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Executive Summary 

• The Te Kōhaka o Tūhaitara Trust are concerned that the upcoming pine plantation harvest 

might expose the back-dune system and, consequently, increase aeolian sediment transport to 

the Tūtaepatu Lagoon. They are also worried that potential increases to wind speeds and 

airborne salt levels might damage young natives.  

• Research question: How might the local wind climate east of the Tūtaepatu Lagoon be altered 

following the removal of pine plantation, and how might this affect the establishment of native 

forest species and sediment transport to the Lagoon? 

• Our methods involved sampling microclimates that might represent an aspect of the post-

forestry back-dune environment. Weather stations were set up to model the wind climate and 

airborne salt levels under varying degrees of shelter, and a wind velocity profile was recorded 

across the beach foredune. The dimensions of the wilding pine forest east of the lagoon were 

also measured to estimate the potential shelterbelt effect. 

• Near the lagoon, airborne salt content will likely remain substantially lower than at the beach 

and is unlikely to damage young native forest species. Onshore wind speeds will likely be 

reduced considerably by the pine shelterbelt, although they will increase closer to the lagoon. 

Stronger onshore summer winds are, at times, expected to reach speeds capable of transporting 

sediment to the lagoon, particularly from more exposed back-dunes. Establishing surface 

vegetation may, however, substantially reduce aeolian sediment transport by trapping sediment 

and reducing surface wind speeds.  

• The lack of north-easterly winds over the limited timeframe made it difficult to determine 

potential wind speed changes due to onshore shelter. Equipment theft and malfunctions also 

created holes in the data that made comparative analysis more difficult. Lastly, many variables 

such as complex site topography and organic surface litter were not accounted for.  

• Future research would ideally involve a yearlong study of the cleared back-dune environment 

using multiple weather stations at varying distance from the shelterbelt. Research could also 

focus on quantifying sediment transport and airborne salt under different wind conditions, and 

determining the tolerance of native plant species to each.  
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Introduction 

The Tūhaitara Coastal Park Reserve covers 575 hectares of coastal land north of Christchurch 

between the outlets of the Waimakariri and Ashley Rivers. Pine plantation covers an extensive 

back-dune system, interspersed with native plantings (biota nodes). Further inland is a network 

of freshwater wetlands, streams and the Tūtaepatu Lagoon.  

The Tūtaepatu Lagoon is of cultural and historical importance as it’s the burial site of the 

Kaiapoi pa founder and was originally an important source of mahinga kai for Ngāi Tahu. 

Mahinga kai elements are now being returned as indigenous plant and fish species are re-

established, including the rare Canterbury Mudfish. The Te Kōhaka o Tūhaitara Trust are 

concerned that the removal of pine plantation may increase lagoon sedimentation and damage 

native plants in the cleared dunes. To address this concern, this study asks:  

How might the local wind climate east of the Tūtaepatu Lagoon be altered following the 

removal of pine plantation, and how might this affect the establishment of native forest species 

and sediment transport to the Lagoon? 

Several aims were developed to address this question. The primary aim was to estimate the 

potential changes to onshore wind speeds and airborne salt levels at a post-forestry 

representative site, and to compare them to current conditions at the sheltered lagoon and the 

unsheltered beach. Furthermore, we aimed to estimate potential onshore wind speed reductions 

that could be attributed to the wilding pine shelterbelt east of the lagoon. Lastly, we aimed to 

identify how wind speeds might change at different points across the back-dune profile. 

This study begins with a literature review of sediment transport and shelterbelt theory, as well 

as the properties of native forest species and the Christchurch climate. Field and lab based 

methods of data collection and analysis are then outlined. A results and discussion section 

follows, in which the study’s findings are described and analyzed in relation to the research 

aims. The final section summarizes the key conclusions and limitations of the study, including 

suggestions for future research.  
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Literature Review 

This study incorporates a variety of data collection methods adapted from studies relating to 

each of our aims. This included investigations of wind speed and aeolian sediment transport 

variation across a dune profile (Hesp, Davidson-Arnott, Walker, & Ollerhead, 2005; Navarro 

et al., 2015), and the influence of coastal pine shelterbelts on local wind speeds (Choi, Kim, & 

Jung, 2013; Wu et al., 2017).  

Christchurch Climate 

A Christchurch climate study by McGann (1983) found that sea-breeze driven east-north-

easterly winds prevail in the summer and tend to blow at 15-20 km/h. In winter, wind speeds 

drop and south-westerly winds become equally as frequent in coastal regions as the sea-breeze 

effect diminishes (McGann, 1983; Ryan, 1987). Annually, 20% of these wind speeds occur at 

20-30 km/h, whilst 10% exceed this (McGann, 1983).  

Aeolian Sediment Transport 

Coastal dunes form when windblown sediment is trapped by obstacles such as vegetation, 

resulting in deposition (Hesp, 1999). Stable back-dunes, such as those present beneath the 

Tūhaitara forest plantations, tend to become heavily vegetated by forest species overtime, 

limiting accretion and erosion processes (Hesp, 1999). Wind speeds on the windward slope 

tend to increase to a maximum at the dune crest, falling off sharply on the leeside and creating 

a deposition zone (Bagnold, 1941; Hesp, 1999). Bagnold (1941) found that the threshold wind 

velocity required for aeolian sediment transport decreases as grain size decreases. He estimates 

that 5m/s wind speeds would be required to set 0.2mm diameter sand grains in motion at the 

surface. Of course, aeolian sediment transport in a real-world environment also depends on 

moisture content, surface crusts (e.g. salt), surface roughness (e.g. organic matter) and dune 

morphology (Hesp, 1999).  

Native Vegetation 

A variety of native trees and shrubs are to be planted on the western side of the back-dunes 

after the plantation harvest. Totara trees will be the most abundant of these, with other natives 

including kahikatea, manuka and kanuka also to be introduced. Bergin (2000) notes that 

indigenous podocarp species such as totara and kahikatea establish most successfully in open 

sites with good light availability. These areas include windthrow gaps, forest margins and 

recently logged areas (Duguid, 1990; McSweeney, 1982). 
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Indigenous manuka and kanuka shrubs are hardy pioneer species that can shelter young 

podocarps and improve their survival rate (Bergin, 2000; Beveridge, Bergin, & Pardy, 1985). 

While podocarps are initially vulnerable to wind and salt spray (Robinson, 2004), these 

indigenous shrubs are fast growing and more tolerant (Forsyth, 2007).  

High airborne salt contents near the coast can result in salt-pruning on the ocean side of a tree, 

particularly when there is a prevailing sea breeze (Takle, Chen, & Wu, 2007). Coastal Pinus 

radiata plantations are, however, relatively resistant to salt-laden winds (Wendelken, 1974), 

and plantations have been found to reduce salt spray deposition to less than 20% downwind 

(Muñoz-Reinoso, 2004) 

Shelterbelts 

Following the removal of lagoon adjacent pine plantations, coastal wilding pines may form a 

protective shelterbelt and reduce onshore wind speeds across the back-dune. Even minor wind 

speed reductions can result in disproportionately high reductions in sediment deposition (Takle 

et al., 2007). Choi et al. (2013) found that a pine shelterbelt significantly reduced wind speeds 

and inland sediment transport compared to those at a neighbouring grass dune system.  

Shelterbelts are commonly implemented to reduce soil erosion and sand drift by creating 

sheltered microclimates (Bird et al., 1992). They work by presenting a porous barrier that 

deflects airflow above the trees (Gardiner et al., 2006). Wind speed is significantly reduced in 

the leeward wake-zone illustrated in Figure 1, and on the windward side to a lesser extent 

(Gardiner et al., 2006).  

 

Figure 1: Shelterbelt zones created as winds move from left to right where ‘h’ is tree height. 

Sourced from Gardiner, Palmer, and Hislop (2006).  
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While dense shelterbelts produce the greatest reduction in wind speeds over a short leeward 

distance, moderately porous shelterbelts can create a larger, moderately well sheltered 

downwind zone up to 30 times the tree height (Gardiner et al., 2006).  This study investigates 

some of the key factors controlling the efficiency of shelterbelts, including height, porosity, 

length, and relative orientation  (Peri & Bloomberg, 2002). 

 

Methods 

Site Selection 

Three field sites were selected based on their ability to represent the current and future back-

dune environments near the lagoon. The sites followed a transect running northeast from the 

lagoon weather station, as seen in Figure 2. 

1) The “Lagoon site” was located at the Tūtaepatu Lagoon observation platform. This site 

was chosen to represent the current environmental conditions on the coastal side of the 

lagoon.  

2) The “Central site” was positioned in an elevated clearing northeast of the lagoon. The 

area was first identified using the aerial imagery seen in Figure 2. This site was chosen 

to represent the potential future environmental conditions in the cleared back-dune 

environment, as it was sheltered from onshore winds by non-plantation pines. 

3) The “Coastal site” was located on the exposed ridge of the foredune northeast of sites 

one and two. This site was chosen to provide baseline data on unmodified onshore 

winds and airborne salt contents. 

 

Weather Station Setup 

Equipment was set up to measure three key environmental variables at each site. Three-cup 

anemometers were used to measure wind speed, wind vanes to measure wind direction, and 

MiniVol Samplers to measure airborne salt content. Dynamic sediment traps were also 

positioned above surrounding vegetation at approximately 1.1m to collect airborne sediment. 

Although height standardisation was desired, the wind sensors and MiniVol sampler could only 

be attached to the observation platform at 5m and 3m respectively, whilst it was unfeasible to 

raise equipment at the other two sites above 3m and 2.6m.  
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Figure 2: Weather station site locations in the Tūhaitara Coastal Park: Lagoon site (1), 

Central site (2), Coastal site (3). Orange shaded polygons indicate areas of Pinus radiata 

plantation set to be harvested. The was sourced from the Christchurch 0.075m Urban Aerial 

Photos (2015-16), (LINZ, 2016). 
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Anemometer and Wind Vane 

Measurements for the anemometer and 

wind vane were automatically recorded at 

10-minute intervals from August 18th to 

September 15th. Mean wind speeds and 

directions were recorded in addition to 

maximum gust speeds for each interval. 

Power was supplied at each site via a solar 

panel array which was connected to a 

battery at the Central and Coastal sites. 

Unfortunately, the anemometer and wind 

vane at the Coastal site stopped working on 

August 22nd. The solar panel, battery, 

regulator and enclosure were then stolen 

from the site between the 8th and 12th of 

September.  

 

MiniVol Sampling and Airborne Salt Analysis 

Before beginning field work, filter papers for the AirMetrics Portable MiniVol Samplers were 

pre-weighed using a microbalance. The MiniVol Samplers were fitted with a 10-micron 

particle separator to exclude the collection of larger non-salt particles such as pollen. Each was 

fitted with a fresh filter paper at three and four day intervals every Tuesday and Friday from 

August 18th to September 15th.  

MiniVols at the Central and Coastal sites were powered by a solar charged battery so only the 

battery at site 1 was replaced at filter changeovers. Unfortunately, the MiniVol at the Lagoon 

site malfunctioned on August 22nd and replacing it was not feasible when it was first 

discovered. The MiniVol was only replaced on August 29th, having missed two measurements. 

Also, as previously mentioned, Coastal site data collection finished 3 days early owing to the 

theft of equipment.  

After reweighing the used filters, a conductivity tester was used to provide a relative measure 

of each filter’s salt content. First, beakers were cleaned with deionised water, dried and filled 

with 100ml of deionised water.  

Figure 3: Weather station array, Coastal site. 
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One filter was submerged in 

each beaker, before being 

placed in the chamber of a clean 

vacuum pump, as shown in 

Figure 4. The pump was turned 

on for 10 minutes to draw air 

from the pore spaces within 

each filter, allowing the water to 

dissolve the salt trapped within. 

A conductivity tester was then 

used to measure the conductivity 

of each solution. 

 

Sediment Analysis 

Surface sediment samples were collected at each site within a 10m radius of the weather 

stations. Samples were first rinsed with freshwater to remove organic material, salt, stones and 

other contaminants. They were then dried in an oven at 60°C over 48 hours. Lastly, samples 

were blown through the Microtrac Dry Image Analyzer shown in Figure 5. This machine used 

a high-speed camera to photograph airborne grains at different angles. Using these pictures, it 

built a 3D profile for each grain and calculated each sample’s grain size characteristics and 

distributions. 

Figure 5: Microtrac Dry Image Analyser with dry sediment samples in the foreground. 

Figure 4: Beakers containing used filter papers and 

deionised water are shown inside the open vacuum pump 

chamber. Glass rods keep the filters submerged.  
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Foredune Wind Velocity Profile 

On September 15th, wind speed measurements were made across a foredune approximately 

200m north of the Tūhaitara Coastal Park beach access carpark. Measurements were made at 

six points across a transect running from the ocean-side base of the embryo dune to the swale 

behind the foredune. Three were made in low trough points and three atop crests. Kestrels were 

used to record average and maximum wind speeds above the height of dune vegetation over 

three 1-minute intervals. Onshore north-easterlies were predominant at the time of 

measurement, although kestrels were occasionally repositioned to record from other directions 

behind the foredune.  

Average and maximum wind 

speed measurements were also 

recorded atop the incipient dune 

behind a 20cm deep barrier of 

marram grass. Simultaneous 

measurements were made at the 

base (20cm) and directly above 

the plants (100cm), as shown in 

Figure 6. This was repeated two 

additional times and the 

averages were calculated.  

 

Shelterbelt Analysis  

The wilding pine shelterbelt to the east of the lagoon bordering plantations was identified using 

the aerial imagery shown in Figure 2. This image was imported into ArcMap so that the 

shelterbelt width could be measured at different points along the coast using ArcMap’s 

measurement tool. The distribution of trees in the shelterbelt area was also inspected to see 

how density varied; although on a more qualitative level. Tree heights within the shelterbelt 

were then measured using a laser rangefinder. This was a brief and limited exercise as it was 

difficult to measure heights within the forested area. Ten trees were measured between the 

Central site weather station and the beach. Based on these heights and general observations, an 

estimate of the range of shelterbelt tree heights was made.  

Figure 6: Kestrels at 20cm and 100cm downwind of 

marram grass on the Tūhaitara beach incipient dune.  
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Results and Discussion 

Dune Wind Speeds and Sediment Transport 

Grain size analysis showed very little variation in grain diameter between samples (Appendix 

A). Sand at the Central and Coastal sites had a mean grain size of almost exactly 200μm, whilst 

Lagoon site sand was only slightly greater at approximately 220μm. All samples are, therefore, 

classified as fine-grained sand. 

Based on field observations with handheld kestrels, sediment saltation in open areas at the foot 

of the dune began once surface speeds reached approximately 4-5m/s. When wind speeds 

reached 7-8m/s, aeolian transport began to occur at heights upwards of 1m. While these are 

only rough estimates, the uniformity of grain size between sites suggests that they might apply 

to similarly exposed sites across the back-dune system. 

Figure 8 shows that both maximum and minimum wind speeds follow the same general trend, 

although changes to maximum speeds are more exaggerated. With reference to Figure 7, speeds 

decrease from the toe of the dune (1) to the first swale (3). They then increase again to the crest 

of the foredune (4), before dropping sharply across the back-dune (5-6).  
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Figure 7: Elevation profile of across a foredune transect approximately 200m north of the 

Tūhaitara Coastal Park beach access carpark. Numbers indicate wind sampling positions. 

Data was sourced from the Canterbury LiDAR 1m DEM 2014 obtained from LINZ (2017). 
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Average and maximum wind speeds were also greatly reduced at the base of marram grass 

vegetation on the incipient dune, as illustrated in Figure 9. The average wind speed was more 

than three times greater above the grass, whilst maximum speeds more than doubled. 
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Figure 8: Average and maximum wind speeds recorded at points across the foredune 

transect in Figure 13. Values are averages of three 1-minute samples taken between 12:30am 

and 1:00pm on September 15th.  

Figure 9: Average and maximum wind speeds recorded downwind at the base (20cm) and top 

(100cm) of a single line of marram grass at point 2 in Figure 13. Values are averages of 

three 1-minute samples taken between 12:30am and 1:00pm on September 15th. 
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For the same 200μm sediment grain size recorded for this study, Bagnold (1941) theorised that 

saltation could be initiated at surface wind speeds of 5m/s, which is comparable to the findings 

of this study. No sediment was found in any of the traps at the weather stations, supporting the 

claim made by Bagnold (1941) that transport rarely occurs above 1m. This is also the 

approximate height of wetland vegetation bordering the lagoon, suggesting that much of the 

transported sediment could be trapped by vegetation before it enters the lagoon.  

Assuming these wind speed relationships can be applied to the cleared back-dunes, it is likely 

that speeds will decrease on the downwind side of dunes and in depressions, making these ideal 

locations for vulnerable native plants. Dune faces exposed to onshore winds will likely 

experience wind speeds above the threshold velocities more frequently. However, results also 

suggest that minimal surface vegetation would be required to substantially reduce wind speeds, 

as has been found in other studies (e.g. Van de Ven, Fryrear, & Spaan, 1989).  Hardy pioneer 

natives such as kanuka and manuka could function in a similar capacity to cover crops which 

are commonly used to protect agricultural soils from wind erosion by reducing surface wind 

speeds and trapping entrained sediment (Wolfe & Nickling, 1993).  

 

Wind Direction 

As shown in Table 1, winds at the lagoon site (1) occurred most frequently from the southwest 

(27%), whilst westerlies and northerlies were also common at 16% each. Figure 10 illustrates 

this trend and shows that onshore winds (NE, E, SE) were relatively infrequent. Mean wind 

speeds also tended to be lower from the east than from the west.  

Table 1: Wind direction frequencies 

and corresponding mean wind speeds 

at the Tūtaepatu Lagoon site (1). 

 

Wind 

Direction 

Direction 

Frequency 

Mean Wind 

Speed (m/s) 

N 16% 1.02 

NE 5% 0.44 

E 9% 0.37 

SE 9% 0.36 

S 7% 0.52 

SW 27% 1.87 

W 16% 1.5 

NW 10% 1.34 

N

NE

E

SE

S

SW

W

NW

Wind Direction at the Lagoon Site

Figure 10: Wind direction frequency, Lagoon site. 
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Figure 11 clearly illustrates the dominance of south-easterly winds at the Central site (2) which 

accounted for 37% of all winds (Table 2). Southerly and north-westerly winds were also 

frequent, whilst north-easterly winds were again the least common. As with the lagoon site, 

offshore winds (NW, W, SW) tended to be stronger than onshore winds. 

 

 

 

 

 

 

 

 

 

 

Over the four days that the Central site (3) wind sensors were operational, south-westerly winds 

accounted for over half of all winds and westerlies for over a quarter. As illustrated in Figure 

12, winds from other directions were extremely infrequent and north-easterlies were again the 

least common. However, unlike at sites 1 and 2, onshore winds tended to be as strong as, or 

stronger than, offshore winds (Table 3).  

 Table 3: Wind direction frequencies 

and corresponding mean wind speeds 

at the Coastal site (3). 

 

 

Wind 

Direction 

Direction 

Frequency 

Mean Wind 

Speed (m/s) 

N 1% 0.08 

NE 1% 0.04 

E 11% 0.2 

SE 37% 0.24 

S 15% 0.12 

SW 7% 0.48 

W 11% 0.15 

NW 17% 0.29 

Wind 

Direction 

Direction 

Frequency 

Mean Wind 

Speed (m/s) 

N 4% 1.82 

NE 0% - 

E 1% 2.04 

SE 5% 2.89 

S 4% 2.69 

SW 56% 2.45 

W 26% 0.89 

NW 3% 0.93 

N

NE

E

SE

S

SW

W

NW

Wind Direction at the Central Site

N

NE

E

SE

S

SW

W

NW

Wind Direction at the Coastal Site

Figure 11: Wind direction frequency, Central site.  

Table 2: Wind direction frequencies 

and corresponding mean wind speeds 

at the Central site (2) 

Figure 12: Wind direction frequency, Coastal site. 
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Wind Speeds 

 

Mean Wind Speeds 

Mean wind speeds at the Central site in Figure 13 were generally lower and more stable than 

those at the Lagoon and Coastal sites. Lagoon wind speeds appeared to increase by 1-2m/s 

above Central site speeds at the beginning and middle of the study, and by even more later. 

There were, however, periods where wind speeds were similarly low at both sites and 

fluctuations were minimal (e.g. 8/21 – 8/26). Mean wind speeds at the lagoon rarely exceeded 

the estimated threshold velocity for sediment transport, and they never did at the Central site.  

 

 

 

 

 

Figure 13: Mean wind speeds at each of the three weather stations sites set up in the 

Tūhaitara Coastal Park. Speeds were calculated as 10-minute interval averages from August 

18th to September 15th. The dotted line represents an estimated threshold for saltation.   
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Maximum Gust Speeds 

However, as displayed in Figure 14, maximum gust speeds were considerably higher at the 

Central site. The saltation threshold was frequently exceeded and even the estimated threshold 

for aeolian transport above 1m was passed on the final day.  

This study was not intended to model annual climates as it was conducted over a limited time 

frame. Wind data was primarily recorded so comparisons in the magnitude of onshore wind 

speeds could be made. Winds were predominately offshore south-westerlies, except at the 

Central site where it is likely that local topography altered the winds. As this investigation is 

primarily concerned with variations in onshore winds between sites, this data is not particularly 

useful.  

One point of interest is that onshore winds tended to be weaker at the Lagoon and Central sites 

than offshore winds. This may suggest that the shelter provided by the plantation and wilding 

pines are both effective at reducing onshore wind speeds. The Table 3 results support this, as 

onshore winds at the unsheltered coastal site were as strong as offshore ones. However, the 

Coastal winds were only briefly recorded and the observed differences may have been due to 

a stronger south-westerly flow. Based on the thresholds, sediment transport is likely to have 

been initiated by brief gusts at the Central and Lagoon sites, and very little of this above the 

vegetation.   
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Figure 14: Maximum gust speeds at the Central site over 10-minute intervals from August 

18th to September 15th. The dotted black line represents an estimated threshold for saltation 

and the dotted green line represents an estimated threshold for aeolian transport above 1m. 
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Airborne Salt 

A clear trend in conductivity can be observed between sites in Figure 15. Coastal site values 

are consistently greater than those at the Central and Lagoon sites, whilst Central site values 

tend to be slightly greater than Lagoon values. Slight fluctuations in values are visible between 

intervals, except where there is a large spike from August 25th.  

These results indicate that airborne salt content decreases moving inland. Takle et al. (2007) 

suggest that salt deposition occurs in back-dune forests as salt-laden air is filtered through and 

brought down into the canopy by turbulent eddies. The Lagoon site’s greater eastern coverage 

and distance from shore is likely why conductivity is slightly lower for the Central site. Figure 

13 and 14 wind speeds during the third collection interval showed no obvious increase that 

could explain the spikes in conductivity. However, a closer examination of wind direction 

revealed that over 40% of winds at the Lagoon and Central sites were onshore (Appendix B), 

compared to the Lagoon’s average of 23%. Although no data was collected for the Coastal site 

over this period, it is likely that onshore wind speeds would also have been more frequent and 

stronger in the more exposed site, increasing airborne salt levels.  

Figure 15: Conductivity of filters in solution after 3-4 days of MiniVol sampling at the 

Lagoon site, the Central site and the Coastal site.  
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Based on these findings, airborne salt levels are unlikely to increase drastically in the cleared 

back-dunes relative to those at the coast. Assuming that the current lagoon-side airborne salt 

levels aren’t impeding native plant growth, this relatively minor increase is unlikely to damage 

future back-dune plantings. However, salt levels will likely vary across the complex back-dune 

system as this study only examined a single reference area that may not accurately represent 

the general environment. 

Shelterbelt Effect 

The wilding pine shelterbelt east of the lagoon varies 

between approximately 150 and 200m in width. The 

density of shelterbelt pines in Figure 16 was also found 

to vary between northern and southern sections. 

Density appears to decrease moving northwards and 

larger gaps appear within the shelterbelt. There is a 

noticeable tapering at the northern end, as the barrier 

thins to 1-3 pines and becomes broken at times. Tree 

heights varied between approximately 12 and 16m, 

tending to decrease towards the beach.  

Gardiner et al. (2006) suggest that a shelterbelt more 

than twice as wide as the tree height acts as a dense, 

‘windshield’ shelterbelt. As this wilding shelterbelt is 

slightly wider than 10 times the tree height, Figure 17 

from Wang and Takle (1996) can be used to predict the 

potential wind speed reductions at varying distances. 

The orange curve indicates that the shelterbelt would 

provide increased windward protection but reduced 

leeward protection compared to a narrower one. 

Assuming an average tree height of 15m, near surface 

leeward wind speed reductions could be up to 80% in 

the first 45m, but would quickly decrease to 50% at 

150m. The lagoon is approximately 200m east-west 

from the shelterbelt, yet this distance increases to 

nearer 300m on a northeast diagonal.  

Figure 7: Wilding pine shelterbelt 

northeast of the Tūtaepatu Lagoon 

with pine plantation forest shown in 

orange. Christchurch 0.075m 

Urban Aerial Image (2015-16) 

obtained from LINZ (2016).  
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Based on Figure 17, onshore easterly wind speeds could be reduced by 30% at the Lagoon 

edge, while north-easterly winds would be reduced by 15%. Although estimated surface wind 

speed reductions are limited near the lagoon, significant shelter would be provided across most 

of the back-dune system. Taking the upper bound average summer wind speed for Christchurch 

as approximately 5.5m/s (McGann, 1983), a 30% reduction would reduce this to 3.9m/s, which 

is below the estimated threshold velocity for aeolian transport.  

In addition to reducing sediment transport, the shelterbelt could aid native plant establishment 

in the back-dune system by limiting the frequency of potentially damaging onshore winds. 

Figure 17 also suggests that offshore wind speeds in the first 100m in front of the shelterbelt 

could be reduced by 70-80%, providing a well-protected zone for native forest establishment.   

Lastly, the findings of Wang and Takle (1996) and Gardiner et al. (2006) suggest that the 

thinner, more porous section of northern shelterbelt forest may generate the greatest leeward 

wind speed reductions (e.g. Figure 17). Under this assumption, increased back-dune protection 

could be achieved by thinning or removing pines from the wilding forest. 

 

 

Figure 8: Horizontal profiles of wind speed for different shelterbelt widths relative to tree 

height (H) at 0.1H above the surface. Original figure obtained from Wang and Takle (1996).  

Wind Speed Reductions at Various Shelterbelt Widths 
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Conclusions and Limitations 

Several key conclusions can be drawn from the results in this study. Firstly, airborne salt 

transport to the cleared back-dune is expected to increase slightly near the shelterbelt during 

onshore wind events. It is difficult to say whether salt content would increase in the less 

sheltered areas near the lagoon as only one site was analysed. In general, the remaining coastal 

pines will likely limit salt transport enough to prevent major damage to native plants under 

normal wind conditions. As our airborne salt measurements were relative, future studies might 

benefit from obtaining results that could be compared to a safety threshold.  

Over-dune wind speed analysis suggested that speeds on the leeward face of back-dunes and 

in troughs/swales will likely be less than those on windward faces and crests. Consequently, 

sediment deposition is more likely to occur on the downwind slope. Hardy surface vegetation 

could help stabilise exposed areas, whilst more vulnerable plants such as totara may survive 

better in more sheltered areas. This raises questions as to which species are most effective at 

reducing aeolian sediment transport without incurring damage.  

Literature suggest that the properties of the lagoon adjacent shelterbelt could result in 

substantial onshore wind speed reductions upwards of 50% over most of the back-dune system. 

The more porous northern end of the shelterbelt may even provide more extensive shelter to 

the back-dunes, thereby accounting for the increased diagonal distance that north-east winds 

travel to the lagoon. While wind speed reductions are predicted to be minimal near the lagoon 

edge, it’s likely that average summer wind speeds will generally be reduced below the 

estimated saltation threshold. In addition, very little sediment transport should occur above the 

height of lagoon bordering vegetation under average wind conditions. Of course, these 

predictions are heavily based in theory and future studies could achieve more accurate 

estimations by measuring wind speeds outside the shelterbelt after the plantation harvest.  

There were also several limitations to this research that limit the reliability of these conclusions. 

Firstly, equipment malfunction and theft created holes in our data which made drawing 

comparisons between sites difficult. Secondly, limited time and equipment meant that only a 

narrow range of seasonal weather was examined at specific sites. This made it difficult to say 

how the wind climate and related processes might vary annually across the entire back-dune 

environment. Lastly, predictive studies such as this are heavily based on the assumption that 

the data is representative of future conditions. Inevitably, not all variables could be accurately 

estimated, or even accounted for, thereby increasing our experimental uncertainty.  
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Appendices 

Appendix A 

Figure A: Grain size distribution graphs generated from Microtrac Dry Image Analyser data. 

A.1 represents Coastal site sediment, A.2 represents Central site sediment, A.3 represents 

Lagoon site sediment. The red curve at 50% indicates mean grain size. 

A.1 

A.2 

A.3 
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Appendix B 
Table B: Wind direction frequencies for the Tūtaepatu Lagoon and Central weather station 

sites from 12:00pm on August 25th to 12:00pm on August 29th. 

Tūtaepatu Lagoon Site Central Site 

Wind Direction Frequency Wind Direction Frequency 

E 18.92% E 4.17% 

N 21.88% N 1.04% 

NE 4.69% NE 1.56% 

NW 6.42% NW 22.22% 

S 8.16% S 10.94% 

SE 17.71% SE 38.72% 

SW 13.72% SW 10.59% 

W 8.51% W 10.76% 

 


