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Purpose and agenda

The purpose of this presentation is to consult the FRG on the use of synthetic 

traces in upcoming forecasting activities.

Today’s agenda includes:

• Objectives from synthetic traces
• Growth in VRE generation

• Better growth to match targets

• Project plan and timeline

• Current status and preview of early 
results, chart types

• Next steps / adoption strategy

Timing Relevant topic Responsible

Sep 2021 FRG presentation 2: Demand Traces 
– why change?

AEMO

Dec 22 - Apr 23 FIP consultation AEMO, 
Stakeholders

Today Synthetic demand traces AEMO

Aug 23 2023 ESOO published AEMO

2024 
(expected)

Demand Forecasting methodology 
consultation

AEMO, 
Stakeholders
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Traces – a key input into AEMO’s 
forecasting processes
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Back to back daily profiles on day of Annual Max Demand (hour:minutes)

Challenge 1: Mild year syndrome
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Demand trace process

Each reference year has at least 100 generator 
outage patterns simulated against it to build the 
Unserved Energy (USE) distributions…

… but the distribution accuracy will only be as 
accurate as the demand traces it is based on…

Reference year 1 Reference year 2 Reference year 3

Demand traces for hot 
reference years will retain 

realistic proportionalities when 
slightly scaled to POE10

Demand traces for mild 
reference years will be 

less realistic when scaled 
to POE10

42°C
38°C

27°C

Example: NSW 2030-31 ESOO Central Scenario

PLEXOS 
simulations

0.002% Reliability standard

Target POE level

Mild year

Current approach: to limit distortion from mild years, only a few days are scaled to the target POE. However, as only 
demand is scaled, correlation with weather variables (temperature, wind, solar) diverges from real-world extreme days. 



Challenge 2: Insufficient reference years to 
capture the full range of weather diversity
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Key input drivers (principal components) drive a
very diverse range of potential combinations…

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1

Principal component 1

P
ri

n
ci

p
al

 c
o

m
p

o
n

en
t 

2

… of which only some will be sampled with the 
currently available set of 12 reference years

2013

2014

2015

2016

In this illustration, a particular combination (   ) does 
not occur within the available reference years

2017

Hypothetical phenomena
diversity / clustering

Capturing a broader set of phenomena is increasingly important as the energy system moves 
towards 100% instantaneous penetration of Variable Renewable Energy (VRE).



Demand dominated variability Supply dominated variability

QLD

NSW

VIC

SA

TAS

QLD

NSW

VIC

SA

TAS

Modelling needs to capture:
• Different POEs
• Different number of hot days
• Different demand ramping
• Different correlation with 

weekdays/weekends
• Different correlation with 

other regions

Modelling needs to capture:
• Same as system to the left
• Correlation between demand 

and renewable generation
• Correlation between wind 

and solar within regions
• Correlation between 

renewable generation across 
regions
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Challenge 2: Insufficient reference years to 
capture the full range of weather diversity



Synthetic traces: Current to future state
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Temperature*

Solar irradiance

Wind speed

Demand

Large-scale solar 
generation

Wind generation

Distributed solar 
generation

OutputsInputs

Demand

Solar irradiance

Wind speed

Demand

Large-scale solar 
generation

Wind generation

Distributed solar 
generation

OutputsInputs
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*including impacts of humidity where relevant



Stepping stones to full synthetic traces

1. Enhance maximum and minimum 
demand model

2. Update components needed for 
producing synthetic traces

3. Evaluate traces against historical and 
those created with current approach

4. Consider further enhancement-based 
needs, complexity and resources 
available:

• Electrification impacts

• Change to current hot water load



Bootstrap 
fortnightly
+ dayshift

Perform CC 
adjustment

Select
simulation 
weather

Train 
models

Historical 
underlying 

demand 
minus LIL

HH 
simulation

Calculate 
PV 

generation

Forecast 
underlying 

HH demand

Forecast 
operational 
HH demand

Forecast LIL, 
ONSG, 

network + 
IC losses

Forecast PV 
and PVNSG 

capacity

Existing maximum and minimum demand forecasting process:

Historical PV 
+ PVNSG 
normgen

Bootstrap 
fortnightly 
+ dayshift

Historical 
weather

GEV model
Half-hourly 

demand 
model

Assume half-hours are 
independent. Assume 
residuals are normally 
distributed.

Data Prepare inputs Simulate Raw forecast Rebased forecast Traces

Rebased 
POE 

forecasts

Extract 
POE for 
max and 

min

Grow traces 
phase 1

Forecast EV 
uptake and 
ESS capacity

Extract 
POE for 
max and 

min

Grow traces 
phase 2

Breaks ENSO/IOD 
cycles, though less 
a concern if only 
max/min is in focus

Address 
simulation 
speed/cost

Only limited amount 
of weather/demand 
years resulting in just 
11 reference years

The need to be grown 
to POE targets often 
results in stretching 
that is unrealistic



Bootstrap 
fortnightly 
+ dayshift 

Perform CC 
adjustment

Select
simulation 
weather

Train 
models

Historical 
underlying 

demand 
minus LIL

HH 
simulation

Calculate 
PV 

generation

Forecast 
underlying 

HH demand

Forecast 
operational 
HH demand

Forecast LIL, 
ONSG, 

network + 
IC losses

Forecast PV 
and PVNSG 

capacity

Stage 1 – improved maximum and minimum demand forecast:

Historical PV 
+ PVNSG 
normgen

Bootstrap
fortnightly 
+ dayshift

Historical 
weather

GEV model
Half-hourly 

demand 
model

Data Prepare inputs Simulate Raw forecast Rebased forecast Traces

Rebased 
POE 

forecasts

Extract 
POE for 
max and 

min

Grow traces 
phase 1

Forecast EV 
uptake and 
ESS capacity

Extract 
POE for 
max and 

min

Grow traces 
phase 2

Half-hourly 
residuals 

model

Address heteroscedasticity
Capture autocorrelation

Bootstrap

Bootstrap

Seek alternative to 
fortnights that better 
preserve climate cycles

Faster 
simulation 
engine

Issues with traces 
remain



Bootstrap

Bootstrap

Perform CC 
adjustment

Select
simulation 
weather

Train 
models

Historical 
underlying 

demand 
minus LIL

HH 
simulation

Calculate 
PV 

generation

Forecast 
underlying 

HH demand

Forecast 
operational 
HH demand

Forecast LIL, 
ONSG, 

network + 
IC losses

Forecast PV 
and PVNSG 

capacity

Stage 2 – expand to create full traces:

Historical PV 
+ PVNSG 
normgen

Historical 
weather

GEV model
Half-hourly 

demand 
model

Data Prepare inputs Simulate Raw forecast Rebased forecast Traces

Rebased 
POE 

forecasts

Extract 
POE for 
max and 

min

Grow traces 
phase 1

Forecast EV 
uptake and 
ESS capacity

Extract 
POE for 
max and 

min

Grow traces 
phase 2

Half-hourly 
residuals 

model

Date/
Weather 

correlation Currently calculated for time of 
max/min only. We need them 
calculated for all half-hours.
Focus on ONSG and LIL in this stage. Update code if required, so 

traces can be extracted. Those 
closest to 10% and 50% POE 
should be selected for growth

Grow traces to match to 
10% and 50% POE 

Build confidence in 
traces produced directly 
from simulation engine 
by analysing QA plots 
from trace process. 



Status of synthetic trace work
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Project component Status

New simulation engine (Databricks) in production Done

Annual bootstrapping implemented as option Done

New residual model Testing ongoing

Other HH-model improvements (humidity, heatwave) Done

ONSG sub-model Testing ongoing

LIL sub-model Testing ongoing

Sim engine enhancements to extract traces Done

Test if GEV model is still required To come

Scaling of resulting traces To come

Creation of consistent wind and solar traces To come



Adoption pathways

• To be used, synthetic traces must 
prove fit for purpose, including:

• Good match with historical demand 
outcomes in regions (e.g. MAPE) 
and correlation across time/regions. 

• Plots of forecast years at least as 
good as existing trace approach, but 
ideally less distortion at time of peak.

• Decision points critical for moving 
to next stages:

• AEMO will asses before deciding to 
include for information only in a 
future ESOO or ISP

• AEMO will consult before including 
into actual calculations of USE or 
similar 

Use of historical 
demand reference 
years only

Use of historical 
demand reference 
years and present 
synthetic results for 
information only

Use a mix of 
historical demand 
reference years 
and synthetic ones 

Use of synthetic 
traces only



Model comparison – examples of plots for 
assessing synthetic traces

• Chronological

• Load Duration 
Curve (LDC)

• Ramp rates 

Delta MW

Half-hour count or percentile

Time (full year – half-hourly)

MW

MW

0

Freq



Preliminary results

• Current approach gives reasonable max/min demand outcomes.

• Modelled demand for individual half-hours will most often be well 
aligned with observed demand, but not always. 

• Impact from any bias removed by rebasing based on GEV model

15

Actual
Improved model 3
Improved model 2
Improved model 1
Current approach

Improvements 
considered include length 
of training data, 
normalisation method, 
and variables considered 
in half-hourly model 
formulation. 
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Preliminary results

• On some days, the implemented improvements are significant, 
which is important when producing traces, where accuracy for 
each half-hour is essential. 

Actual MAPE
Improved model 3 1.88
Improved model 2 2.56
Improved model 1 2.76
Current approach 3.60

Significant improvement to 
accuracy (MAPE – mean 
average percentage error)



Next steps

• Complete synthetic trace work outlined above (slide 12)

• Undertake assessment to ensure the traces meet the required 
characteristics

• Decide whether to include any assessment of synthetic traces 
into the ESOO 2023 forecast for information, or at a later point

• Consultation on Electricity Demand Forecasting methodology in 
2024 (expected)
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Discussion
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For more information visit 

aemo.com.au
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Energy.forecasting@aemo.com.au


