



































function were tried, but none were as significant as the method here presented,
which has, however, an element of subjectivity.

The importance of aspect can be explained using the known orographic effect
of topography. A gauge which is on the windward side of a hill crest receives
more rain than one on the lee side, this effect being generally increased when, as
is common, the gauge is surrounded on three sides by higher ground. For example,
a gauge on the easterly slopes will receive high rainfall from easterly winds. But
monthly and annual data includes rainfall occurring with all wind directions.
The moisture content of air approaching from any direction thus becomes import-
ant, and it has been shown previously that there is a decrease in vapour pressure
inland from the coast. Thus it may be postulated, from commonsense considerations,
that there will be some inverse relationships between the distance over dry land
over which the air has flowed, and its moisture content, and hence its capability to
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Figure 9. The effect of exposure (E) on rainfall.
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produce rain. In further explanation, a hypothetical example is given. Assume
that twice as much rain falls on the windward slope as on the leeward. At a
position near the east coast, easterly winds produce rain, say 20 inches/year on
a gauge open to the east, and therefore 10 inches/year on a gauge open to the west.
Westerly winds may produce half as much rain, the figures then being 10 inches/year
on the gauge open to the west, and five inches/year on the gauge open to the east.
The totals are therefore 25 inches/year in the gauge open to the east, and
20 inches/year in the gauge open to the west.
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Figure 10. The effect of aspect (A) on rainfall.

Figure 10 indicates on an annual basis and for most months, a decrease in
rain from the North East round through South to the North.

There is, however, a complication. Owing to the position of the Taieri Basin,
wind approaching a gauge from the North-east may have travelled overland from
the north of the South Island, or may have just been diverted in from the nearby
coast, the “distance of overland flow” being determined by the relative topo-
graphy. The method of arriving at the equations was thus to code the aspect from
1 representing North-east, thence clockwise in octants to 8 representing North.
Regressions on aspect and rainfall were then determined, and a comparison made
between actual and predicted rainfall values. Where there was a gross error
(> 20%) for aspects of N. or N.E., the code figure of 8, or 1 was replaced by
the code figure of 0 or 9, respectively, if an improvement resulted. This was done
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only on the basis of residual, but examination of Figure 11 shows that the correct
code number is tied to the position of the gauge.
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Figure 11. The relationship between annual mean rainfall, aspect and “length of
overland flow”.

When using the equations to predict, and if the relative aspect is N., or N.E.,
then a subjective judgement must be made. The difference in the final predicted
rainfall could be eight inches per year, but examination of the location of the
position and likely streamlines should enable a choice to be made.

The results (Figure 10) show the variations in rainfall for each month, and
for selected aspects. It may be clearly seen that the rainfall decreases, for the
year, and for each month, as aspect rotates from North, clockwise through South
to North East . The actual difference between an easterly and a westerly exposure,
used in the example, is 3.9 inches per year.

The monthly variations of the effect of aspect are not great. The difference
between the maximum and minimum rainfall values is greatest in February
(1.2 inches/month) and smallest in August, September and October (0.7 inches/
month). This variation, however, is more apparent than real, since the ratios of
difference between maximum and minimum predicted values to mean values,
show no seasonal variation. The relevant ratios are:

February 0.54
August 0.64
September 0.53
October 0.43
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There is, however, a seasonal difference, in that while the rainfall/aspect
gradient is uniform in winter (as shown by the even spacing of the rainfall values
for selected aspects), this is not so in summer. A change of a few degrees of
an easterly aspect makes little difference to rainfall, while a change of a few
degrees of westerly aspect makes a large difference to rainfall. It is possible that
this is associated with the mean monthly positions of anticyclones, which vary
from 32.2°S in September to 38.0°S in February, according to Kidson (1932) due
to the greater wind variability, in strength and direction, in February, but further
investigation is needed before any definite conclusion can be reached.

The connection between rainfall, aspect, and “length of overland flow”, is
shown in Figure 11. The sectors show the mean distance of the coast in each
octant, from the centre of the catchment area. Two values are shown for the
North East Octant, one showing mean values for the sectors between N. 22.5°E.
and N. 45°E., the other between N. 45°E. and N. 67.5°E.

The approximate relation:
R =28 — 3.0 X 10¢ X X2
where R = Annual mean rainfall in inches

X = Distance of catchment from coast in the direction of
exposure,

was established by plotting a suitable graph. Choosing a suitable scale, values of
(28 — R) were plotted on Figure 11 thus showing a correspondence between pre-
dicted rainfall and length of overland flow. In fact a closer correspondence is
obtained if X is raised to the power 3/2, but the squared term is used here for
simplicity.

The least correspondence is seen to be for the lesser values for the N. and
N.E. directions. Figures shown on Figure 11, however, indicate that the high
rainfall choices (0, 1) lie near the coast, so that the actual “‘distances of overland
flow” are less than indicated by the sectors.

DISCUSSION AND CONCLUSIONS

The results show that each of the topographic parameters considered can
have a considerable effect on the variation in rainfall. For comparative purposes,
Table 3 shows the range of effect of the factors, within their numeric limit. Not
shown in the table, however, is that for each parameter there are months for
which their effect is minimal.

Table 3. Range of computed rainfall due to effect of each factor.
Range of Rainfall, inches

Factor Range of Factor Annual Greatest Month
Altitude (H) 0-2,500 ft 8.0 14
Distance from

Coast (D) 0 - 60 miles 7.6 20
Distance parallel )

to Coast (S) 0 - 100 miles 6.1 2.1
Exposure (E) 0 - 360° 7.0 1.8
Aspect 0 - 450° 9.6 22

It is interesting to note that no one parameter has an over-riding importance
on an annual basis, although there are months for which rainfall is most dependent
on one parmeter, for example, June rainfall is most dependent on distance (S)
from a line perpendicular to the coast.

The results, in general, agree with those from previous research.
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A direct relationship between rainfall and altitude has been previously shown
by several workers, but, contrary to the present results, both Spreen, and Peck
and Brown (1962), find an increasing gradient as altitude increases, no maximum
rainfall being obtained even for heights up to 10,000 ft. A decrease in the rainfall
gradient has been observed on the West Coast of the United States, but it is thought
that this was at least partially due to the reduction of catch by strong wind action.
It is known that in some tropical areas maximum rainfall occurs at about 6 - 8000 ft,
but the general atmospheric condition is rather different, and cannot be taken
as a comparison. It is thus necessary that further investigation is required on
the rainfall-altitude relationship, and it is intended that a mathematical analysis
be carried out. This type of analysis has been done previously by several workers,
especially Sarker (1966), for individual storms, but little has been published for
longer time intervals.

The effect of distance (D and S) compares well with results of Peck and
Brown, who found such relationships in Utah. However, because of the nature
of these factors, their effect must be essentially unique to any geographic district.
The results of Browne also confirm the conclusions reached in this experiment.

Spreen, using a 20-mile radius for his exposure measurement showed for
winter months that maximum rainfall occurred with an exposure of about 90°.
Qualitative agreement with the present results occur at values of over 90°, but
not under 90°. Rodda (1962) using only a linear regression found that an increase
in exposure resulted in a decrease in rainfall. This simple relationship would have
appeared in this experiment if a linear regression had been used. The main
difficulty in assessing the effect of exposure is the lack of any obvious causal rela-
tionship, and hence difficulty in choosing the quantities used in the original
definition of exposure. Spreen uses a 20-mile radius, while Rodda uses only
one mile radius. Various radii were tried in this experiment, the five-mile giving
the highest correlation with rainfall, but it is not supposed that the relationship
is as simple as this single figure suggests.

By its nature, aspect is again a factor whose effect is unique to a particular
geographic location. The general form of the relationship, however, in that a non-
circular function provides a better fit than a circular, is also evident in Spreen’s
results, where the break occurs at a South-easterly aspect.

As a predictive tool, the method used is not, at present, adequate for all
purposes. Although it has been shown that it is probable that predictions would
have an error of less than 2096, which would be satisfactory for some needs, in
actual practice, what is often required is effective precipitation, i.e. rainfall less
evaporation, or rainfall less evapotranspiration. Thus, what is required is the
difference between similar quantities, necessitating a much higher accuracy than
that needed where no difference is involved. However, further refinement is
possible and there seems no reason why a sufficient accuracy could not be achieved.

It is realised that, in this study, not all relevant factors have been included,
the most important of which is probably wind. The records which are available,
however, were not considered to be totally suitable for use in this analysis. Where
climate stations within the experimental area record wind velocity, it is thought
that local factors influence the wind too much for the results to have general
application. Where upper air soundings are available, at Christchurch and Inver-
cargill, the records were considered applicable where the general condition of the
airmass is important, but not to local phenomena, such as wind velocity.

Finally it is necessary to emphasise that many of the conclusions reached are
of a tentative nature, particularly those where climatological and meteorological
processes are involved, but work, as outlined above, is proceeding to confirm or
refute these conclusions.
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