
SURVEY METHOD 

The survey method was essentially the same as used in storm-damaged catchments 
on the East Coast after Cyclone Bola in 1988 (Hicks 1989, 1991). Its salient features, 
as applied in the Whareama, are described below. 

Sampling 

A range of treated and untreated sites were sampled along a transect through the 
catchment. While it would have been possible to survey the entire catchment, 
collecting a great deal of in the process, such a survey would not have provided 
the Regional Council with any more information than could be extracted from a 
much smaller sample. 

The transect was located on either side of roads and farm tracks running from west 
to east across the catchment, from the Castle Hill Road at T25 663437 to the Te Mai 
Road at U25 747416 (Figure 1). While non-random in the sense that sites were close 
to roads or tracks, this procedure ensured that the sample was random with respect 
to soil conservation treatment, i.e. sites were selected because they fell within the 
transect, not because they were "good examples" of soil conservation or "bad 
examples" of erosion. 

The transect was aligned along the afore-mentioned roads and tracks because they 
crossed Miocene siltstones and silty sandstones (the Whareama's predominant rock 
type) in that part of the catchment which sustained heavy damage. i.e. the upper 
reaches north of Tinui where 3-day rainfalls exceeded 250 mm. Therefore, survey 
results do not indicate the level of damage on other rock types such as argillite, or 
on southern parts of the catchment where rainfalls were 200-250 mm. The lesser 
rainfalls on grazing land in the southern catchment were not as rigorous a test of soil 
conservation measures' ability to withstand storm damage, so inclusion of sites here 
might have biased the sample. On argillite grazing land the former catchment 
board's policy was to promote retirement or afforestation, and inclusion of afforested 
or scrub-covered areas in the sample would have prevented a fair evaluation of the 
farm conservation tree plantings which are the bulk of measures carried out as part 
of the control scheme. 

Field inspection 

Although located dose to roads or farm tracks, all sites were inspected on foot. 
Every site was viewed at close quarters from a ridge-line, and if valley-bottom sites 
were obscured, they were subsequently inspected by walking alongside stream 
channels. Any remaining sites which were not satisfactorily viewed, were excluded 
from data analysis. 



FIGURE 1: Location lMap Showing Transect Relative to Whareama Catchment, and lisohyets of April 1991 
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FIGURE 2: Sketch Showing Landforms Used to Define Site Boundaries. 
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Delineation of sites 

Landforms were used to define site boundaries (Figure 2). 

Valley bottoms. 

Hillslopes adjacent to large, low-gradient streams tributary to the Whareama 
or Tinui rivers. 

Basin outlets. 

Hillslopes adjacent to steeper-gradient channels, tributary to valley bottoms 
and in turn fed by higher tributaries. 

Basins. 

Hillslopes adjacent to small, steep-gradient channels, tributary either to valley- 
bottoms or basin outlets; and fed by drainage lines on hillslopes. 

Plateaux, ridges and spurs. 

Landforms not adjacent to channels, but connected to them by drainage lines 
crossing lower slopes. 

The rationale for using landforms is that the Regional Council wished to know soil 
conservation measures' effect on erosion. Landforms are what erosion processes 
operate on, and are the soil conservators' basis for field installation of soil 
conservation measures, e.g. paired planting of trees along channel banks, single 
planting along drainage lines, spaced planting on earthflows, close pl&ting on slip- 
prone faces. 

Data recording 

Site boundaries were recorded on field sheets, and each site was annotated with 
details of soil conservation treatment and storm damage. Based on these annotations, 
a data form for each site was filled out on return to the office (Figure 3). 

Stability 

A site was assessed as stable if there was no geomorphological evidence of 
channel erosion or mass movement in recent decades, e.g. re-grassed slip scars. 
A few sites with evidence of very old disturbance on a geological time-scale, 
e.g. hummocky ground in re-stabilised slumps, were classed as stable. 

Sites were assessed as unstable if there was evidence of geologically recent 
disturbance, e.g. rough ground affected by earthflows, re-grassed slip scars. 
The presence or absence of fresh scars from the April 1991 storm was not used 



n pa7eawm 
'a~qBvun 0-  I ipaplsu! uaaq salnseam 

Uo~~NaSUOa I!OS aAEH 
I 

I 
I .- .. I 

isvaze,s@uaq 
slau~mw 

mW6 
aJsd 

84 O'EZ 
m~n1103 



as a criterion for three reasons. Firstly, many sites which had not eroded in 
April 1991 were from a geomorphological viewpoint, potentially unstable. 
Second, some fresh erosion had occurred on a few sites which had no 
geomorphic evidence of recent erosion prior to 1991. Third, and most 
important, to use the April 1991 damage as a criterion for deciding whether 
or not sites were stable, would have introduced bias into the sample, i.e. it 
would have introduced the assumption that all uneroded sites were uneroded 
because they were geomorphologically stable. In reality, they were uneroded 
either because they were stable, because of soil conservation measures, 
because of other factors. The survey had to separate these effects. 

Feasibility of treatment 

Treatment was assessed as infeasible on unstable sites if there were geological 
or geomorphological features which clearly precluded any possibility of 
stabilisation. Only 6 sites fell into this category: cliffed slump headwalls, and 
gullies with cliffed sidewalls. 

Soil conservation measures 

Separate assessments were made for measures designed to stabilise channels, 
colluvial footslopes and hillfaces. Firstly, presence or absence of measures was 
recorded. If present, the type of measure: 

B Bank planting 

S Space planting 

C Close planting . 

p Poplars 

w Willows 

r Pines 

e Eucalypts 

a Acacias 

m Mixed exotic speaes 

s Indigenous scrub or forest 

Note that indigenous scrub or forest, although unplanted, was recorded as a 
"conservation measure", as its retention could be expected to have some effect 
on streambanks and slope stability. 



A planting was recorded as avorovriate if the planting pattern (or type of 
indigenous cover retained) matched all erosion processes operating at the site, 
e.g. spaced or close planting on an earthflow, as well as paired plantings on 
drainage lines crossing the flow. 

It was recorded as sufficient if all unstable parts of the site had been planted 
at a sufficient density for roots to bind soil once trees reach maturity. 

It was recorded as maintained if trees were healthy, not over-mature, and in 
the case of exotic plantings, if failed trees had been replaced. (Maintenance in 
the silvicultural sense w& not a criterion). 

A planting was assessed as adequate, i.e. potentially capable of controlling 
erosion on the site, if it met all three criteria. If it failed any one, it was 
classed as inadequate. 

Erosion 

The presence or absence of fresh erosion was recorded, as was erosion type: 

S Scour of channel bed and banks. 

G Gully incision. 

B Mass movements on streambanks. 

C Mass movements on colluvial footslopes. 

F Mass movements on hill faces. 

A non-standard erosion classification has been used to cater for the Regional 
Council's requirement for information about soil conservation measures' 
impact on sediment sources, and downstream siltation. In this respect, the 
location of erosion relative to stream channels is more important that precise 
distinctions between forms of fluvial erosion, or forms of mass movement. 

Lengths of scoured and gullied channel were digitised from the half-tone aerial 
photographs used as field sheets, and converted to percentages of reach length. 
Relief-displacement-induced errors in lengths are unlikely to exceed + 10%. 

Number of mass movements on streambanks was counted for each reach, and 
converted to a linear density, per kilometre of channel. 

of disturbance was recorded for colluvial footslopes as: 

Smooth (rounded hummocks and hollows, indicative of former slump or 
flow on a geological time-scale;. stable for hundreds if not 
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thousands of years). 

Rough (jagged hummocks and hollows beneath intact pasture, indicative 
of recent slump or flow; stable for years to decades). 

Tension (jagged surface with fresh tension cracks; fresh sub-surface slump 
cracks or flow during or after the April storm). 

Ruptures (tension-cracked surface with numerous ruptures of pasture 
exposing bare sub-soil; fresh surface slump or flow). 

Due to the difficulty of mapping each categorfs spatial extent on a colluvial 
footslope without fresh aerial photographs taken since the storm, predominant 
type of disturbance was recorded for each site. 

Number of non-riparian mass movements was counted for each hillface, and 
converted to a spatial density, per hectare of hillslope. 

Due to the small size of most slips, it was impossible to delineate their 
boundaries accurately on the field sheets. Even had fresh aerial photographs 
been taken after the storm, most scars would have been so small on the 
photographs, that any attempt to digitise their areas would have entailed large 
measurement errors. 

Scar density can be used as equally well as scar area, to compare percentage 
increase/reduction in erosion between treated and untreated sites. If estimates 
of percentage bare ground are subsequently needed for another purpose, e.g. 
estimates of pasture production loss, then scar densities can be converted to 
areas and percentages, provided that average scar size is detvmined from 
field measurement of 50-100 scars. 

At most sites, it was impossible to distinguish between completely new erosion 
scars, and old scars which had been re-activated by the storm. The same 
applies to lengths of scoured and gullied channel. Measurements of erosion 
on the data forms are not measurements of new erosion which was not there 
before. They are measurements of active erosion regardless of whether the 
scar is new or old. 

Analysis of data 

* Split into sub-samples 

The sequential assessment of site stability, treatment feasibility, presence and 
adequacy of soil conservation measures enabled the sample to be split into five 
(Figure 4): 

Stable sites. (S) 
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Unstable, untreatable. (N) 

Unstable, unplanted. (U) 

Unstable, inadequately planted. (I) 

Unstable, adequately planted. (A) 

Separate splits were performed for channels, colluvial footslopes and hill faces. 

Recording of treatment and damage, in the manner outlined above, enabled 
the channel sub-samples to be analysed separately for: 

Scour 

Gullying 

Streambank damage 

and the hillslope subsamples to be analysed for: 

Erosion of colluvial footslopes 

Erosion of hill faces 

e Calculation of ratios 

Because the transect was random as regards the chance of incorporating 
unplanted versus planted sites, or eroded versus uneroded sites, and because 
it was sufficiently long to incorporate a large number of sites, the number 
falling into each sub-sample, and the number subject to each type of damage, 
accurately indicates the proportions for storm-damaged parts of the catchment. 
The numbers and proportions could therefore be used to calculate several 
ratios which are useful indicators of the catchment control scheme's 
performance: 

U + I +.A 
Need ratio ( S + U + I + A ) proportion of sites which need treatment. 

I + A 
Extent ratio ( U + I + A ) proportion of sites where treatment has been 

installed. 

A 
Adequacy ratio ( I + A proportion of sites where treatment is 

potentially adequate. 



Calculation of frequency distributions 

In each sub-sample, some sites did not erode, some were severely eroded, and 
the rest were distributed somewhere inbetween. To enable comparison, 
frequency distributions were drawn up (Figure 5). Statistical significance of 
differences in the frequency distributions was ascertained by applying tests for 
difference in proportions, for use with binomial distributions (Dixon and 
Massey 1983). 

Soil conservation measures' actual effect, as opposed to their potential 
adeauacv, was assessed by comparing frequency of erosion in sub-sample A, 
with sub-samples S, U, and I. If soil conservation measures have reduced 
erosion, then the frequency in A should be less than the frequency in U. The 
difference in erosion between A and I is also a measure of performance for 
adequately installed, as opposed to inadequate works. Finally, the difference 
in erosion between A and S indicates the erosion that one can expect to occur 
during a storm, even where works are installed to a high standard. These 
frequencies were used to calculate effect ratios: 

F d 
F, Effect of site stability on erosion frequency 

F 2 
F, Effect of site instability (set at 1.00) 

B 
F, Effea of inadequate tree planting 

F d 
F, Effect of adequate tree planting 

Calculation of averages. 

Off-site impact of erosion depends on its severity as well as its frequency. 
Therefore, average amounts of fresh erosion were calculated from each 
distribution, and the following ratioed averages used as quantitative measures 
of change in each sub-sample's capacity for off-site sediment delivery. 

E A Actual capacity (set at 1.00 for the unstable, untreated sub- 
En sample). 

E,, - E, Potential reduction, i.e. proportionate difference between the 
k unstable and stable sub-samples. 



E,, - El Proportionate reduction attributable to inadequately installed 
I% conservation measures. 

E,, - EA Proportionate reduction attributable to adequately installed 
Eu conservation measures. 

Average amounts of fresh erosion were also weighted by the proportion of 
sites in each sub-sample, to calculate catchment-wide averages. By repeating 
the calculation, but weighting averages for unstable untreated sites according 
to the proportion of all unstable sites, estimates were made of what catchment- 
wide average erosion would have been, in absence of any tree plantings. The 
percentage differences (between the actual averages and the estimates) were 
taken as an indices of the extent to which catchment works as installed (i.e. the 
existing mix of untreated, inadequately treated and adequately treated sites) 
reduced sediment delivery from each type of sediment source during the 8-11 
April storm. 

FIGURE 5: Example of Cumulat ive Erosion Frequency Distribution. 
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