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1 Executive Summary 
 

The MPI SFF Project Don’t Muddy the Water, has quantified the effectiveness of sediment 

retention ponds (SRP) and vegetated buffer strips in cultivated horticultural production. This 

project quantified a number of mitigation measures described in the Erosion & Sediment 

Control Guidelines for Vegetable Production (Barber, 2014) as well as the development of an 

app to assist erosion and sediment loss risk assessments. Erosion risk assessments are used in 

the preparation of Erosion & Sediment Control Plans (E&S Sediment Control Plans), which is a 

component of an overall Farm Environment Plan. The research, guidelines, and DMTW app 

have been linked together in four case study E&S Control Plans. These plans include a practical 

implementation plan and a Good Management Practice checklist that can be audited through 

the NZ GAP assurance scheme. 

The work on vegetated buffer strips can be found in the Landcare Research report Erosion 

measurements at Levin, Pukekohe and Gisborne. Final report (Basher, 2018), and is available 

from HortNZ. 

 

Sediment Retention Ponds (SRP) 

The SRP experimental design utilised automatic water samplers to obtain suspended sediment 

concentrations from the inlet and outlet of two SRPs. This determined a correlation between 

SRP size and its efficiency in reducing suspended sediment concentrations in the outlet 

stormwater. Pond efficiency was determined during individual runoff-events and at monthly 

and annual timescales. Runoff coefficients were determined using an inlet flow weir and an on-

site telemetered rain gauge. 

SRP inlet and outlet flows, and suspended sediment concentrations has been collected using 

NIWA autosamplers over 3 years. This has enabled us to build an accurate picture of cultivated 

erosion rates, runoff coefficients, and sediment reduction efficiencies for three SRP sizes (0.3%, 

0.5% and 1.3%).  

Pond 1 in Year 2 had a size of 1.3% (130m3/ha), well over the recommended guideline size 

(0.5%). In Year 3 this was reduced in size to 0.5% (50m3/ha), the guideline figure for sediment 

retention pond storage. Pond 2 has consistently remained at 0.3% throughout the project. 

The averaged runoff coefficients have been very low, at just 15% and 6% for the catchments of 

Ponds 1 and 2 respectively in Year 2. Year 3 results were higher at 25% and 17% for Ponds 1 and 

2 respectively across the analysed rainfall events. Runoff was higher during the largest events, 

with the maximum runoff reaching 50% in August 2016 when the soil was saturated (Table 4). 

 

http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
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The lower rates of runoff, compared to hard compacted construction sites, forms part of the 

justification for smaller ponds on cultivated land compared to the Auckland Council : Erosion 

and Sediment Control Guide for Land Disturbing Activities in the Auckland Region guidelines 

values of 2-3% (slope dependent). Both systems, cultivated horticultural and construction sites, 

achieve similar detention times, the main mechanism for lowering suspended sediment.  

Sediment retention ponds will capture both bedload (heavy aggregates) and suspended 

sediment. During Year 2, lidar surveys determined that 95% of the erosion was bedload. This 

also was similar for Year 3 based on visual evidence. All bedload soil was captured either within 

the lower parts of the paddock, or the forebays and ponds themselves irrespective of pond size. 

Capturing bedload requires the water to be slowed down and for there to be enough pond 

capacity to accommodate the eroded soil between cleanings.  

In the nine months between June 2016 and March 2017 the rate of erosion reaching the 

forebays and ponds was 75 t/ha (Pond 1) and 37 t/ha (Pond 2). The large difference in erosion 

rates underscores the natural variation even between two very similar paddocks that are side 

by side. Part of the difference can be explained by the much flatter and longer headland 

dropping soil out before reaching the Pond 2 forebay. Of this eroded soil, the ponds captured 

74 t/ha and 36 t/ha respectively, an overall efficiency of greater than 98%.  

During Year 2 the Ponds 1 and 2 (1.3% and 0.3% respectively) caught suspended sediment, 

which made up ~5% of the eroded soil, at an average efficiency of 97% (Pond 1) and 69% (Pond 

2). The larger sediment retention pond, with its longer detention time, had a median 

suspended sediment concentration in its discharge of 80 g/m3 compared to 690 g/m3 for the 

smaller pond. The average suspended sediment concentration in the discharge water from the 

large and small ponds was 240 g/m3 and 980 g/m3 respectively. 

In Year 3 the two ponds (Pond 1 = 0.5%, and Pond 2 = 0.3%) caught suspended sediment at an 

average efficiency across multiple rainfall events of 88% (Pond 1 – 11 events) and 75% (Pond 2 

– 28 events). As in Year 2, the larger sediment retention pond had a longer detention time, 

consequently the median suspended sediment concentration in its discharge was 130 g/m3 

compared to 390 g/m3 for the smaller pond. The average suspended sediment concentration in 

the discharges from the 0.5% and 0.3% ponds was 410 g/m3 and 800 g/m3 respectively. 

When analysed by individual rain events, as shown in the table and graph below, the suspended 

sediment reduction efficiency of an SRP is strongly correlated with its size. The larger an SRP 

the greater its detention time, and this is the primary factor influencing suspended sediment 

settling out of solution. 

  

http://content.aucklanddesignmanual.co.nz/regulations/technical-guidance/Documents/GD05%20Erosion%20and%20Sediment%20Control.pdf
http://content.aucklanddesignmanual.co.nz/regulations/technical-guidance/Documents/GD05%20Erosion%20and%20Sediment%20Control.pdf
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Summary of suspended sediment efficiencies across the project analysed by individual rainfall 

events  

 

 

Suspended sediment efficiencies by pond size 

The graph above shows the scatter of suspended sediment reduction efficiencies by pond size. 

It clearly demonstrates the large variability in sediment reduction inherent with smaller ponds. 

As the size of the pond increases the distribution of sediment reduction efficiencies becomes 

tighter around a higher average sediment reduction efficiency.  

This helps justify a minimum pond sizing of 0.5% of catchment area in the Erosion & Sediment 

Control Guidelines for Vegetable Production. 

Phosphorus 

In addition to over 1,000 suspended sediment samples being taken and analysed, ten soil and 

water samples were analysed for total phosphorus and dissolved reactive phosphorus.  
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http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
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The phosphorus results were applied to the full data set to estimate the extent of phosphorus 

loss as a result of soil erosion and runoff.  

Phosphorus entering each pond was reduced by 96% in Pond 1 (size: 1.3% - Year 2) and 68% in 

Pond 2 (size: 0.3%). This was mostly due to particulate phosphorus, comprising approximately 

85% of the total phosphorus entering the ponds, settling out with the sediment. Dissolved 

reactive phosphorus was also reduced by an average of 59% through attenuation within the 

pond. It is important to note that most total eroded phosphorus is trapped in the forebays and 

ponds as bedload. 

Floating Decant 

This project included a one-year extension (July 2018 – June 2019), with the objectives to 

develop four Erosion and Sediment Control Plans (E&S Control Plans), and to test the efficiency 

of a floating decant. Due to abnormally low rainfall since the floating decant was installed, and 

a few electrical monitoring equipment failures, there was only one rainfall event to analyse. 

During this event, Pond 1 with the floating decant installed detained 99% of suspended 

sediment. This was due to a combination of cleaner water being decanted off the top and a 

longer detention time due to a slower rate of outflow. 

Erosion & Sediment Control Plans 

Four E&S Control Plans have been developed and disseminated through workshops. An 

anonymous version is available from HortNZ. They are intended to be used to assess erosion 

risk and plan improvements to a properties E&S control measures. These plans link to NZ GAP’s 

Environment Management System (EMS) assurance programme, which aligns with and in many 

respects goes beyond Regional Council rules. 

Conclusion 

The results from the SRP trial at Pukekohe support the existing Erosion & Sediment Control 

Guidelines for Vegetable Production (Barber, 2014) in setting the minimum size of SRPs at 0.5%, 

which also aligned with previously modelled results (Barber, 2012). The project also provided 

evidence supporting the effectiveness of riparian buffer strips. The development of the DMTW 

app and the implementation of E&S Control Plans will support growers into the future through 

lower erosion and sediment losses.  

The next stage is to continue preparing E&S Control Plans and continue with their 

implementation and NZ GAP auditing. Ideally this needs to be done across a whole catchment 

to ensure that changes are made in a coordinated way. By aggregating a range of metrics that 

flow from these plans, individualised benchmarking reports can be prepared. Catchment, 

regional and national stories can then be told about the industry’s progression towards Good 

Management Practices and improved environmental outcomes.  
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2 Introduction 
 

This report summarises the activities and results from the Pukekohe sediment retention pond 

trials over 3 Years (Year 1: December 2016 – June 2016, Year 2: July 2016 – June 2017, Year 3: 

July 2017 – June 2018), as well as the 1-year extension (July 2018 – June 2019) of a multi 

stakeholder Ministry for Primary Industries Sustainable Farming Fund project ‘Don't Muddy the 

Water’ SFF 407925. 

Landcare Research have prepared a report covering the other trials in this SFF project, Erosion 

measurements at Levin, Pukekohe and Gisborne. Final report. (Basher, 2018). This report is 

available from HortNZ. 

Regional authorities around New Zealand are developing plans to improve freshwater quality 

while enabling agriculture and horticulture. The focus on freshwater issues has been 

highlighted by the release of the National Policy Statement on Freshwater which sets a bottom 

line for attributes in freshwater such as nitrogen and phosphorus levels. While sediment is not 

currently covered, the MfE / MPI led programme to further develop the National Objectives 

Framework indicates a focus on national sediment standards in future revisions.  

A common theme in regional plans and consents is the use of Farm Environmental Plans 

(Canterbury, Manawatu, Hawke’s Bay, and Waikato) which are often constructed around a risk 

assessment and the selection and application of Good Management Practices (GMP) by farmers 

to reduce their environmental footprint.  

The horticultural industry has proactively developed a guide to address erosion issues, 'Erosion 

and Sediment Control Guidelines for Vegetable Production' (Barber, 2014). This and other 

guides such as 'Menus - Practices to improve water quality on cropping land' are examples of 

documents that advise on farm practices to reduce erosion and sediment loss from cultivated 

land. 

The use of sediment retention ponds (SRPs) in the construction industry is very widespread, 

with years of research and design guidelines such as Auckland Council’s Technical Publications 

90, 223, and now Guideline Document 05. In these the minimum SRP size is 2% (equating to 

200 m3 storage per hectare of catchment area), rising to 3% when the slope is >18%. The 

horticulture industry has previously modelled and shown that in the case of cultivated 

vegetable production SRP size can be reduced while achieving the same environmental 

outcome. This is due to the lower runoff coefficient (discussed in Section 4.1) and larger 

aggregate sizes which results in quicker settling. A theoretical explanation of these differences 

is described in the paper Justification of Silt Trap Capacity for Cultivated Land (Barber, 2014).  

One of the objectives of this project is measuring the assumptions and pond performance that 

was set out in this paper. The primary focus is on the effectiveness of pond size in a cultivated 

cropping situation. 

http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
http://www.hortnz.co.nz/assets/Uploads/Auckland-Waikato-ES-Control-Guidelines-1-1.pdf
http://www.farmmenus.org.nz/
http://content.aucklanddesignmanual.co.nz/regulations/technical-guidance/Documents/GD05%20Erosion%20and%20Sediment%20Control.pdf
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The results of the Pukekohe and Levin trials, along with the Revised Universal Soil Loss Equation 

(RUSLE), have been used to construct a risk assessment app for growers to predict the rate of 

soil erosion and sediment loss from their properties.  

The DMTW app incorporates the effects of several mitigation measures to demonstrate to the 

end user the reduction of sediment and phosphorus loss through the uptake of these measures. 

The app is designed to be used in the first risk assessment stage of an E&S Control Plan. 
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3 Methods  
 

3.1 Site description and data collection methodology 
 

The site on Calcutta Road, Pukekohe, was selected for two main reasons:  

• it is located on the iconic Pukekohe Hill – so is well known when discussing the results 

with people in other parts of the country 

• it has two similar (size, contour, and management) side-by-side paddocks draining into 

two adjacent pre-existing sediment retention ponds with manageable inflow volumes, 

which were ideally suited for modification to meet the needs of this project. 

 

 
Figure 1. Trial location. 
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Table 1. Sediment retention pond description. 

 Pond 1  Pond 2  

Location Calcutta Road, Pukekohe 

Co-ordinates (lat., long.) -37.22488, 174.88744 

Soil type Clay loam 

Catchment area (ha) 1.88 2.13 

Average slope (°) (steepest) 4.6 (6.2) 5.1 (5.7) 

Average slope (%) (steepest) 8.2 (10.8) 8.9 (10.0) 

Sediment Retention Pond size –to the top of the primary spillway (m3) 

Year 2: December 2015 – March 2017 242 (1.3%) 58 (0.3%) 

% live storage 30% 35% 

Year 3 and project extension: 

March 2017 – June 2019 
94 (0.5%) 58 (0.3%) 

% live storage 50% 35% 

 

 

Figure 2. Excavation of the original sediment retention pond at the beginning of the project 

(December 2015) to modify Pond 1. 
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This aspect of the project is focussed on the effectiveness of pond size in a cultivated vegetable 

cropping situation. The two sediment retention ponds (SRP) were surveyed and excavated to 

have different specific sizes/capacities, while maintaining as similar as possible pond 

shape/design, weather, grower management, soil type and topography conditions. The SRPs 

were modified with the intention of making Pond 1 approximately 1% (100 m3/ha) and Pond 2 

0.5% (50 m3/ha), although they actually started out at 1.3% and 0.3%. The Erosion and 

Sediment Control Guidelines for Vegetable Production (Barber, 2014) specify 0.5% and up to 

1.0% when the catchment is over 5 ha or the average slope is greater than 6°. As the end goal is 

to model SRP efficiency based on volume, a minimum of two pond sizes are needed. Flooding in 

March 2017 reduced the size of Pond 1 from 1.3% to 0.5%, providing additional performance 

insights on retention ponds that are at the guideline standard. 

Rainfall data was collected from the nearby NIWA climate station. In Year 3 an automated 

tipping rain gauge was established on the site.  

Soil that erodes from the paddock is transported away as a combination of bedload and 

suspended sediment. Bedload is the heavy aggregates that drop out of the water very quickly, 

as soon as the velocity reduces. This can be seen as redistributed soil within the paddock where 

the slope reduces, along headlands (Figure 3), or building up in forebays and on deltas at the 

upstream ends of SRPs.  

  

Figure 3. Bedload accumulations within the row and along the headland.  
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The rate of bedload accumulation was 

measured as the change in elevation within 

and around the ponds surveyed using RTK-GPS 

and a mobile laser-scanner. These surveys 

were conducted when the ponds were built 

(December 2015) and then subsequently in 

May 2016, December 2016, and March 2017 

pre-and post-pond cleaning and resizing 

(Figure 4). 

To determine the entrapment of suspended 

sediment, the volume of water entering and 

exiting the pond was measured using weirs 

and water level gauges. At the entry and exit 

point of each pond, NIWA installed auto-

samplers that take a water sample when fixed 

volumes of flow have passed by (Figure 5). 

Recordings were made every minute and 

telemetered every 15 minutes. The 

telemetered record can be tracked in near-

real-time to check on pond and instrument 

performance during rain events. The data is 

also archived for later analysis (Figure 6).  

 

Figure 4. Bedload accumulation measurement – 
mobile laser survey 
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Figure 5. Monitoring equipment. 1. Pond 1 entry with water depth gauge (pipe), weir, and 

equipment housing (green box). 2. Pond 1 outlet. Primary spillway through the blue perforated 

snorkel, pond depth gauge, emergency spillway (white geotextile cloth), weir boxes with 

associated depth gauges and equipment housing. 3. Autosampler control panel. 4. Autosampler 

water collection bottles (housed below the control panel).  

 

1 2 

3 4 
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Figure 6. Pond 2 inlet flows (blue) and accumulating sample counts (red). 

 

The water samples were collected and analysed for suspended sediment concentration (Figures 

7 and 8). The laboratory analysis used vacuum filtration, followed by drying the weighing. 

Where the samples had very high suspended sediment levels they were diluted and churned to 

collect a representative sub-sample before being filtered and dried. 

 

 

Figure 7. Pond 2 water samples prior to filtering, drying and weighing. 
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Figure 8. Pond 1 inlet samples showing a range of sediment concentrations during a single 
rainfall event 

There is enormous variation in sediment concentration throughout a rainfall event as shown in 

Figure 8. This emphasises the importance of being able to take auto-samples triggered by 

volume from throughout a rain event. A single, or even several, grab samples will not be 

representative of the whole event. Each bottle contains up to 10 samples. 

 

Table 2. Number of water samples analysed for suspended sediment concentration. 

Sample type Pond 1 Pond 2 Total 

Inflow 279 328 607 

Outflow  188 315 503 

Period Pond 1 Pond 2 Total 

Year 2 161 338 499 

Year 3 271 254 525 

Project extension 36 50 86 

Total 467 643 1,110 

 

As shown in Table 2 with less outflow samples than inflow, there were pond water losses from 

infiltration and to a lesser extent evaporation. These were slow and progressive after the 

events, so should not have had much impact on the efficiency measurements over the event 

runoff. Such losses are likely to be a good thing as they improve the ponds functionality. 
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3.1.1 Volume change 
 

Severe flooding in March 2017 led to a 

reduction in the size of Pond 1 from 1.3% 

to 0.5%. Since this was conveniently close 

to the size of guideline retention ponds it 

was decided to retain Pond 1 at this size. 

This allowed us to analyse sediment 

retention performance across 3 different 

sized ponds. 

Unfortunately, due to the flooding, much 

of the data around winter 2017 is 

unreliable and has made getting overall 

annual data for Year 3 impossible. Table 3 

shows the volume change of both SRPs 

across the lifetime of the project. 

Table 3. Volume change of Ponds 1 and 2 from December 2016 to June 2019. 

Pond December 2016 April 2017 onwards 

1 242 m3 94 m3 

2 58 m3 58 m3 

 

3.2 Project extension 
 

Following the end of Year 3 review 

the project was extended by a year 

to June 2019. This enabled the 

installation and testing of a 

floating decant device (Figure 10). 

The extension also allowed us to 

conduct grower workshops, and 

prepare four Erosion and Sediment 

Control Plans, which forms part of 

an overall Farm Environment Plan 

(FEP). 

Figure 10. Floating decant after installation in August 

2018. 

Figure 9. Volume of sediment in Pond 1 following the March 
2017 flooding. 
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3.2.1 Farm Environment Plans 
 

The four E&S Control Plans were: 

• Pukekawa: McMikens Block, State Highway 22, Pukekawa (Master & Sons Ltd) 

• Pukekawa: School Block, State Highway 22, Pukekawa (Master & Sons Ltd) 

• Pukekohe: Calcutta Road Block, Calcutta Road, Pukekohe Hill (Balle Bros Ltd) 

• Levin: Patikei Road Block, Patikei Road, Levin (Woodhaven Gardens Ltd) 

By generating Erosion and Sediment Control Plans across two regions gave a better 

understanding for the application of mitigation measures in different locations. For instance, in 

Auckland/Waikato SRPs are used extensively due to the large amount of sloping cropping land 

in the area. 

Levin based growers, in contrast, often cannot utilise SRPs effectively due to the flatness of 

their land and so rely on buffer strips and grassed swales to a greater extent. This also 

highlights why growers need a tool kit of mitigation measures, rather than a prescriptive rule 

requiring a particular mitigation measure. 

The process of generating each plan was done in collaboration with the selected growers, so as 

to create a model of the process that could be used to generate these plans in the future. These 

case studies have been used to refine an E&S Control Plan template. From this process we also 

found that it was necessary to generate concise construction plans to aid growers and their 

staff in implementing the action plan. The template E&S Control Plan and construction plans 

are available from HortNZ.  

 

Figure 11. Template E&S Control Plan. 
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Figure 12. Installing SRP’s as prescribed in the E&S Control Plan. 
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3.3 Crop history 

Figure 13. Crop history for the project main period (June 2016 to May 2018). Following this period, barley was planted in August 2018, with 
minimal recorded runoff due to lack of rain until harvest in February 2019. The paddocks were then left fallow until the end of the project in 
June 2019. The brown line tracks the average monthly runoff into Pond 1. 
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Figure 13 demonstrates the effect that ground cover and seasonal weather patterns have on 

percentage runoff. Not surprisingly saturated soils (winter) and bare soil results in increased 

runoff. Runoff was typically around 15% or less and peaking in specific events at around 30% 

and as high as 50% on one occasion (Table 4). There is minimal runoff in summer with the 

exception being some high intensity events like in February 2017 where the runoff peaked at 

38% and averaged 32% for the month. This high summer run off emphasises the need to be 

prepared with erosion and sediment control measures at all time. 

 



MPI SFF Project - Don’t Muddy the Water – Final Pukekohe Trial Report P a g e  | 22 

4 Results and Discussion 

4.1 Rainfall and runoff 
 

Figure 14 shows Pukekohe’s monthly rainfall from Jan 2016 to April 2019 which totalled 

4,576mm. This is 13% wetter than the long-term average for this period. In March 2017 

Pukekohe received 297mm of rainfall, making it the 2nd wettest month on record (since 1962) 

and over 3 times the March average. This month included the highest intensity rainfall event of 

the project which had a return interval of less than 1 in 5 years (AEP = 20%) with 37.4mm in 2 

hours and 56.8mm over 6 hours. As a result, the forebays and some of the sampling equipment 

were inundated with soil and the small pond flooded several times.  

Figure 14. Pukekohe monthly rainfall figures from January 2016 to May 2019 with long term 

averages (since 1972). 
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Table 4. Monthly average and peak event runoff coefficients in Year 2. 

 

Excluding, due to flooding, the large rain events in March and April 2017 the runoff coefficients 

are generally low at just 15% and 6% for the catchments of Ponds 1 and 2 respectively. In the 

peak events, the maximum runoff was 50% in August 2016 when the soil was saturated (Table 4 

and Figure 16).  

Due to pond infiltration and evaporation the percentage runoff at the outlet was even lower at 

an average of just 5%. This water loss should not have impacted significantly on the trap 

efficiency measurements because of the relatively short time the ponds were discharging 

during and after rainstorms.  

Month 
Water flowing off 
the paddock into 
the pond (m3/ha) 

Monthly 
Average 

Peak Event 

Runoff Runoff 
Rainfall 
(mm) 

Highest intensity 
(mm/hr) 

Average Return 
Interval (Annual 

Exceedance 
Probability) 

Pond 1 

 July 2016 305 17% 31% 31.2 10.8 <1 (>63%) 

 August 2016 248 23% 50% 38.4 3.8 <1 (>63%) 

 September 2016 254 15% 25% 47.6 7.8 <1 (>63%) 

 October 2016 175 18% 29% 17.6 6.6 <1 (>63%) 

 November 2016 38 4% 13% 16.0 5.8 <1 (>63%) 

 December 2016 0 0% 0% 14.8 11.2 <1 (>63%) 

 January 2017 0 0% 0% 17.2 3.6 <1 (>63%) 

 February 2017 229 32% 38% 50.8 5.0 <1 (>63%) 

Average - 15% - - -  

Pond 2 

 July 2016 144 8% 16% 31.2 10.8 <1 (>63%) 

 August 2016 126 12% 23% 38.4 3.8 <1 (>63%) 

 September 2016 102 6% 10% 47.6 7.8 <1 (>63%) 

 October 2016 94 10% 20% 17.6 6.6 <1 (>63%) 

 November 2016 5 1% 1% 16.0 5.8 <1 (>63%) 

 December 2016 0 0% 0% 14.8 11.2 <1 (>63%) 

 January 2017 0 0% 0% 17.2 3.6 <1 (>63%) 

 February 2017 82 11% 14% 50.8 5.0 <1 (>63%) 

Average - 6% - - -  
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Figure 15 shows a rain event on the 26th July 2016 where the runoff from the paddock is flowing 

into Pond 1. During the 5-hour rain event 52m3/ha flowed off the paddock equalling 17% 

runoff. A further 45 m3/ha flowed into the SRP over the following 17 hours, resulting in a total 

runoff of 31%. Figure 15 clearly shows the attenuating effect of an SRP by taking the peak off 

the flow rate, removing most of the energy and consequently allowing the sediment to settle 

before the water is slowly discharged.  

 

Figure 15. Pond 1 inlet and outlet flows during the 31mm rain event on the 26/07/16. 

On the 24th and 25th August 2016, there were two 34mm rain events. The first followed over 

two weeks without rain. The dry soil conditions resulted in low flows and a runoff coefficient of 

just 7%. The same sized event the next day on saturated soil resulted in in 37% runoff and 50% 

when the tail of the flow was included (Figure 16).  

 

Figure 16. Runoff from dry (24/08) and saturated soil (25/08). 

 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

26/07/2016

0

2

4

6

8

10

12

Fl
o

w
 (

L/
h

r)

R
ai

n
fa

ll 
(m

m
/h

r)

Rainfall (1) Inlet flow Outlet flow

0

5,000

10,000

15,000

20,000

25,000

30,000

0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21

24/08/2016 25/08/2016 26/08/2016 27/08/2016

0

1

2

3

4

5

6

Fl
o

w
 (

L/
h

r)

R
ai

n
fa

ll 
(m

m
/h

r)

Rainfall (1) Inlet flow Outlet flow



MPI SFF Project - Don’t Muddy the Water – Final Pukekohe Trial Report P a g e  | 25 

Runoff from Year 3 was more difficult to analyse due to large rain events causing major flooding 

in March 2017, as well as repeated technical issues with the auto water samplers. The Year 3 

results were therefore broken up into several rain events with high quality data. The period 

from February to May 2018 provided consistent data, and so this was also analysed as a whole 

(Table 6).  

Table 5. Runoff coefficients from individual rain events in Year 3 

Event Date 
Rainfall 

(mm) 

Average Return 

Interval 

(Annual 

Exceedance 

Probability) 

Pond 1 Pond 2 

Water flowing 

off the paddock 

into the pond 

(m3/ha) 

Runoff 

Coefficient 

Water flowing 

off the paddock 

into the pond 

(m3/ha) 

Runoff 

Coefficient 

27-07-17 to 

29-07-17 
21.0 <1 (>63%) 98 25% 107 24% 

06-08-17 to 

07-08-17 
11.2 <1 (>63%) 30 14% 37 16% 

28-08-17 to 

29-08-17 
10.1 <1 (>63%) 33 21% 44 17% 

01-02-18 to 

03-02-18 
53.5 <1 (>63%) 190 19% 135 12% 

03-02-18 to 

05-02-18 
30.0 <1 (>63%) 276 49% 201 32% 

09-02-18 to 

15-02-18 
92.6 <1 (>63%) 672 41% 423 20% 

28-04-18 to 

30-04-18 
20.0 <1 (>63%) 56 15% 45 10% 

30-04-18 to 

02-05-18 
10.6 <1 (>63%) 44 22% 41 18% 

19-05-18 to 

23-05-18 
38.2 <1 (>63%) 124 17% 55 8% 

Average 28.6  169 25% 121 17% 
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Table 6. Monthly runoff coefficients for February to May 2018 

Month 

Water 
flowing off 

the paddock 
(m3/ha) 

Monthly 
Average 

Peak Event 

Runoff Runoff 
Rainfall 
(mm) 

Highest intensity 
(mm/hr) 

ARI (AEP) 

Pond 1 

February 2018 606 30% 41% 86.2 15.6 <1 (>63%) 

March 2018 53 11% 15% 26.6 6.4 <1 (>63%) 

April 2018 372 29% 49% 66.6 20.6 <2 (>50%) 

May 2018 141 18% 17% 38.2 3.0 <1 (>63%) 

Average - 27% - - -  

Pond 2 

February 2018 357 18% 23% 86.2 15.6 <1 (>63%) 

March 2018 8 2% 3% 26.6 6.4 <1 (>63%) 

April 2018 262 20% 36% 66.6 20.6 <2 (>50%) 

May 2018 52 7% 7% 38.2 3.0 <1 (>63%) 

Average - 17% - - -  

 

The average runoff coefficient in Year 3 has been higher than that of Year 2 for both ponds. 

However, this is largely driven by the scarcity of reliable data for Year 3 events. The same 

disparity between runoff into Pond 1 and runoff into Pond 2 identified in Year 2 is still evident 

in the Year 3 results. Overall the runoff coefficients remain low at an average across all 

recorded months of 12% and peak events at 36% - 49% where rainfall intensities reached 

20mm/hr. 

Figure 14 shows the low rainfall, and consequently very low runoff, during the project extension 

period (July 2018 – June 2019), with the exception of December 2018 where one rainfall event 

at Christmas accounted for the majority of the monthly total. With low rainfall and runoff, there 

were few water samples taken and the relative efficiency measurement of the floating decant 

was restricted to one event. 

The runoff results support the position that pond volumes on cultivated paddocks can be 

significantly less than those needed on construction sites where the runoff coefficients are 

much higher (Appendix: > 50% at over 10mm/hr and > 70% at over 25mm/hr - surface clay 

construction site). There have not been any significant rain events above a recurrence internal 

of 1 in 2 years (24mm in 60 minutes at the trial site), where run-off coefficients increase 

dramatically. The large March and April 2017 events have not been analysed due to flooding 

over the top of the weirs making accurate interpretation of the results difficult. 
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4.2 Sediment retention pond efficiency  
 

Total SRP efficiency in Year 2 (July 2016 – June 2017) 

The efficiency of a sediment retention pond (SRP) is a combination of captured bedload and the 

difference between the loads of suspended sediment in the inflow and outflow. Bedload 

capture occurs by slowing the water’s velocity enough to allow the large aggregates to drop 

out. Reducing the outlet’s suspended sediment level is predominantly a factor of water 

detention time in the pond, thus larger ponds perform better than smaller ponds. 

As can be seen in the sections below, 95% of paddock erosion is bedload, or the large heavy 

particles that drop out where and when water velocity is reduced. Both sized SRPs were 100% 

efficient at capturing bedload. In terms of suspended sediment, there was approximately a 30% 

performance difference when capturing the remaining 5% of soil that entered the ponds as 

suspended sediment. The smaller pond was approximately 69% efficient versus 97% in the 

larger pond (1.3% during Year 2). Pond 1 had a median suspended sediment concentration on 

the outflow of 80 g/m3 versus 980 g/m3 flowing out of Pond 2. The median suspended sediment 

concentrations of the inflow was 380 g/m3 in Pond 1 and 1,630 g/m3 in Pond 2. 

Overall, based on the total cumulative sediment captured, Ponds 1 and 2 were 99.9% and 

99.1% efficient (Table 7) in Year 2.  

Table 7. Overall sediment retention pond performance (t/ha) for Year 2. 

Period: 

24/6/16 to 9/3/17 

Pond 1 

(1.3%) 

Pond 2 

(0.3%) 

In 

Bedload 71.0 34.4 

Suspended sediment 3.5 2.1 

Total 74.5 36.5 

Out 

Bedload 0 0 

Suspended sediment 0.1 0.7 

Total 0.1 0.7 

Efficiency – suspended sediment 96.8% 68.8% 

Efficiency – total  99.9% 98.1% 
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Total SRP efficiency in Year 3 (July 2017 – June 2018) 

While it was not possible to survey the change in bedload during Year 3, from visual 

observations Pond 1’s 25 m3 forebay become full twice (having been cleaned out once when it 

became full), equating to a bedload erosion rate of approximately 32 t/ha (25m3 x 2 = 50m3 @ 

1.2 t/m3 = 60 t / 1.88 ha = 32 t/ha). This was 45% of what eroded in Year 2. 

 

4.2.3 Bedload  
 

Across the study there were distinctly different periods in terms of soil erosion and bedload 

deposition.  

As can be seen in Figure 17, there was very little deposition in the SRPs between May 2016 and 

December 2016, with the largest change in elevation 0.4 m in the forebays. Within the ponds 

themselves the elevation change was less than 0.2m. 

This changed dramatically in March 2017 when the forebay and ponds had a change in 

elevation of up to 2.0m (Figure 17).  

The quantity of bedload captured per hectare in Pond 1 is double Pond 2 at 71 t/ha (Table 8). 

Firstly, this highlights a large amount of natural variation, even across two very similar paddocks 

that are side by side. Secondly, visually we know that a lot of sediment was captured along the 

flat headland leading to Pond 2, reducing the amount delivered to the forebay and pond.  

 

Table 8. Bedload captured. 
 

Volume below datum (m3) Deposition 

May-16 Apr-17 (m3) t/ha* 

Pond 1 Forebay 32.8 5.6 27.2 17.4 

Pond 1 281.4 197.3 84.1 53.7 

Pond 1 Total 314.2 202.9 111.3 71.0 

Pond 2 Forebay 87.7 29.8 57.9 32.6 

Pond 2 104.1 101.0 3.1 1.7 

Pond 2 Total 191.8 130.8 61.0 34.4 

*based on loose earth density of 1.2 t/m3 

 

As capturing bedload is all about slowing the water velocity, just about any size forebay and SRP 

will achieve this. The size determining factor for bedload capture is the anticipated erosion and 

frequency that the structures can and need to be cleaned out while maintaining sufficient 

volume to achieve the required detention time for suspended sediment control. 
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Figure 17. Elevation changes between topographical surveys. 
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4.2.4 Suspended sediment 
 

4.2.4.1 Suspended sediment reduction in Year 2 (July 2016 – June 2017) 

 

A significant factor in an SRPs reduction in suspended sediment concentration (SSC) between 
the inflow and outflow is detention time; which is a combination of inflow volume and pond 
volume. Table 9 shows both ponds average change in SSC and outflow SSC metrics. 

Table 9. Suspended sediment concentration (g/m3). 

Period: 

24/6/16 to 9/3/17 

Pond 1 

(1.3%) 

Pond 2 

(0.3%) 

IN 

Average 1,940 2,544 

OUT 

Average 240 980 

Median 80 690 

25th percentile 45 175 

75th percentile 150 1,515 

Average reduction in SSC 88% 61% 

 

Pond 1 had an average reduction in suspended sediment concentration of 88%, while Pond 2 
had an average reduction of 61%. On average Pond 2’s SSC was 4 times higher than the larger 
Pond 1, and the most common SSC at the outlet was between 1,000 to 2,000 g/m3 (Figure 18). 
Pond 1’s most common SSC was less than 100 g/m3. Pond 2’s poorer result was due to a 
combination of higher SSC’s in the inflow and less detention time.  

 

Figure 18. Distribution of pond outlet suspended sediment concentrations during Year 2. 
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Table 10 shows the efficiency of the two ponds at reducing suspended sediment concentrations 

for three rain events (the first two are described in Figure 15 and Figure 16). 

Table 10. Pond efficiency – suspended sediment reduction. 

Date Rainfall (mm) 
SS removal – pond efficiency Runoff coefficient 

Pond 1 (1.3%) Pond 2 (0.3%) Pond 1 Pond 2 

26th July 2016 31.0 98% 70% 31% 16% 

24th – 27th August 2016  72.8 84% 57% 30% 15% 

6th – 8th October 2016 42.6 92% 48% 35% 20% 

Note: Pond efficiency is based on the change in total suspended sediment load between the inflow and outflow. 

 

Table 11 shows the total quantity of soil that flowed in and out of the ponds as suspended 

sediment, as opposed to the average event shown in Table 9. The better performance of Pond 1 

reflects a combination of less water flowing out of the pond as well as lower suspended 

sediment concentrations at the outlet, both of which are a factor of the larger volume of 

Pond 1. 

Table 11. Pond efficiency – total suspended sediment (t/ha). 

Period: 

24/6/16 to 9/3/17 

Pond 1  

(1.3%) 

Pond 2  

(0.3%) 

Total In 3.46 2.08 

Total Out 0.11 0.65 

Efficiency 97% 69% 

 

As anticipated, the larger pond performs more efficiently at reducing the suspended sediment 

concentration. Although Pond 1 is well above the guideline level of 0.5%, it does show the 

upper end of efficiency for this system. It must be remembered that there needs to be a 

balance between performance and the practicality of implementing a control measure. Pond 2 

at less than the guideline level shows the bottom bound of anticipated performance, which at 

almost 70% is still very high and well above what could be expected for the next most common 

sediment mitigation measure – vegetated buffers. 
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4.2.4.2 Suspended sediment reduction in Year 3 (July 2017 – June 2018) 

 

Due to the aforementioned difficulties with getting consistent data in Year 3, an analysis of the 

total sediment entering and exiting the retention ponds was impossible. As an alternative, 

individual rainfall events were analysed.  

 

Table 12. Suspended sediment concentration (g/m3) for selected rainfall events in Year 3. 

All available rainfall events 
Pond 1  

(0.5%) 

Pond 2  

(0.3%) 

Number of rainfall events 11 22 

IN Average 660 1,140 

OUT Average 115 335 

Average reduction in SSC 82% 71% 

 

When analysed per rainfall event, both ponds are reducing suspended sediment by over 70% 

(Table 12). With the reduction in the size of Pond 1 from 1.3% to 0.5%, the average suspended 

sediment efficiency has gone from 88% (Year 2 - Table 9) to 82%. Pond 2 performed better in 

Year 3 going from 61% to 71% efficiency (same size pond in both years).  

 

Table 13. Total pond suspended sediment reduction efficiencies across all available rainfall 

events in Year 3. 

 Number of events 
Total Suspended 

Sediment In (t/ha) 
Total Suspended 

Sediment Out (t/ha) 
Total Efficiency 

across all events 

Pond 1 (0.5%) 11 0.79 0.09 88% 

Pond 2 (0.3%) 28 3.22 0.81 75% 

 

When analysed on a total suspended sediment captured basis, we see the same pattern of 

reduced efficiency for Pond 1 in Year 3. A reduction of 62% in pond volume led to a 9% decline 

in sediment retention efficiency. As shown in Table 13, the sediment reduction efficiency of 

Pond 2 – which remained at 0.3% - was slightly higher than in Year 2 (69% - Table 11) at 75%.  

In Year 3 the best period of continuous uninterrupted data was between February to May 2018. 

The analysis of this data supported the previous analysis of selected individual events from 

throughout the year.  
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While during this period the average sediment reduction efficiencies were the same for both 

ponds (Table 14), the average hides the much greater variability in sediment reduction for Pond 

2. Pond 2 reduction efficiencies range between 27% to 90% compared to the much tighter Pond 

1 range of 65% to 89%.  

Table 14. Statistics for February to May 2018 

Feb – May 
2018 

Rainfall 
Water into 

Pond (m³/ha) 
Runoff 

Suspended 
Sediment In 

(t/ha) 

Suspended 
Sediment 
Out (t/ha) 

Efficiency 

Pond 1 
(0.5%) 

385 1,049 27% 0.59 0.07 88% 

Pond 2 
(0.3%) 

385 644 17% 0.52 0.06 88% 

 

 

4.2.4.3 Suspended sediment reduction comparison by SRP size 

 

A summary of the suspended sediment reduction efficiency across all analysed events across 

the project found an average efficiency of 87% for the 0.5% pond. The larger 1.3% pond 

averaged 93% efficiency, while the smaller 0.3% pond averaged 73% (Table 15). 

Table 15. Average pond sediment reduction efficiencies for Years 2 and 3 

 

The size of the rainfall event did not have a large impact on pond efficiency. None of the 

analysed events were large enough to overtop the primary or emergency spillways, or to 

significantly shorten the detention time.  

In many rainfall events, the 0.3% pond had sediment reduction efficiencies as high as the 1.3% 

pond. However, the 0.3% pond has much greater variability than the 0.5% and 1.3% ponds.  

We concluded that the minimum size for an SRP therefore needs to be 0.5%. This provides the 

right balance between consistently high suspended sediment reductions and construction 

costs. The 0.5% SRP provides approximately 90% reduction in SSC with considerably less 

variability than a 0.3% pond, whilst also being practically sized for horticultural conditions.  

Pond 
No. Pond size 

Number of rainfall 
events 

Average efficiency 
(%) 

Median efficiency 
(%) 

Average runoff  

(%) 

1 1.3% 6 93% 94% 26% 

1 0.5% 12 87% 89% 29% 

2 0.3% 36 73% 77% 23% 
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Figure 19 shows the scatter of sediment reduction efficiencies by rainfall event and pond size. 

The variability of the smaller 0.3% pond can be clearly seen.  

As shown in the previous tables the performance of the 0.5% and 1.3% pond are very similar, 

and tightly clustered above 80% efficient. 

 

Figure 19. Proportion of suspended sediment removed by different sized SRPs. The colour of 

each bubble refers to the size of the SRP, whilst the size of the bubble indicates the relative size 

of the rainfall event. 

 

4.3 Outlet flow rates  
 

As previously described suspended sediment trapping efficiency in SRPs is a factor of detention 

time. The outlet flow rate is one of the contributing factors to detention time. 

The decanting device in this trial were the commonly seen barrel snorkels. These are not ideal 

for restricting flow rates as they often have too many holes and it is very difficult to create a 

seal between the barrel and outlet pipe. The use of these barrels has evolved over time in 

response to them being readily available at little to no cost and clogging when too few holes 

were drilled. The alternative is to use a PVC pipe snorkel (Figure 20). Although more expensive, 

target flow rates are more likely to be achieved. The issue of clogging is still one that needs to 

be resolved and may just need to be addressed as part of on-going maintenance. 
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Figure 20. Outlet decanting devices. Barrel snorkel (left) and PVC pipe. 

Figures 21 and 22 show the strong positive linear relationship between outlet flow rates and 

the outlet suspended sediment concentrations. As flow rates increase, so does the average 

concentrations of suspended sediment that exits the retention pond. The higher the outflow 

rate, the less detention time, and therefore the smaller the reduction in suspended sediment, 

leading to higher outlet suspended sediment concentrations. Efforts should therefore be made 

to reduce outlet flow rates to the maximum target of 3 L/s/ha.  

Looking at Figures 21 and 22 it could be argued that the flow rate should be restricted to 1.5 

L/s/ha, as there is a distinct increase in SSC above this rate (particularly in Pond 2). However, 

there is a trade-off between restricting the outlet flow rate and the frequency of events when 

the primary or emergency spillway is activated. 3 L/s/ha is the target decanting rate in other 

guidelines and is supported by these trials as a suitable balance. 



MPI SFF Project - Don’t Muddy the Water – Final Pukekohe Trial Report P a g e  | 36 

Figure 21. Pond 1 – February 2018 - Outlet SSC by outlet flow. The orange line indicates the 

target maximum outlet flow of 3 L/s/ha. 

Figure 22. Pond 2 - February 2018 - Outlet SSC by outlet flow. The orange line indicates the 

target maximum outlet flow of 3 L/s/ha. 
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4.4 Floating decant flow rates and efficiency 
 

The project extension for the period July 2018 – June 2019 allowed for the installation and 

testing of a floating decant in Pond 1, enabling the tracking of the effect this device had on 

outlet flow rates and suspended sediment concentrations. 

There was very limited rainfall during the project extension period. Where there was rainfall, 

insufficient runoff or autosampler electrical faults prevented the obtaining of samples.  

One rainfall event from the 4th to the 8th June 2019 did provide sufficient data to characterise 

the efficiency of a floating decant in contrast to a conventional snorkel. It is important to note 

that with only one rainfall event the results are not conclusive and should be used as an 

indication of the potential effectiveness of the floating decant. 

Pond 1 with the floating decant installed removed 99% of suspended sediment, in comparison 

to the average 87% (Table 15) reduction with the snorkel. The SSC was 22 g/m3. 

The floating decant event had a peak outlet flow rate of 1.6 L/s/ha. The SSC at around this flow 

rate with the snorkel in previous events ranged between 39 and 66 g/m3 (Figure 21). Again, we 

need to be cautious when interpreting the results for the floating decant based on this single 

event. However as anticipated, even when accounting for the same restricted flow rate, 

decanting water from the top of the pond is likely to improve efficiency. This needs to be 

weighed up against the increased cost and maintenance issues. 
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4.5 Detention time 
 

The efficiency of an SRP is driven by detention time, the time that inflowing water and 

suspended sediment is retained in the SRP before being discharged. The longer the detention 

time, the more suspended sediment settles out of the water and the greater the reduction in 

sediment concentrations. Figure 23 shows the average detention time for different pond 

volumes – i.e. the time taken for pond live storage to empty at different outlet flow rates. 

 

 

Figure 23. Detention times by pond volume and outlet flow 
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By the time the water reaches the outlet, most of the particulate phosphorus has settled to the 

bottom of the pond along with most of the sediment. Phosphorus in the suspended sediment 

comprises on average 87% of the total phosphorus leaving the pond (the remaining 13% is as 

DRP).  

 

Table 16. Total phosphorus levels in inflow and outflow during Year 2 

 Pond 1 
 (1.3%) 

Pond 2  
(0.3%) 

Total phosphorus attached to bedload (kg/tonne) 2.45 1.89 

Total phosphorus in eroded bedload (kg/ha) 177 136 

   

Total particulate phosphorus entering pond in suspended sediment (kg/ha) 16.71 10.04 

Total particulate phosphorus exiting pond in suspended sediment (kg/ha) 0.53 3.13 

    

Total dissolved reactive phosphorus entering pond (kg/ha) 0.45 0.35 

Total dissolved reactive phosphorus exiting pond (kg/ha) 0.13 0.19 

    

Total phosphorus entering pond in suspended sediment & DRP (kg/ha) 17.16 10.40 

Total phosphorus exiting pond in suspended sediment & DRP (kg/ha) 0.66 3.33 

Total reduction in phosphorus (suspended sediment & DRP) 96% 68% 

Total reduction in phosphorus (bedload, suspended sediment & DRP) >99% 98% 

 

Table 16 shows the phosphorus reduction efficiencies of Ponds 1 and 2 in Year 2. Phosphorus 

loss from the paddock attached to the bedload in Pond 1 was 177 kgP/ha (based on a bedload 

erosion of 72.2 tonnes and 2.45 kgP/t), of which all was trapped in the forebays or ponds. 

Phosphorus loss from the paddock and bound to the suspended sediment was 16.7 kgP/ha 

(based on suspended sediment erosion of 6.5 tonnes and 4.8 kgP/t), of which 0.53 kgP/ha was 

lost beyond the pond. The quantity of dissolved phosphorus in the runoff water averaged 0.20 

ppm and remained largely unchanged as it passed through the pond. Based on the flows 

through the pond outlet, the quantity of phosphorus discharged as DRP was 0.13 kgP/ha (based 

on an outflow from Pond 1 of 465 m3/ha - 15% runoff coefficient). Therefore, total phosphorus 

discharge was 0.66 kgP/ha/year.  

Unmitigated overland flow is the main contamination pathway for phosphorus lost to the 

environment. The other contamination pathway is leaching below the active rootzone. Recent 

trials conducted by Plant & Food Research found phosphorus was being leached from a 

Pukekohe site at an average of 0.12 kgP/ha (Norris et al., 2019). This contrasts with between 
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10.4 and 17.2 kgP/ha lost from unmitigated overland flow (Table 16) and going as high as 194 

kgP/ha when unmitigated bedload is included. 

Once mitigated using an SRP, phosphorus discharge ranged between 0.7 to 3.3 kgP/ha, of which 

the dissolved component ranged between 0.1 to 0.2 kgP/ha. Even though the volume of water 

in overland flow is much less than that leached below the active root zone there is a higher 

concentration of DRP in overland flow compared to leached water, which almost balances both 

pathways.  

The higher rate of total phosphorus discharge from Pond 2, 3.3 kgP/ha/year, was driven by a 

higher rate of suspended sediment discharge and to a lesser extent a higher rate of water 

outflow. 

 
Figure 24. Phosphorus testing results showing the change in particulate and dissolved reactive 

phosphorus concentrations between inflow and outflow (excludes bedload P). 
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5 Universal Soil Loss Equation 
 

There are several existing mathematical models currently used to predict erosion rates on 

farmland. Many of these are based on the Universal Soil Loss Equation (USLE), whose 

derivatives include the Revised Universal Soil Equation (RUSLE) and the Revised Universal Soil 

Loss Equation 2 (RUSLE2) (Renard et al., 1997). 

The USLE is entirely empirical and was based on soil loss measurements under standard plot 
conditions (22.13 m long, 9% slope, fallow, tilled up-and-down slope), initially only for cropland 
but later expanded to other land uses. Long-term average annual soil loss is predicted as a 
function of 6 factors: 

A = R K L S C P 

Where  A = soil loss per unit area,  

R = rainfall and runoff factor, 

K = soil erodibility factor,  

L and S = slope length and steepness factors  

C = cover and management factor, the ratio of soil loss from an area with specified 

cover and management to that from an identical area under the tilled continuous 

fallow for the worst-case Unit Plot conditions; and  

P = support practice factor, the ratio of soil loss with a support practice like 

contouring, strip cropping, or terracing to that with straight-row farming up and 

down slope.  

RUSLE computes soil loss based on the same fundamental equation but computes soil loss and 
individual factor values on a daily basis, incorporates understanding of rainfall-runoff processes, 
calculates deposition as well as erosion, and computes C-factor values from basic features of 
the cover management system. 

RUSLE2 retains the conceptual use of the USLE factors, makes computations that are based on 
soil loss estimates referenced to unit plot conditions, and uses ratios to adjust predictions to 
other conditions. However, RUSLE2 goes beyond the USLE by using process-based equations 
derived from fundamental erosion science to make RUSLE2 applicable to situations beyond the 
scope of USLE or RUSLE. A major improvement in RUSLE2 is that it can model any number of 
steepness, soil, or management breaks along the slope, and the program will accordingly break 
the slope into segments representing each combination and complete the calculations on 
those. RUSLE2 represents hillslopes as being composed of three layers: topography, soil, and 
management. Each of these layers can be segmented independently to represent any complex 
one-dimensional hillslope situation. RUSLE2 then defines slope segments as each unique 
combination of topography, soil, and management layers. Because of the inclusion of 
deposition routines that were not part of the USLE or RUSLE, RUSLE2 applies to hillslopes that 
include concave areas where sediment deposition occurs.  
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Due to the level of complexity involved in entering data into RUSLE2 (multiple lengths and 
slopes), the decision was made to use a version of RUSLE (RUSLE 1.06C) to estimate the erosion 
rates within the DMTW app. The intention of the app is to understand the level of erosion risk, 
rather than becoming overly focussed on the absolute average rate of erosion (see Section 7). 

Shown below are several examples of the effect that different variables such as row length, 
slope, soil type and regional rainfall have on the erosion rate output of RUSLE 1.06C. All figures 
shown below are computed based on scenarios that include other unstated variables. They are 
intended to demonstrate the relationship between different variables and the final erosion 
rates, not to convey absolute figures, and should not be used as definitive measures of erosion 
rates. 

Figure 25. The impact of regional rainfall (R factor) on erosion rates by differing slopes 
computed by RUSLE 1.06C. 
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Figure 26. The impact of slope on erosion rates computed by RUSLE 1.060.C (Auckland, 200m) 

 

 

Figure 27. The impact of soil type on erosion rates computed by RUSLE 1.06C (Auckland, 6% 

slope). 

With all other variables being equal, soil type can make a more than 3-fold difference in erosion 

rates, with sandy soils being the least prone to erosion, and silty soils being the most prone to 
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Figure 28. The impact of row length on erosion rates by differing slopes computed by 

RUSLE1.06C. 

As can be seen from Figures 25 to 28, with all other things being equal the biggest impact on 

the rate of erosion is slope. Increasing the paddock slope from 2% (1.1⁰) to 8% (4.6⁰) results in a 

5-fold increase in the rate of erosion. Location (rainfall intensity) has the next largest impact, 

with a 4-fold difference between Christchurch and Hamilton, followed by soil type and row 

length. 

Figure 29 shows the impact on the rate of erosion from concave and convex rows when 

compared to a linear slope of the same row length and fall. For simplicity the DMTW app uses a 

linear slope. In the example shown in Figure 29 erosion from a concave shaped paddock may be 

underestimated by around 25%, while a concaved shaped paddock may be overestimated by 

around 10%. For the purpose of the DMTW app in determining risk and the impact from a range 

of mitigation measures, the simplicity of entering a linear slope outweighs the need for greater 

accuracy.  
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Figure 29. The impact of different lengths of variable gradient slopes on erosion rates 

computed by RUSLE 1.06C.  
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6 Risk assessment mobile DMTW app 
 

The results obtained through the Pukekohe and Levin field trials, as well as those obtained from 

previous international and domestic studies, were used to construct the DMTW app to estimate 

erosion rates from cultivated land (pastoral is also included for benchmarking purposes). The 

DMTW app calculates erosion rates and the impact of various mitigation measures with the aim 

of helping to make informed decisions to reduce erosion and sediment loss. 

The app uses the Revised Universal Soil Loss Equation (RUSLE) to calculate erosion rates. The 

RUSLE component factors used in the DMTW app are listed in the appendix (Section 9.3). To 

establish the unmitigated rate of erosion the user enters into the Land Description Section; soil 

type, slope, row length, and location. All mitigation practices are set to none.  

Based on the location, the R factor required for RUSLE 

has been obtained from a NIWA study (Klik et al., 2015). 

The slope and soil type are used to calculate K and LS 

factors. Cover management (C factor) is either a typical 

cropping situation or pasture. This gives the initial rate of 

erosion before any mitigation measures are applied.  

The user then selects any applicable mitigation measures 

(P factors – support practice) from the following options: 

• Cover crop (reduces erosion by 20%) 

• Wheel track ripping/dyking (reduces erosion by 

30%) 

• Cultivation practice  

(minimum cultivation reduces erosion by 17%) 

• Sediment retention pond (based on the trial 

results) 

• Riparian planting (reduction based on equation in 

Zhang et al., 2010, with additional channelisation 

factor) 

The impact of different mitigation measures can then be 

modelled and compared to the unmitigated baseline. In the E&S Control Plans each paddocks 

unmitigated, current practice, and planned changes are modelled using the DMTW app, with 

examples shown in Tables A1 and A2 (Section 9.2). Utilising the DMTW app therefore gives the 

user the ability to see the reduction in sediment and phosphorus loss from the property 

following the uptake of mitigation measures. Ideally this will provide an incentive to adopt 

these measures and will result in increased uptake. Longer term the plan is to aggregate the 

results, through NZ GAP, and provide a picture of industry change.  
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7 Dissemination 
 

Interim and final results of this project have been presented in multiple workshops, 

publications, and on the tv programme Rural Delivery. The results from this project are 

currently being used to support further work into the implementation of Farm Environment 

Plans (FEP’s), individualised benchmarking reports, and to demonstrate change using 

aggregated industry data (see Section 3.2.1).  

Workshops and presentations include: 

• FAR and Hort NZ (31/5/16): Andrew Barber presented project background and 

work to grower event ‘Understanding and managing environmental risk.’  

• Pukekohe (18/8/16): Andrew Barber presented project progress at grower 

workshop. 

• Waihao Wainono Community Catchment Group, ECan and FAR (4/5/17): Andrew 

Barber presented project background and initial results, with the field day 

reported in the Otago Daily Times. 

• Rural Delivery (20/6/17): Andrew Barber and Harry Das were filmed by 

Showdown Productions for Rural Delivery Series 13, for their story on reducing 

erosion on cultivated land. 

• Hort NZ (1/9/17): Andrew Barber presented project progress and background to 

Environmental Ambassadors grower group. 

• Potatoes NZ (8/8/18): Agronomists forum presenting the latest trial results. 

• Levin (30/5/18): Andrew Barber and Les Basher from Landcare Research 

presented the results of vegetated buffer strip trials to growers from the Levin 

area. 

• Pukekohe (09/05/19): Andrew Barber and Damien Farrelly from NZGAP 

presented the project results, and how these results can drive implementation of 

erosion and sediment control via FEP’s and be accredited by assurance schemes 

such as NZGAP’s Environmental Management System (EMS). 

• Levin (31/05/19): Presentation to MPI and MfE staff on the use of mitigation 

measures to reduce discharges. 

• Pukekohe (24/06/19): Grower and industry workshop on integrating nutrient 

and sediment management plans into FEPs and regional council rules. 

• Future Presentations: 

o Horticulture NZ (31/07/19): National Conference - Hamilton, poster and 

equipment display  

o Potatoes NZ (13/08/19): Conference, Christchurch 

o Waikato Regional Council, NZ Landcare Trust and Whakaupoko Landcare 

Group (19/11/19): “Landcare Networking Field Day 2019” 
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The project has also been written up in The Grower (October 2017 and June 2019) and 

FAR Arable Extra (Issue 124), with further workshops planned for Potatoes NZ in July 

and Waikato Regional Council in November 2019. 

 

Figure 31. Clockwise from top left:  

1. Year 2 results presented in the NZ GROWER. 

2. Potatoes NZ agronomist workshop. 

3. Presentation of buffer strip trial results in Levin 

4. Presentation of SRP trial results in Pukekohe 

5. Presentations to MPI and MfE staff 

6. Industry FEP workshop. 
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9 Appendix 

9.1 Runoff calculations 
 

The difference between rural and urban catchments is shown in the graphs below. Runoff can 

be calculated using the Rational Method developed by the Institution of Engineers, Australia 

(1977) using the coefficient of runoff charts (Figure A1 and Figure A2). The lower runoff rates 

shown in our trials and the rural catchment graph below when compared to hard compacted 

surface clay on construction sites is part of the justification for smaller SRPs in cultivated 

paddocks compared to proportionally much larger construction site SRPs. 

 

  

Figure A1. Rural catchment coefficient of 
runoff 

Figure A2. Urban catchment coefficient of 
runoff 
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9.2 DMTW app results 
 

Table A1. Risk assessment DMTW app example results for Hamilton* 

Hamilton Rate of erosion (t/ha/yr) 

Slope (%) Slope (°) Pasture 
Unmitigated 
cultivation 

Cultivation with 
buffer strips 

Cultivation with 
Sediment Retention 

Ponds 

0 0 0.0 0.5 0.1 0.0 

1 0.6 0.2 3.3 0.6 0.0 

3 1.2 0.7 11.7 2.2 0.0 

5 2.9 1.4 22.3 4.3 0.1 

10 5.7 3.5 57.3 11.0 0.2 

15 8.5 6.6 108.8 20.9 0.4 

20 11.3 9.9 162.9 31.3 0.6 

*Soil type is clay loam. Slope length is 150m. Cover crops and wheel track ripping included in mitigation. Buffer 

strips modelled as 5m wide, with 5% slope and 20% channelising. 

 

Table A2. Risk assessment DMTW app example results for Auckland* 

Auckland Rate of erosion (t/ha/yr) 

Slope (%) Slope (°) Pasture 
Unmitigated 
cultivation 

Cultivation with 
buffer strips 

Cultivation with 
Sediment Retention 

Ponds 

0 0 0.1 1.0 0.2 0.0 

1 0.6 0.4 6.1 1.2 0.0 

3 1.2 1.3 21.2 4.1 0.1 

5 2.9 2.5 40.5 7.8 0.2 

10 5.7 6.3 104.2 20.0 0.4 

15 8.5 12.0 197.8 38.0 0.8 

20 11.3 17.9 296.0 56.9 1.2 

*Soil type is clay loam. Slope length is 150m. Cover crops and wheel track ripping included in mitigation. Buffer 

strips modelled as 5m wide, with 5% slope and 20% channelising.  
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9.3 USLE factors 
 

The equation for the Universal Soil Loss Equation is as follows: 

A = R K L S C P 

A = soil loss per unit area (t/ha/yr). 

 

R = rainfall and runoff factor – app calculations use NZ R factors from Klik et al., 2015.  

 

K = soil erodibility factor – app calculations use a k factor from soil texture classes (12 classes 

with K factors ranging from 0.02 to 0.38). 

 

L and S = the slope length and steepness factors – app calculations use the USLE equation 

detailed in Basher, 2016. 

 

C = cover and management factor. C factors for pasture (0.02) and for average New Zealand 

crop rotations (0.28 - 0.38, average 0.33) detailed in Basher, 2016.  

 

P = support practice factor, the ratio of soil loss with a support practice like contouring, strip 

cropping, or terracing to that with straight-row farming up and down slope – app calculations 

use percent reduction factors gathered from trial data, literature, and a conservative best 

judgement where quantitative values were not available or definitive. 

  

These include: 

 

• Cover crops – reduce 60% of erosion during 1/3 of erosion period. Therefore a 20% 

erosion reduction annually. 

• Wheel track ripping/dyking – reduce 90% of erosion during 1/3 of erosion period. 

Therefore a 30% erosion reduction annually. 

• Cultivation practice – minimum cultivation reduces erosion by 50% during 1/3 of 

erosion period. Therefore a 17% erosion reduction annually. 

• Sediment Retention Ponds – from Don’t Muddy the Water trial results: 

0.25% sized SRPs reduce 99.1% of total erosion and 73% of suspended sediment 

0.5% sized SRPs reduce 99.3% of total erosion and 88% of suspended sediment 

1.0% sized SRPs reduce 99.7% of total erosion and 93% of suspended sediment 

2.0% sized SRPs reduce 99.9% of total erosion and 95% suspended sediment 

• Vegetated Buffer Strips – using a modified equation from Zhang et al., 2010 to predict 

efficiency: 

Buffer slopes ≤10%: Removal efficiency = 21.7 + (2.0 * Slope) + 61.0 * (1 – e-0.35*buffer width) 

Buffer slopes >10%: Removal efficiency = 79.7 - (3.8 * Slope) + 61.3 * (1 – e-0.35*buffer width) 


