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Abstract – With the introduction of the Australian Rainfall and Runoff 2016 (ARR 2016), there has 
been a change in the modelling of the hydrologic processes contributing to floods for design events.  
The most significant is the inclusion of ensemble events, which has increased the number of temporal 
patterns from 1 in ARR 1987 to 10 in ARR 2016.  A typical approach with ARR 1987 was to utilise the 
hydrologic model to determine the critical storm duration for a particular average reoccurrence interval 
(ARI) event.  ARR 2016 requires simulation of a large volume of storms to determine the critical 
duration and the temporal patterns that led to the critical cases.  Given the simulation times of 
numerical modelling, it becomes unpractical to run the complete suite of ensemble design storms for 
all events through hydraulic model.  ARR 2016 provides an alternative which is to run a separate 
hydrological modelling process of the catchment of interest in order to determine the critical duration 
and the temporal pattern and then to run these events through the hydraulic model.  
 
The approach taken was to select 3 different catchments located with Queensland (Weipa, Mackay 
and Warwick) each with slightly different catchment shapes and response times.  The hydrologic 
catchments were set-up in XPSWMM version 2017.2 considering both a lumped catchment and semi-
distributed catchment approach.  The hydrologic models were used to determine the appropriate 
critical duration and storm patterns for each catchment and each Annual Exceedance Probability 
(AEP) event in accordance with ARR 2016.  This resultant critical duration and storm pattern was 
compared between the different approaches.  
 
The XPSWMM model hydrologic outputs were tested in the hydraulic model to determine the peak 
flood levels for the chosen storm patterns for each AEP event. The resultant predicted flood levels 
were compared.  
 
Keywords – ARR 2016, temporal pattern, critical duration, lumped hydrologic modelling, semi-
distributed hydrologic modelling, rainfall-runoff, non-linear storage routing, hydraulic routing.    

1. INTRODUCTION  

With the introduction of the Australian Rainfall and Runoff 2016 (ARR 2016), there has been a change 
in the modelling of the hydrologic processes contributing to floods for design events.  The most 
significant is the inclusion of ensemble events, which has increased the number of temporal patterns 
from one (1) in ARR 1987 to ten (10) in ARR 2016.  A typical approach with ARR 1987 was to utilise 
the hydrologic model to determine the critical storm duration for a particular average reoccurrence 
interval (ARI) event.  It is suggested a similar approach can be used for the ARR 2016 hydrological 
assessment.  This paper explores different catchments to assess the reliability in adopting this 
approach using ARR 2016 methods.  
 
Hydrologic modelling was undertaken using a lumped method approach and a semi-distributed model 
approach in XPSWMM.  Hydraulic modelling was also undertaken in XPSWMM utilising the inflows 
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produced by the two hydrologic modelling approaches to test the influence of hydrologic estimates on 
the estimate of flood levels. 
 
Three different catchments have been considered to see how different climates and catchment 
characteristics respond to the modelling approaches.  The catchment locations are as follows:  
 

 Weipa (Gulf of Carpentaria coast of the Cape York Peninsula in Queensland); 
 Warwick (south-east Queensland, south-west of Brisbane); and 
 Mackay (middle of the eastern coast of Queensland). 

2. DESCRIPTION OF CATCHMENTS 

Weipa 
 
The Weipa catchment is relatively flat and generally grades south-west towards the coastline at an 
average slope of 0.7%.  This topography typically has wide-spread overland flow regimes with 
significant floodplain storage, without incised gullies or a clear definition of natural channel bed and 
banks.  Towards the coastline at Kerr Point Road several well-defined table drains, and constructed 
channels exist which catch widespread overland flow and convey flood waters to the coast via culvert 
crossings under Kerr Point Road.  The site is subject to risk posed by ocean storm tide and storm 
surge inundation.  Figure 1 below shows the location of the Weipa site. 
 

 

Figure 1 - Weipa Locality Plan 

The Weipa site is located within the Monsoonal North Temporal Pattern Region.  The annual mean 
rainfall for Weipa (station number 027045) is 1918.1mm. 
 
Warwick 
 
The Warwick catchment is a tributary of the Condamine River and is dominated by rural and 
agriculture landuses.  The catchment elevation ranges from 465 to 575 mAHD.  The catchment has a 
defined centerline with relatively steep catchments draining to this centerline.  The catchment drains in 
a south-westerly direction.  Figure 2 below shows the extent of the catchment.  The Warwick site is 
located within the Central Slopes Temporal Pattern Region.  The annual mean rainfall for Warwick 
(station number 041525) is 681.6mm. 
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Figure 2 - Warwick Locality Plan 

 
Mackay 
 
The Mackay site is located 10.8 km north of Mackay city center and drains to the north to Dolphin 
Heads.  The majority of the catchment is of medium to high density urban residential use with a well-
developed drainage network.  There is a large storage within the catchment.  Figure 3 below shows 
the extent of the catchment.  The upstream external catchments are relatively steep while the lower 
catchment area is relatively flat.  The catchment elevation ranges from 2.5 to 40.0 mAHD.   
 

 

Figure 3 - Mackay Locality Plan 

The Mackay site is located within the East Coast North Temporal Pattern Region.  The annual mean 
rainfall for Mackay (station number 33303) is 1595.4mm. 

3. LUMPED AND SEMI-DISTRIBUTED APPROACHES  

The lumped hydrologic approach considers the entire catchment as a single entity, without 
consideration of the spatial variations in catchment characteristics, such as slope, degree of 
urbanization, type of ground cover etc.  Spatial variation of rainfall and losses, presence of storages, 
and pipe or channel network are also not represented in the lumped hydrologic approach.   
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As described in Section 6.4.2.2 of ARR 2016, “lumped models can still play a useful role as a 
component of node-link type models, to represent the formation of runoff hydrographs from hillslope or 
overland flow segments as an input to the streamflow network” (Babister et al 2016). 
 
The semi-distributed approach divides the catchment into a number of sub-catchments.  Each sub-
catchment represents the routing of overland flow in a hillslope segment (i.e. lateral inflows entering 
the main channel).  The sub-catchments are then linked to form a streamflow network.   
 
Lumped Hydrologic Approach  
 
The modelling software adopted for this study is XPSWMM version 2017.2.  The Laurenson non-linear 
hydrology technique was adopted to route runoff from rainfall for the lumped catchment.  In adopting 
the Laurenson rainfall-runoff routing method, the lumped catchment node is defined by its pervious 
and impervious areas, fraction impervious and average catchment slope.  Net rainfall depth is routed 
through the lumped catchment based on a dimensionless ensemble storm temporal patter after 
appropriate losses and roughness factors are applied, to the respective pervious and impervious 
areas, resulting in a surface runoff hydrograph at the outlet of the lumped catchment (i.e. non-linear 
storage routing).   
 
Semi-Distributed Hydrologic Approach 
 
The Laurenson non-linear hydrology technique was adopted to route runoff from rainfall for each sub-
catchment.  Net rainfall depth is routed through each sub-catchment based on a dimensionless 
ensemble storm temporal patter after appropriate losses (initial and continuing) and roughness factors 
are applied, to the respective pervious and impervious areas, resulting in a surface runoff hydrograph 
for each sub-catchment (i.e. non-linear storage routing).  The rainfall-runoff hydrographs from the sub-
catchments are then subsequently routed as a dynamic wave through the stream network, completing 
the semi-distributed hydrologic model (i.e. kinematic wave hydraulic routing).   
 
A comparison of the two approaches is summarised in Table 1 below:  

Table 1. Lumped Hydrologic Model vs. Semi-Distributed Hydrologic Model (XPSWMM) 

Parameter Lumped Approach Semi-Distributed Approach 

Catchment 
Delineation  

The entire catchment is treated as 
one node 

- The catchment is divided into a number of sub-
catchments, each representing the routing of 
overland flow in a hillslope segment; and  

- The sub-catchments are then linked to form a 
streamflow network 

Routing 
Method  

Muskingum procedure with the 
Laurenson non-linear routing 
technique 

- Muskingum procedure with the Laurenson non-
linear routing technique; and  

- Kinematic wave hydraulic routing (i.e. St Venant 
equations) 

Input 
Parameters 

Input parameters required for the 
lumped catchment are:  

- catchment area (pervious 
& impervious areas);  

- fraction impervious;  
- catchment slope; and 
- Manning’s ‘n’ 

Input parameters required for each sub-catchment are: 
- sub-catchment area (pervious & impervious 

areas);  
- fraction impervious;  
- sub-catchment slope; and 
- Manning’s ‘n’ 

 
Input parameters required for the hydraulic routing 
component are:  

- stream cross section; 
- stream length; 
- upstream and downstream invert levels; and 
- Manning’s ‘n’ 

4. METHODOLOGY   

To assess when it is appropriate to use either lumped or semi-distributed approach the following 
methodology was undertaken for each of the three catchments: 
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• Develop semi-distributed hydrologic model utilising the non-linear Laurenson rainfall-runoff 
routing method and fully dynamic 1D streamflow routing within XPSWMM 2017.2 for all AEPs, 
durations and temporal patterns to derive the critical design storm events; Then, to use only 
the critical design storm events in generating source point inflows in a more detailed fully 
dynamic 1D/2D hydraulic model, also within XPSWMM, to produce the semi-distributed 
approach flood levels;   

• Develop lumped hydrologic model utilising the non-linear Laurenson rainfall-runoff routing 
method within XPSWMM 2017.2 for all AEPs, durations and temporal patterns to derive the 
critical design storm events.  Note that the lumped hydrologic model was used purely to 
determine the critical design storm events for the study area.  Hydrographs produced by the 
semi-distributed hydrologic model for the critical storm events determined by the lumped 
hydrologic model were then adopted as the source point inflows in the detailed fully dynamic 
1D/2D hydraulic model to produce the lumped approach flood levels; 

• Undertake Regional Flood Frequency Estimation (REEF) calculations for each of the three 
catchments using ARR 2016’s RFFE online tool;  

• Compare peak discharges produced by the semi-distributed hydrologic model, the lumped 
hydrologic model, and ARR 2016’s RFFE technique;  

• Compare critical storm events derived by the semi-distributed and the lumped hydrologic 
models; and  

• Compare water surface levels produced by the semi-distributed and the lumped approach 
hydraulic models.  

 
The sections below detail the model inputs for each of the three catchments. 

4.1. Weipa Model Inputs 

Figure 4 below shows the catchment plans for the lumped and semi-distributed hydrologic models for 
the Weipa catchment.  Table 2 contains the catchment inputs for the Weipa catchment and Table 3 
provides a summary of the key model parameters used in the hydrologic and hydraulic models. 
 

  
 

Figure 4 -Catchment Plan- Weipa 

Table 2. Catchment Inputs for Weipa 

Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

EXT. 01 7.12 15.10 0.56 

EXT. 02 10.52 8.06 0.60 

EXT. 03 11.02 53.91 0.70 

EXT. 04 7.57 23.70 0.70 

EXT. 05 0.93 0.00 4.10 

EXT. 06 3.44 100.00 1.28 

EXT. 07 1.07 74.84 0.56 

EXT. 08 0.91 0.30 1.99 

EXT. 09 3.14 52.52 1.27 

EXT. 10 0.68 100.00 1.00 
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Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

EXIST. 01 0.92 0.00 3.29 

EXIST. 02 1.02 12.45 4.50 

EXIST. 03 0.45 0.00 1.02 

EXIST. 04 1.01 0.00 1.00 

EXIST. 05 2.04 19.75 1.00 

Total 51.8 32.35 0.70 

Table 3. Model Parameters for Weipa 

Model 

Hydrology Hydraulics 

Timestep 
(s) 

Initial 
Loss 
(mm) 

Continuous Loss 
(mm/hr) 

Grid Cell 
Size (m) 

1D 
Timestep (s) 

2D 
Timestep (s) 

Lumped Approach 1 
Imp:   0 
Perv:  0 

Imp:  0 
Perv: 6 5 1 2 

Semi-Distributed 
Approach 

1 
Imp:   0 
Perv:  0 

Imp: 0 
Perv: 6 

5 1 2 

4.2. Warwick Model Inputs 

Figure 5 below shows the catchment plans for the lumped and semi-distributed hydrologic models for 
the Warwick catchment.  Table 4 contains the catchment inputs for the Warwick catchment and Table 
5 provides a summary of the key model parameters used in both the hydrologic and hydraulic models. 
 

 

Figure 5 -Catchment Plan- Warwick 

Table 4. Catchment Inputs for Warwick 

Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

C1 5.03 5 5.3 

C2 25.29 5 3.9 

C3 109.97 5 2.2 

C4 15.55 5 3.1 

Ext1 15.87 20 11 

Ext2 28.86 20 10.8 

Ext3 47.10 20 11.5 

Ext4 31.92 20 8.2 
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Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

Ext5A 623.00 5 2.5 

Ext5B 750.10 5 2.27 

Ext5C 412.70 5 0.77 

Ext5D 693.30 5 1.45 

Ext5E 494.20 5 1.29 

Ext6 333.76 5 2.6 

Ext7 143.02 5 3.4 

Ext8 440.41 5 2.5 

Ext9 23.99 5 2.2 

Total Catchment 4194.07 5 0.5 

Table 5. Model Parameters for Warwick 

Model 

Hydrology Hydraulics 

Timestep 
(s) 

Initial 
Loss 
(mm) 

Continuous Loss 
(mm/hr) 

Grid Cell 
Size (m) 

1D 
Timestep (s) 

2D 
Timestep (s) 

Lumped Approach 1 
Imp:   0 
Perv:  0 

Imp:  0 
Perv: 1.3 5 2.5 1.25 

Semi-Distributed 
Approach 

1 
Imp:   0 
Perv:  0 

Imp:  0 
Perv: 1.3 

5 2.5 1.25 

4.3. Mackay Model Inputs  

Figure 6 below shows the catchment plans for the lumped and semi-distributed hydrologic models.  
Table 6 contains the catchment inputs for the Mackay catchment and Table 7 provides a summary of 
the key model parameters used in both the hydrologic and hydraulic models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 

Figure 6 -Catchment Plan- Mackay – Lumped (Left) and Semi-distributed (Right) 

Table 6. Catchment Inputs for Mackay 

Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

E1 1.00 3 1.2% 

E2 3.11 0 0.9% 

E3 4.03 6 1.7% 

EXT10 5.03 24 6.1% 

EXT1A 4.65 55 3.1% 

EXT1B 0.49 55 8.0% 

EXT1C 0.67 55 9.6% 

EXT2 7.80 55 3.1% 
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Catchment ID Area (ha) 
Fraction Impervious 

(%) 
Slope (%) 

EXT3 4.49 55 3.9% 

EXT4A 5.66 55 4.2% 

EXT4B 0.64 55 6.3% 

EXT5 2.02 55 5.5% 

EXT6 10.08 55 4.3% 

EXT7A 6.07 53 6.3% 

EXT7B 0.96 55 5.5% 

EXT8 3.85 14 4.1% 

EXT9A 3.77 33 11.5% 

EXT9B 2.39 32 11.2% 

EXT9C 7.74 40 10.8% 

Total Catchment 74.45 42 1.8% 

 

Table 7. Model Parameters for Mackay 

Model 

Hydrology Hydraulics 

Timestep 
(s) 

Initial 
Loss 
(mm) 

Continuous Loss 
(mm/hr) 

Grid Cell 
Size (m) 

1D 
Timestep (s) 

2D 
Timestep (s) 

Lumped Approach 1 
Imp:   0 
Perv:  0 

Imp:  0 
Perv: 4.8 

1 0.5 0.5 

Semi-Distributed 
Approach 

1 
Imp:   0 
Perv:  0 

Imp:  0 
Perv: 4.8 

1 0.5 0.5 

5. RESULTS AND DISCUSSION  

The following sections provide a summary of the hydrologic and hydraulic results for both approaches 
for all three catchments. 

5.1. Weipa 

5.1.1. Hydrology 

Table 8 below presents the results from the lumped and semi-distributed XPSWMM models and the 
RFFE method.  

Table 8. Hydrologic Results – Weipa 

AEP (%)  RFFE 

Lump Approach Semi-distributed Approach 

Peak 
Discharge 

(m3/s) 

Critical Duration and 
Storm Ensemble 

Number 

Peak 
Discharge 

(m3/s) 

Critical Duration 
and Storm 

Ensemble Number 

1 16.9 12.6 10min_8 4.7 1.5hr_2 

2 14.7 11.7 10min_8 4.4 1.5hr_2 

5 11.9 10.5 20min_2 4.0 1.5hr_5 

10 9.9 9.5 20min_2 3.6 1.5hr_5 

18 - 8.6 10min_6 3.1 1.5hr_8 

39 - 7.6 10min_6 2.7 1.5hr_7 

63 - 6.5 10min_8 2.2 2hr_8 

 
The semi-distributed approach produced a much lower peak discharge than the RFFE and the lumped 
approaches, which are both of the same order of magnitude.  The critical duration also differs between 
the lumped and semi-distributed methods.  Figure 7 shows a comparison of the hydrographs of the 
lumped and semi-distributed approaches.  As can be seen from Figure 7 that while the lumped 
approach produced larger peak discharge there is significantly more storage volume under the semi-
distributed hydrograph. 
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As stated in the Limits of Applicability of the RFFE online tool, “large flood storage areas in 
catchments with extensive floodplains or swamps have the effect of attenuating flood peaks; flood 
estimates from RFFE model would thus tend to overestimate peak flows and they could be regarded 
as upper bound flood estimates for these catchments.”   
 
The lumped approach hydrologic model considered the entire Weipa project catchment as a single 
entity, without considering the natural flood storage within the catchment.  This resulted in a “flashy” 
hydrograph with higher peak discharge but shorter lag time (i.e. hydrographs with steep rising and 
falling limbs).   
 
As the Weipa project catchment is relatively flat and has wide-spread overland flow regimes with 
significant floodplain storage, both the RFFE and the lumped hydrologic approaches have 
overestimated the peak discharges at the outlet of the catchment.  The lumped approach hydrologic 
model has significantly underestimated the catchment response time, thus producing hydrographs that 
do not reflect the rainfall-runoff process within the Weipa catchment.   
 
 

 
 

Figure 7 - Comparison of Hydrographs between Lumped (left) and Semi-Distributed (right) 
Approaches - Weipa 

In contrast, in the semi-distributed hydrologic approach, the effect of natural flood storage in 
attenuating flood waves has been quantified by the hydraulic routing of the stream network, thus 
providing a more realistic representation of real rainfall-runoff process occurring within the catchment.   

5.1.2. Hydraulics 

Table 9 below presents the median flood levels produced by the semi-distributed and the lumped 
approach hydraulic models.  

Table 9. 1% AEP Hydraulic Results – Weipa 

Approach Critical Duration & 
Storm Pattern 

Peak Water Surface Level Upstream of 
Kerr Road (mAHD) 

Lumped  10min_8 1.68 

Semi-Distributed  1.5hr_2 1.83 
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Figure 8 - Comparison of Water Surface Levels between Lumped (left) and Semi-Distributed 
(right) Approaches - Weipa 

Lower flood levels and smaller flood inundation extent were predicted by the hydraulic model which 
adopted the inflow hydrographs for the critical storm events derived form the lumped approach 
hydrologic model.  As mentioned previously, while the lumped approach produced larger peak 
discharge there is significantly more storage volume under the hydrographs produced by the semi-
distributed approach hydrologic model.  For the storage dominated Weipa catchment, the significant 
smaller flood volume stored under the hydrographs produced by the lumped hydrologic model 
outweighs the increase in peak discharge, thus predicting lower flood levels.   

5.2. Warwick 

5.2.1. Hydrology 

Table 10 below presents the results from the lumped and semi-distributed XPSWMM models, and the 
RFFE method.  

Table 10. Hydrologic Results – Warwick 

AEP (%)  RFFE 

Lump Approach Semi-distributed Approach 

Peak 
Discharge 

(m3/s) 

Critical Duration 
and Storm 
Ensemble 
Number 

Peak 
Discharge 

(m3/s) 

Critical Duration 
and Storm 

Ensemble Number 

1 373.0 136.4 6h_10 150.2 4.5h_8 

2 265.0 117.0 6h_2 133.6 4.5h_8 

5 158.0 94.2 6h_4 115.9 6h_9 

10 101.0 77.3 6h_4 99.7 6h_9 

18 - 62.6 6h_6 83.6 4.5h_1 

39 - 46.4 6h_10 66.4 4.5h_1 

63 - 37.0 45min_2 51.9 4.5h_10 

 
As stated in the Limits of Applicability of the RFFE online tool, RFFE model estimates have lower 
accuracy for catchments in the arid areas as the RFFE technique for the arid areas was developed 
based on a very limited number of gauged catchments.  The Warwick catchment is located within the 
Semi-Arid Inland QLD region, and therefore the RFFE estimates for the Warwick catchment was 
disregarded from the results.   
 
Peak discharges of similar magnitude were produced from the two different approaches, with the 
semi-distributed approach hydrologic model produced slightly higher results.  Similar estimation of the 
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critical storm events was made by the two approaches, except for the 63% AEP event of the lumped 
approach where a significant shorter critical duration was predicted.   
 
As shown in Table 4, the slope adopted for the lumped approach hydrologic model was significantly 
smaller than the slopes adopted for any of the sub-catchments in the semi-distributed hydrologic 
model.  It was noted that, for the Warwick catchment assessment, the slope adopted for the lumped 
approach hydrologic model is the slope of the main channel, whilst the slopes adopted for the semi-
distributed approach hydrologic model are the catchment surface slopes.  The catchment surface 
slopes are relatively steep with limited natural floodplain storage, whilst the slope of the main channel 
is relatively flat.  For the Warwick catchment, the time of flow in the main channel is more dominant 
than the time of flows on hillslopes, thus the channel routing phase is of more importance than the 
overland flow routing phase in the overall catchment response to rainfall inputs.  Therefore, as the 
lumped approach hydrologic model developed for the Warwick catchment represents the channel 
routing phase of the catchment, reasonable estimation of peak discharge and catchment response 
time have been achieved through both the lumped and the semi-distributed approach hydrologic 
models.   

5.2.2. Hydraulics 

Table 11 below presents the median flood levels produced by the semi-distributed and the lumped 
approach hydraulic models.  Similar estimation of peak water surface level was made by the two 
approaches.   

Table 11. 1% AEP Hydraulic Results – Warwick 

Approach Critical Duration & 
Storm Pattern 

Peak Water Surface Level at Outlet 
(mAHD) 

Lumped Approach 6hr storm 10 469.70 

Semi-Distributed Approach  4.5hr storm 8 469.75 

5.3. Mackay 

Table 12 below presents the results from the lumped and semi-distributed XPSWMM models, and the 
RFFE method.  

Table 12. Hydrologic Results – Mackay 

AEP (%)  RFFE 

Lump Approach Semi-distributed Approach 

Peak 
Discharge 

(m3/s) 

Critical Duration and 
Storm Ensemble 

Number 

Peak 
Discharge 

(m3/s) 

Critical Duration 
and Storm 

Ensemble Number 

1 10.6 32.5 1hr_9 23.2 45min_10 

2 9.1 29.4 1hr_9 20.9 45min_10 

5 7.2 22.9 10min_3 17.8 45min_6 

10 5.8 20.2 10min_3 15.4 45min_6 

18 - 17.1 10min_6 13.3 45min_10 

39 - 14.1 10min_6 10.8 45min_10 

63 - 11.2 15min_9 8.6 45min_6 

 
As stated in the Limits of Applicability of the RFFE online tool, the RFFE model technique cannot be 
applied to urban catchments with more than 10% of the catchment affected by residential or urban 
development.  As the Mackay project catchment is highly developed with urban land uses, the RFFE 
estimates for the Mackay catchment was disregarded from the results.   
 
A large detention storage is provided within the Camilleri Street park, near the downstream end of the 
catchment.  Similar findings to the Weipa catchment were observed as the attenuation effect of the 
storage was not considered in the lumped approach hydrologic model.  The effect of the urban 
drainage network was also not represented in the lumped approach hydrologic model.   
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6. CONCLUSIONS AND RECOMMENDATIONS 

The conclusion of the testing indicated that the lumped approach hydrologic model generally 
overestimates the peak discharge but underestimates the catchment response time as the attenuation 
effect of the floodplain storage is not considered in the lumped approach.  While the lumped approach 
produced larger peak discharge there is significantly more storage volume under the hydrographs 
produced by the semi-distributed approach hydrologic model.  For storage dominated catchments, the 
significant smaller flood volume stored under the hydrographs produced by the lumped hydrologic 
model outweighs the increase in peak discharge, thus predicting lower flood levels.  Therefore, for 
catchments with significant floodplain storages or catchments with wide spread use of detention 
basins, it is recommended to use the semi-distributed approach hydrologic model to determine the 
critical storm events and inflow hydrographs for the hydraulic modelling.   
 
For catchments with significant presence of urban drainage network, it is recommended to adopt the 
semi-distributed approach hydrologic model as the lumped approach hydrologic model does not 
consider the effects of urban drainage network on the resultant hydrographs.   
 
Although reasonable hydrograph estimates can be achieved for catchments where the lumped 
approach hydrologic model represents the dominant routing phase for the catchment in the overall 
catchment response to rainfall inputs, depending on the scope of projects and the potential risk to life 
and property caused by flooding, it is generally recommended to use the semi-distributed hydrologic 
approach to determine the critical duration and ensemble pattern and then adopt this particular storm 
in the hydraulic modelling.    
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