of the resulting forecast to be an 
unbiased estimator of the drivers, and hence how the system will be operated. 

Incorporation of Variability in Hydrology

Hydrology, such as the inflows to each reservoir, is the largest driver of 
uncertainty in the Energy Studies. The inflows are a result of rainfall, and snow 
pack and glacier melt.  Once the annually variable snowpack has melted (usually 
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towards the end of summer), rainfall becomes the primary driver of reservoir 
inflows.

Seasonal inflow forecasts are made at the beginning of every month for each of 25 
BC Hydro basins. These forecasts are in ensemble form, with one ensemble 
member for each historic weather sequence.  In the Energy Study, forecast 
inflows are used for the Peace, Columbia, Kootenay and Pend-d’Oreille basins. 

As of 2018, historic weather and inflow data exists for the period 1973 through 
2017.  These 45 years provide the basis for the ensemble set.  The Energy Study 
models require 5 years of inflow data. As a result, a set of parallel sequences is 
created from the data that preserves any year-over-year correlation, as follows:

January 1973 to December 1977 

January 1974 to December 1978

January 2014 to December 1973

January 2017 to December 1976

Note that to ensure a continuous sequence of five years in all ensembles, the 
initial year (1973) is assumed to follow the last year (in this case, 2017), This same 
set of 45 weather year ensembles was used in all key model inputs. 2018 historic 
data is now available, and in January 2019 the number of ensembles increased to 
46 with the addition of the 2018 data.

Within the Energy Studies the use of these weather year ensembles ensures that 
variability in inflows, prices, loads, and resources due to the impacts of weather 
are well represented in the models, producing a range of possible outcomes.

For the small plants that are not explicitly modelled, historic generation is used 
with adjustments for upgrades, outages, or restrictions.

Incorporation of Variability in Markets:

The Energy Studies market model uses historic variability in the price of natural 
gas at Henry Hub to produce a forecast of gas price variability. This variability 
flows through to variability in Sumas gas and Mid-C electricity market prices. The 
Henry Hub gas prices are assumed to be uncorrelated with weather, but weather 
drivers do have some impact on the Sumas gas and Mid-C electricity forecasts.
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Incorporation into Energy Studies:

The sources of uncertainty listed above are addressed in the Energy Study by 
using modeling techniques that are tailored to explicitly represent these 
uncertainties in the economic optimization process, and produce a distribution of 
outcomes in the form of an ensemble of forecasts.

The 45 possible weather sequences were used as an input into the October 2018 
Energy Studies, along with the starting elevation of each reservoir as of 
October 1, 2018. 

The monthly Energy Studies models are proprietary decision support software 
developed in-house specifically to represent the characteristics of the BC Hydro 
system and adjacent energy markets. The suite of models forecasts, over a five-
year time horizon, an optimal set of reservoir and generating station operations 
and import/export activity. 

BC Hydro uses historic storage levels as a benchmark when ranking the current 
or forecasted storage. Historic storage levels are not used in the forecasting of 
future storage levels.

Primary System Operation Risks to Cost of Energy:

From an energy perspective, the primary system operation risks are not having 
enough water and having to import energy when prices are high, and having too 
much water and having to spill water and export energy when prices are low.  
Both of these risks can affect the cost of energy, and the Energy Studies is the 
primary tool used to assess the potential financial and system operating risks.

Dry Period Risks:

Some of the scenarios examined will have combinations of higher winter loads, 
lower winter inflows, and lower delivery from BC Hydro small hydro facilities and 
independent power producers. These scenarios may forecast a draft of system 
storage, increased imports, and the operation of Island Generation to manage 
system storage. 

Scenarios that result in exceptional drafts of storage are examined to ensure that 
load requirements can be met.

Wet Period Risks:

BC Hydro reviews the results of the Energy Studies to manage the risk of spill in 
wet/warm sequences.
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Results for the Test Period:

The values reported under the Heritage Energy section (lines 1-3) and Market 
Energy section (lines 8-10) of Schedule 4 of Appendix A of the Application are 
derived from the October 2018 Energy Study. The Energy Study calculates these 
values with a monthly granularity for an ensemble of weather years. The average 
of the ensemble is used as the basis for the fiscal year forecasts.
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32.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, Section 4.4.2.1, p. 4-16; BC Hydro Quick Facts, 
June 20171, p. 2
Heritage asset 

BC Hydro states in its Application:

Energy production and plant capacity is affected when generation units are 
taken offline for maintenance, de-rated or forced out of service. The Energy 
Study accounts for unit and plant maintenance schedules as well as 
outages required for BC Hydro’s capital plan. In addition, historic reliability 
data is used to account for the risk of forced outages.

BC Hydro presents the generating capacity in MW of each of its heritage assets 
as of March 31, 2017 in the BC Hydro Quick Facts.

1.32.1 Please provide the unit capacities used in the Energy Study and 
the amount by which these capacities differ (if at all) from the 
nameplate capacities or other reference capacities such as those 
listed in the BC Hydro Quick Fact document.

RESPONSE:

The Energy Study models explicitly forecast BC Hydro plant generation only at 
GM Shrum, Peace Canyon, Mica, Revelstoke, Kootenay Canal, Seven Mile, and 
Waneta. The maximum capacity for each of these facilities assumed in the Energy 
Studies is provided in the table below. Generation from all other hydro plants in 
the system is based on historic production, adjusted to account for changes in 
plant characteristics, water supply (inflows), and outages.

Please note that the models that forecast the energy production from the set of 
plants listed below seldom dispatch these plants at full capacity, since other 
constraints often govern in the model, such as:

Number of units available;

Hydraulic head;

Water license or other regulatory constraints;

1 https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/accountability-
reports/financial-reports/annual-reports/bchydro-quick-facts-june-2017.pdf.
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System capability; and

Market opportunities.

The focus of the Energy Study models is to provide a monthly forecast of energy 
production not an evaluation of capacity to meet peak loads. 

Plant Energy Study Plant Capacity
(MW)

Quick Facts Plant Capacity
(MW)

GM Shrum 2850 27302

Peace Canyon 700 694
Mica 2700 2746
Revelstoke 2500 2480
Kootenay Canal 560 583
Seven Mile 794 805
Waneta 466 164**
** 1/3 of Waneta plant capacity.

2 GM Shrum Capacity will be revised higher to 2778 MW in the next update of Quick Facts.
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32.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, Section 4.4.2.1, p. 4-16; BC Hydro Quick Facts, 
June 20171, p. 2
Heritage asset 

BC Hydro states in its Application:

Energy production and plant capacity is affected when generation units are 
taken offline for maintenance, de-rated or forced out of service. The Energy 
Study accounts for unit and plant maintenance schedules as well as 
outages required for BC Hydro’s capital plan. In addition, historic reliability 
data is used to account for the risk of forced outages.

BC Hydro presents the generating capacity in MW of each of its heritage assets 
as of March 31, 2017 in the BC Hydro Quick Facts.

1.32.3 Please provide the utilization rates for generation units assumed 
or resultant from the Energy Study as applicable to the Cost of 
Energy in the Application.

RESPONSE:

BC Hydro’s generating units can only be utilized to the extent that water is 
available to power them. BC Hydro defines ‘utilization rate’ as the proportion of 
the total discharge from the upstream reservoir that passes through the turbines.

The Energy Study models forecast dispatch at the plant, rather than generating 
unit level. The information in the table below is therefore on a plant basis. 

1 https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/accountability-
reports/financial-reports/annual-reports/bchydro-quick-facts-june-2017.pdf.

PDF Page 11



British Columbia Utilities Commission
Information Request No. 1.32.3 Dated: April 23, 2019
British Columbia Hydro & Power Authority
Response issued June 6, 2019

Page 2
of 3

British Columbia Hydro & Power Authority 
Fiscal 2020 to Fiscal 2021 Revenue Requirements 
Application

Exhibit:
B-5

Facilities Explicitly Modeled in the Energy Study

Facility F2010-
F2019

Average 
Historic 

Utilization 
Rate
(%)

F2020
Forecast 

Utilization 
Rate

(%)

F2021
Forecast 

Utilization 
Rate

(%)

Notes

GM Shrum 99 100 99 In F2021 there is spill in some of the 
modelled sequences

Peace Canyon 100 100 99 In F2021 there is spill in some of the 
modelled sequences

Mica 98 100 99 In F2021 there is spill in some of the 
modelled sequences

Revelstoke 99 100 100

Kootenay Canal 87 89 88

Some of the generation comes from the 
Kootenay River plants that are in parallel to 
Kootenay Canal. Values represent Kootenay 
Canal + Corra Linn  turbine discharge 
divided by total Kootenay Lake discharge

Seven Mile 83 86 85 Includes economic spill
Facilities Not Explicitly Modeled in the Energy Study
Aberfeldie 34
Ash 45
Bridge 90
Cheakamus 38
Clowhom 72
Falls River 28
John Hart 85
Jordan 90
Ladore 87
La Joie 63
Lake Bunzten 1 85
Puntledge 42
Ruskin 65
Seton 74
Shuswap 15
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Facilities Explicitly Modeled in the Energy Study

Facility F2010-
F2019

Average 
Historic 

Utilization 
Rate
(%)

F2020
Forecast 

Utilization 
Rate

(%)

F2021
Forecast 

Utilization 
Rate

(%)

Notes

Spillimacheen 12
Stave Falls 87
Strathcona 92
Wahleach 93

Walter Hardman 100

Whatshan 95
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32.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, Section 4.4.2.1, p. 4-16; BC Hydro Quick Facts, 
June 20171, p. 2
Heritage asset 

BC Hydro states in its Application:

Energy production and plant capacity is affected when generation units are 
taken offline for maintenance, de-rated or forced out of service. The Energy 
Study accounts for unit and plant maintenance schedules as well as 
outages required for BC Hydro’s capital plan. In addition, historic reliability 
data is used to account for the risk of forced outages.

BC Hydro presents the generating capacity in MW of each of its heritage assets 
as of March 31, 2017 in the BC Hydro Quick Facts.

1.32.3 Please provide the utilization rates for generation units assumed 
or resultant from the Energy Study as applicable to the Cost of 
Energy in the Application.

1.32.3.1 Please discuss the feasibility of increasing the utilization rate on 
BC Hydro’s existing heritage assets, including a discussion on 
the benefits and challenges of doing so.

RESPONSE:

This response also addresses BCUC IR 1.32.3.2.

The utilization rate of BC Hydro’s facilities depends on the available capacity, the 
amount and timing of inflows, and the size of the upstream reservoir or headpond.

BC Hydro is in a multi-decade period of significant renewal of its Heritage Assets. 
Investments are prioritized and staged to maintain overall system reliability and 
spread capital costs to avoid sudden rate impacts. For facilities that are not a 
significant contributor to overall system reliability, investments to restore 
generation have been deferred until such time that: 

1 https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/accountability-
reports/financial-reports/annual-reports/bchydro-quick-facts-june-2017.pdf.
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1. There is a system need for energy and capacity; and 

2. They are of a high enough priority to be included within BC Hydro’s 10 year 
Capital Plan. 

Renewal investments are currently proposed in the next 10 to 20 year period. The 
current strategy includes preventative maintenance and implementation of those 
capital investments necessary to mitigate risks related to safety, water
conveyance, and the environment.

It should also be noted that increasing the size of the generating capacity may, in 
some situations, increase the utilization rates, but unless this is done on an 
opportunistic basis (i.e. end of life replacements) it would not reduce the overall 
cost to ratepayers because to get the incremental benefit BC Hydro would have to 
reinvest in the base utilization. In other words, to go from a 100 MW unit to a 
110 MW unit BC Hydro would need to replace the first 100 MW to get the extra 
10 MW, which is generally not economic unless the 100 MW is already being
replaced.
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32.0 D. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, Section 4.4.2.1, p. 4-16; BC Hydro Quick Facts, 
June 20171, p. 2
Heritage asset 

BC Hydro states in its Application:

Energy production and plant capacity is affected when generation units are 
taken offline for maintenance, de-rated or forced out of service. The Energy 
Study accounts for unit and plant maintenance schedules as well as 
outages required for BC Hydro’s capital plan. In addition, historic reliability 
data is used to account for the risk of forced outages.

BC Hydro presents the generating capacity in MW of each of its heritage assets 
as of March 31, 2017 in the BC Hydro Quick Facts.

1.32.3 Please provide the utilization rates for generation units assumed 
or resultant from the Energy Study as applicable to the Cost of 
Energy in the Application.

1.32.3.3 Please discuss whether increasing the utilization rate of 
BC Hydro’s heritage asset or expanding the capacity to 
BC Hydro’s heritage asset are lower cost alternatives than 
entering into IPP renewals to meet long-term needs.

RESPONSE:

Increasing the utilization rate or expanding the capacity of BC Hydro’s heritage 
assets may or may not be lower cost alternatives than entering into IPP renewals 
to meet long-term needs. BC Hydro’s alternatives for meeting its long-term needs,
which also include demand side management alternatives, are considered in our 
Integrated Resource Plan (IRP).

However, when we are making individual investment decisions with respect to IPP 
EPA renewals and heritage assets, the cost of an alternative is dependent on a 
number of different factors.  For example:

1 https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/accountability-
reports/financial-reports/annual-reports/bchydro-quick-facts-june-2017.pdf.
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The cost of individual IPP EPA renewals depend on many factors (e.g.,
resource type, location, age or condition of generation assets, energy profile, 
reliability) and such costs are not known until negotiations are completed;
and

The cost of incremental heritage asset capital investments to increase 
energy and/or capacity output depends on the scale, location, and timing of 
the project as well as whether they are conducted in concert with other
necessary asset investments.

Cost is one of many factors used to inform investment decisions across different 
resources (e.g., IPP renewals and investments in heritage assets). Please refer to 
BC Hydro’s response to BCUC IR 1.32.3.1 for a description of some of the other 
factors that influence the investment decisions with regard to heritage asset 
upgrades or expansions. Please also refer to BC Hydro’s response to 
BCUC IR 1.15.2.1 for a discussion of BC Hydro’s approach to EPA renewals during 
the test period.
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17.0 Reference: Exhibit B-1, page 4-15

1.17.1 How does BC Hydro account for climate change related weather 
conditions in assessing its cost of energy and market prices for 
energy, if at all? 

RESPONSE:

BC Hydro accounts for weather variability in assessing the cost of energy for the 
three main drivers as described in BC Hydro’s response to BCUC IR 1.31.1. 
BC Hydro’s assessment includes:

Weather variability affecting inflow;  

Weather variability affecting load; and  

Weather variability affecting markets.

Each year, the most recent year of historic data is added to the modeled weather 
sequences, so that the range adjusts over time and always includes the most 
recent data. This is based on the assumption that the variability in the historic 
record is an order of magnitude larger than the impact of any climate change on 
the mean forecast for the test period. This also means that impacts of climate 
change are implicitly included in the forecast.
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Exhibit:
B-17

22.0 BC Hydro Evidentiary Update – Appendix C - Page 3: Section 1.3

RESPONSE:

Please refer to BC Hydro’s response to BCUC IR 1.31.1 for an explanation of how 
inflows are used in the Energy Studies. In the near-term, expected inflow is based 
on an ensemble of inflow scenarios that account for current conditions such as 
the snow pack. In the longer term, the expected inflow is the average inflow based 
on the historical record.
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7.0 A. CHAPTER 4 – COST OF ENERGY

References: COST OF ENERGY
Exhibit B-1, Appendix DD, pp. 9–13; Exhibit B-5; 
BCUC IR 31.2, 31.3
Energy Studies – Backtesting

Page 9 of Appendix DD to the Application states “Effective governance is in 
place over the Energy Studies process.”

Page 10 of Appendix DD states “Key areas for improvement include process 
automation, upgrading legacy software coding for the Peace River model, 
refining documentation, and periodically backtesting to gain more insights into 
model performance.”

Page 11 of Appendix DD includes the following statements:

The Market Model was last reviewed externally in 2005. The basic 
methodology behind the model has been more or less unchanged for many 
years, but model code was rewritten as part of the Comet Improvement 
Project implemented in 2016. Model parameters are updated yearly based on 
the availability of new observations.
The Peace Model was implemented over 30 years ago and has been 
extensively tested through years of operational use.
The current model [Peace Model] does not incorporate a snow state variable 
which could result in underestimating probabilities for prolonged wet or dry 
periods when computing water values.
The methodology used to schedule the Columbia River system (COSTA and 
MUREO) is appropriate and considered best practice. However, given the 
complexities of the Columbia River system and the River Treaty, more effort 
should be put into verifying the results of the implemented models. 
Verification could be done by benchmarking against a second model which 
the team is currently developing with a university research group.

2.7.2 Please explain the statement that “more effort should be put into 
verifying the results of the implemented models [COSTA and 
MUREO].” In your response, please address how the models are 
considered appropriate and best practice given the current effort 
put into verifying the results.
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RESPONSE:

This answer also provides BC Hydro’s response to BCUC Panel IRs 2.7.6, 2.7.7, 
2.7.8, 2.7.9, 2.7.10 and 2.7.10.1.

The BCUC Panel has asked a number of questions in the 2.7 series regarding the 
Energy Studies models and whether they can be relied upon if they cannot be 
back-tested or otherwise fully validated. These questions were prompted by the 
Energy Studies Process Internal Audit provided in Appendix DD of the 
Application. 

While the internal audit included some recommendations on benchmarking and 
back-testing for management to investigate or consider, it is important to note the
Energy Studies Process was given a green ranking (i.e., only minor issues 
identified). The audit concluded that:

Key models are appropriate; and

The methodologies applied are in line with leading industry practices.

As noted in the audit, a “comprehensive process is in place to review the Energy 
Study results.”

This response first defines some of the terms and differences between 
verification, back-testing, and benchmarking to provide a consistent reference for 
discussion. Next, the three general types of Energy Studies models are discussed,
with a focus on the different forms of validation that are applicable for each
particular type of model.  

Definition of Terms

Verification of the models is a general term that includes a number of tasks that 
collectively provide BC Hydro confidence that its models can be relied upon. 
Verification includes benchmarking and back-testing, but it also includes other 
engineering work and ongoing operational review. As operational models, the 
Energy Studies suite of models must implicitly pass ongoing validity checks by 
the operations and Powerex staff. 

Back-testing involves running a model with known historic inputs and comparing 
the results to historic observations.

Benchmarking is the comparison of the results between two models.
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Types of Models

There are three general types of Energy Studies models, and each type of model 
requires a different form of testing or validation.  

Models that Create the Key Input Variables  

There have been many Information Requests in this proceeding about the 
modeling of the key variables (inflow, load, market price) that drive the outcomes 
in the Energy Studies1. The common theme among these models is that they all 
derive their results from historic weather data (temperature and precipitation).

Stochastic models create a probability distribution around a single trace forecast 
of the input variable (i.e., market price or load). The parameters of the models are 
derived from historic data, and models are calibrated to ensure that the 
distribution of the forecast matches the distribution of the historic data2. As 
discussed in BC Hydro’s response to BCUC Panel IR 2.7.4, for the market model 
there is a trade-off between choosing a long enough historic period to capture the 
range of outcomes and a short enough period to capture recent fundamental 
changes in the market. 

The hydrologic model produces the ensemble inflow forecasts that are used in the 
Energy Studies to represent the distribution of possible outcomes. This model is 
also calibrated and tested against historical data. For example, the Peace model 
was last calibrated in 2010. Data from 1989 to 2004 was used to calibrate the 
model, and data from 1981 to 1989 was used to check the calibration. This is an 
example of back-testing. There should be no need to recalibrate the hydrological 
model unless the physical characteristics of the basin change substantially. 
Regardless, BC Hydro periodically verifies the results to determine if recalibration 
is necessary. 

As probabilistic forecasts, there is no expectation that the forecast will be ‘right’. 
It is obviously not realistic in January to predict how much rain will occur on 
March 1. We do, however, know the average rainfall expected on March 1 and the 
distribution of possible outcomes around that average based on the historic 
observations. 

What is important for the key input drivers is that in operations BC Hydro checks
for biases in the results. For example, does the hydrologic model have a bias of 
                                               
1  Examples include BC Hydro’s response to BCUC IRs 1.31.1, 2.208.1 and 2.209.1
2  The models also downscale the monthly data to sub daily. A statistical analysis of historical data 

is used to derive the parameters of the regression equations in the model, and the resulting 
forecasts include the addition of appropriate error terms to match the distribution of historical 
data. 
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underestimating the impact of baseflow conditions in December? Since inflows 
are observed on a daily basis, comparisons of observed data to the forecast 
provide operational checks on the model parameters and adjustments are applied 
as necessary to remove any observed bias. 

Models that Simulate the BC Hydro System

Simulation models3

These apply engineering equations to simulate the mass balance of water in the 
reservoirs and the conversion of water passing through the turbines to energy.
These equations are well understood. 

The ‘characteristics’ in the models, such as volume of storage in the reservoirs 
and efficiency curves for the turbines, have been thoroughly tested by operation 
of the system over many years. These characteristics may change when a new 
unit or generating station is brought into service as operating experience is 
gained and tests are performed. For example, turbine runners on units 1 through 5 
at the GMS Generating Station were upgraded between 2013 and 2015, which 
resulted in improved efficiency and therefore higher energy production. Initial 
turbine efficiency curves were theoretical, based on engineering design. 
Operational tests were performed once the first unit was in service to verify the 
characteristics, and these values are used in the models.  

Benchmarking of simulation models

As described in BC Hydro’s response to BCUC IR 1.31.3, a number of alternative 
models exist that are used as part of BC Hydro’s daily and weekly analysis. These 
models simulate individual parts of the BC Hydro system and can be compared to 
specific models within the Energy Studies suite of models. These include models 
for the Kootenay system, Libby Reservoir, the Pend d’Oreille system, the 
Columbia River in the U.S., the Columbia plants in Canada, and the simulation of 
the Columbia River constraints.

An as example, the elevation and outflow from Libby Reservoir are forecast from 
the Energy Studies and from an alternative model, and the results of the two 
models are compared. While the results of the two models are usually close even 
though the alternative model uses different logic, the differences in the results are 
scrutinized to understand how the uncertainty in possible outcomes may impact 
operations and to improve the Energy Study models or the alternative model.

3  SOPHOS and COSTA are the two main simulation models in the suite of Energy Study models.
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Models that Optimize Operation of System Storage

Optimization models:

These are Stochastic Dynamic Programs that optimize the operation of system 
storage while accounting for the uncertainty in the input variables. These models 
are back-tested during their development and tested in parallel to other models 
before being brought into production. The specific approach to optimizing the 
Peace and Columbia systems is described on page 6 and 7 of Appendix DD and 
the methodologies are described in the audit as internationally recognized, which 
led to the audit conclusion that the key models “are appropriate and the
methodologies applied are in line with leading industry practices.” 

Peace model: 

The audit states on page 7 that the Peace optimization model has been 
extensively tested through years of operational use. The audit notes that legacy 
code is used in the Peace Model and that BC Hydro is working on a replacement 
model with updated code.

Columbia models: 

The models COSTA and MUREO were built together to simulate the constraints 
associated with the Columbia River Treaty (performed in COSTA), and then use 
those constraints in a stochastic optimization of BC Hydro’s Columbia generation 
(performed in MUREO). 

The audit recognized that the Columbia River system and the nature of operations 
under the Columbia River Treaty are very complex. A stochastic optimization had 
never before been successfully designed and implemented under such a unique 
set of constraints. Some new Stochastic Programming techniques were 
developed in order to meet the constraints and account for the uncertainty in the 
system. 

During development of the Columbia models, the models were back-tested by 
rerunning a select number of old Energy Studies. The selected studies were 
chosen based on months when the BC Hydro system faced significant 
constraints, such as during the high inflows in fiscal 2013 and the low inflows in 
fiscal 2011.The Columbia models were also run in parallel with the former 
Columbia models for a year before retiring the former models. This process 
helped to build trust in the new models as they did not yet have a track record of 
being used in operations.

Note that the term “benchmark” in recommendation No. 5 refers to analyzing the 
quality of the stochastic optimization program MUREO (Stochastic Sampling 
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Dynamic Program) by comparing it against another stochastic optimization 
program (in this case, Stochastic Dual Dynamic Program); it does not refer to
comparing how well the models describe the operation of the real system. This 
‘benchmarking’ will also be useful for advancing the optimization techniques that 
could eventually lead to optimizing the two rivers in one unified model instead of 
maintaining and coordinating the two models.

Conclusion

The audit noted that BC Hydro does not have a regular schedule of back-testing 
(or benchmarking) in the current Energy Studies Process. It also notes that
typically, calculated marginal prices would be compared with market prices to 
assess model performance, but given there are no market prices for the BC Hydro
system this is not possible. Recommendation No. 10 is a general, not specific, 
recommendation to ‘Investigate options for periodic benchmarking or 
back-testing of key model results.’ 

As described in the response to this IR, models are back-tested and benchmarked 
when bringing models from development into production, and there is regular 
verification of the models though operational use and comparison to other 
models. This combination of tasks is why the models can be relied upon.  

BC Hydro’s response to BCUC Panel IR 2.5.6 explains why the historical 
consolidated net revenue from operations cannot be used for back-testing, and in 
particular notes that a comparison is not useful without controlling for the 
variances of the primary drivers of inflow, load, and market prices. 

Formal back-testing and benchmarking, which is done prior to any model being 
brought into production, is a time consuming process. While models can always 
be improved and there may be benefit in regular formal back-testing and
benchmarking, management has to prioritize staff time and resources on the 
areas viewed as containing the most risk. Since the key input drivers have the 
largest impact on the outcomes, BC Hydro prioritizes understanding changes in 
these variables and analyzing for bias.

In 2019, BC Hydro conducted a literature review on benchmarking techniques. 
BC Hydro is currently working on a longer term plan to address the 
recommendation in the audit on back-testing and benchmarking.  
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7.0 A. CHAPTER 4 – COST OF ENERGY

References: COST OF ENERGY
Exhibit B-1, Appendix DD, pp. 9–13; Exhibit B-5; 
BCUC IR 31.2, 31.3
Energy Studies – Backtesting

Page 13 of Appendix DD states the following:
No regular backtesting (or benchmarking) is performed in the current 
process. Typically, calculated marginal prices would be compared with 
market prices to assess model performance. Given there are no market 
prices for the BC Hydro system, this would not be possible. However, actual 
reservoir operation could be compared to model simulations.
Backtesting could be easier to perform if the process is further automated as 
discussed previously.

BC Hydro’s response to BCUC IR 31.2 includes the following statements:
Back testing is not appropriate for the entire Energy Studies process. The 
BC Hydro system is constantly changing and there are many operational 
decisions that rely on human action. Therefore, back testing the Energy 
Study results would not provide useful insight into the quality of the models.
Back testing has been done on several components of the Energy Studies 
process in order to calibrate sub-models. In addition, the simulated reservoir 
elevations are tracked against actual elevations each week. Deviations 
between the two are explained as part of the weekly operations update.

2.7.4 “The Market Model was last reviewed externally in 2005, however 
the model code was rewritten in 2016.” Please clarify whether the 
Market Model has been externally reviewed since 2016. If so, 
please provide excerpts from the relevant external report. 
Alternatively, please identify any key areas of concern or 
improvement.

RESPONSE:

There has been no external review of the Market Model since 2016, although the 
recent internal audit performed in October 2018 included external reviewers from 
SINTEF.

The Market Model provides forecasts of prices in external markets, which form the 
basis for valuing energy within the BC Hydro system. This model is a statistical 
model, using inferred historic observed relationships between driving variables to 
forecast the range and trajectory of prices. While the basic methodology behind 
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the model hasn’t changed, the Market Model parameters are updated yearly based 
on new price data.

While the 2016 version of the Market Model contains many improvements over the 
previous version, BC Hydro’s primary area of focus for improvements within the 
model relate to using forward price curves as a forecast of eventual spot prices.
The challenges related to this include:

The use of historic data to estimate the regression relationships in the 
statistical model requires a trade-off between choosing a long enough 
historic period to capture the range of outcomes and a short enough period 
to capture recent fundamental changes in the market;

The fact that a single trace forward price curve cannot anticipate other 
scenarios of fundamental changes in energy markets that can be driven by 
policy or economic developments; and

Changing market conditions as some load serving entities are increasingly 
seeking forward supply commitments to meet their expected peak loads and 
to manage operations, meet formal resource adequacy requirements, and 
secure energy products with specific environmental attributes to comply with 
clean energy policies.
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7.0 A. CHAPTER 4 – COST OF ENERGY

References: COST OF ENERGY
Exhibit B-1, Appendix DD, pp. 9–13; Exhibit B-5; 
BCUC IR 31.2, 31.3
Energy Studies – Backtesting

Page 13 of Appendix DD states the following:

No regular backtesting (or benchmarking) is performed in the current 
process. Typically, calculated marginal prices would be compared with 
market prices to assess model performance. Given there are no market 
prices for the BC Hydro system, this would not be possible. However, actual 
reservoir operation could be compared to model simulations.
Backtesting could be easier to perform if the process is further automated as 
discussed previously.

BC Hydro’s response to BCUC IR 31.2 includes the following statements:

Back testing is not appropriate for the entire Energy Studies process. The 
BC Hydro system is constantly changing and there are many operational 
decisions that rely on human action. Therefore, back testing the Energy 
Study results would not provide useful insight into the quality of the models.
Back testing has been done on several components of the Energy Studies 
process in order to calibrate sub-models. In addition, the simulated reservoir 
elevations are tracked against actual elevations each week. Deviations 
between the two are explained as part of the weekly operations update.

2.7.5 Please identify the most recent dates when reviews for those 
models where backtesting is considered appropriate were last 
performed, particularly with respect to each of the Peace Model 
and models for the Columbia River System (i.e. COSTA and 
MUREO). In your response, please identify whether each model 
was reviewed internally or externally.

RESPONSE:

COSTA is a stochastic rule-based simulation model that forecasts the constraints 
under the Columbia River Treaty. Because of the rule-based nature of the 
Columbia River Treaty and the COSTA model, back-testing is not appropriate. 
However, it is regularly benchmarked against the official Columbia River Treaty 
model that is used jointly by Bonneville Power, the US Army Corp of Engineers, 
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and BC Hydro to calculate the Columbia River Treaty operational constraints each 
month.

The Peace optimization model was last back-tested in 2005 and was reviewed 
externally in 1998. As described in the Energy Studies Process Internal Audit 
(Appendix DD in the Application), ‘The Peace model was implemented over 
30 years ago and has been extensively tested through years of operational use’. 

MUREO was back-tested as part of the MUREO development project that was 
completed in 2016. There has been no external review of this model, although the 
Energy Studies Process Internal Audit included external reviewers from SINTEF. 

The system simulation model (SOPHOS) simulates the Peace and Columbia 
systems. Complete back-testing of SOPHOS was last performed in 2016 as part of 
the SOPHOS development project. There has been no external review of this 
model, although the Energy Studies Process Internal Audit included external 
reviewers from SINTEF. 

Please also refer to BC Hydro’s response to the BCUC Panel IR 2.7.2 for a discussion 
of verification and back-testing.  
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7.0 A. CHAPTER 4 – COST OF ENERGY

References: COST OF ENERGY
Exhibit B-1, Appendix DD, pp. 9–13; Exhibit B-5; 
BCUC IR 31.2, 31.3
Energy Studies – Backtesting

BC Hydro’s response to BCUC IR 31.3 states:

The major results of the Energy Studies are discussed each week within 
BC Hydro’s Generation System Operations Group and with Powerex, and 
there are regular comparisons to previous results. A number of alternative 
models exist that are used as part of BC Hydro’s daily and weekly analysis. 
The results of these alternative models are also used to verify that the 
Energy Studies models are working as intended.

2.7.8 Please explain why major results of Energy Studies, and 
comparisons to previous results, are discussed weekly if 
backtesting is not performed on a regular basis.

RESPONSE:

BC Hydro reviews the forecasts of key drivers to the Energy Study models weekly 
to see how they compare to those used for the most recent Energy Study to see 
how they would impact the major results from the Energy Study.  

Backtesting is a different process which involves running a model with known 
historic inputs and comparing the results to historic observations. For more 
information about backtesting, please refer to BC Hydro’s response to 
BCUC Panel IR 2.7.2. 
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don't make much of a contribution to the load during 

the spring freshet at two o'clock in the morning? 

MR. RICH:   A   Yes, that's correct. 

MR. AUSTIN:   Q   And I don't know if this is the right 

question for this panel but if BC Hydro was able to 

track more load from the oil and gas industry would it 

help ameliorate any surplus freshet energy problem you 

might have? 

MR. CLENDINNING:   A   I think it would help in that 

period, but I think you'd have to look at what would 

the impact be on our other peak periods?  For example, 

like last week.  So, I think there's some tradeoffs to 

be made by that, adding new load.  So while in the 

freshet maybe we'll take anything that we can get, the 

profiles of customers -- it would depend on their 

overall daily and seasonal and monthly usage.  

MR. AUSTIN:   Q   Now that we've set the table in relation 

to the core BC Hydro system contributions by IPPs, can 

you please now take us through how you assess the 

risks and manage those assets over a one year period? 

 Proceeding Time 10:19 a.m. T28  

   So I guess this gets us a bit into the 

energy studies discussion, because what the energy 

studies do is that they model really our load resource 

balance.  And I know we use that term a lot, and I 

might just explain it because we do use it in 
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different time settings. 

  For example, when Mr. Austin referred us to 

Table D-1 in the long-term planning view, that's 

really a load resource balance at an annual level, and 

at an annual level it's both on energy and capacity.   

And then the energy studies in the end is creating 

that at a monthly value.  The energy studies does do 

some month calculations that affect it, but 

essentially what we are doing is getting a monthly 

load resource balance.   

  And just to finish that off.  When we're 

actually in operations, like the shift office that I 

had talked about previously, what they are doing is 

doing a load resource balance for the next hour.  So 

we use that term a lot and we can use it in different 

times, but for the energy studies what it is a load 

resource balance on the energy out across the 

operating time period.  

  And so what the energy studies also really 

do is it -- it's really looking at the probabilities.  

So there is the key factors that are the drivers into 

the energy studies are the inflows, and that's the 

biggest one.  Also the load.  And then the market 

prices.  So those three tend to be the big ones that 

change things a lot.   

  Also included that can have an impact is 
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any outages or system constraints that we have in.   

So that's all in the energy study.  

  So what they do is they model it out and 

they give an optimal set of where you are now versus 

all the things that can happen.  And so we see that 

going out, and that gives us the price signals.  And 

generally what we want to do is operate the system in 

the most economic way.  But we do take, I'll call it, 

intervention going outside of that purely economic 

part in two places, and that's around having low 

reservoir levels and around potential for spill. 

  And actually, just before I go there to 

finish up a bit more on the energy studies, is that in 

the economic view that the energies are doing in that 

optimization, they are also taking into effect the 

economic tradeoff of when the reservoirs are higher 

you can get more generation out of them, but you also 

have a spill risk.  And so they are taking account of 

that tradeoff in the studies.  But then when we get 

into real time, we do have other considerations.  

  So like for example, around the risk of 

spill, there is also other considerations for 

environmental and social reasons why we might not want 

to spill a damn, so we may not do the purely economic 

part.  And then on the low side, what we're really 

doing is watching that low point of our reservoirs and 
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looking at how many of our sequences, so -- and when I 

say "sequences" it's the historical -- I think we're 

at 46, it might be, years that then give that 

probabilistic distribution that we're looking at.  So 

we're looking at, okay, what's the probability that we 

might get really low in those reservoirs and at what 

point are we comfortable or not with it.   

  So to answer your question about the risk, 

we use energy studies to give the economic picture and 

then we evaluate and look at -- I tend to call them 

the tails.  They are the outliers on the distribution.  

So we keep an eye on our tails.  

MR. AUSTIN:   Q   I'd like to go through this in just a 

bit more detail because it's very important to 

understand in relation to your decisions.  Not your 

decisions, BC Hydro's decisions in relation to would 

it allow Powerex access to in relation to energy, and 

also meeting its domestic energy requirements. 

Proceeding Time 10:24 a.m. T29  

  And I'd like to refer you to Clean Energy 

Association of B.C. information request 1.5.1, and 

that is Exhibit B-6.  So that's Exhibit B-6, Clean 

Energy Association of B.C. Information Request number 

1.5.1.   

MS. MATTHEWS:   A   Yes. 

MR. AUSTIN:   Q   And under the heading test period, it 
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says, 

"For the test period, BC Hydro used an ensemble 

of inflow forecast based on historic inflows to 

determine the energy forecast of modelled plants 

and the application as found in columns 10 and 

11 of schedule 4.0 in Appendix A." 

  So, is it correct to say that your energy 

studies are based on what you have in terms of water 

in the reservoirs, and then using a one year period, 

you look forward in terms of potential inflows 

resulting from precipitation? 

MS. MATTHEWS:   A   Yes, so what the energy studies do is 

at their point of time they use the current available 

information of the system.  So they start at current 

conditions.  And for the application this was based in 

October, and so when you're in October you don’t yet 

have information on the snowpack.  So you've got that 

range of ensembles from history, but really that's 

just going to be saying that you are expecting 

average.  And I should be clear, I mean in our answers 

we often use the word "expected," and that is really a 

statistical, probabilistic term.  It means the average 

in the middle.  It's not like I expect to do this 

tomorrow and I know that is what I'm going to do.  So, 

I think sometimes people misunderstand that word, but 

it's expected it's really, like remaining the average 
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going forward. 

MR. AUSTIN:   Q   So essentially what the models do is 

predict -- I'll take that back.  What the models do is 

assume average inflows over whatever horizon they are 

looking at.  So, in the case of a one year study, they 

assume from whatever date that they run, the 

precipitation will be average for the next year? 

MS. MATTHEWS:   A   Let me just explain it a little bit 

more, because it is slightly different.  For one, the 

energy studies do go out past the three year period, 

and that's just to make sure that there is not some 

end effect at the end.  So it's not just one year when 

we are doing them, it goes out that one year, the two 

years, the three years.   

  And the way we do our ensemble forecast, is 

that like again, if we are here in January, and what's 

the rain going to be on August 15th we really don't 

know. 

Proceeding Time 10:28 a.m. T30 

  So if I was to ask anyone in the room how 

would they determine that, they'd probably look at the 

historical record, you know, put a probabilistic 

distribution about it and a pick the middle. 

  So in terms of rain, as we're doing in 

energy studies now, you're using that historic.  Now 

what really comes into -- so, and for precipitation, 
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precipitation and for temperature. 

Now, in let's say where we are in January, 

if I'm trying to predict what the inflow to the 

reservoir is in April 1st, then I could go back and 

look at the historic record and say, okay, I guess it 

to just be average.  But because I know something 

about the snowpack now and that information provides 

me, I'll call it skill of what that inflow to the 

reservoir might be on April 1st, so that gets 

incorporated into our inflow model part that then 

feeds the energy studies. 

So to your question, when we're in October 

and looking out much further for the year, it really 

is going to be just reflective of what average water 

might be.  As we come through the year and we know 

something about it -- like for example, the 

evidentiary update is based on the June energy study 

and we knew at that time that there had been very 

low/slow flow, we had really dry -- we call them 

antecedent conditions, the preceding conditions, 

that's going to actually affect -- so you're not 

actually expecting average going forward, it's 

probably going to be lower than average. 

So I guess to answer your question, 

depending on what time of the year your energy study 

is, it will be taking that information into account. 
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MR. AUSTIN:   Q   But beyond January I don't have actuals. 

MS. MATTHEWS:   A   Correct. 

MR. AUSTIN:   Q   All I have is -- 

MS. MATTHEWS:   A   Forecast. 

MR. AUSTIN:   Q   -- it might snow, it might rain, it 

might not. 

MS. MATTHEWS:   A   Right.  No, that's right.  So as the 

hydrology models do it, they start with the current 

snowpack, and then for a historic year of precip and 

temperature it would actually build that snowpack and 

unbuild or turn it inflows coming into the reservoirs.  

So that's all part of what comes out of the hydrology 

model. 

MR. AUSTIN:   Q   And you don't have to turn to this 

Information Request if you don't want to because I'm 

just going to be referring to one online of it, it's 

Exhibit B-5, B.C. Utilities Commission Information 

Request 1.31.1.  It's Exhibit B-5, B.C. Utilities 

Commission Information Request No. 1.31.1.  And under 

the heading "Incorporation of Variability in 

Hydrology", hydrology such as the inflows to each 

reservoir is the largest driver of uncertainty in the 

energy studies. 

MS. MATTHEWS:   A   Yes.  No, that's correct.  I talked 

about the three main drivers is inflow, load, and 

market prices, and certainly inflows is the biggest 
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range of how it impacts the outcome 

Proceeding Time 10:33 a.m. T31  

MR. AUSTIN:   Q   And biggest by how much? 

MS. MATTHEWS:   A   Let's see.  Just give me a second. 

No, I probably can't quite figure it out in 

terms of impact on, let's say overall on cost.  But 

it's probably -- I'm kind of guestimating, it would be 

at least -- if I look at it in terms of outcome on 

dollars on the cost of energy, it would probably be at 

least 50 percent of that.  

MR. AUSTIN:   Q   Okay.   

MS. MATTHEWS:   A   So I mean maybe it's 50 percent that 

and 25 percent each for market prices and for load.  

That, of course, can still change a lot.  Like if the 

market is super volatile in one year  But in general 

and on average that's probably fair.  

MR. AUSTIN:   Q   I'd like to refer you to Exhibit B-6, 

Clean Energy Association of B.C. Information Request 

1.7.7.  That's Exhibit B-6, Clean Energy Association 

of B.C. Information Request No. 1.7.7.    

MS. MATTHEWS:   A   Okay, yes, I have it.  

MR. AUSTIN:   Q   And I'd like to refer you to the 

response, the second paragraph.  And it says: 

"There is some inherent unpredictability in 

weather and this grows with forecast lead 

time; i.e. the weather forecast for the next 
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day tends to be more accurate than a weather 

forecast for ten days later.  Regular 

verification of point numerical weather 

forecasts is performed to assess 

predictability and identify areas for 

improvement." 

And then the next paragraph says, last two sentences: 

"Precipitation forecasts generally have no 

skill but are shown to have marginal skill 

regionally at certain times of the year.  

For example, northwest B.C. in spring, south 

interior in the summer, in parts of south 

coast region in the fall." 

 Next sentence: 

"Skill generally decreases at longer time 

horizons of four to six months, seven to 

nine months and ten to twelve months."   

So for the purposes of the accuracy of the 

results of the energy studies, is it fair to say that 

the longer you go out, the less accurate they are 

because of the large hydrological component of those 

energy studies which is essentially the weather? 

MS. MATTHEWS:   A   I'm going to actually distinguish 

between weather forecasting and between what we do in 

the energy studies because it's actually different.  

So I mean, the answer is definitely that the weather 

forecasts, and it talks in the near term, it's better  
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for the next day than ten days out.   really physical 

models that model the weather, it's pushing it if you 

go to ten days.  Even five days can be -- it gets 

worse as you go on.   

  This question is really about getting 

outside the early weather.  Can you use these other 

climate indicators like sea surface temperature and 

whether it's an la niña or el niño year to give you an 

indication of in the next three or six months are you 

going to be warmer or dryer than normal, or are you 

going to be -- whether -- or dryer.  And I think this 

may have come up in another part of this discussion 

earlier.   

  So in our load forecast and in our 

hydrology forecast -- or in our load forecast we 

don't, you know, change it based on those, I'll them 

seasonal -- it's not really a weather forecast, it's 

more like a seasonal direction. 

Proceeding Time 10:38 a.m. T32 

 And certainly the scale for precipitation is usually 

very poor and it can be a bit better for temperature.  

It's something that we always watch to know if there's 

a leaning, but we're also very careful about deciding 

to then incorporate and make decisions on that.   

  So with the energy -- so I disagree with 

the part of then that the energy studies gets less and 
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less accurate as you get up because the energy studies 

is not actually trying to forecast the weather.  As I 

had asked the question, you know, earlier, if you're 

going to guess at whether it rains or not in April, 

what you'd do is you look back at historics.  So we're 

not trying to use physical weather forecasting models 

to do it, we're just looking at what's the probability 

and we know the probability.  We know it's not right.  

Like, we're not trying to guess, that's the point.   

  What we're doing is we've got a range of 

probabilities and then as we go forward we're always 

adjusting as we get more information.  And what we're 

doing is we're not betting that it's going to be wet 

and we're not betting it's going to be dry, we're just 

going forward economically kind of always aiming for 

the middle and adjusting as it goes.  

  So I disagree with that you had said, that 

part.  I do agree with it if you think about it in 

terms of actual weather forecasting, but that's really 

only two weeks. 

MR. AUSTIN:   Q   I'll look at the second part of this and 

I'll put it in context.  I have my energy studies.  A 

very large component of those energy studies is what 

happens with respect to hydrology, which is 

precipitation.  For the purposes of my modeling aren't 

I trying to forecast precipitation which translates 
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into hydrology which translates into how I operate my 

system? 

MS. MATTHEWS:   A   That is true, but I think you have to 

think of what we mean by a "forecast".  So when we 

think of a forecast obviously we're trying to make it 

as accurate as we can, but we know we can't guess the 

weather.  We -- 

MR. AUSTIN:   Q   Thank you.  

MS. MATTHEWS:   A   We expect it to be different.  What 

we're doing is tracking where we are in the 

probability and adjusting as we go forward.  And also 

another big part of that, and I'm sure we'll get into 

this at some point when we discuss the models more, is 

that we really want to check that the imports aren't 

biased, and I know yesterday there was discussion on 

that on the load forecast.  But we're not trying to 

guess the weather, we're going on the expected which 

is the mean of all the historic. 

THE CHAIRPERSON:     Ms. Matthews, I wonder if I could 

just jump in here.  I think I understand what you're 

saying about -- and you're saying that your energy 

model doesn't forecast the weather, when you say "we", 

I think that's what you mean, right? 

MS. MATTHEWS:   A   Yeah. 

THE CHAIRPERSON:     Your model doesn't forecast the 

weather, it uses averages.  So however, this IR does 
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seem to talk about weather forecasts.  So is this IR 

then talking about some weather forecasts for some 

other reason other than your energy model?  Because 

I'm a little confused why we're looking at an IR 

that's talking about the weather forecasts that BC 

Hydro relies on and various modeling you do around it 

and so on -- you know, the words are there.  But if 

you don't actually do that then this must be talking  

-- this IR must be about weather forecasting for some 

different purpose, is that correct? 

MS. MATTHEWS:   A   Well, the question asks, "providing 

any copies or links that BC Hydro has commissioned 

with respect to unpredictable weather patterns."  So 

all it is is talking about how we forecast weather and 

I think there is interest of, can you adjust if you 

see these El Niño questions and so that's really what 

it's addressing. 

THE CHAIRPERSON:     Right, but your response says that 

"regular verification of point numerical weather 

forecasts is performed." 

MS. MATTHEWS:   A   Yes. 

THE CHAIRPERSON:     So you're doing that for some other 

reason then, other than your energy model.  Is that 

the right conclusion to draw here? 

MS. MATTHEWS:   A   Oh, yes.  So, I mean, the energy 

study, when we do it, at a point in time actually 
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includes the weather forecast for the first ten days 

or so.  But regardless of the energy studies, because 

for the energy studies that's almost irrelevant. 

Proceeding Time 10:43 a.m. T33  

 But in the operations that we're doing in this within 

month timeframe, we are most certainly looking at that 

near-term forecast.  So we get a -- we produce weather 

forecasts each day of what the next ten days are, and 

we use that a lot for especially the smaller basins.  

We do also predict and make those forecasts for the 

big basins.  So the planning engineers are also 

looking at what is happening within the week, so that 

is what we use those weather forecasts for, not so 

much the energy studies. 

THE CHAIRPERSON:     Thank you for that. 

  And Mr. Austin, if you could let me know 

when is a reasonable time for a break, it doesn’t 

necessarily have to be now.  

MR. AUSTIN:   I just want to finish up with this. 

MR. AUSTIN:   Q   And what is the difference between the 

weather and the precipitation forecasts that are 

referred to in the last sentence of that IR response?   

THE CHAIRPERSON:     Well, the precipitation forecast here 

is still talking about a weather forecast within this 

seasonal, and whether there is any skill on can you 

use those surface sea temperature and things like 
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  And one item I might raise now because it's 

related to setting threshold prices and the TPA, and I 

did actually want to inform the Commission because we 

have answered -- there has been some IRs about -- and 

we've sited about creating a new TPA. 

Proceeding Time 2:17 p.m. T46 

 So actually just this last week we have received final 

approval of that new TPA, and over the last couple 

weeks we've also been working to finalize the 

contract.  So we are planning to move ahead and start 

operating under that new TPA on April 1st.  It is 

actually really important, it has to be done at the 

beginning of a fiscal year.  If it is done in the 

middle it would really mess up the finances.   

  But we don’t see any material change for 

the test period of that, it doesn’t change what we do, 

but I did want to just provide an update on that 

because there had been questions on the timing of 

that.   

THE CHAIRPERSON:     So will that affect the way that 

these decisions are made then?  Or the result of your 

modelling studies?  What impact will that have?   

MS. MATTHEWS:   A   It doesn’t change what BC Hydro does, 

and it doesn’t change what Powerex does.  It will 

change how the financials all look later on, and it 

changes how we are doing the allocation between the 
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two companies.  So, it is a change, but fundamentally 

what we do doesn’t change.   

MR. MILLER:   Q   If I can get you to turn to page 30 of 

the witness exhibit -- or the witness aid, excuse me.  

This is the last paragraph of the response to the 

panel IR.  It's BCUC 2.6.3, and it states, 

"The Energy Study models account for the trade-

offs between selling now and selling later, or 

buying now and buying later, and provides the 

economically optimal price signals over the 

range of possible outcomes," 

  Correct? 

MS. MATTHEWS:   A   Sorry, I lost your reference there? 

MR. MILLER:   Q   It is page 30 of the witness aid, the 

last paragraph? 

MS. MATTHEWS:   A   Okay, thank you, yes.  Correct. 

MR. MILLER:   Q   So last sentence. 

MS. MATTHEWS:   A   Yeah. 

MR. MILLER:   Q   So that's a discussion about buy now, 

selling now, buying later, selling later, correct?  

Your energy model, do you see that? 

Proceeding Time 2:22 p.m. T47 

MS. MATTHEWS:   A   Yes.  I mean, and when we think about 

selling and buying, I'd probably use the words 

importing and then exporting.  It's us buying or 

selling from Powerex.   
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MR. MILLER:   Q   Okay.  Now, if we go to page 31 of the 

witness aid.  This is a response to panel IR 2.5.1 and 

here the question was asking to clarify why energy 

study reports do not serve short term operational 

planning needs.  And then the second sentence of the 

first paragraph of that response, it says: 

"BC Hydro has other tools that are used for 

within month planning." 

 And then it also states as an example that across the 

winter of fiscal 2019 -- and that's in the last 

paragraph of the response.   

"Across the winter of Fiscal 2019 the 

probabilistic forecast of each BC Hydro short 

position was being updated weekly to inform 

import requirements.  The basis of this forecast 

was a monthly energy study, but short term 

updates based on critical updates were completed 

weekly." 

  So the question is, other than the 

probabilistic forecast mentioned, can you elaborate on 

what other tools Hydro uses for within month planning? 

MS. MATTHEWS:   A   Yes.  So there's a number of different 

tools, but I think you're mainly asking about ones 

that are used in this context on the energy.  And so, 

what we were doing last year -- and when we were 

updating the information, we were running the 
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hydrology ensemble forecasts weekly.  And so that we'd 

be getting changes of volumes more often than monthly.  

And then we were also, like in the case where it said 

in February when it was really cold looking for, okay, 

what does that mean for our load in this next period?  

And a lot of those within the month tools that we have 

are spreadsheet based.  So they're doing the same sort 

of calculations but they're doing it in a more simple 

way.  So they're not optimizing it, it's just okay, 

we're getting this much more water in, what does that 

mean for how short we are if our load goes up?  So 

it's more simple calculations. 

  But one of those spreadsheet tools can -- 

it essentially takes the energy studies' outputs and 

can manipulate or change it, I guess you could say.  

So if the energy studies are showing something with an 

assumed inflow and now our inflow drops by a bit, it's 

almost like just adding and subtracting to the base 

that's there in the energy study without redoing the 

optimization.  So they tend to be these spreadsheet 

models that then can take that data and change them 

based on the current imports or forecasts that we 

have.  

MR. MILLER:   Q   I'd like to ask you some questions about 

managing risk.  If we can run to page 35 of the 

witness handout.  This is a response to BCUC IR 1.31.1 
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5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

On page 1-15 of the Application, BC Hydro states: “Our monthly Energy Studies 
optimize our operational management of all sources of energy supply on 
BC Hydro’s integrated system”. 

On page 8 of Appendix DD to the Application, one of two objectives of the 
Energy Studies Process Audit is stated as “To evaluate whether the monthly 
Energy Studies process reliably supports operations, financial and strategic 
planning at BC Hydro.”

On page 9 of Appendix DD, a key finding of the Energy Process Audit is that 
“Energy Study reports are prepared on time and contain an appropriate level of 
detail; however they do not serve short-term operational planning needs.”

2.5.1 Please explain why the Energy Study reports do not serve short 
term operational planning needs. How does BC Hydro plan to 
address this key finding?

RESPONSE:

BC Hydro’s complete suite of operational tools do serve our needs for short term 
operational planning. BC Hydro has other tools that are used for within month 
planning. It is important to note that Energy Study Process Audit did not look at 
all of BC Hydro’s operational tools and made no determination of their suitability 
for meeting short term operational needs. The key finding and recommendation 
has to be understood within that context.

The audit noted that one of these short term models, the Ultralight model, can be 
executed within one day to provide updated water values, but is not as 
sophisticated as the Energy Study Models (which take three weeks to run) and 
relies on the Energy Studies results as a starting point. There will always be a 
trade-off between speed of calculations and sophistication. The recommendation 
in the audit was for BC Hydro management to consider replacing the Ultralight 
model with a more robust model that is formally coupled with the Energy Studies 
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models. BC Hydro is interested in exploring this idea further; however, it is a 
lower priority than other model improvements and tasks that the Generation 
System Operations team is currently working on. 

The Energy Studies do not serve short-term operational planning needs because 
they are not designed for within month operations and are executed on a monthly 
schedule. The studies are not intended to accommodate within month changes,
nor is it necessary for them to do so, since the primary operational outputs of the
studies - basin prices - represent the long-term value of energy in our reservoirs 
and are generally not sensitive to short-term volatility in inputs.  

BC Hydro has other tools that do serve the within month operational planning 
needs that are used to manage individual plants and the system as a whole to be 
responsive to rapidly changing conditions within the month (e.g., storms, cold 
snaps, forced outages). These models are typically deterministic and use the 
longer term Energy Studies results as a starting point.

For example, across the winter of fiscal 2019, the probabilistic forecast of 
BC Hydro’s short position was being updated weekly to inform import 
requirements. The basis of this forecast was the monthly Energy Study, but short 
term updates based on critical inputs were completed weekly. In addition, in
February during the four to six-week cold snap, the weather impact on load was 
being updated every few days.
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5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

BC Hydro’s response to BCUC IR 15.3 states:

The Energy Studies model operations for the next five years (i.e., to the 
end of fiscal 2024 in the current studies). These results are used for 
operational decision making (e.g. setting the threshold sale price) and for 
near-term financial forecasts (e.g., the Cost of Energy forecast in the 
Application). However, operational forecasts are not used to determine the 
need for new resources.

BC Hydro’s response to BCUC IR 28.1 states “In the month-to-year ahead time 
horizon, the Energy Study provides an appropriate level of guidance in terms of 
pricing, given that large storage reservoirs fill and draft on a seasonal time scale.”

2.5.2 Please confirm, or otherwise explain, that “setting the threshold 
sale price” refers to the price used to determine how exports in the 
Transfer Pricing Agreement are allocated between BC Hydro and 
Powerex Corp. (Powerex).

2.5.2.1 Please explain why monthly Energy Studies use a five-year 
time horizon when an appropriate level of guidance in terms of 
pricing is provided for a time horizon up to a year only. In your 
response, please confirm whether pricing guidance provided by 
the Energy Study for the month-to-year time horizon resets 
every month, and whether threshold sale prices established in 
subsequent monthly Energy Studies are compared against 
threshold sale prices established in prior months as a way of 
validating monthly Energy Studies.
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RESPONSE:

Optimization over Five Years

The first year of the modelling timeframe is the most important for current 
operational decisions. In the Energy Studies optimization, the forecast of drivers 
(inflows, load, market prices, etc.) and system conditions that are closer in time to 
the present will generally have a larger impact on the near-term results than those 
same factors further out in time.

The system storage is, however, multi-year storage and significant operational 
constraints or larger changes in load or market price that are forecast to occur in 
future years can affect operation in the current year. Hence, the energy study 
optimization has to consider a long time horizon.

In the Energy Studies, the storage at the end of the modelled time horizon is 
assigned a value. This boundary condition emulates the value of using the 
storage beyond the five-year time horizon, and is required otherwise the model 
would empty the reservoirs by the end of the modelled period due to the objective 
of maximizing consolidated net revenue within the modeled period. Modelling an 
additional two years ensures that this boundary condition does not impact the 
operating three-year period and allows the forecast for the first three years to 
account for the impact of any longer term operational constraints (e.g., significant 
outages scheduled in the fourth and fifth year).  

Note that the fact that the Energy Studies optimize the reservoir operations over 
five fiscal years into the future and the operating time horizon is three years is not 
inconsistent. The three-year operating time horizon is the time horizon within 
which the Generation System Operations business group has accountability to 
plan the use of generation resources that are available to BC Hydro to ensure that 
load serving obligations are met. 

Use of Energy Studies Information

The information from an Energy Study is used for operations until it is updated in 
the next monthly Energy Study. Operational forecasts are updated within the 
month as needed using other tools.

For example, across the winter of fiscal 2019, the probabilistic forecast of 
BC Hydro’s short position was being updated weekly to inform import 
requirements. The basis of this forecast was the monthly Energy Study, but short 
term updates based on critical inputs were completed weekly. In addition, in 
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February during the four to six-week cold snap, the weather impact on load was 
being updated every few days.

It is important to note that the Energy Studies and other models are decision 
support tools that inform decisions by management. The threshold sale price or 
threshold purchase price are at times adjusted within the month between Energy 
Studies if changing conditions warrant a change in the threshold price. These 
within month changes are based on other tools or preliminary Energy Studies 
results, and are then compared to the final Energy Studies results and adjusted 
again as needed.  

The threshold prices are an output from the Energy Studies model and are not 
compared against prior months as a way of validating the Energy Studies. Instead 
the probabilistic variable inputs of inflow, load, and market prices are tracked and 
used to decide if they have changed significantly to warrant a change in threshold 
price. Likewise, forecasts of system reservoir levels, generation, import/exports 
are tracked to see if they are varying from the Energy Study. If there is a variance 
from the Energy Studies, then analysis of the drivers is performed to determine 
why the change occurred and inform any decisions. 
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5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

BC Hydro’s response to BCUC IR 1.1 in the 2019 Powerex Letter Agreement 
Application states “Energy Studies are done monthly and look out five years for 
the reasons set out in BC Hydro’s response to BCOAPO IR 1.2.1. BC Hydro 
confirms that the operating time horizon is not a rolling period up to three years.”

BC Hydro’s response to British Columbia Old Age Pensioners’ Organization et al.
(BCOAPO) 2.1 in the 2019 Powerex Letter Agreement Application states:

The Energy Studies model the dispatch of the system five fiscal years into 
the future; running the model for the additional two years allows the 
forecast for the first three years to account for the impact of longer-term 
operational constraints (e.g., scheduled outages in the fourth and fifth 
years).

BC Hydro’s response to BCUC IR 2.1.2 in the 2019 Powerex Letter Agreement 
Application provides the below table, that identifies the difference between the 
operating time horizon and the planning horizon:  

2.5.3 Please confirm the date when the most recent three-year 
operating time horizon was set, given it is not a rolling period up to 
three years. As part of your response, please confirm when the 
next operating time horizon will be set.

RESPONSE:

The operating time horizon is defined as the balance of the current fiscal year and
the following two fiscal years (and so does not ever exceed three years). As a 
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result, the most recent three-year period was set on April 1, 2019 for the period 
April 1, 2019 through March 31, 2022. 

The next operating time horizon will be set on April 1, 2020 for the period 
April 1, 2020 through March 31, 2023.
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5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

BC Hydro’s response to BCUC IR 1.1 in the 2019 Powerex Letter Agreement 
Application states “Energy Studies are done monthly and look out five years for 
the reasons set out in BC Hydro’s response to BCOAPO IR 1.2.1. BC Hydro 
confirms that the operating time horizon is not a rolling period up to three years.”

BC Hydro’s response to British Columbia Old Age Pensioners’ Organization et al.
(BCOAPO) 2.1 in the 2019 Powerex Letter Agreement Application states:

The Energy Studies model the dispatch of the system five fiscal years into 
the future; running the model for the additional two years allows the 
forecast for the first three years to account for the impact of longer-term 
operational constraints (e.g., scheduled outages in the fourth and fifth 
years).

BC Hydro’s response to BCUC IR 2.1.2 in the 2019 Powerex Letter Agreement 
Application provides the below table, that identifies the difference between the 
operating time horizon and the planning horizon:  

2.5.4 Please confirm whether the planning horizon that follows the 
operating time horizon is a rolling period. As part of your 
response, please confirm when the next planning time horizon will 
be set.

RESPONSE:

The planning time horizon starts at the end of the operating time horizon, and 
therefore rolls forward by one year at the same time as the operating time horizon 
at the beginning of each fiscal year. The current planning horizon starts on 
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April 1, 2022. On April 1, 2020 the planning time horizon will change to start on 
April 1, 2023. 

BC Hydro notes that planning decisions consider the longer term horizon and 
these decisions are often made during the operating time horizon.  
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5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

BC Hydro’s response to BCUC IR 1.1 in the 2019 Powerex Letter Agreement 
Application states “Energy Studies are done monthly and look out five years for 
the reasons set out in BC Hydro’s response to BCOAPO IR 1.2.1. BC Hydro 
confirms that the operating time horizon is not a rolling period up to three years.”

BC Hydro’s response to British Columbia Old Age Pensioners’ Organization et al.
(BCOAPO) 2.1 in the 2019 Powerex Letter Agreement Application states:

The Energy Studies model the dispatch of the system five fiscal years into 
the future; running the model for the additional two years allows the 
forecast for the first three years to account for the impact of longer-term 
operational constraints (e.g., scheduled outages in the fourth and fifth 
years).

BC Hydro’s response to BCUC IR 2.1.2 in the 2019 Powerex Letter Agreement 
Application provides the below table, that identifies the difference between the 
operating time horizon and the planning horizon:  

2.5.5 Please explain whether the statement that the Energy Study does 
not serve short-term operational planning needs relates to the 
planning time horizon.

RESPONSE:

The statement in the Energy Studies Process Audit that the Energy Study does 
not serve short-term operational planning needs is referring to the fact the Energy 
Study is not updated within the month as conditions change. Therefore 
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“short-term”, as used in this context, is a time period less than a month. The 
statement has no relevance to the planning time horizon. 

Please refer to BC Hydro’s response to BCUC Panel IR 2.5.1 for a further 
explanation of meaning of the comment in the Energy Studies Process Audit. 

PDF Page 60



British Columbia Utilities Commission Panel
Information Request No. 2.5.6 Dated: December 12, 2019
British Columbia Hydro & Power Authority
Response issued January 17, 2020

Page 1
of 2 

British Columbia Hydro & Power Authority 
Fiscal 2020 to Fiscal 2021 Revenue Requirements 
Application

Exhibit:
B-31

5.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 1-15; Appendix DD, pp. 8, 9; Exhibit B-5; 
BCUC IR 15.3, 28.1, 29.1.1; Exhibit B-16, BCUC IR 309.1; 
BC Hydro Application for 2019 Letter Agreement with 
Powerex Corp. (2019 Powerex Letter Agreement Application), 
Exhibit B-5, BCOAPO IR 2.1; Exhibit B-7, BCUC IR 1.1; 
Exhibit B-8, BCUC IR 2.1.2
Energy Studies – Risk and Operations

BC Hydro’s response to BCUC IR 29.1.1 states:

A risk-neutral operating strategy is based on achieving the expected 
outcome, assuming each of the modeled possible outcomes is equally 
likely, and does not bias towards or against favourable or unfavourable 
outcomes. Long-term refers to the five-year time horizon over which the 
optimization is run.

2.5.6 Please explain how the maximum actual “risk-neutral long-term 
net revenue” earned is determined when measured against the 
relevant Energy Study, if Energy Studies are run monthly and the 
operating time horizon is fixed for a three-year period. In your 
response, please explain whether the results of this analysis 
inform the models used in the monthly Energy Studies.

RESPONSE:

BC Hydro interprets this question to be asking whether the actual historic 
consolidated net revenue from operations1 is used as a back-testing metric for 
verification.

The answer is no, consolidated net revenue is not used for back-testing, as it 
would not help inform the reliability of the models or operational decisions. The
reason is that there are at least two impediments to calculating the “actual” 
consolidated net revenue that prevent a useful comparison to the forecast for 
verification purposes:

The primary drivers of the consolidated net revenue are inflows, load and 
market prices. No comparison of monthly forecast and actual values of 

                                               
1  Please refer to BC Hydro’s response to BCUC IR 1.29.2 for a description of how consolidated net 

revenue from operations is calculated.
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consolidated net revenue can be usefully obtained without controlling for 
variances in these inputs; and

The forecast of consolidated net revenue is based on an estimate of net 
income from market purchases and sales that will be subsequently allocated 
between BC Hydro and Powerex. Splitting out the fraction of Powerex’s 
actual net trade revenue specifically related to system-backed activities as 
modeled in the Energy Study would be problematic.  

Please refer to BC Hydro’s response to BCUC Panel IR 2.7.2 for more information 
on how the Energy Studies models are verified.
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6.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-17; Appendix DD, p. 9; Exhibit B-16, 
BCUC IR 309.1
Energy Study objectives

Page 4-17 of the Application states “The Energy Study optimizes the use of 
System Storage with imports and exports to meet load requirements.”

Page 9 of Appendix DD to the Application states “BC Hydro has developed 
in-house models for long-term hydrothermal scheduling. These models are built 
to maximize risk neutral long-term net revenue.”

2.6.1 Please define the phrase “long-term hydrothermal scheduling.”

RESPONSE:

“Long-term hydrothermal scheduling” is a generic term used by SINTEF1, the 
audit consultant, to refer to planning the operation (i.e., scheduling generation) of 
a hydroelectric system that includes some dispatchable thermal resources. In this 
case ‘long-term’ refers to a timeframe of one month to several years.

                                               
1 SINTEF: Stiftelsen for industriell og teknisk forskning
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6.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-17; Appendix DD, p. 9; Exhibit B-16, 
BCUC IR 309.1
Energy Study objectives

Page 4-17 of the Application states “The Energy Study optimizes the use of 
System Storage with imports and exports to meet load requirements.”

Page 9 of Appendix DD to the Application states “BC Hydro has developed 
in-house models for long-term hydrothermal scheduling. These models are built 
to maximize risk neutral long-term net revenue.”

2.6.2 Please reconcile the objective of the Energy Study to optimize 
System Storage with imports and exports to meet load 
requirements, with the other objective that “these models are built 
to maximize risk neutral long-term net revenue.”

RESPONSE:

BC Hydro’s stated objective on page 4-16 of the Application is to ‘Maximize 
Consolidated Net Revenue from operations’. “Consolidated” refers to the 
combined import and export activity to and from the BC Hydro system for both 
BC Hydro and Powerex. Therefore the sentence on page 4-17 of the Application 
referred to in the question is consistent with this objective.

BC Hydro’s objective to maximize consolidated net revenue from operations is 
done on a risk-neutral basis and is therefore the same as the objective to 
maximize risk neutral long-term net revenue, as referenced in Appendix DD to the 
Application, as described in BC Hydro’s response to BCUC IR 1.29.1. 
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6.0 A. CHAPTER 4 – COST OF ENERGY

Reference: COST OF ENERGY
Exhibit B-1, p. 4-17; Appendix DD, p. 9; Exhibit B-16, 
BCUC IR 309.1
Energy Study objectives

BC Hydro’s response to BCUC IR 309.1 states:

There is no risk allocated to the shareholder. Through the Cost of Energy 
Variance accounts, the costs and benefits from the consolidated net 
revenue from operations are allocated to ratepayers.

BC Hydro manages trade-offs in short-term and long-term risks by 
modelling the system over a five-year time horizon, which takes into 
account the longer term impacts of any shorter term benefits or costs.

2.6.3 Please expand on the statements that “there is no risk allocated to 
the shareholder” and that “BC Hydro manages trade-offs in 
short-term and long-term risks by modelling the system over a 
five-year time horizon” from the perspective of the ratepayer. In 
your response, please identify examples of trade offs to 
demonstrate: i) increases to short-term risks (and therefore 
decreases to long-term risks) faced by ratepayers: and ii) 
decreases to short-term risks (and therefore increases to 
long-term risks) faced by ratepayers as a result of maximizing 
risk-neutral long-term net revenue.

RESPONSE: 

1) Expand on the statement: “There is no risk allocated to the shareholder”

The question in BCUC IR 3.309.1 asks whether the level of risk undertaken by 
BC Hydro increases as a function of maximizing expected consolidated net 
revenue, and further, how this risk is allocated.

The response states that “There is no risk allocated to the shareholder. Through 
the Cost of Energy Variance accounts, the costs and benefits from the 
consolidated net revenue from operations are allocated to ratepayers.”  

In responding to this question, it is important to have a clear definition of the term
“risk”, since “risk” was not defined in either the question or BC Hydro’s response.
This response is based on the assumption that the risk being referred to is the 
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probability that there is a material variance between the planned and actual Cost 
of Energy, since the question was posed in that context.

The Government of B.C., as the recipient of water rental payments (not, in this 
case in its role as BC Hydro’s shareholder) does bear risk in respect of variances 
between planned and actual water rental payments received being higher or lower 
than plan. However, the optimization of the generation from inflows primarily 
impacts the timing of generation, not the total amount, and therefore the water 
rental payments to the Government of B.C. are not significantly affected by the 
optimization. 

2) Expand on the statement: “BC Hydro manages trade-offs in short-term and 
long-term risks by modelling the system over a five-year time horizon, 
which takes into account the longer term impacts of any shorter term 
benefits or costs” 

In this context the risk being referred to is the uncertainty in financial impact of 
sales or purchases in the short term, and sales or purchases (or reservoir 
management) in the long term. Short term in this context is the period within 
which current decisions are being contemplated, while long term extends to the 
end of the operational time horizon. 

Short-term decisions that result in market purchases or surplus sales will by their 
nature always result in changes in longer term probabilities of the need to either 
purchase or sell energy, or re-operate to manage system storage.

A simple example is that all else being equal, a decision to buy in the short-term 
will also increase the probability of spilling in the long term.

Another example is around making Surplus Sales in the high priced summer 
periods at $50/MWh. At the time of the sale, there would be a risk that the energy 
instead could have been sold for $100/MWh in the coming winter. Making sales in 
the high priced summer period also would increase the probability of the need for 
purchases in the coming fall and winter.

There is also uncertainty associated with a decision to forego purchases or sales. 
There is always a risk that foregone opportunities to sell (at a lower price) or 
purchase (at a higher price) will turn out to have been economically beneficial. 
Using the preceding example, foregoing the $50/MWh sale in the summer may 
result in only being able to obtain a $35/MWh sale in the winter. In addition, 
inflows may come in higher than forecast such that the volume of sales should 
have been higher (thus selling at a lower price), or vice versa.  
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As shown through the above examples, the trade-off implied in the question that 
increasing short-term risk always decreases long-term risk, and vice versa, is not 
straight forward. The Energy Studies models account for the trade-offs between 
selling now and selling later, or buying now and buying later, and provide the 
economically optimal price signals over the range of possible outcomes.
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