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Abstract 
 
ARR2019 has introduced significant changes to the way practitioners develop and use 
design rainfall estimates in their work. The basics of the ensemble approach is now well 
understood, however, there are still elements that are often overlooked. This paper will 
discuss several issues that are not commonly considered and can have significant impacts 
on rainfall estimates. These include embedded burst detection and verification of BOM 
IFD data with at-site analysis. 
 
An embedded burst occurs when a part of the storm burst has a rarer AEP than the whole 
storm burst. Embedded bursts are occurring in ARR2019 due to the large number of 
temporal patterns and the inability to detect embedded bursts until after the combination 
of rainfall depth and temporal pattern. We will examine the significance of embedded 
bursts in ARR1987 and ARR2019 and how they can be ‘smoothed’. 
 
The BOM IFD estimates are generated based on broadscale analysis and have been 
found to be unreliable in some areas, particularly in some coastal NSW areas where 
orographic effects can be significant. Many flood studies in NSW are now requesting that 
BOM IFD data be verified by an at-site IFD analysis before use. We will show how this 
analysis can be done and demonstrate a case study where results vary from BOM data. 



 

Floodplain Management Australia National Conference 2020 2 
 

PART 1: EMBEDDED BURSTS IN ARR1987 & ARR2019 

Introduction 
 
The task of generating design storms for hydrologic modelling typically involves two 
components. The first is an estimate of rainfall depth using an Intensity Frequency Depth 
(IFD) database maintained by the Bureau of Meteorology of Australia. The second 
component is the distribution of this rainfall estimate through time using a temporal 
pattern. In Australian Rainfall and Runoff 1987 (ARR1987), this was a single temporal 
pattern of average variability (Pilgrim et al 1987). However, the more recent Australian 
Rainfall and Runoff 2016/2019 (ARR2019) proposes an ensemble of temporal patterns 
to better represent natural variability. 
 
These components (depth vs distribution) have been developed relatively independently 
and the issue of ‘embedded bursts’ can arise when they are combined to create rainfall 
hyetographs. An embedded burst in a design storm occurs where the rainfall that occurs 
in a sub-period of the timeseries has a cumulative depth that is greater than the IFD 
estimate for the sub-period duration for the given exceedance probability.  
 
For example, consider the following IFD information and temporal pattern for ARR1987 
for a location in Zone 1 near Knight’s Hill in the Illawarra. 
 

Duration 1 Year 2 Year 5 Year 10 Year 20 Year 50 Year 100 Year 

18 
hours 

139 185 264 313 377 463 531 

24 
hours 

159 212 302 360 433 533 612 

30 
hours 

176 236 336 400 481 593 681 

 
Table 1: ARR1987 IFDs near Knight’s Hill in the Illawarra (-34.639, 150.686) 
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Figure 1: ARR1987 temporal pattern 34 
 
As shown in Figure 1, this temporal pattern has the bulk of the rainfall occuring in the 
middle section of the 30 hour pattern. In fact, 89.3% of the rainfall falls in an 18 hour 
period in the middle of the pattern. The 30 hour IFD for the 100 Yr event is 681 mm 
which would see 608 mm of rainfall fall within this 18 hour sub-period which exceeds the 
18 hour IFD depth of 531 mm by approximately 14.5% or 77 mm. This is an example of 
an embedded burst. The poisition on the IFD chart of this embedded burst is shown in 
Figure 2. 
 

 
 

Figure 2: The 18 hour embedded burst vs the ARR1987 IFD curves 
 
The embedded burst shown in Figure 2 may cause hydrologic modelling undertaken with 
this 30 hour temporal pattern in a catchment with areas sensitive to an 18 hour burst 
duration to yield results that are not representative of the 100 Year ARI due to the 18 
hour embedded burst with a rarer exceedance probability. 
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The problem of embedded bursts is well known and attempts were made to remove 
temporal patterns that may frequently cause embedded bursts during the development 
of ARR2019 (Podger et al. 2019). However, it has been found that it is difficult to remove 
embedded bursts via moderation of temporal patterns alone. An analysis undertaken by 
Scorah et al. (2016) demonstrated that while temporal patterns with large proportions of 
rainfall falling in a sub-period of the burst duration do contribute to embedded bursts, the 
main cause is the relationships between IFD rainfall depths across the range of 
durations at the location. During their development, ARR2019 temporal patterns were 
extracted from broad climactic regions with different IFD characteristics. For example, 
the Southern Slopes temporal pattern region extends along the coast from the Illawarra 
region in NSW to the Victoria - South Australia border. IFD rainfall depths in this climatic 
region vary greatly and an individual pattern may have embedded busts at some 
locations and not others.   
 
Embedded bursts can only readily be identified and treated by analysis of the design 
rainfall hyetographs after temporal patterns and IFD rainfall depths are combined. Thus, 
the consideration of embedded bursts shall remain a necessary part of hydrologic 
modelling in Australia under ARR1987 and ARR2019. Despite this, embedded burst 
analysis is not always done in Australia and as of 2020, only RORB and Storm Injector 
incorporate tools for detection and management of embedded bursts.  
 
To understand the prevalence of the problem, this paper uses a data mining approach to 
undertake embedded burst analysis for thousands of rainfall hyetographs generated 
using both ARR1987 and ARR2019 approaches. This involved automation of the Storm 
Injector software (CSS 2019) using scripting. For this analysis, 20 random locations in 
each temporal pattern region were selected. ARR1987 has 8 regions where ARR2019 
has 12 regions. Figure 3 illustrates these zones and the random locations that were 
selected for analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: ARR1987 (left) and ARR2019 (right) temporal pattern regions and 
random locations 
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For ARR1987, all events (1 Yr, 2 Yr, 5 Yr, 10 Yr, 20 Yr, 50 Yr, 100 Yr) were analysed for 
the full range of durations. This resulted in 140 rainfall hyetographs for each location and 
approximately 22,000 rainfall hyetographs in total. 
 
For ARR2019, design hyetographs were generated for point temporal patterns for the 
50%, 5% and 1% AEP events for a full range of durations. For areal temporal patterns, 
rainfall hyetographs were generated for only the 1% AEP event, however they were 
generated for all reference areas. This resulted in consideration of approximately 1,600 
rainfall hyetographs per location. After removal of a small number of locations that did 
not yield data, there was a total of approximately 163,000 hyetographs for point temporal 
patterns and 211,000 hyetographs for areal temporal patterns. 
 
All hyetographs were checked for embedded bursts that exceeded a 2% threshold. The 
percentage exceedance was determined as the amount that the rainfall during the sub-
period exceeded the IFD for the sub-period duration. For each hyetograph, the most 
severe embedded burst was recorded.  
 
Embedded bursts were found in 54% of ARR1987 hyetographs and 10% of ARR2019 
hyetographs (3.7% of point hyetographs and 16% of areal hyetographs). However, the 
ARR1987 embedded bursts tended to be less significant with only 7 examples of 
embedded bursts exceeding 20% compared to 377 from point hyetographs and 903 
from areal hyetographs in ARR2019. Furthermore, the Areal Reduction Factors (ARF) 
that ARR2019 recommends can exacerbate the problem as outlined in the next section.   

Areal Reduction Factors 
 
ARR2019 calls for Areal Reduction Factors (ARF) to be used to reduce the total rainfall 
depth as a function of catchment size, AEP and duration. In general, ARFs are lower 
(the rainfall is reduced by a greater proportion) as duration decreases and as 
exceedance probability gets rarer. An example of ARF curves for a 75 km2 catchment is 
shown in Figure 4, however, these relationships generally hold regardless of the specific 
catchment size and location. 
 

 
 

Figure 4: Example ARR2019 ARF Curves (75km2)  
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A consequence of these ARF relationships is that they can exacerbate embedded 
bursts. For example, for the same catchment, the 3 hour 1% AEP ARF is 0.82 and the 
9hr 1% AEP ARF is 0.92. As such, if searching for 3 hour embedded bursts within a 9 
hour storm burst while considering ARFs, the threshold for the maximum rainfall during 
any 3 hour period would be applied a lower ARF (greater reduction) than the storm burst 
as a whole. This results in more embedded bursts. This problem also gets worse with 
increasing catchment area and exceedance rarity. Figure 5 illustrates how ARFs for 
potential embedded bursts (the dashed lines) get lower and further separate from the 
ARF for the storm burst (the solid lines) as catchment size increases and the event gets 
rarer. 

 
 

Figure 5: The divergence of ARFs considering a 6 hour embedded burst within a 
96 hour storm burst vs area for the 1% AEP (left) and 1 in 2000 year event (right) 

 
The most significant embedded burst found within a point temporal pattern was in the 96 
hour TP 6417 Southern Slopes (mainland) pattern at the location -35.97, 149.73 in Deau 
National Park about 50km south-west of Batemans Bay.  
 

 
 

Figure 6: Point TP 6417 – 96 hour, Southern Slopes (mainland) 
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As shown in Figure 6, almost 40% of rainfall occurs over 2 time increments. Combined 
with the Deau National Park IFD values, this results in a 6 hour embedded burst within 
the total 96 hour burst that exceeds the 6 hour IFD value by 83% (225mm vs 123mm). 
However, as shown in Figure 7, this embedded burst can increase to over 100% 
(220mm vs 109mm) for a 75km2 catchment area if ARFs are considered. 
 

 
 

Figure 7: 6 hour embedded burst exceedance versus catchment area (TP 6417) 
 
A similar exacerbation of embedded bursts was possible in ARR1987 due to depth area 
curves. However, these were less frequently used in Australia since they were based on 
US data and there was limited research to support their use in Australia. 
 
The following sections outlies the findings of the analysis with respect to ARR1987 and 
ARR2019 approaches. 

ARR 1987 Embedded Bursts 
 
When using ARR1987, embedded bursts (exceeding 2%) were found in the majority of 
hyetographs (54%). Of all temporal patterns, 57 were found to generate embedded 
bursts in 100% of the random locations. This included TP 34 for the Zone 1, > 30 Year, 
30 hour temporal pattern depicted in Figure 1 which resulted in embedded bursts 
ranging from 2.8% to 14.4% depending on the Zone 1 location.  Table 2 lists the 
percentage of hyetographs that had embedded bursts exceeding 10% by zone, with 
Zone 5 (central Australia) and Zone 1 (Tasmania and south-eastern Australia) being the 
most significantly impacted. 
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Zone Proportion of rainfall hyetographs with embedded bursts > 10% 

Zone 5 9.4% 

Zone 1 9.3% 

Zone 4 7.3% 

Zone 7 4.1% 

Zone 3 4.0% 

Zone 2 3.8% 

Zone 8 3.4% 

Zone 6 2.9% 

 
Table 2: The percentage of hyetographs including embedded bursts > 10% by 

zone (ARR1987) 
 
While embedded bursts occurred commonly in the ARR1987 hyetographs, they tended 
to be less significant. However, given ARR1987 used a single temporal pattern for each 
duration, it does not have the moderating effect of the rest of the temporal patterns in the 
ensemble that ARR2019 does. As such, it is still seen as important to check for 
embedded bursts when using ARR1987. 
 

ARR 2019 Embedded Bursts 
 
When using ARR2019 approaches, embedded bursts were found in a smaller proportion 
of the generated rainfall hyetographs. However, they had the potential to be more 
significant. Podger et al (2019) and others have noted that there is more potential for 
embedded bursts in hyetographs developed using areal temporal patterns compared to 
point temporal patterns. This was confirmed in this study and the most significant 29 
embedded bursts detected all related to areal temporal patterns. Of the 88 embedded 
bursts that exceeded 50%, 75 (85%) of these related to areal temporal patterns and 51 
(58%) were from the Wet Tropics and Sothern Slopes (mainland) regions. 
 
Embedded bursts that exceeded 10% were detected in 1.36% of hyetographs (0.86% of 
point hyetographs and 1.76% of areal hyetographs). They tended to occur 
disproportionately in several regions as listed in Table 3. 
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Region ARR Point ARR Areal 

Southern Slopes 
(mainland) 

2.24% 4.02% 

Wet Tropics 1.59% 3.65% 

Rangelands (West) 1.43% 3.18% 

Southern Slopes 
(Tasmania) 

1.16% 2.60% 

Rangelands 1.05% 1.68% 

East Coast (North) 0.67% 1.50% 

Central Slopes 0.30% 1.38% 

Monsoonal North 0.97% 1.05% 

Murray Basin 0.11% 0.63% 

East Coast (South) 0.79% 0.55% 

S-SW Flatlands (West) 0.03% 0.53% 

S-SW Flatlands (East) 0.06% 0.25% 

 
Table 3: The percentage of hyetographs including embedded bursts > 10% by 

region (ARR2019) 
 
In percentage terms, the worst embedded burst found was at -35.97, 149.72 (about 
40km southwest of Bateman’s Bay in NSW) for the 1% AEP event. The 96 hour Areal 
TP 6797 from the ARR Data Hub has 43.37% of all rainfall in a single 3 hour time 
increment (refer Figure 8). When combined with the IFD depths for this location, a 3 hour 
embedded burst occurs that exceeds the IFD rainfall depth by 184% (244mm vs 86mm). 
If ARFs are considered based on a 75 km2 catchment, the embedded burst becomes 
260% (236.8mm vs 65.7mm). In this case, the 3 hour embedded burst within the 96 hour 
TP 6797 for the 1% AEP is almost double the 1 in 2000 year 3 hour IFD depth for the 
same location.  
 



 

Floodplain Management Australia National Conference 2020 10 
 

 
 

Figure 8: Areal TP 6797 – 96 hour, Southern Slopes (mainland) 
 
The largest embedded burst found where the sub-period duration was at least 50% of 
the total burst duration was the 40000 km2 area TP 10071 in the Wet Tropics which had 
82.8% of rainfall falling within a single 12 hour period within the 24 hour pattern. This 
caused a 12 hour embedded burst that exceeded the 12 hour IFD by 30% for the 1% 
AEP event at -21.04, 148.49 (about 60km inland from Mackay, QLD). 
 
Spatial Variation 
 
Embedded bursts generated by the same temporal pattern were found to exhibit 
significant spatial variation which reinforces the observation by Scorah et al. (2016) that 
the relationship between IFD values of various durations is the major contributor to 
embedded bursts. To demonstrate this, an analysis of the embedded bursts resulting 
from TP 6702 (refer Figure 9) across Tasmania was undertaken. 
 

 
 

Figure 9: The 18 hour Southern Slopes (Tasmania) TP 6702 
 
The temporal pattern 6702 illustrated in Figure 9 applies across Tasmania as part of the 
18 hour rare enemble. It has 44% of the rainfall in two 1 hour time increments. It could 
be expected that a 2 hour embedded burst would be likely to be found within the 18 hour 
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burst hyetograph for all locations. However, it was found that the presence of an 
embedded burst, and its significance, was highly location dependent. Figure 10 
illustrates the varying embedded burst exceedance values throughout Tasmania without 
ARF consideration. Embedded bursts ranged from none in the north-east to large 
embedded bursts up to 73% in the south-west.   
 
 

 
 

Figure 10: Spatial variation in embedded burst exceedance (TP 6702) 
 

Smoothing of Embedded Bursts 
 
Scorah et al. (2016) propose a method for smoothing hyetographs with embedded 
bursts to mitigate their impact. The method adjusts the rainfall depth in each non-zero 
time increment towards the average depth of the non-zero increments until the rainfall 
depth within the embedded burst sub-period is reduced to below the target value. The 
target value is likely to be the relevant IFD for the given location, event and the sub-
period duration. This reduces the peaks of the pattern while preserving the total depth 
and the number of zero flow increments. 
 
An example is shown Figure 11 where the hyetograph original shown in Figure 1 with an 
18 hour embedded burst is smoothed with the method proposed by Scorah et al. (2016). 
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Figure 11: Smoothing of the hyetograph (30 hour, Zone 1, > 30 Year, 100 Yr, 1% 
AEP) 

Impacts on Hydrologic Modelling 
 
The smoothing method described above has been incorporated into the Storm Injector 
software. An example project was undertaken in south-west Tasmania (-43.188, 
146.16), an area where high embedded bursts were found. The project used the 72km2 
natural.wbn WBNM model created by Boyd et al (1996). 
 
Figure 12 illustrates the box and whisker charts of the ARR2016 peak flows for durations 
from 1-168 hours without smoothing of embedded bursts. The 168 hour ensemble had 
the highest mean value and was automatically designated the critical duration. However, 
many of the storm bursts modelled had embedded bursts. The points in red are those 
that had embedded bursts with greater than 10% exceedance. As shown, most of the 
high peak flow values in the longer duration ensembles contain embedded bursts. In the 
168 hour ensemble, the 6 highest peak flows had significant embedded bursts of smaller 
durations. As such, it appears likely that lower duration embedded bursts are causing 
these high peak flows. 
 
Figure 13 illustrates the box and whisker charts with smoothing of embedded bursts. The 
12 hour ensemble is now selected as the critical duration which seems more reasonable 
given the catchment size.  
 
This example demonstrates that embedded burst can influence the ensemble means for 
longer durations and the selection of the critical duration. Smoothing of embedded bursts 
can help but should be done with care as it can over-smooth in some cases. For 
example, the 168 hour TP 2615 was over-smoothed to remove a 120 hour embedded 
burst which resulted in near constant rainfall for all non-zero time increments and a very 
low peak flow. 
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Figure 12:  1% AEP  box charts without embedded burst smoothing 
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Figure 13:  1% AEP  box charts with embedded burst smoothing
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Discussion & Recommendations 
 
This paper has demonstrated that embedded bursts can be expected to occur in a 
significant proportion of hyetographs created by combination of temporal patterns and 
IFD values, for both ARR1987 and ARR2019. While more prevalent in ARR1987 
hyetographs, they tend to be most significant in ARR2019 hyetographs, particularly 
those generated from areal temporal patterns. These embedded bursts can become 
even more significant once ARR2019 Areal Reduction Factors are considered. 
 
The most significant embedded bursts tend to be short duration sub-periods embedded 
within much larger storm bursts. In the case of a simple hydrologic analysis with a single 
point of interest, it may be straight forward to manually exclude longer duration events 
that are not relevant to the catchment and not be misled by embedded bursts. However, 
there were also examples found of embedded bursts where the sub-period duration was 
a significant proportion of the whole burst (> 50%) which may make them harder to 
exclude manually since all hydrologic analysis will include a range of durations 
considered. 
 
Further, it is becoming more common in wide scale overland flood studies to utilise 
models with a large range of durations and envelope results in an attempt to generate 
results applicable to a large number of target areas that may have a wide range in 
catchment areas and critical durations. In these cases, it is possible for embedded burst 
sub-periods in longer duration bursts to influence the results of areas that have a critical 
duration similar to the embedded burst sub-period.  
 
It is recommended that practitioners are aware of the potential for embedded bursts in 
ARR2019 going forward and utilise methods and tools that identify embedded bursts in 
general use. If a range of durations are of interest in a study and the results may be 
impacted by embedded bursts, then consideration may be given to smoothing the 
associated hyetographs.  
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PART 2: AT-SITE IFD ANALYSIS 
 
Nearly all design flood estimation techniques rely on design rainfall inputs to estimate 
quantiles. These estimates inform land use planning, development, infrastructure design, 
and emergency management. At site-IFD analysis can help provide confidence in the 
reliability of an IFD estimate, design flows and flood levels. 
 
Wollongong City Council uses Storm Injector’s IFD analysis tool to analyse sub-daily at-
site IFDs from pluviometers operated by the BOM, Manly Hydraulics Laboratory (MHL) 
and Sydney Water. Storm injector can also access freely available daily BOM rainfall 
data from nearby gauges. Daily records are often decades longer than pluviograph 
records and provide an historical context to significant sub-daily rainfall events recoded 
by pluviographs.  
 
Council now has a complete local data set which includes Annual Maximum Series 
(AMS) and at-site AEP vs Rainfall data for durations ranging from 5 minutes to 168 
Hours. 
 

 
Figure 14 AMS Dataset  
 
 
Flood History and Regional Setting 
 
The Illawarra Region, located 80 kilometres south of Sydney, is characterised by 
Illawarra Escarpment that rises to over 500m within a few kilometres of the coast. The 
region experiences frequent, high intensity rainfall events and flooding. Flooding in the 
Illawarra is typically associated with intense storm bursts ranging from 1 to 9 hours 
(Reinfelds and Nanson, 2001). These storm bursts often follow hours or days of rainfall 
associated with east coast lows or ex-tropical cyclones. 
 
The most significant events recorded by pluviographs occurred in the Dapto area in 
1984, the northern Illawarra in 1998, the Figtree area in 1999 and Shellharbour in 2011. 
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ARR2019 and IFDs 
 
Wollongong City Council have been transitioning to ARR2019 through the review of 11 
flood studies and floodplain risk management studies and plans. 
  
Following the release of the 2016 BOM IFDs, concerns were raised that for some 
coastal areas where rapid variation in terrain is known to significantly influence rainfall 
(such as Coffs Harbour and the Illawarra Region), the broad-scale national approach 
used to derive the IFDs may not adequately represent local factors and sub-daily rainfall 
bursts.  
 
BOM (2020) explains some reasons why the 2016 IFDs may not match an at-site 
frequency analysis including the length record and the regionalisation method used for 
data smoothing. However, concern remained in the Illawarra given the frequency rare 
events have been exceeded at multiple gauges and durations. For example, Figure 15 
shows the at-site annual maximum series (AMS) at Rixon’s Pass gauge far exceeds the 
2016 BOM IFD for the 3-hour duration. The Rixon’s Pass Gauge has been operational 
since 1985. The At-Site AMS is closer to the BOM 2016 IFDs at pluviographs closer to 
the coast, while at gauges near the Illawarra escarpment, such as Rixon’s Pass, the at-
site AMS far exeeds the BOM 2016 IFDs.  
  

 
Figure 15 3 hour At-site AMS and 2016 BOM IFD at Rixon’s Pass.  
  
In 2017, the NSW Government commissioned an investigation into whether more 
localised approaches may be worthwhile for such areas. Podger and Babister (2018) 
developed an alternative method for producing IFDs in such locations which better 
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matched the at-site IFDs in the Illawarra. The IFDs developed by Podger and Babister 
(2018) are referred to as the Revised IFDs (2018).  
 
Wollongong City Council has been using the Revised IFDs (2018) for initial testing of 
AR2019.  
 
Further Refinement of IFDs 
 
The updated procedures in ARR2019 aim to achieve AEP neutrality where a rainfall 
event of a particular AEP produces a flood event of an equal or similar AEP. Testing to 
date has shown the Revised IFDs (2018), together with the design hydrologic data 
outlined in Ghetti et al. (2019) may achieve AEP neutrality in catchments in the northern 
Illawarra however flow estimates appear to be underestimated in the larger catchment to 
the south. 
 
Within the Revised IFD (2018) data set, some localised areas of relatively lower IFDs 
were identified which could not be explained by local geographical features. Figure 16 
shows the 360 minute rainfall depths across the Illawarra.  The areas of localised lower 
rainfall depths are circled.  
 
 

 
Figure 16 Localised areas of relatively lower rainfall depths 
 
The BOM IFDs and Revised IFDs (2018) incorporated pluviometer data operated by the 
BOM, MHL and Sydney Water. Pluviograph data used to derive the BOM IFDs (2016) 
and the Revised IFDs (2018) did not extend beyond 2010 or 2011 at several gauges 
(Babister and Podger, 2018). Significantly, the southern Illawarra experienced flood 
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events in 2011, 2016 and 2017 and therefore these events were used to derive the BOM 
(2016) or Revised IFDs (2018) at some gauges. 
 
Additionally, many of the MHL gauges were installed following the rainfall event in 1984 
which caused significant flooding in the Dapto area. Figure 17 shows AEP vs rainfall 
depth at the Wongawilli gauge in West Dapto. Note the significance of the 1984 event.  
 

 
Figure 17 Wongawilli Gauge AEP vs Rainfall Depth 
 
The Cleveland Road and Airport gauges were installed after the 1984 event, with the 
three largest events for the 6 hour duration recorded in 2011, 2016 and 2017 as shown 
in Figure 18 and Figure 19. 
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Figure 18 Cleveland Road Gauge AEP vs Rainfall Depth 
 
 

 
Figure 19 Airport Gauge AEP vs Rainfall Depth 
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Storm Injector allowed Council to rapidly assess the historical significance of these 
recent events and informed a recent update of the Revised IFDs (2018). The update of 
the Revised IFDs (2018) incorporates up to 10 additional years of rainfall data. 
 
Updating the Revised IFDs saw a significant increase in the sub-daily IFDs particularly in 
the Southern Illawarra. Figure 20  shows isolated areas of up to 40% increase in rainfall 
for the 1% 6 hour event. Areas of relatively lower rainfall depth shown in Figure 16 were 
attributed to variance in the spatial and temporal distribution of pluviographs, rather than 
natural features. Wollongong Council is now testing if the updated Revised IFDs will 
achieve AEP neutrality thought the LGA. 
 

 
Figure 20  Percentage increase in revised IFDs with extended record length (1% 
AEP 6 hour event) 
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