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Rain=producing conditions in some arcas
subjeet to droughts

J.F., Gabites
(New Zealand Meteorological Service)

o The possibility of artificially modifyimng the
local elimatec is a-matter of great interest im areas where
the matural rainfall is periodically or permanently
insuffieient for agricultural purposes or power gemeration,
- If practical techniques for inereasing the neid rainfall
over a catchment should be -evolved  their successful
application would-require some knowledge of the conditions
. .associated with the matural rainfall that it was hoped to
augment, Furthermore the evaluation of the success of the
operation and the minimum durationfor artificial changes %o
be detected with reasonable certainty would depend on
knowledge of the areal distribution of rainfall -and its
variability under natural conditions, Some of thesec
factors are Aiscussed im relation to the Central Otago
Taupo areas,; :
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' Symoptic amalysis of moisture distribution in upper air

E. A, Mizon
(Bureau of Meteorology, Australia)

The various methods whieh have been proposed for
atmospheric moisture analysis are briefly reviewed. A
method which has most of the advantages of isentropic
analysis but which can be readily incorporated as an
extension of existing constant pressure techniques is out-
lined,  The method involves the analysis of mean moisture
content in selected layers between constant pressure
surfaces,

A discussion of the prognostic possibilities of~
this techmique is included,



3k

Waves in the upper westerly air flow
in the Australia-New Zealand region

J.F. de Lisle
(New Zealand Meteorological Service)

500 nmb heights from the daily radio-sonde sound-
ings at Perth, Woomera, Sydney -and Auckland for June-
September inclusive, 1955, were-subjected to auto-
correlation analysis- and the frequency -spectrum found for
each s8tation, These stations have little latitudinal
variation and were in a westerly air flow for the period
considered,

The object of the investigation was to attempt to
trace downstream the most prominent speectral peaks and con-
struct a mean velocity-wavelength spectrum, This was
found to be impossible but some information about the wave
structure of the upper westerlies was found,

~ All the s eetra showed largest amplitude components
in the long period %18936 day) end but for the shorter
period components there was little correspondence between
spectra of neighbouring stations, Peaks could appear and
disappear in-the -distance between .stations and there was no
obvious downstream effect, This was confirmed by a cross
correlation analysis of the Sydney=-Auckland data,

Physical proecesses which may cause alterations in
the downstream spectra are

(1) Distwrbances arriving from outside the band of
westerlies.

(2) Nom-linear interaction between different wave
components,

(3) Non—adisbatic heating,
(4) " Variations in surface frictiom.
These are considered and the results of the

present spectral analysis briefly compared with a recent
northern hemisphere spatial analysis,
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The horizontal and vertical transfer of water vapour
in the atmoephere

J.W, Hutchings
(New Zealand Meteorological Service)

: Average- zonal (eestward) and meridional
(northward) tramsfers- of water vapour for the- period of

June-August- 1954 are- campu‘bed at four aerological -stations

- -in -southern Englaend, - ‘These transfers--ape-used to eempute

the -pet -horizontal outrlew or -water -vapour frem a-region of

: -approximateli 9-x 104 (im)2, The-result is a-net inflow _

of 31 g em —2 -at low levels ‘and a-wet ocutflow of 23 g cm —2

at-high levels, Ircreasse in -storage -amounts to

approximately 1 gm-cm <2 thus leaving a- surglus of

precipitation over -eveporation of 7 gmem =<, Estimatiom

of prec¢ipitation from isohyetal charts and- evapotranspiration

by -empirical methods yields a corresponding surplus of

6 gm em =2,

Computation of the large scale vertical transfer

of -water vapour y:i:elds large 8cale upward transfers of

. water vepour for the e-monthe' period -amounting to 17,

23, 13, 6, 2, O gm ca ~< respectively at the- 950, 850, 750,

650, 550 amd 450 b tevels,  This flux is-ehown to be

inadequate for water belance requirements-and it is con-

cluded- that a-corsidereble part of the upward transfer is

accomplished by turbulent and convective systems of

easentially smaller scales,

The global -heat balance

| J.F. Gabites
(New Zealand -Meteorological Service)

‘ One- approach to the ‘problem of the maintenanmce of
the general circulation of the atmosphere and the cause of
its fluctuations in character and intemsity is-through the
- study of the- ‘supply: of-energy, which ie derived initielly

from: the-sun, Direct measurements of the incoming and out-
going radiative fluxes-are few,-although it ie-a primary ‘
aim of the meteorological program for the Internatiomal "
Geophysical Year to facilitate studies of the energy supply
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by improving the network of stations making regular
observations of radiation in all latitudes,

Indirect -estimates based on the distributions of
‘water vapour and cloudiness have been ‘made on a monthly
basis of the normal latitudinal distributionms of both the
solar radiation ebsorbed by earth and atmosphere and the
outward flux of long-wave radiation, These conbined show
the main -sources-and sinks of radiant-energy. Large -
quantities- of heat energy -are -stored-seasonally through the
heating of the-earth and oceans, the melting of ice; and in
the latent heat of- evaporationb The- long=term balance of
the -residual terms in the heat budget is maintained by the
-meridional transport of sensible heat or latent heat by the
atmospherlc and oceanic clrculatiens.-~ , :

- It is hoped that observatlons ‘-made during . the
1,G.Y. will not only make possible improved -estimates of
the terms- in the normal heat budget but will-emsble -studies
to be made- of the fluctuations in the quantities concerned
and. the associated adgustments of the atmospheric
clrculation. .

I S. Kerr
(New Zealand Meteorological Service)

The mean clrculation of the southern hemlsphere
is probably: well enough known in its gemeral outlines but
the synoptic meteorologlst is 'more interested in the large
departures that occur from time-to time and from place to
'place. ‘The -simple picture of a suceession of anticyclones
in low-middle latitudes and of large-depressions -centred at
about -60 degrees south moving -more or less steadily around
the--hemisphere has long been known to be inadequate, but
published accounte- of the-life- histories of anticyclones,
depressions and fronts have beer, to a large-extent,
speculative because the number of -weather reportlng stations
in high southern latitudes -has been so -small, = The.
‘relatively large number of -expeditions that will be making
‘weather observations in the Antarctic during the-
International Geophysical Year: gives hope that -some ‘at ;
least of the element of speculatlon will be removed, . -
However, very large ocean areas: will still yleld very fQW
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observations and the link between the sub-tropical and the
Antarctiec circulations may still be difficult‘to find,

In this paper are described some anglyses which
reveal very diverse types of circulation. They include
one series which may provide an explanation of the westward-
moving pressure waves observed-by Simpson,

The very cold stratesphere found previously above:
Little Americe -and Maudheim - in the -late-winter was again:
observed -in-1956 but -the -absence of -a-well -marked tropopause,
‘taken to -indicate -radiative-equilibrium and hence, probably,
little -exehange--of -high level -air between lower latitudes
and Antarctica, was not confirmed.

The frequency of rainfall of high intensity
in New Zealand

N.G. Robertson
(New Zealand Meteorological Service)

Applying the theory of extreme values, Seelye
(19147) has shown that the maximum daily rainfall equalled
or exceeded on the average once in N years can be expressed
in the forn

xN=U -l-klOgN ooooooooooéooo: (1)

where U and k are parameters calculated from the series of
annual maxima of daily rainfall,

For the investigation of high intensity rainfalls
of duration less than one day, maximum rainfall amounts for
time intervals of 0,16, 0,33, 0,5, 1, 2, 6, 12 and 24 hours
occurring each year were first extracted from the auto-
graphic charts of all recording rain gauges which had beena
in operation for at least 5 years, With few exceptions
these autographic records were too short to Jjustify a
direct frequency anmalysis such as was applied by Seelye to
the daily rainfalls,

Equation (1) may be writtea
g, ¢ = Uy (1 + 24108 B) “voctooe (2)
where t is the dwration and Z = k/y.
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It is found that Z shows no significant variation

over the range of values of t under consideration, We may

therefore
equation

where A =

drop the subscript t from Zt and rewrite

(2) in the form:

X g = A B(£)eu (1 +2 208 W) cureuen (3)

uzh/h, £(t) = LA and u = once-in-one year

daily fall (9 a,m, - 9 a.m,)

following

(a)
(v)

(e)

(a)

The evaluation of Xy 4 then proceeded in the
stages: v

Values of u and Z were calculated for about
LOO stations and these were mapped,

The parameter A was obtained by comparing the
maximum 24-hour rainfalls each year with the
maximum daily falls occurring between two
consecutive readings at 9 a.m, It was found
that A varied little from station to station
and that sufficient accuracy was obtained if
the value 1,15 was adopted for the subsequent
calculations,

Values of £(t) were calculated for all stations
with at least 5 years of autographic records and
for ¢+ = 0,17, 0.33, 0.5, 1, 2, 6, 12 hours,

When plotted on log-log graph paper the values of
l/t,f%t) give the shape of the intensity-duration
curve for each station, The shape of this curve
18 related to the climate, The curves were
separated into six classes and the country was
mapped according to this classification.

FPinally the value of Xy ¢ may be obtained for
o

any place by reading the values of u, Z and f£(t)
from the maps and substituting in equation (3),
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Recent climatic changes of the west coast of the
South Island of New Zealand

J.,F., de Lisle
(New Zealand Meteorological Service)

A simple -analysis of -seasonal:rainfall data from
six stations on the west coast showed no-evidence of long
period (ebout 60 yeer) trends but did show some statistic-
ally significant shorter period changes the most prominent
of which were in spring. -

Hokitika seasonal rainfall which is roughly
representative -of the region and is the longest record
available was given a more thorough analysis by filter
techniques, These -showed that the -largest amplitude
components ‘in all seasonB were of periods-of 5 years but
that in spring a large -amplitude- long-period (20 years)
camponent existed. Long period components in other
seasons had much smaller amplitudes than spring.

‘It was shown that the long-period spring aad-
winter rainfall variations - were largely:dependent on the
long period fluctuatioms of a pressure difference index,
The index given by the difference between Auckland and
Christchureh -seasonal pressures was found to alter mainly
by a-shift - in the -seasonal mean pressure pattern in the
vieinity of New Zealand,

- -In-5pning-and'winter.thepmcanmsubtropical‘antif
eyclone ‘lies: to the north of New Zealand and the marked
decrease -in spring raimfall to a minimum in thewmi@Al930's
can be -explained by a -southwards movement of the mean sub-
tropical -anticyclone and the belt:.of westerlies covering
the South Island.,

Méthods of measuring evaporation-and their limitations
Jo Finkglsté;n;j o
(Meteorological Office, Wellington)
, The increasing dependence of -evaporation on
relative~humidity=andwwin&speéd~as~themarea~offevaporatign-

becomes smaller is well illustrated by -the followipg - -~
gradation- (modified slightly from a diagram of Thornthwaite):
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‘ Livingston Piche
Lake large pan small pan porous pot paper
atmometer atmometer,

For "open-water -evaporation" (which is almost  identical
with evaporation from a lake) ‘it is usual to-measure the
-evaporation from a large pan (3«6 feet across) and apply a
suitable- reduction factor, usually between 0.7 and unity,
The-most ‘serious errors in the operation of pan or tank
-evaporimeters are those due to rain, especially when
accompanied by strong winds,

Small atmometers can-serve a useful purpose
provided that their ‘measurements can be--satisfactorily
interpreted, Thus 'in ‘New Zealand the Piche abtmometer
could be used for comparing evaporation at neighbouring
sites, A reilationship between tank evaporation-Et and

Piche Evaporation P may be derived frem Penman's equation
for tank evaporation expressed in the slightly modified

form:
Et=k1H+k2Ea

where H, the net radiant energy available at

the surface, may be calculated from sunshine,
temperature and humidity; '

k1 and,k2 are constants depending on temperature;

Ea is a function of wind and saturation deficit,

From the known relation of P %o meteorological data it may
be shown that P is proportional to k2Ea, Accordingly it

is po'ssi'ble to derive the equation =

Et = a + bn + &P

‘where n = sunshine ‘
a and b are comstants which mey be calculated
from normal temperature and humidity data for
the station and month in question;
¢ is a constant which varies slightly with the
station, being dependent on exposure.

Tests of this -equation for five New Zealand stations show
reasonably satisfactory agreement even for daily
evaporation,

= oD o oo o9 ean o ew en o oo






