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PREFACE

This handbook describes the current procedures mg@dWA for capture
and transmitting of climatological data. It alsosdébes the quality
assurance procedures to ensure the data are eahsiatd meet the required
standards.

Most of the procedures have been transferred fratn Nieteorological
Service when sections of this Service was incotpdran the National
Institute of Water and Atmospheric Research Ltd/\R) in 1992.
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1. Rainfall

1.1

1.1.1.

1.1.2.

1.1.3.

1.2.

Rainfall or, more properly, precipitation is a parn climatological and hydrological
process, the measurement of which is simple in eainbut imprecise in practice,
particularly when assessing the precipitation arearea. A number of factors such as
the effects of the gauge itself, wind and topogyagdmn interfere substantially with the
measurements and their application. For them tomwaningful, care must be
exercised that these interferences and inaccuracgeminimised, and in this chapter
some background is given and procedures are dedaabdo this.

Terminology

Precipitation

This ranges through hail, sleet, snow, rain, deizZbg-drip and dew. For most
practical purposes in NIWA'’s work they can all beated as “rainfall”, and this term
is used here as mostly synonymous with “precipitéti Significant snowfall is an
exception, and this will be discussed separately.

Intensity

This parameter of storm rainfall refers to the antdilling in a certain duration. It
can be ascertained from automatic raingauges anttas expressed using standard
durations such as 05, 1, 2, 4, 12, 24 and 72 hours.

Frequency

In many design studies it is necessary to knowatlezage time period within which
an event of specified intensity can be expectedctur once. This is known as the
“return period” or “recurrence intervals”, and igdied similarly to flood flow data.

Exposure

Wind and exposure together can account for erroup o 80% and possibly more.

Exposure is the term used to describe the influefiednd altering the trajectories of

raindrops or snowflakes so that some of them, whiolld otherwise have reached
the orifice without this disturbance, are not caugy the gauge. It is noticeable that
the effect of the upward convergence in the stresslon raindrops is the tendency to
lift and reflect them over the gauge. Obviously tiegectories of small raindrops are
altered more than those of larger ones, while ahngueater proportion of snowflakes
are deviated because of their larger surface ara¢oaver fall velocities.

CLIMATE MANUAL 1
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In natural field conditions, the wind will tend te gusty, and obstructions, such as
bushes, trees, buildings, up and down slopes ofoibegraphy, etc. will influence the
degree of uplift to a large degree.

Therefore selecting a raingauge site mainly inwlgensideration of the airflows of
the prevailing rain-bearing winds, and their eféeictthe vicinity of the gauge.

Minimising exposure problems

Correct exposure for a raingauge then, involveagsit where wind at the gauge is
likely to be low. Some shelter is generally reqdifer this, although it must not be so
close as to unduly intercept rain or cause droglets its interception to be blown
into the gauge. Such a situation would be termetkuaxposed.

Over-exposure is the term used for a gauge situatedposition where significant
wind and/or turbulence in the airflow will affet¢tet catch, almost always reducing it.

Correct exposure is often difficult to obtain, partarly in mountainous areas. A
clearing in a forest is probably the most idealatibn commonly found. Shelter belts
which are permeable and slow the wind are moreulfedn solid ones which produce
turbulence in their lee.

Trees and other objects shall generally be betvizeand 4 times their height away
from the gauge, although between 1 and 2 timesefeable when the object is are
encircling, such as in a clearing in a forest (WIWE31).

Further details on correct exposure are given éndfiteria for selecting a raingauge
site, below.

Selection of a raingauge site

Site selection can be considered at two differeates; firstly the locality required to
best provide the rainfall information (considerialiitude, aspect, topography and
relationship to the rest of the catchment), anemsély the characteristics of the site
taking into account the exposure.

Locality

Considerations are:

* The data requirement; whether it is for data atpacsic locality, flood
warning.

« The aspect; one side of a valley or a range of hilhn have different
precipitation due to orographic effects, rain shador larger-scale wind
effects.

CLIMATE MANUAL
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e The altitude; orographic uplift of the air masseafthas marked effects on
rainfall, as do other temperature changes withuali.

» The slope of the general area will affect the @infn mountainous terrain it
may be questionable as to whether there will besitieyat all with adequate
shelter, and an over-exposed site may have to beptexl, with provision
made to minimise its effects as detailed below.

Site

Selecting a raingauge site, particularly in mourdas country, can often be a matter
of picking the “least unsuitable” one rather thavihg a number of suitable sites to
choose from.

Select a site with the following characteristics:

* Where possible, the gauge site should have protefttm wind movement in
all directions by encircling objects (trees, shrubis.) of as nearly uniform
height as possible. This type of protection mustcbesiderable, and in all
directions. In this case it is preferable thatadhngle from the gauge orifice to
the top of the objects is at least 30° but no mibv@n 45°. Note that
windbreaks such as a single row of trees will neetrthese requirements due
to their tendency to increase turbulence; howeveela of trees which are
somewhat permeable to the wind and at some distammg provide a
beneficial “filtering” effect to slow the wind. Sher from trees may not be
ideal if the site is required for a long-term ret@nd they are of a fast-
growing species, or likely to be felled.

* Where adequate shelter from wind is not availaldedascribed above,
individual objects should be no closer than twofdar times their height
depending on the strength of the winds likely toelperienced. This criteria
is to avoid both turbulence and disturbance toatiiéow, and the possibility
of water being blown from the objects into the gaughis includes fences
erected around the gauge for the purpose of exagjustiock, and vegetation
which may grow rapidly close to the gauge.

* Avoid sites on a slope where the ground slopes ahayply in one direction,
particularly if this direction is the same as thevailing rain-bearing wind.

*« An alternative is to install a windshield, whichliweduce but not eliminate
wind-caused measurement errors. The most effeddg@gn appears to be the
modified “Alter” shield (Warnick 1953), and thesave been made by NIWA
and used in mountainous areas, particularly thetgow Alps.

» The surrounding ground should ideally be covereth whort grass or fine
gravel; avoid a hard, flat surface such as conaseteock which will cause
excessive splashing.

CLIMATE MANUAL
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1.4. Gauge design

Design of the gauges also has a significant etiedheir catch. Orifice height and the
gauge’s geometry affect the wind pattern immedyaddlove the gauge, as well as the
likelihood of splash-in.

Splash-out, evaporation, snow capping, freezing krakage and further error-
producing mechanisms which must be gauged agaimgstuge design.

All raingauges used by NIWA should conform to tb#dwing specifications (WMO
1983):

e The rim of the collector shall have a sharp edgh,dway vertically inside,
and be steeply bevelled outside; the design of gmuged to measuring snow
shall be such that any tenancy to constrict thiécerby accumulation of wet
snow about the rim is small.

« Where there is significant solid precipitation, tirea of the orifice should be
200 cnt or greater. (This equals a diameter of 160 mm;tleef Ota which is
200 mm and the Octapent which is 127 mm.)

e The vertical wall of the collector shall be suféintly deep and the slope of the
funnel sufficiently steep (at least 45°). Howeweisi noted that few gauges
available (including those used by NIWA) fully colpmith this requirement.
Future gauge acquisition and construction shalsictan this.

e The interior surfaces of the collector and funrtelksnot be painted, unless
this is a baked-on coating which is unlikely toatraand peel and hence
promote evaporation. Once any coating begins tokcitashall be removed
and re-coated.

* The area of the orifice shall be accurate to wittirtb% and this shall remain
constant whilst the gauge is in normal use.

e The liquid container shall have a narrow entranmalze sufficiently protected
from radiation to avoid the loss of water by evaion. Alternatively it shall
have an oil film of at least 8 mm thick added te tlvater to prevent
evaporation.

NOTE: Automotive, transformer and silicon oils have bdeand unsuitable. The
light mineral oil BP WM2 has been trialled in Newe&and and found suitable. It is
now called Enerpar M002 and is available from BRGror 200 litre containers.

* Have protection to cope with freezing where this cecur.

* Where significant snowfall occurs, collectors shiobé deep enough to store
the expected snowfall between visits; this is a@tsportant in order to avoid
the drifting of the caught snow out of the collectdn practice this will tend

CLIMATE MANUAL 4
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to mean that storage gauges are of the standpieeatyd automatic ones are
weighing buckets.

1.5. Check gauges
All automatic gauges should have a storage gaugafti€ient capacity within a few

metres of it. They shall be at a height of 0.3 nabground-level with an anti-splash
surround, as described earlier.

If other gauges in the network are of a differgqetand orifice height, an additional
gauge of this type should be employed to determihether this has a significant
effect on the catches.

The check gauge provides an independent check emhbration of the automatic
gauge and should be more accurate because:

e Tipping buckets may alter in calibration.

* The buckets may under-register in intense rairffallause of drops falling
into an already full bucket as it tips.

* The automatic gauge may not be at the correct haighbe over-exposed.

1.5.1. Adjusting the automatic record
It is standard practice to adjust the automatiggaecord to the check gauge total for
the same period. However where there is a condiliediscrepancy the reason for it
shall be investigated and action taken accordinth¢oOffice Practice Manual or in

the case of the Tilting siphon raingauge netwodséhadjustments are made by the
Climate Databank.

1.6. Snowfall

Snowfall can be difficult to measure in a rain goecipitation) gauge, as described in
preceding sections. Difficulties include:

» Capping of the orifice with snow.
* The possible need to melt the snow to read theggauegtch.

* The need to have a deep or no collector to accoratadtie snow before it
melts.

* In windy conditions, the exacerbating of any ovepasure of the gauge and
the consequent under-registration of catch.

« The need for more complex automatic gauges, e.ighing bucket gauges.

CLIMATE MANUAL 5
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When conditions are sufficiently cold, a snowfalllwemain on the ground more or
less intact enough to enable a measurement withéasible time. At high altitudes
and locations such as glacier neves a snowpackeawihin intact for longer periods
and a measurement of the water thus stored magasibfe.

Measuring a snowpack

The amount of precipitation in a snowpack is ternsadvater equivalent. It can be
obtained by multiplying the depth of snow by it®ege density, but the latter can be
difficult to measure.

Water equivalent is usually obtained more diredily,

e Cutting a “core” of snow vertically down through smowpack from the
surface to the ground using a snow corer.

« Weighing the core in the sampler.
e Subtracting the sampler weight to obtain the wedjgnow.

« The weight (in grams) is divided by the cross-s#wl area of the sampler (in
cn?) to obtain the water equivalent in cm.

In soft fresh snow the snow corer can be substitbiea thin cylindrical tube with a

sharpened end; a standpipe raingauge may worlqugltha smaller diameter would
be easier. The “core” of snow obtained can be welgbr melted and measured
volumetrically. If the depth of snow is low, themevable collector of an Octapent or
daily manual gauge may suffice.

The more precise equipment for smaller, fresh saoWg is a snow tube, which is a
short cylinder sharpened at one end (and with nubbegs for each end to hold in the
sample), in conjunction with a sensitive set oflegaln an emergency, a snow tube
could be made from any rigid pipe and samples dtoravide-mouth sample bottles

for later volumetric or weight measurement.

Severe snowfall events

Heavy snowfalls are unusual events in New Zealamdl @an be of considerable
interest. If a snowfall causes considerable damatistress or economically-
significant problems in a populated area it mayubeful to immediately carry out a
survey of the region to record the extent and sgvef the fall. Maximum depth,
density during the snowfall, and water equivalentild be the parameters of interest.
With such an event, time will be of the essencef asll most likely begin to melt
within a very short time.

CLIMATE MANUAL
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Operation of daily manual raingauges

The instructions that follow are intended for refase by both NIWA and voluntary
observers for those gauges required in the Raihativork and may duplicate in
some way instructions previously mentioned in tisument.

Conditions for supply of raingauges to voluntary olservers

Raingauges are supplied by the National Institéit&/ater and Atmospheric Research
Ltd (NIWA) to persons residing in approved loca&#i subject to the observer
undertaking to comply with the following conditions

(a) That the raingauge will be installed accordimgnstructions on an open level
space of adequate size, which will be kept clead, that the gauge will be
properly protected from damage.

(b) That there is every prospect of regular obg®wa being continued over a
long period of time.

(© That the raingauge will not be moved without tonsent of NIWA having
first been obtained.

(d) That the rainfall be measured daily at 9 anatosome other hour during the
morning approved by NIWA.

(e) That monthly returns be forwarded promptly aftee end of each month, i.e.,
on the first day of the following month or as s@mpossible thereafter.

4) That in the event of the observer leaving tieritt the raingauge be returned
in good order or transferred as authorised by tmrast NIWA office. The
raingauge and measure remain the property of NIWA.

Selection of site for raingauge

The site for the exposure of a raingauge shoulchbefully selected, as the quantity of
rain collected depends to an appreciable extenh upe exposure of the gauge. In
order that rainfall observations from the differesthtions may be comparable, all
raingauges must exposed under similar conditiomsover-exposed position, such as
a hilltop or ridge, is as objectionable as one Whis too sheltered. A position

sheltered from wind is preferable to an exposedswod as on a windswept ridge. In
such windy locations care should be taken to enthae the gauge is not unduly
exposed to the sweep of the wind.

Permanency of raingauge site

Every endeavour should be made to maintain suitabl&itions surrounding the
gauge. As long as this is done, no change shouldduk in the site unless absolutely
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necessary, as the rainfall recorded at differeessis rarely absolutely comparable.
Even if a small change of site occurs, past recoaasot be safely compared with
present ones. Try to select a site that will notdzpiired for any other purpose for at
least five years — preferably a much longer peribthe gauge is placed in a garden
where flowers, vegetables, shrubs or trees areiggowllowance must be made for
the height to which these will grow, also the pb#isy of their removal. Avoid sites
where it is known that buildings are scheduledef@ction or removal.

Siting a raingauge near obstructions

The site should be an open one unobstructed bythegls, fences or buildings. Low
fences or hedge are, however, an advantage, iflistance of not less than twice their
height. The ground should be as near to level asilple, well turfed and well drained.
A raingauge should be placed on a level piece afirgpt wherever possible rather than
upon a slope, and never on a wall or roof. Avoithgia raingauge near the edge of a
terrace. The distance of the gauge from every dlsjgould be not less than twice the
height of the object. Preferably, the distancehefraingauge from every object should
be four to five times the height of the object. Egample, if there is a tree 12 metres
high and a building 5 metres high in the vicinifytloe site, the raingauge must be at
least 24 metres away from the tree and 10 metrayg &em the building.

Time of observation

The raingauge should be read at 9 amHowever, should this be inconvenient, a
more suitable time during the morning may be adhppeovide that the observations
are made at the same hour each day and the doteabft measurement entered on the
rainfall form Met.302.

The gauge must be inspected every morning whetheotothe observer thinks there
has been any rain in the previous 24 hours. Daiyrénation also acts as a safeguard
against errors caused by accidental or mischieaddgion of water.

Description of glass rainfall measure

For measuring the rainwater collected by a 5" mamaimgauge a graduated glass
measure is provided. This glass measure holds il@metres of rain and is graduated

to show tenths and whole millimetres. The wholdimétre graduation marks, which

are repeated on the back of the measure, will bedaseful in ensuring that the eye
is at the correct level to avoid parallax errors.

Measuring the rainfall

Carefully pour the collected rain from the raingaugto the glass measure, taking
care not to spill any rain. Hold the measure ligtbtween the thumb and forefinger,
near the top of the glass, so that the measureshagjcally. The water level of the
measure is then held at eye level to avoid errbpauallax. See Figure 1.1.

CLIMATE MANUAL



£7E TOO
HIGH L
<v\/&
%
. 3
‘je\ €er
N » -
£ ~N e} P
EYE AT v CORRECT  (Cafmr=l
CORRECT < - AL LI gn LA
LEVEL =L
. L '
- C“ /
o7
ST
> 2
EYE TOO 7
LOW ; ‘

Figure 1.1:

Errors of prallax

FALSE WATER LEVEL

_NIWA_—

Taihoro Nukurangi

It will be noticed that the liquid is curved at ttop of the water level. This is called a
meniscus. The lower edge, of the meniscus is wihereeading should be taken from.

See Figure 1.2.
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Figure 1.2:

recording rainfall on form MET 302.
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Examples of reading a rangauge measuinglass and the correct method of

If the lower edge on the meniscus does not coineidetly with a graduation mark on
the glass measure, read which ever graduation imaréarer to the lower edge of the
meniscus. This applies to all readings 0.1 millmaeind above.
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Whenever the lower edge of the meniscus is equivate0.05 millimetre and up to
0.1 millimetre the reading will always be recordesi0.1 millimetre. See Figure 1.2
for the correct method of reading the glass measure

Trace of rain

Rainfall is to be recorded as a “trace” wheneverfthilowing conditions apply:

(a) When there is less than 0.05 millimetre ofwaiter in the glass measure, and
the observer know that this is not the result df@ or two draining from the
inner can after emptying out the rainfall at a paing observation.

(b) When the quantity of rainwater is too smallneasure, i.e. if a very small
quantity of rainwater is poured from the inner cenwater will be collected
in the measuring glass due to the water adheritigetavalls of the inner can.

(© When no water is observed in the raingaugethmibbserver know from their
own observation that some light rain or other gogaiion (snow hail, sleet or
drizzle) has fallen since the last observation. Tehglanation for this
occurrence is that the rainwater in the inner déencevaporates, especially in
hot, dry weather.

NOTE:
» Atrace of rain is always recorded as a “trace”.

* |t should be noted that “trace” entered on a rdlinédurn is_not to be counted
as a “rain day”.

Rainfall measurements when measuring glass is broke

If, the rainfall cannot be measured because thesghaeasure is broken, the water
should be poured from the gauge into a bottle,lfircorked and labelled clearly with
the day and date to await the supply of a new nieasu

Heavy rains

Measurement of rainfall greater than 10 millimetres

The glass measure has a capacity of 10.0 millimetfeain, and if the rainfall for the
period exceeds this amount, the measurement is imade or more stages.

Difficulty will usually be experienced in fillinghe glass measure accurately to the
10.0 mm mark. To overcome this problem the meashioalld be nearly filled to the
10.0 mm mark, and the reading taken. This shoultepeated as often as necessary
and the readings totalled, e.g. 9.9 + 9.7 + 9.8+=232 millimetres. To ensure that no
individual measurements are omitted from the toialjs recommend that ach
measurement be written down as it is made.
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Rainfall measurement when inner can overflow

Occasionally it may happen that the fall is so peimnat there is danger of the inner
can overflowing. If the observer considers thigljkto happen the amount that has
fallen should be measured, noted, and not retutmede raingauge. Care should be
taken to add this amount to the amount measuretheatreading next morning.
Observers should note that the inner can of then@&nual raingauge holds
approximately 180 millimetres before overflowing.

If the inner can overflows into the outer can, ¢fagige must be dug out and the water
poured out into a suitable container for measuriige gauge must be firmly replaced

after this operation, care being taken that theisitevel and 30 cm above the level of

the ground.

Measurement of unusually intense rainfalls

Great interest is attached to the rate at which falis, especially during unusually
heavy rain. A keen observer can furnish useful dgtaoting the time (to the nearest
5 or 10 minutes if possible) of the beginning amdlieg of any unusually heavy
shower and measuring the amount at its cessatl@seTlparticulars are entered on the
return in the “Special Phenomena” column.

1.7.11. Management of raingauges during frost, hail and sne
Melting of frost, hail or snow to obtain equivalentrainfall measurements

Special methods of measurement are required whenrdimgauge contains solid
precipitation whether originating from sleet, snomhail, or from rainwater which has
frozen after falling. In the similar instances,ukisg from comparatively slight falls,
the snow or ice in the funnel and inner can mushb#ed by warming, and the water
thus obtained must then be measured in the ordimayyto give the equivalent rain.
Three methods may be employed; the first descrilddw should be adopted only
when precipitation is not falling at the time ohg&sion; the second and third may be
used in any circumstances.

(a) The funnel and inner-can are brought indodrs, dontents melted and the
water measured. To prevent significant losses ®waporation it is necessary
to cover the top of the funnel with a flat plateganwhile it should remain in
position to deliver into the receptacle. The obsershould arrange for the
gradual application of moderate warmth; excesseat,hsuch as that from a
hot fire, would not only lead to evaporation butulb also damage the
instrument by melting the solder.

(b) A cloth dipped in hot water is applied to theéside of the funnel or inner can
or both, as necessary, to melt the snow or icecalidct it as water. Care is
required to avoid the possibility of water from tbketh entering the gauge
and falsifying the reading.

(©) A definite amount of very warm water is accahat measured in the
measuring glass and then poured into the gauge. i€areeded not to crack
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the measure. The total amount of water in the g&ugfgen measured and the
amount added to the gauge is subtracted to giveedqgsalent rainfall. To
avoid errors caused by evaporation from warm water by its contraction on
cooling, the amount of warm water to be used shduddcalculated, after
estimating the solid contents of the gauge, tous¢ $ufficient to melt the
snow or ice. An approximate guide to follow is thfathe funnel is full of
snow it will be necessary to use about twenty milires of water at about
35°C - 40°C to melt the snow.

Methods for obtaining rainfall and snow measuremerg

When there has been a fall of snow, the observeuldhendeavour to make three
measurements.

@ The amount of precipitation

This is the total amount of rain, thawed snow erptus any snow or ice the observer
has melted s explained above.

Any snow, either in or immediately above the funreould be pressed into the
funnel and melted. Care should be taken to en$ateany snow above the gauge is
genuine snow fall and not drifted snow.

(b) The vertical depth of fresh undrifted snow

When measuring this the observer should selectpan tevel place where the snow
appears to be evenly distributed. A mean of sewardical measurement should be
made in places where there is considered to bebsenae of drifting. An ordinary
ruler will suffice for most rainfall stations in MeZealand. Measure snow depth to the
nearest centimetre.

Record fresh snow depth in the “Remarks” columringalcare to qualify the total

thus: “fresh snow 14 cm”. Avoid ambiguous entriesgy. “snow 11 cm” as this

measurement refers only to snow which has fallenesthe last observation, special
precautions should be taken not to measure anyswoddv. This can be done by
clearing the snow from a suitable patch approxitpaZem x 2 m where the snow
measurements are made. Snow cleared from any seabluning area should not be
piled at the edge of the cleared patch, but thraweth clear so as not affect future falls
of snow. Note that it is not correct to calculate depth of fresh snow from the
difference between two consecutive measurementheoftotal depth of the snow
layer.

(c) Snow-pack measurement

Snow-pack (or snow cover) is the accumulated snowhe ground at the time of the
observation. As in the case of fresh snowfall theee numerous properties of snow-
pack which are of value for special purposes,itsglepth and water equivalent are of
recognised climatological and hydrological sigrafice.
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The vertical depth of snow-pack is measured byler o the nearest centimetre. A
mean of several vertical measurements should bee imadpen level places where
there is an absence of drifting and where the gpaek-is undisturbed. The total depth
is recorded in the “Special Phenomena” column. Gamild be taken to distinguish
the snow-pack depth from fresh snowfall, e.q. “spawk 41 cm”.

NOTE:

e Care should be taken to record the depth of fresiwfall on every day that
fresh snow is lying on the ground at the raingasiteewhen the daily rainfall
observation is made. If measurements of fresh shepths are made at other
times of the day, then the time of observation nagsthown also.

* The depth of snow-pack is to be recorded every stayw is lying on the
ground at the raingauge site when the daily rdiofadervation is made.

« When there is no snow on the ground at the raingaitg, but it is to be seen
in adjacent areas, this should be noted in the ¢ci@p&henomena” column,
e.g. “fresh snow on nearby hills”, or “patches afow still lying near
homestead”, or “snowline down to 3000 ft (900 mstiegove MSL".

Heavy snowfalls
Heavy snowfalls are unusual events in New Zealand, therefore occasions of

considerable interest and importance. It is theesfoorth going to considerable effort
to get a reliable measure of snowfall and of thal farecipitation on these occasions.

If the raingauge is occasionally completely burbgdfresh snow, an observer should
first press the snow above the funnel down intoftiimel then melt the snow content
of the funnel and the inner can, and measure thHeedn@ater in the way already
described.

On completion of the observation the snow aroumdrtingauge should be cleared
down to ground level for a radius of approximat2lynetres. Snow which is removed
should be thrown well clear of the cleared areasaot to affect the exposure of the
raingauge.

(See also Section 1.6.)

1.8.  Recording rainfall on Met forms

1.8.1. Types of forms in use for recording rainfall

For permanent records of rainfall the followingrfar will be used:
At rainfall stations NZ Met Forms 302

At climatological stations NZ Met Form 301 or 371
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Figure 1.3:

Method of entering rainfall on Met 302when dew is collected and snow occurs.
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Figure 1.4: Method of entering rainfall on Met 302when rainfall not read every day.
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1.8.2. Dates for recording rainfall observations

As the major part of the 24 hours covered by thefalh measured lies in the day
before the day of measurement, the standard peaistio enter the amount measured
to the day before that of measurement, i.e. a meamnt made on Wednesddy &
entered on Tuesday'land so on through the month when that measurebeof' of
the next month is entered to the last day of thexqmtiing month, completing that
return. Even if the rainfall is definitely known twave fallen early on the day of
measurement, the rule should be observed and itifalr@ntered on the return to the
previous day.

1.8.3. Accumulation of rainfall over more than one day

The rainfall record loses a great deal of its vallllee readings are irregular. If for any
reason, e.g. illnesses, holidays, business commigpetc. the rainfall is not measured
for two or more days, the total rainfall accumutatghould be measured by the
observer on their return and entered on the rédiftfiahs Met. 302 and Met. 330 back
to the previous day in the usual manner. It shielchoted that such a rainfall total is
cumulative and it is important to distinguish ibrin daily rainfall totals. To do this,
enter the reading as usual (set back one day)biagket the dates since the last
reading to show it is not a single reading. Nomafteshould be made by a rainfall
observer to apportion the total rainfall measucethe dates throughout any period of
missed observations. However, whenever possiblersry should be made in the
“Remarks” column giving the dates when rainfall weced. If it is possible to do this
then the number of rain days can be counted. Spad-il.4 for example, showing
how cumulative rainfall totals should be recordedfer to dates 24th, 2%nd 26.

NOTE:

* The attention of all rainfall observers is drawntlie necessity for avoiding
cumulative rainfall totals covering periods extengdifrom the end of one
month into the beginning of the following monthaifall possible.

1.8.4. Days when no rainfall occurs

On days when no rainfall occurs, the rainfall cauom form Met. 302 should be left
blank. “Nil” or “0000” should not be entered.

1.8.5. Precipitation resulting from heavy dews or wet fogs

Sometimes during heavy dews or wet fogs a smalhtifyeof water will be collected
in the raingauge.

This is to be measured in the normal way as thaughre rainfall and is to be entered
onto the Met 302 form with a ring drawn aroundriiaa note added in the “special
phenomena” column that the precipitation was cabyesither dew or wet fog.
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If the water measured is known to be the resulteaf or melted frost, the amount is
not to be included in the monthly total, nor thener of raindays. See Figure 1.3

When wet fogs produce measurable quantities of watany manual or automatic
raingauges, this is to be regarded as normal ptatigm and the measured values are
to be included in all totals and summaries on FOBOB. A note should be shown in
the “Remarks” section on this form to the effecittthe values meas8red were the
result of the deposition from wet fog.

Posting of rainfall returns

The early posting of monthly rainfall returns by @bservers is most important. Every
month NIWA prepares various tabulations, summaerd a departure map from
rainfall data.

Before posting please ensure that the station ramlemonth are entered on every
rainfall return.

Standard 5-inch daily raingauges

This is the standard manual raingauge used by NIVW&. raingauge (Figure 1.5) has
a funnel diameter of 5 inches (127 mm). It is 48& mmgh and has a splayed base.
From the top of the splayed section to the tofhefrtm is 305 mm.

Grouad lavel

: =% “@rass bovelled.rlm
5" AR .

112.7cm)l

Funne
F ! iy Contalner

2% “{ or nner can’

{30cm)

Figure 1.5:

Standard 5-inch (127 mm) raingauge.

The upper section of the gauge is a funnel withaegurately turned and bevelled
brass rim. It fits closely onto the outer case lith splayed base. Inside the outer can
is a cylindrical inner can with a brass wire handlevhich the rainwater is collected.
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Apart from the brass rim and inner can wire hatlkéegauge is made of sheet copper
or stainless steel with soldered seams.

1.9.1. Installation

The raingauge should be buried in the ground soitdham is level and 30 cm above
the surface; that is, the ground level should biatop of the splayed portion of the
base. Avoid digging out more soil that is not abtly necessary when installing a
raingauge. Removing more soil only increases tie tiequired for it to consolidate.
A small hole just deep enough for the splayed badiéinto is recommended.

Levelling of raingauge rim

A spirit level should be used to see that the grievel. The base must be firmly fixed
in the ground so that the gauge cannot be displagede strongest wind or when the
funnel is being removed to measure the rainfalk Tirf should be replaced right up
to the gauge unless it is removed and replacedebplps, gravel or sand. If grass is
allowed to grow around the raingauge, it must kgt kbort.

Soil that is packed around newly installed raingsmugometimes does not consolidate
readily. Whenever this occurs the level of the gairge rim is easily dislodged when
removing or replacing the funnel — particularlytiife funnel is very tight-fitting.
Rainfall observers should keep checking the levethe rim of newly installed
raingauges until the soil consolidates.

1.9.2. Care and maintenance of 5” daily raingauges
Protective fence for raingauge
The gauge must be protected from damage by aniondly accident. If it is in an

open field to which cattle or horses have accessypen type wire fence must be
provided.

Sometimes it is practicable to have only two wives rail of some kind on the top of
this fence to prevent access by cattle or horsésydi allow sheep to get in and graze,
thus keeping the grass short.

Condition of raingauge rim

The rim of the raingauge must be perfectly circalad sharp. If it gets dented or the
edges burred or rough, the gauge should be replaced

Checking for leaks

Water may occasionally be found insider the outm of the raingauge. This is

usually caused by the condensation of moisturdénatmosphere, and it should be
removed.
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If water persistently reappears on days when thasebeen rain, then it is possible
that the outer can, inner can or funnel is leakamy the gauge should be tested. This
is done by removing the gauge from the ground ahidgf both the inner and outer
cans with water. The funnel should also be tedfdeaks are found they should be
repaired or a replacement gauge obtained.

Maintenance of raingauge site

It is most important that the grass surroundingrdirgauge is kept closely cut for a
distance of at least 1 metre in all directions.

On no account is concrete or asphalt to be laidrat@ raingauge. However, to make
it easier to keep the grass short around the rage# is permissible to remove the
turf for about 15 cm all round the outer can andl pebbles, gravel or sand in its
place. When mowing grass near raingauge carebs taken not to damage the side
of the instrument. The grass immediately aroundrélirgauge is best cut with a pair
of hand clippers.

Care of glass rainfall measure

The graduated measuring glass must be kept cledrihanefore should be washed
from time to time. The glass measure is best kagwars in a safe position where it
will not get broken.

1.10. The tilting siphon recording raingauge

The tilting siphon recording raingauge has been stendard type of recording
raingauge used by NIWA in the Climate Network tdedmine the duration and
intensity of rainfall.

This gauge has a collecting funnel usually 28.75rcaiameter mounted on top of an
approximately cylindrical case, the base of whkplayed to enable the gauge to be
mounted firmly in the ground.

The mechanism of the gauge is illustrated diagraticadly in Figure 1.6. This
mechanism is mounted directly beneath the funmehfwhich the rain passes down a
tube, through a filter of wire gauze, G, into tleaf chamber, A. As water is collected
in the float chamber, the float, B, and attachedtfrod rise, the after passing through
two guides one in the top and one in the bottortheffloat chamber. A pen arm is
attached to the top of the float rod and the a#egten records the float movement on
a chart on the clock drum. When the mechanismdpgaty adjusted each traverse of
the pen across the chart is equivalent to 5 mraiofail.
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G=

Figure 1.6:

Tilting siphon recording raingauge.

The chamber A, counterbalanced by the weight faanted on a knife edge C. The
position of the weight is so adjusted that when ¢hamber contains less than the
equivalent of 4 mm of rain it rests on the backdtbpWhen it contains more than the
equivalent of 4 mm of rain the chamber would tipaxfard to rest on the front stop J,
but is retrained from doing so by the trigger E athis engaged in the catch K. When
the water level in the chamber is equivalent torb af rain a stud on top of the float
pushes against the screw L on the end of the trigge and releases the trigger. The
chamber then tilts forward on to the front stop aslgéase the trigger. The chamber
then tilts forward on to the front stop and sipmgncommences through the siphon
tube D. At the same time a pen lifting arm, notwshadn Figure 1.6, lifts the pen off
the chart as the float sinks in the chamber. Whenwater level in the chamber is
equivalent to about 1 mm of rain the chamber tigskito the vertical position (i.e.
resting on the backstop) and the pen returns tahlet so that during siphoning the
trace should appear only over the lower fifth af thart. Siphoning continues till the
float and pen return to the zero position. It sddo# noted that a certain quantity of
water will always remain in the chamber even adtphoning has finished and the pen
has returned to the zero position. The tilting naaidm ensures that siphoning will
commence in a positive manner at the correct level.
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1.10.1. Installation

Figure 1.7:

The gauge is to be installed with the orifice &eght of 60 cm, + 4 cm, above ground
level. See Sections 1.2 and 1.3 and Chapter 2 dtaildl on siting the gauge. A

standard 5 inch manual raingauge must always kelled alongside a recording

gauge, the minimum spacing being 2 metres apas. manual gauge is used as a
check gauge.

Mounting the tilting siphon raingauge

Unless there is natural drainage in the soil atsitee selected, it will be necessary to
provide drainage to a soak pit to ensure that tbergl beneath the gauge does not
become waterlogged.

The base should be sunk into the ground so thabthef the funnel is 60 cm above
ground level. The top of the rim must be level indirections and this should be
tested with a spirit level.

The sub-base can be levelled by means of threavs¢i2 in Figure 1.7) provided for
that purpose, but with the rim of the funnel lethes levelling should not normally be

required.

BATTEN HOLDER

The sub-base
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1.10.2. Operation

Changing charts

The chart should be changed each morning at appately the same time as the
manual raingauge is read (normally 0900 hours NZalL@ime).

The chart must be held tightly on the drum with lineer edge of the chart touching
the clock drum flange.

After changing the chart the drum must be turnecklards to the correct time in
order to overcome any backlash. The actual timeoshmencement of the record,
obtained from the observer’s watch or clock, shdaigldhoted on the chart in pencil.

The clock should be wound daily.

Heading charts

The time correct to the nearest minute, day of wekdte, month and year of
commencement and end of the record, together Wwémaéme of the station, must be
entered on each chart in the appropriate placeieSnmhust be completed immediately
after removing each chart from the gauge.

The figures for the daily rainfall taken from thenual check gauge must be entered
in the spaced provide at the bottom of the chart.

Any necessary remarks explaining the failure ofba to write, etc., should also be
written on the face of the chart.

Precautions against frost

On all occasions when temperatures below freezoigt@are expected, precautions
should be taken to prevent damage to the floatéy i

At most stations “Kilfrost” marine paste is appliemthe float and float chamber by
visiting Field Officers. The paste reduces ice aiheand the likelihood of the float
being crushed.

Where heavy frosts are experienced and the “Kilfpaiste does not offer sufficient
protection, a 25 watt electric lamp may be insthilesider the gauge where electric
power is available. This lamp is then switched dmemever frost is expected. Its
location on the base casting of the gauge is ittt in Figure 1.7 (F).

1.10.3. Maintenance

As well as on a routine basis by the observerfdhewing checks are all to be made
at the time of the annual inspection.
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The working parts, and in particular the water pges, must be kept clean if the
gauge is to operate satisfactorily. The funnelpiinube, and wire gauze filter on the
top of the float chamber must be kept clean anel firem dust, leaves, etc. A routine
cleaning of these parts should be made. A lengdxpénding wire curtain rod is very
suitable for testing for, and clearing, any blod® the funnel tube.

Whenever necessary the following checks and mant@nshould be carried out.

Place a chart on the drum taking care to see ltleabottom of the chart fits closely
against the flange on the bottom of the drum. Rater slowly into the float chamber
until siphoning takes place and repeat as oftereasssary.

Check:

(a) That the pen returns to within a division oé thero line on the chart after
siphoning is complete. If not, adjust the positiointhe pen by raising or
lowering the pen arm on the float rod.

(b) That siphoning takes about 15 seconds (no lotinge 20 seconds) from start
to finish. If it takes longer it is likely that th&phon tube is blocked and it
should be cleaned, with a length of curtain wire.

(c) That a measured quantity of water producesdtnect chart reading. Use the
measuring glass for the 5 inch manual gauge; 9.2 imnthis measure
corresponds to 1.8 mm on the raingauge chart wieefunnel diameter is the
normal 28.75 cm.

(d) That the siphoning action is normal with tharfal restored to the upright
position.

The timing of the clock should also be checked oacenonth by the observer,
although this is also checked by the Climate Dathklyeghen digitising the charts.

Removal or replacement of float

The procedure set out below should be followed whbacomes necessary to replace
the float or to remove it so that the chamber mayckeaned or “Kilfrost” paste
applied.

Slacken the screw holding the gate suspension @rldht rod and remove the pen
arm and gate suspension from the float rod.

Unscrew the three small screws securing the tdpeofloat chamber. Remove the top
and lift the float clear.

When replacing the float, care must be taken tairenthat the projection on the side
of the float engages in the guide channel in thardter. When replacing the pen arm
ensure that it is orientated as before and thapémearm is correctly located on the
side of the pen arm lifter away from the clock.
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When the float has been replaced perform the cheafisadjustments detailed above.

Major adjustments

If the instrument fails to record correctly aftéretnormal maintenance and checks
described above have been carried out, the follpwmajor adjustments are to be
carried out. It is essential that these adjustmargscarried out in the order set out
below. Most gauges should operate satisfactoriljthése adjustments are done
correctly and in order.

These checks are also to be carried out at treedirthe annual inspection.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Ensure the sub-base plate is level, the flbanaber is resting properly on the
knife edges, and the knife edge vee blocks areclea

The backstop should be adjusted so that tienly a minimum amount of
play (about the thickness of a visiting card) betwéhe trigger and the trigger
catch.

Set the_counterweight (which restores theaflohamber to its hormal position
after siphoning) as far from the float chamber @ssiple.

Put on a chart and adjust the pen to read aéey siphoning, having made
sure that the gate bearings of the pen are naittiieor nor unduly loose.

Set the_frontstop as high as possible. Pouemiato the float chamber until
the pen rises a little above 4 mm.

Release the trigger and tilt the float chambgrhand onto the front stop.
Lower the front stop until siphoning begins, anckld in that position.

Pour in water again to a little over 4 mm amadve the counter weight nearer
to the flat chamber until the gauge would tilthiéttrigger were released.

Pour more water into the float chamber uhié gauge automatically tilts and
siphons, and note at what point the pen returnthéochart after the float
chamber has returned to the vertical. The ideatipogor the_counterweight
is such that the pen returns to the chart at anlist above zero, equal to the
greatest distance below the top line at which thegg will tilt when the
trigger is released by hand, e.g., if the latteniis reached when the pen has
risen to 4.2 mm and the pen returns to 0.8 mm ercliart after siphoning the
adjustment is satisfactory. The counterweight ghotlden be locked in
position.

Pour in water again until the gauge automdlictiits and siphons, and note
whether the pen resets exactly on the chart zeeo I it does not, then keep
repeating the siphoning process and at the sanmeeramse or lower the pen
arm setting on the float rod until the pen doegtrexactly on the chart zero
line on completion of every siphon.
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The adjustment screw for the trigger shouldséeso that the trigger released
the float chamber when the pen is exactly on tipelitee of the chart (i.e. 5
mm exactly). After adjusting this screw ensure thatlock-nut on the trigger
set screw is tightened.

Pour water into the float chamber until thenpeaches 1 mm. Release the
trigger by hand and tilt the float chamber — tha phould be lifted from the
chart automatically. If this does not happen the amen of the pen lifter or has
become bent. The pen arm, when the float chamhgaright, should be close
to but not actually touching the pen lifter rodth rod is found to be bent,
then gently straighten it in such a way that the g@en is lifted correctly from
the chart during the siphoning process. Also enthatthe lifting arm pivot
bolt is reasonably tight, so that the arm is rigid.

TYPICAL FAULTS

As it is normally possible to determine the natafex defect in the raingauge by an
examination of the record, all charts should beckbd. The examples which follow

contain one or more typical faults.

A.

B.

10 1t A 13- 14- 15 16 1718
4.0

3.0

Pen set too high on float rod.

Leaking float, probably caused by frost damage fldat should be replaced.

—— . . W

- - ey st e o ey e -— s e—. G o -t - - rea

- Y A
i I T e

[YSpEaEN—IEY (A —— traw vamam | omm e meam -

il T . T

Pen set to low on float road. An upward adjustnagmt the subsequent check,
will result in the mechanism tipping above the topthe chart. This is
corrected by adjusting the trigger (L in Figure)1.6
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D. Float crushed by frost. The float should be regiac
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E. A regular trace which may not indicate a fault ldtich could be due to a

partially blocked funnel or gauze filter.
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F. Mechanism siphoning without tipping. Adjustmentiasailed.
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Mechanism failing to siphon or tip. Drain pipe limse of gauge flooded.
Alternatively, trigger mechanisms fouling or notiaated by a distorted float.
In this case, siphoning normally occurs withoutptily of the rainfall

continues
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In all cases when the observer detects a faulhénoperation of the gauge a special
note of the circumstances must be entered on . drhis applies particularly where
the funnel outlet is found to be blocked and theran accumulation of water in the

funnel.

1.10.4. Recording of rainfall

Where daily rainfall observations are made, boérttanual and recording raingauges
should be read as close as practicable to the 8amaePlease ensure that the station
name, time (to the nearest minute) and date onoéfndre shown on every rainfall

chart.

The daily rainfall reading to be entered on formstM801 and 302 is from the manual
raingauge. This total is also to be entered onatlm®matic chart against “total by

manual gauge”.

1.11. Lambrecht recording raingauge

In areas where it is not possible to install aydtiting siphon raingauge but where a
record of rainfall intensity, duration, time of faétc., is required there is a need for a
simple, easily maintained gauge capable of recgrftinperiods of a day, a week or a
month with a minimum of attention. For stationshwttis requirement, the Lambrecht
natural siphon recording raingauge type 1507 (daédgkly) or type 1509 (monthly) is

used.

27
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1.11.1. Descriptions: Type 1507 weekly/daily and type 150@0onthly

Figure 1.8:

The gauge has a collecting funnel 16.5 cm in diamean the top of a cylindrical body
1.2 m in height. The rain collected in the funrseled through a metal pipe into a float
chamber (see Figure 1.8) and as the water colie¢tsee chamber so the float (e) and
the attached float rod (c) rise. A pen arm (a)chikta to the float rod records the float
movement upon a chart. A tube (f) rises at an afrgim near the base of the float
chamber and the metal end of the glass siphonisufiited into this pipe. When the
float has risen to the top of the chamber one cetaptaverse of the chart, equal to 10
mm of rain, has been made and the water has redbbep of the siphon tube at
which time siphoning takes place. The float drapghe bottom of the float chamber,
the pen returns to zero on the chart and the vggiboned off is caught in a collecting
can housed in the base of the gauge thereby pnovalicheck of the total amount of
rain to fall over the period.

E /d

= ﬁ'g‘g o, |

€ et

o

b adjusting screw

¢ tioat rod
d- detent spring

e flaat

t connecting tube,

Float chamber and pen arm of the Lambreht recording raingauge.
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The chart on the daily/weekly gauge is mounted staadard “S: drum and is driven
by a Horstmann clock, while the monthly gauge eiypla strip chart driven at a
speed of 10 mm/hr by a clockwork mechanism.

It has been found that although a correctly setang adjusted gauge records the
rainfall accurately, some small discrepancies mageaAfter a prolonged dry spell

the record may show that the pen has risen somealdmate the 10 mm line on the

chart before the first siphoning took place. Tiisiresult of dust in the siphon tube,
and should correct itself after one siphoning cycle

In very heavy rain some difference between therdmmb and measured rainfall may
occur due to the fact that the siphoning cycle sad@me 10 seconds, and during that
time an appreciable amount of rain will have erdetige float chamber and been
siphoned out without being recorded. The amountaifi siphoned is therefore
directly proportional to the rainfall intensity.

NOTE: Unless otherwise stated the following instructicgply equally to the
daily/weekly and monthly gauges

1.11.2. Installation

For site selection see Selection of a Raingaugeelsewhere in this chapter and see
also Chapter 2, “Exposure”.

The gauge must be mounted on a solid foundatiaonarete slab 0.6 m x 0.6 m with
bolts appropriately placed so that the three fedhe base of the gauge match up with
them will be the most satisfactory. It will be nesary to locate the bolts after receipt
of the gauge as the positions of the feet vary mitlividual gauges. To ensure rigidity
of the gauge, especially in strong wind condititm&e eye-bolts are provided below
the shield at the top of the body and wire staysikhbe attached to these to prevent
vibration which affects the reliability of the sighing action. The gauge should be so
mounted that the rim is level in both directionsl dhe collecting surface (the funnel
inside the rim) is 1.2 m = 0.06 m above the ground.

1.11.3. Operation: Type 1507 daily/weekly

Charts should be changed every day/Monday at appabely the same time as the
reading of the manual gauge (0900 hours) at wicé the clock should be wound.

The charts should be held tightly onto the drum #relbottom of the chart should
make contact with the clock drum flange all the waynd.

After changing the chart the drum should be turbackwards to the correct time in
order to take up any backlash in the mechanism.

Immediately after removing the chart enter on d tiime correct to the nearest minute,
date, month and year of the beginning and endeofébord, together with the name of
the station.
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The total from the collecting can measured in miitres with the plastic measure
should be recorded on the face of the chart ancbppptely identified.

Any remarks considered necessary to explain defigs in the record should be
written on the face of the chart.

1.11.4. Operation: Type 1509 monthly

Chart rolls are changed monthly or more frequeifthecessary, and at the same time
the clock is wound and the water in the collectiag emptied.

Life the pen from the chart, swinging it to thehtigintil it is held by the detent spring.

Undo the blue knurled screw above the drive medmarand draw the clockwork
forward from the slide bars.

Raise the two chromed retaining strips from thesidf the chart and release the spool
carrying the marked chart by moving both blue tgppevels forwards against the
pressure of their retaining springs. The chartlmanremoved from the spool by sliding
the limit disc carrying the small cog from the lool axle of the spool.

Wind the clock fully. The winding spindle is reachéhrough a hole in the recording
plate over which the chart runs.

Measure the water in the collecting can with thestit measure and enter this total,
together with the time correct to the nearest neindate, month and year on the chart
jut removed.

To fit a new chart roll raise the recording plate releasing the red tipped levers,
remove the chart roll holder from the carrying aand fit the new chart roll to it.

Thread the chart under the bar, over the pin ralhet across the recording plate which
should then be pressed back into position so tieatréd tipped levers re-lock into
position.

Fit the end of the chart roll under the retainipgrsg on the take-up spool and replace,
ensuring that the blue tipped levers are holditigrtly.

Record the time correct to the nearest minute,, datsth and year on the chart,
replace the mechanism in the slide bars, and tigie blue knurled screw.

Bring the pen gently forward on to the chart, mgkamy adjustments to the time by
moving the chart backwards to the correct time tensuring that any backlash is
taken up. Check that the pen is writing on thetchar
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1.11.5. Maintenance

Beyond ensuring that the funnel and the tube lepthnthe float chamber are kept
clear of obstructions, little regular maintenarsesquired.

Pens should be changed when the trace becomeddanisure a clear trace, but as
long as the gauge functions satisfactorily themoisieed to disturb the float chamber.

Irregularity in the record due to erratic siphoniagisually caused by vibration of the

whole instrument in gale for ce winds, or by dirtthe siphon tube. In the latter cases
the siphon tube should be removed from the floamiber and washed, and the float
chamber removed from the gauge and cleaned out

To remove the float chamber, unscrew the wing mdeun the mounting plate and
withdraw the float chamber from the gauge. Loosedimall screws on either side of
the float chamber and remove the top, taking catetandrop the screws, which are
very small. Dirt can then be washed from the fideimber, paying special attention
to the connecting tube.

After the float chamber has been reassembled gridced in the gauge the siphon
action should be checked as follows.

Slowly pour just sufficient water into the funnel tause the mechanism to siphon.
When the siphoning is complete the pen should &tingeon the zero line of the chart.
If not adjust as described below in Adjustment ef&

From the plastic measure pour the equivalent ahf®of rain slowly into the funnel.
This amount of water should cause the siphoningmtd commence with the pen on
the 10 mm line on the chart. If, not, adjust thphening point as described in
Adjustment to Siphoning Point.

The timing of the clock should be checked at regintervals, and any discrepancy
which cannot be adjusted by the regulator shoulteperted. The regulator on gauge
type 1509 (monthly) will be found by raising theoeding plate while that on gauge
type 1507 (daily/weekly) is located beneath thelkloody. Access to this regulator is
gained by removing the thee screws from the basgél of the clock and removing it
from the mounting plate.

1.11.6. Adjustments

Adjustment of zero

This should be carried out when the pen has redatteeldwest point of its travel after
having completed a siphoning cycle. Adjustment &denby mean of the red painted
screw above the swivel joint on the pen arm.
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Adjustment to siphoning point

This is effected by moving the siphon tube in tleatfchamber connecting tube. If the
siphoning point occurs below 10 mm, the siphon tsbeuld be pulled out of the
connecting tube, or pushed in if siphoning occurgva 10 mm. These adjustments
should be made with the greatest of care, as tassgsiphon tube is particularly
susceptible to breakage at the bend near thedhzathber.

Loosen the stopping clamp on the siphon tube, rttadkaecessary adjustments, bring
the stopping clamp into contact with the top of domnecting tube without moving
the siphon tube and then retighten the screw o$tihygping clamp.

Recording of rainfall

Where daily rainfall observations are made, boérttanual and recording raingauges
should be read as close as practicable to the sameePlease ensure that the station
name, time (to the nearest minute) and data onoéfndre shown on every rainfall
chart.

The daily rainfall reading to be entered on rainfimims MET 302 is from the manual
raingauge. This total is also to be entered onailltematic chart against “Total by
Manual Gauge”.

The 4-inch plastic raingauge

The 4 inch (100 mm) plastic raingauge differs frdne standard pattern 5 inch
raingauge in being made of transparent plastic. difmmeter of the funnel is 4 inches
(100 mm) and the raingauge is not dug into the mploinstead it rests on the ground
(a grass or gravel surface) and is held by a lgétal or heavy plastic bracket which
is attached to a short wooden stake. The funnehrimt be level, and will be 35 cm
above the ground (see Figure 1.9).

CnOUNO LEVEL

The 4-inch plastic raingauge.
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The raingauge consists of three parts: outer aomtaifunnel and measure. The
measure fits into a small socket in the base obtlter container. In this position, the
open end of the measure is directly under the fluouget. Thus rainwater collected in
the funnel drains straight into the measure.

Assembly of raingauge

This entails attaching an aluminium or plastic keido a wooden peg, driving the
peg into the ground and inserting the plastic raimg in the bracket. The raingauge
comes complete with the bracket, but the peg iplggas a separate item.

At some locations a weight is fitted to the funteeprevent it from being blown away.
The weight is a semi-circular band of mild steelalhis sprung into place around the
outside of the funnel. This is supplied as a sapaiem.

It is normally more convenient to attach the bradkethe peg before the latter is
driven in. If an aluminium bracket is supplied théshaped base support is laid on the
peg and the two semi-circular brackets are scrawwemligh this into holes predrilled
in the peg. The screws should be tightened ungilttho semi-circular brackets are
firmly held at right angles to the peg.

If a hard plastic bracket is supplied the smalldippne end of the straight part fits into
a slot in the circular, bottom, bracket and theso#énd fits into a broad groove in the
semi-circular, top, bracket before it is screweth® peg.

Installing peg and raingauge

Driving the peg requires care. Where the peg hag triven into hard ground a small
crowbar should be used to make a hole. The pegldhmzulifted from the ground
several times during driving. This will free thegpso that it can be removed whenever
required, e.g. to facilitate lawn mowing. Howevéne peg must fit as firmly as
possible into the ground so that it does not hawyestdeways movement. The peg is
driven in until the bracket leg is at soil level.

Levelling of raingauge rim

A spirit level should be used to check that theigrevel in all directions.

Measuring the rainfall

This is the same as stated in the section on tlegafipn of Daily Manual Raingauges,
however the accuracy will be less due to the reiemiwf the plastic measure being in
0.5 mm graduations. Also with the measure havifigtebase, it is not as sensitive to
low rainfalls ie. 0.05mm.
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1.12.3. Care and maintenance of the 4" plastic raingauge

Protective Fence for Raingauge

The gauge must be protected from damage by anemalghe carelessness of human
beings. If it is in an open field to which cattlelmrses have access, an open type wire
fence must be provided. This fence must be a mimrsize of 3 m x 3 m and at least
1 m high. Sometimes it is practicable to have dwiy wires or a rail of some kind on
the top of this fence to prevent access by cattleoeses, but yet allow sheep to get in
and graze, thus keeping the grass short.

Maintenance of raingauge site

It is important the grass surrounding the raingaadeapt closely cut for a distance of
at least 1 metre in all directions.

On no account is concrete or asphalt to be laidrat@ raingauge.

If the raingauge is not removed when mowing, car®ibe taken not to damage the
side of the instrument. The grass immediately rotnedraingauge is best cut with a
pair of hand clippers.

Condition of raingauge rim

The rim of the raingauge must be perfectly circalad sharp. If it gets dented or the
edges burred or rough, the gauge should be replaced

Precaution against leaks

Because the raingauge is made of plastic, obseshengdd take care of these points:

1. Watch for cracks in plastic walls of the outentainer and funnel rim.
2. Watch for leaks around the seams at the baseseobuker container and
measure.

Care of plastic raingauge measure

The graduated measuring glass will require cleafrioigy time to time. It should be
washed with mild soap or detergent and water. Douse solvents or abrasives.
Any ordinary bottle brush is useful in removiagy collection of dust or grime at
the bottom of the measure.

Replacement of plastic rainfall measure and/or raigauge

Should the plastic rainfall measure or raingaugétodken or develop a leak advise
your nearest NIWA office.
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The Octapent raingauge

The "Octapent” raingauge is a long period manual gaudctwis used for
measuring rainfall over weekly or monthly periottsis a 5 inch raingauge with a
greatly enlarged inner can, so arranged to reduapagation of the contents to a
minimum (Figure 1.10).
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Sealing 5
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Collectir..g can_7
Frost protector
lead weight “Lﬂ J_

The Octapent raingauge

The raingauge is supplied with a frost protectothia form of a length of rubber
tube in the inner can which absorbs the expansiumsed by the freezing of
collected rainwater. This avoids damage to the aoet under normal
circumstances. The lower end of the length of tisbgealed and the top is spread
by a plug where it enters the container. The spreadiegls the hole in the
container and contributes to the reduction in lmggvaporation referred to above.

The raingauges are made in two sizes, with innes cd 680 mm and 1270 mm
capacity respectively.

Installation

The octapent raingauge should be buried in thergt@o that its rim is level and

30 cm above ground level. A spirit level shouldused to see that the rim is level.
The base must be firmly fixed in the ground so that gauge cannot be displaced
when the funnel is removed.
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1.13.2. Measuring the rainfall
These gauges are read in two ways, with a dipstick with a glass measure. The

dipstick is used first and is used as a check agdhe glass measure in case of
spillage or incorrect additions if more than onasglmeasure full is collected.

As these gauges are storage gauges and are odlpegadically, great care must be
taken when pouring from the inner can into the glagasures.

Fifty millimetre measures are usually used for thispose, although their accuracy is
not as great as the 10mm measure.

The following steps should be taken when readiegéuge:

1 Remove the frost plug and take a dipstick measem¢ and record the
amount.
2 Carefully pour the water into the glass meadRezord the amount and empty

the measure. Repeat this step as many times assaegaintil all the water
has been measured.

3 Sum the measurements and check with the dipstgdting which is a check
in case of adding errors or spillage.

4 File the glass measure reading, unless it igmor @ue to spillage or other
causes in which case file the dipstick reading witomment.

1.13.3. Checking for leaks

If water persistently reappears in the outer cam ti is possible that the outer can,
inner can or funnel is leaking, and the gauge shdd tested. This is done by
removing the gauge from the ground and filing bttt inner and outer can with

water. The funnel should also be tested. If leaks@und they should be repaired or a
replacement gauge obtained.

1.14. Other storage raingauges

1.14.1. PVC stand-pipe gauges

These are generally constructed from 150 mm nontioed pressure pipe, and have
been made in 1200 mm, 1500 mm and 3000 mm capach&the gauge height is

the same as their capacities, they are often diffio install at the standard 0.3 m
height. They are often employed in localities watpnificant snow, and in such cases
the standard orifice height would cause it to bedul

Installation
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Their height causes problems with wind, and heheg are besin a well sheltered
location or equipped with an Alter shield.

* Where possible to excavate it (perhaps with a po&t-borer), a section of
slightly larger diameter pipe should be installge la "well" in the ground,
to a depth which will enable the orifice to be asuitable standard height
(preferably 0.3 m, but 1.0 m could be suitable).

* Ensure that the orifice is horizontal (use a spével) and that the gauge is
not loose to move around.

« Where necessary because of wind, the installatian shield or the gauge's
height, guy ropes are used to hold the gauge watrtithese should be of
galvanised wire rope, with suitable spring tensisn® keep them taut. A
quick-release hook on one of three guys will enab&gauge to be tipped
over for quick emptying, an important factor if wgsare by helicopter.

« An anti-freeze solution will be required in coldnshtes, so that the gauge
can be read if any of the water is frozen. A migtof methylated spirits and
glycol antifreeze, in proportions to give a dengitst less than water, will be
necessary in order that the antifreeze will noflseiut.

An amount adequate to cope with the expected rdhisfzould be added, not
forgetting to leave sufficient capacity in the gaughe amount will depend on the
temperatures, and some experimentation may be resquMcSaveney (1979)
suggests using between 10 and 20 % of the expeai&dll volume over the period.

The mixture should be prepared beforehand, usinghwercial glycol antifreeze and
methylated spirits in the ratio of 1:1.12, and gsavintner's hydrometer to adjust
the density to 0.995 kg/l, as both components neayaen various amounts of water.

For more details on the use of this antifreezesrraf McSaveney (1979).

e Qil shall be added to prevent evaporation. A lagérat least 8 mm is
required. Normal lubricating oils have a tendengyetaporate themselves
and to emulsify with water and coagulate. A lightearal oil normally used
as a anti-stick agent in commercial baking has fovedatility and is clear
and cleaner to use. BP Enerpar M002 (formerly Wk been trialled for
this purpose and is recommended. See section bridie details.

Field servicing

Reading this type of raingauge consists of thefaithg steps.

Oil shall be added to prevent evaporation. A lagemat least 8 mm is required.
Normal lubricating oils have a tendency to evaporidtemselves and to emulsify
with water and coagulate. A light mineral oil nolimaused as a anti-stick agent in
commercial baking has lower volatility and is cleard cleaner to use. BP Enerpar
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MO002 (formerly WM2) has been trialled for this page and is recommended. See
section 5.6 for more details.

* Measure the depth from orifice to water-level (atijuoil level) and record as
“mm O to W.L.".

e Calculate the rainfall from the previous such meaisient.
« Empty the gauge by tipping out, pumping or a plunge

NOTE: A plunger can be used to empty a standpipe gaudgkly, but it can be
messy for the person doing it. On the end of atstmdi mount a rigid perforated disc
slightly smaller in diameter than the bore of tleuge. Above this mount a similar
size disc of flexible rubber sheet. The device banplunged to the bottom of the
gauge then raised quickly to empty most of the eatistover the top (and perhaps the
observer...).

¢ Add the required amount of anti-freeze mixture glte the rainfall from the
previous such measurement.

« Add sufficient oil to give about a 8 mm layer.
+« Measure the distance from orifice to oil level aadord

e Also record whether emptied, oil added, anti-freemided, and clearly
indicate whether readings are orifice to waterdlewet rainfall, etc.

Calibration

As the measuring container has the same diametbe asifice and a measuring glass
is not normally used, calibration involves checkihg tape or dipstick used. Even
steel tapes should be checked against each ottibrarey discrepancies resolved by
checking against a traceably-calibrated tape (eteld by the QA/SD Unit).

1.15. Tipping bucket event raingauge

This gauge is typified by th@©ta, the most common brand in use in New Zealand_
It has a 200mm diameter orifice and collector whiebds rainwater into a pivoted
double-sided tipping bucket mechanism. The bucietssized at 0.2mm or 0.5 mm
of rainfall equivalent (although other sizes araikable) and when full the bucket
tips the water out, providing a momentary switchscre on a magnet-driven reed
switch for a datalogger. As one bucket tips owt,attached twin moves under the
spout of the collector. The gauge is shown diagratiwally in Figure 1.11. Further
details are as follows:
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1.15.1. Installation

Figure 1.11:

Install at a standard orifice height of 0.5 m, 80 but ensure relativity
with any previous records.

Bolt the instrument to a mounting base, preferalelyin concrete.

Ensure that the instrument is set level accordinthe levelling bubble set
into the base. This bubble is used to set the dauwgtude during initial
calibration at NIWA Instrument Systems, rather thaing a spirit level
across the orifice
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Tipping bucket raingauge

Connect the cable to the datalogger, routing ibagh polythene tubing for
protection, and ensure that any joints are thorbuglaterproofed (e.g. with
neutral-curing silicone rubber glue).

1.15.2. Servicing visits

Remove the cover to provide the tips required fier datalogger procedure.
Do not just tip in water until 2 tips are heardt-provides no check on
operation, which could be affected by dirt, inseotechanical faults, etc.

Check that the buckets tip freely, and remove artyod insects.

Clean all filters and ensure that insect guardsraptace.
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» Inspect the receiver for dirt, cracking paint, dermetc.

» Check that the levelling bubble is central, anduadjf necessary

1.15.3. Calibration

At each annual inspection, fill out the Form AlRdacarry out a check calibration
using pipettes as described in the green instnuctiheet IS 12 (see section 8.1.6).

Re-level the bubble if necessary, checking thist $iecure in its mount.

Ensure that the pipettes drip the water in slowdy7(ml/min) prior to the tip, and
that the pipettes are held near the inlet fromcthieector.

If the calibration is outside the allowable +3% eapat least twice for each bucket,
ensuring that the drip rate, etc., is correct befegnding to Instrument Systems for
servicing.

Watch for interference from wind; even a slightdwe will tend to cause a bucket to
tip prematurely. Replace the cover and drip theewat via the collector if there is
any wind.

1.16. Telemetered raingauges

Some telemetered water-level stations may be eqdipwith tipping bucket

raingauges for flood warning purposes. Because thepose is for largely internal
operational purposes they may, for convenience ermhomy, be non-standard
installations. However such stations should noimadly be filed on the Databank,
unless they:

* Have a standard orifice height of ground-level & . A height of 1.0 m
could be used if necessary, but anything over 2i8 not permitted (WMO,
1989).

e Are not greatly under- or over-exposed.

e are corrected to a ground-level or 0.3 m orificégghtecheck gauge which
itself has correct exposure, is of a standard g is installed and operated
according to the requirements of this chapter.

If such a station is not operated to these stasdaareful consideration should be
given to the cost-benefit of doing so.
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2. Exposure

2.1.

2.1.1.

2.1.2.

2.1.3.

Exposure refers to thenicro-climaté at the measuring station which relates to the
local air movements and shelter from wind and Jume exposure requirements of a
climate or rainfall station are:

e That all the measured parameters are typical oftineounding region, and

e That the features of the site do not cause inteniegs with the parameters,
for example by wind turbulence altering the trageiets of raindrops or cold
air draining to or from the site.

Site selection

Selection of site

Climatological stations must, whenever possiblesbeup on a level grassed site
where the surrounding ground is also level or haly @ very slight slope. The
exposure should be open and generally represeatatithe district although a very
exposed windswept site should be avoided if possitfhe rule regarding
obstructions such as trees, hedges, buildings, istthat these should be at least
twice and preferably four times their height awegni the boundary of the plot. Due
regard must be paid to the possible future grovtine®s or hedges and the erection
of buildings.

Permanence of site

It usually takes ten years to establish reasonadigperature normals and thirty

years for rainfall normals, therefore every endeavshould be made when setting
up a climatological station to ensure that thera reasonable chance of the station
remaining permanent and with the same exposuratfi@ast twenty years.

Size of Enclosure

The optimum size of an enclosure for a standardatiblogical station is 15m x 12m
(Figure 2.1). When only basic instruments, namdlgrinometer screen, manual
raingauge and grass minimum thermometer, are tasbd the size can, if desired,
be reduced to a minimum of 9 m x 7.3 m providedgheounding ground is open
pasture land or grass. When autographic instrumentsaddition to a Dines
raingauge, are to be installed the 15 m x 12 momoeck should be provided and
stations where special climatological investigagi@re to be made require an even
larger enclosure, up to 18 m x 18 m.

However occasionally these standards cannot berediht®. Provided the rules
regarding obstructions in 2.1.1, 2.1.4 and 2.2elraet, an elongated site or circular
site can be set up.
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Figure 2.1: Enclosure layouts.
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2.1.4. Fencing of Enclosure

This must always be an open type of fence suchaaslard post and wire or wire-

netting. If interference from the public is notdlik a standard 1 metre high fence is
usually adequate. In public areas a close-wirediog-netting fence at least 2.5 m

high is necessary with barbed-wire around the top.

If for some reason it is necessary to use a clesed or hedge as one or more sides
of the enclosure the size of the enclosure mushteased - usually by twice the
height of the close fence. Corrugated iron fengeg@be avoided.

In very exposed and windswept areas it is sometidessrable to provide a closed
fence or brushwood windbreak, but if this is thesecdahe size of the enclosure
should be increased as indicated above.

NOTE:If a local body or authority requests the esttiient of the station it is
usually responsible for providing and maintainirigf@ncing.

2.2.  Exposure of instruments

2.2.1. Layout of Instruments in Plot

This depends on local conditions but there areatefundamental requirements that
should be met. These are:

The fence must be considered an obstruction andgaages, evaporimeter and grass
minimum thermometer kept twice the height of thecke away from it.

The raingauges require the best exposure and sheujdouped together near one end
of the plot preferably to windward of any othertmsnents, thermometer screen,
etc., for the prevailing winds. The distance betwelee rims of the Dines and
manual raingauges must be at least 1.8 m. The ewvagi®r can be installed with
this raingauge group.

Thermometer screens, anemometer poles, and any t@ihenstrument should be
grouped together towards the south end of the plot.

The anemometer pole can, if desired, form parthef fience such as the corner
post. The ladder must however come inside the encéo and also face
approximately north so that the platform will berreatly orientated if a sunshine
recorder is to be installed.

Thermometer screens are to be installed with the dpening to true south. If for
some reason this is not possible, the door opépimgest of south is preferable to east
of south.

The earth thermometer plot should have a bare aarflace, which should be kept
free of weeds and growth. An edging of suitable b 25mm timber should be
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sunk in round the edge of the plot so that theitoflush with the surface. This
helps to keep the edge of the grass defined. Tdieglo be level with the surrounding
area.

The sunshine recorder is best mounted on the plathd the anemometer pole if this
is provided. If not, any convenient site on thefroba nearby building which gives

the desired exposure can be employed. However sudite should be readily

accessible for changing the sun cards and musprestent any undue risk to the
observer climbing to it. A post in the enclosuramtie screen and level with the top
of the fence is another possible site providecettposure is satisfactory.

Typical layouts for a small and large station amel layout of the earth thermometers
in the earth thermometer plot are shown in Figute 2

Setting up of Individual Instruments

The appropriate instruction must be carefully stddbefore any instrument is set up.
Copies of the instructions covering instrumentsiarfellowing chapters.

Instrument screens

Introduction

Instrument screens are provided to shield theungnts from radiation from the sun
or nearby bodies, and to protect them from predtfipit while allowing adequate
ventilation so that temperature and humidity valvékin the screen correspond with
those in the free air.

Construction

The walls and doors of most thermometer screens Hauble louvres. This type of
construction minimises the transmission of radratwhile permitting a reasonably
unobstructed passage of air through the screen.

All woodwork both inside and outside the screen tnings painted white in order to
minimise the absorption of solar radiation.

All metal fittings used in screen construction epair must be non-ferrous, e.g.,
hinges, screws, hasps and staples etc., are ubuadly.

In order to prevent movement it is most importéuai iscreens be firmly secured to the
stand. In some very exposed sites it is necesediiy guy wires or wooden stays in
order to prevent vibration in strong winds. Vibeati can affect maximum and
minimum temperatures recorded.
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2.3.3. Screen types

Instrument screens used by NIWA are:

Large

Internal dimensions are 1042mm wide, 318mm deep 4%56mm high. The
maximum and minimum thermometers are mounted gérallith the bulb end of
each thermometer approximately 6mm lower than tdpedand. The wet and dry
thermometers are mounted vertically.

Instruments such as thermographs, hygrographs,nedg. also be housed in this
screen.

Small

Internal dimensions 419mm wide, 159mm deep and 3089mgh. This screen
houses wet and dry bulb and maximum and minimunintbmeters all mounted
parallel with the bulb ends of each approximatetytlower than the top end.

2.3.4. Installation

The legs of all screens should be buried in thengdato such a depth that the base
of the screen is 1.08m above ground level and ithemam amount of soil dug out.

The soil that is replaced must be firmly rammeduatbthe legs to ensure there is no
movement of the stand in strong winds.

Turf should be placed on top of the replaced swmiehable the grass to cover all
the ground underneath and around the screen. UWrdeircumstances is concrete or
asphalt to be laid under or around a screen.

The screen door must open towards true south. iBhieecessary to reduce to a
minimum the risk of solar radiation reaching therthometer bulbs when the door is
opened.

A carpenter’s spirit level must be used to checlt the screen base is level in all
directions also that the screen sides are trulticadr

2.3.5. Maintenance

A good sward of grass must be maintained at akgimnder and around the screen.
This grass must be kept cut short.

Occasionally hollows develop under or in front d¢fetscreen thereby enabling
rainwater to form pools. Whenever this occurs treugd level should be brought up
to the level of surrounding ground. Hollows or demadches of grass often occur in
front of the screen where persons normally stan@ke the instrument readings. To
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help avoid these occurring, small wooden duck-b®ardy be laid in front of the
screen on which persons should stand when takstgiment readings.

Some soil types will often contract appreciablynraround the screen legs during dry
spells. Whenever this occurs the soil should bletltigrammed in order to prevent
movement of the stand in strong winds.

Following periods of wet weather some soils becaay soft and if strong winds

should occur the screen and stand will be tiltenimfrthe vertical. At the first

opportunity the stand must be dug out of the groand replaced in the correct
vertical position.

Weathering can cause the woodwork of some scremthstands to shrink, thereby

causing loosening of joints. Periodic checks shdiddnade to ensure that all screws
are screwed as tightly as possible into the waodyder to avoid movement in strong

winds.

Screens must he kept perfectly clean and the paiktas white as possible. As soon
as the paintwork shows signs of peeling or weathetishould be thoroughly cleaned
by washing then sanding or rubbed down with a Witesh and repainted using 100%
acrylic high-gloss white paint.

Where any material damage occurs to the screetard shat necessitates repairs, this
should be reported to your nearest NIWA team.
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3. Temperature and humidity

Meteorology, climatology and hydrology frequentlgquire the measurement, and
often the continuous recording, of the temperatfiene or more of the following:

« the air near the earth's surface

the soil at various depths
« the waters of rivers lakes and sea, and
« the air in the upper atmosphere.

This manual deals only with the first two.
The standard unit of measurement is degrees Cdl¥)s

Relative humidity is one of various ways of specifying the water wapoontent of
atmospheric air.

It is defined as the ratio, expressed as a pergentf the actual vapour pressure
of the air to the saturation vapour pressure dtalmdemperature. In simple terms it is

a measure of the amount of water in the atmosplex@essed as a percentage, at
a particular point in time.

3.1.  Operation of thermometers

3.1.1. Cleanliness of thermometers

All thermometers must be kept clean and this shiedensured by carrying out a
routine cleaning once a week.

If water has condensed on any portion of a thermeinbe water should be wiped off
and the readings delayed for several minutes.

3.1.2. Broken spirit column

Occasionally a break appears in the thread oftdpim spirit thermometer. See sec-
tion 3.4 "Minimum Thermometer$or detail.

If a break appears in the mercury thread of a nmgrduermometer (other than a
maximum thermometer at its constriction) it shobéreplaced.
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Reading thermometers
All thermometers should wherever possible be reatthé nearest tenth of a degree.

This is particularly necessary for readings of tiret and dry bulb thermometers
from which are calculated the relative humiditytioé air.

The whole degrees are read directly from the smaléhe thermometer.

The tenths of a degree have to be estimated alyrasapossible. Use the following
method to obtain an accurate estimate of the tesfthsdegree:

First subdivide visually the space between the gmate two divisions of the ther-
mometer scale into quarters.

With these subdivisions in mind, obtain the tentfisa degree registered by the
mercury column from the table below:

* Number of tenths is .0 when end of column is eyaoth whole degree
division.

* Number of tenths is .1 when end of column is veightly past whole
degree division.

* Number of tenths is .2 when end of column is nategat first quarter.

* Number of tenths is .3 when end of column is vdighfly past first quarter.
* Number of tenths is .4 when end of column is nategoalf way.

* Number of tenths is .5 when end of column is eydudlf way.

* Number of tenths is .6 when end of column is védighly past half way.

* Number of tenths is .7 when end of column is nategat third quarter.

* Number of tenths is .8 when end of column is velighfly past third
quarter.

¢ Number of tenths is .9 when end of column is alnmst not quite up to
whole degree subdivision.

A serious error to avoid is known as the error afgtlax (Figure 3.1). To avoid this

error, a thermometer hung vertically should be ne@t the eyes exactly level with

the top of the mercury column and a thermometerglyiorizontally should be read
with the reading eye directly opposite the endhefiinercury column. The difference
in the apparent reading can easily be noticedefdpe is moved towards or away
from the bulb of the thermometer.

Before closing the screen all readings should leelkéd, as it is very easy to make a
mistake of 1, 5 or 10 degrees unless the greatestis taken.
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Management of wet bulb thermometers

The difference between the readings of two therntersgsimilarly exposed, is used
to indicate the humidity of the atmosphere. Onerntimeneter is uncovered and
indicates air temperature; the bulb of the othecdsered by moist muslin and so
indicates a temperature which will be reduced bg tooling associated with
evaporation. The drier the air the greater the enstwn and so the greater the
difference between the readings of the two thernmterae The accuracy of the
humidity obtained will depend on the degree of carth which the covered (wet
bulb) thermometer is maintained.

Description

The bulb of the wet bulb thermometer is coveredhwitSingle thickness of muslin
which should be stretched smoothly and closely tverelement with the mini-mum
number of creases. The muslin is secured in paositip looping two strands of the
cotton used for supplying moisture to the bulb tiave hitch or doubling and looping
the two strands as shown, so that four threadscttonvey water to the bulb. The
loop or clove hitch is drawn tightly around thedht of the bulb as shown. Any
surplus muslin should be trimmed off with a paisofssors.

The wick feeds from a glass or plastic reservosated near to but not immediately
below the bulb
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Exposure

The rate of evaporation, and so the difference bennthe readings of the wet and
dry bulb thermometers, is dependent to some exierthe rate at which air flows
over the bulbs. The thermometers are therefore sgan an instrument screen
which gives adequate ventilation but at the sam€me fprevents the wet bulb from
being exposed to too strong a blast of air. Hurpithust always be calculated from
tables for non-aspirated thermometers (thermome#attsout forced ventilation).
Other tables are used with instruments in whichisaidrawn past the bulbs with a
fan.

Reading

The wet bulb thermometer is read to the nearesh teiha degree after the dry bulb
has been read. Unless the temperature is falliqgdisa when the wet bulb
thermometer is subject to time lag, the dry bulimgerature will be_equal to or
higher than that indicated by the wet bulb. If thet bulb reads higher than the dry
bulb change the muslin, wicks and water. If, affefeast 15 minutes the wet." bulb
still reads higher remove the muslin and wick aoohpare the two thermometers as
dry bulb ones. If after several minutes the reaslidgfer by more than 0.3°C,
replacement thermometers should be requested.

Maintenance

The following action is essential to the provisiohconsistently reliable wet bulb
thermometer readings.

« Use a water bottle with a narrow neck.

« Do not allow the water bottle to become dirty osatiloured. If it cannot be
cleaned, request a replacement.

» Secure or locate the bottle slightly to one sidarad below the thermometer
bulb.

* Use distilled water if available. Distilled watenaild not be obtained from
a garage as it may be contaminated with batteny. dfcdistilled water is not
available use clean rain water and if this is natilable use tap water.

e Do not allow the water levah the bottle to fall below half full.
e Top-up water in the bottle after an observation.

* Empty, rinse then replace the water in the botHehetime the muslin and
wick is replaced.
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e Only use clean muslin and wicks. If the supply &bwnce a year becomes
soiled, request a further issue.

*» Use one clean muslin disc and two clean strandsottion, doubled as
illustrated, in Figure 3.2.

* Keep the wick strands twisted together.

* Keep the wick as straight as possible. A loop orwdl allow water to drip
from the wick. Also, too great a length of exposeidk allows excessive
evaporation from the wick.

* Replace the muslin and wicks after the Monday mmayrobservation. The
muslin and wicks should also be replaced (afteolaservation) when dust is
evident on the wick or at coastal stations whemetl&s been a storm with
an on-shore salt-laden wind.

» If it is unavoidable that the bottle be filled befoan observation, for
example, when the bottle is found to be empty,vakk least 15 minutes to
elapse before reading. If the water supply is naiatemperature a much
longer period is required.

Wet bulb thermometer

Management during a frost

When either the air temperature or the wet bulbpenature is below freezing,
normal functioning of the wet bulb thermometer @sasVhen ice forms on the wick
normal conduction of water ceases, the ice or watethe muslin evaporates and the
thermometer gives the same temperature as theudlby Dhe following action will
be required:
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Commence the observation 15 minutes before thel esna when the air
temperature is expected to be below freezing.

Examine but do not touch the muslin.

If the temperature is below freezing but the mualppears wet, the moisture
is probably super-cooled. Induce the formationcef by touching the muslin
with snow or ice crystals on the end of a twig @tohstick.

If the muslin appears to be dry, moisten by brughinwith a camel-hair
brush dipped in water as near as possible to fngezireferably taken from
under ice). Use the minimum amount of water neggsta moisten the
muslin.

Once ice has formed the thermometer will read te#eezing. The ice will
commence to evaporate by sublimation and the rgaditi drop steadily,
become stable for about a minute, and then commientse.

If it is obvious what this minimum temperature waster it as the wet bulb
reading. If the minimum is uncertain or if temperat movement was
difficult to determine, do not enter a reading.

3.2.6. Dew point, relative humidity tables

The dew point and/or relative humidity readings tmos obtained by reference to
tables. The following is a list of tables to be disat various elevations for
thermometers exposed in instrument screens.

Dew Point Tables

Elevations up 600 m
Elevations 600 to 1400 m
Elevations 1400 to 2400 m
Elevations 2400 to 3600 m

Relative Humidity Tables

Elevations up to 600 m
Elevations 600 to 1400 m
Elevations 1400 to 2400 m
Elevations 2400 to 3600 m

Combined Dew Point/Relative Humidity Tables

Met Form 326
Met Form 363
Met Form 364
Met Form 365

Met Form 325
Met Form 367
Met Form 368
Met Form 369

Elevations up to 600 m

Met Form 361
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Maximum thermometer

The maximum thermometer is used to record the Bigh& temperature reached
during a given period.

Description

The maximum thermometer is a mercury-in-glass tbemgter with a small
constriction in the bore of the stem about 25 mamfithe bulb. As the temperature
rises mercury is forced past the constriction dnedthread of mercury advances along
the stem as with an ordinary thermometer (Figu8.3A\s soon as the temperature
begins to fall, however, the mercury in the bullmtcacts, but the thread of mercury
breaks at the constriction leaving its upper endpwosition at the maximum
temperature reached. The mercury column can, hawéee forced back past the
constriction when resetting the thermometer asrdest later in this section.

CONSTRICTION

Enlarged view of bulb and part of stemof maximum thermometer sheathed
pattern, showing constriction near bulb.

The maximum thermometer is a thermometer whichehgass sheath covering the
stem. It is manufactured to the relevant Britishan8ard Specification (B.S.
692(1958)), or an acceptable equivalent. This uesibn does not describe the low
temperature maximum thermometer used in Antarctica.

Exposure

The maximum thermometer is mounted time thermometer screen in a nearly
horizontal position with the bulb end about 6 mmwéo than the other end. It should
be held firmly by its supports or clips as the nieyccolumn may be displaced from

its maximum position if the thermometer is shakeraistrong wind. The maximum

thermometer is usually placed above the screemmimi thermometer.

Reading

The maximum thermometer is read in whole degredgs@amths, and a second check
reading should always be made, particular caregoteiken to avoid errors of 5°C or
10°C. This reading is entered in the field bookemithe heading "Before Setting".
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3.3.4. Resetting
The thermometer is reset by swinging it at armgtenFigure 3.4) in a smooth

motion with the bulb end downwards four or five ésnuntil the mercury thread is
forced down past the constriction and joins with thercury in the bulb.

¢aéng o be wpeed

\E'a—
Trasirameler cripped herz
Treremeler desdied here

a-m To 2 a Saady Swrging DaCh-E3
& forwarss ndd slcz«.avi
‘l'r.-. insirume! oY nS .;a;e'

Figure 3.4: Resetting the thermometer

Care should be taken not to strike the thermonsamst the body, loose clothing or
any solid object.

Note that after resetting on the majority of ocoasithere will still be a small break
in the mercury thread about the constriction. Asgl@as the reset value is within
0.5°C of the dry bulb reading, the maximum thermtames still functioning
correctly.

After setting, the thermometer should be placedkhbacthe screen and then read
again, the reading being entered in the field boodter the headinghfter Setting".
This after setting reading should agree with the ldnlb reading to within about
0.5°C. If the difference is greater than 0.5°C tliermometer is not properly shaken
down, or it may be defective.

When reading the reset value, ensure that the éntbis downwards and that the
thermometer is not being heated by the sun, handérabody which will all affect
the reset value.

3.3.5. Defects of maximum thermometers

If the constriction is too narrow there is diffitylin resetting the thermometer, and
if it is too wide the thermometer acts as an ondirdry bulb and does not remain at
the maximum temperature reached.

CLIMATE MANUAL 54



—NIWA __—

Taihoro Nukurangi

Maximum thermometers that are difficult to shakevdp usually have a slightly
narrow constriction. However, if the thermometeh&d and swung as described in
the section on resetting and illustrated in figBré, it should be possible to reset it

properly.

If the constriction is too wide, the maximum themeter may act as a "retreater
that is, the mercury column may retreat from theximam position when the
temperature falls. This defect can develop in dremtise serviceable thermometer,
the constriction being widened by the chipping ok tglass surrounding it,
apparently being caused by frequent shaking dowheomercury column.

Observers should therefore check for this defaud, ithey find that the maximum
thermometer reading is consistently lower than aegding of the dry bulb
thermometer made since the maximum was last rémst,should suspect this defect
and make a further check as follows:

With the maximum thermometer still mounted in tloeegn warm the
bulb with the fingers until the mercury reads higtiegan the dry-bulb
temperature then withdraw the fingers and watchntieecury carefully
to see that it does not retreat from its maximursitpm. If it does, the
thermometer is defective.

Another defect of some maximum thermometers is tdmelency of the mercury

column to run up the tube a little when the therratenis lying at the normal slope
in the screen. Some thermometers do this when glaeek in the screen after
resetting, while vibration can also cause this defi it is present and a reading is
taken in the normal manner, it may be 0.5°C or ntogher than the true maximum

temperature. If an observer suspects the maximemnibhmeter is reading too high,
it should be tested for this defect, preferablyamnovercast morning when there is
some wind by noting the reading to the nearest@Adfter resetting and when the
thermometer is still held in a vertical positionlbbwlownwards. It should then be
replaced in the screen and the door of the scrpeneml and closed once or twice in
the customary manner to expose the thermometéietadrmal amount of vibration.

If the reading has risen by more than 0.1°C or ©.ahd the dry bulb shows that
such a rise is not due to a rise in temperatuis,itidicates that the thermometer is
defective. A correct reading can often be made witth a thermometer by carefully
lifting up the right-hand end until it is about 15@m above the bulb end, when the
mercury thread will fall back against the constdntand so give a true reading.

If the thermometer is defective, a replacement ise requested.

3.4. Minimum thermometer

Minimum thermometers are used to record the lowegemperature reached during a
given period.
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Description

The minimum thermometer is a spirit thermometeigiesi to operate in a horizontal
or nearly horizontal position. Immersed in the ispg a small indexvhich is free to
move along the stem of the thermometer. As the ¢eatpre falls, the retreating end
of the spirit column drags the index back until theimum temperature is reached. If
the temperature rises, the expanding spirit flowst ghe ends of the index which
remains stationary. Thus the end of the index éstHrom the bulb indicates the
minimum temperature reached since the previoumgetdf the instrument.

The minimum thermometers used are thermometershwhave a glass sheath
covering the stem. They are manufactured to thevaelt British Standard
Specification (BS 692 (1958)), or an acceptablawadgnt.

Operation, general

Readings

The lowest or minimum temperature reached is shoyie index, and the reading is
always taken off the end of the index nearest dlpeof the spirit column, thas, the
end furthest away from the bulb. This reading stidad made to the nearest tenth of a
degree (see Figure 3.5).

S PN s b ll'l‘%
R T e e B TR N O
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Enlarged view of part of stem of minimun thermometer, sheathed pattern,
showing index immersed in spirit. The minimum tempeature is 4.3°C.

Resetting

To make the thermometer reading to record the mimimiemperature for the next
period, it must be reset. This is done by tiltihg thermometer, bulb end upper-most,
until the index moves to the end of the spirit cotu

After the thermometer is reset, a reading is takmhentered in the field book against
the space marked "After Setting".

The "After Setting value of the screen minimum thermometer shouldagdwbe
compared with the simultaneous reading of the drp ihermometer. If the two
readings consistently differ by more than 0.5°Ce thccuracy of the minimum
thermometer should be suspected.
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Operation as screen minimum

The screen minimum thermometer is used to recardawest air temperature and is
mounted in the thermometer screen in a nearly dota position with the bulb end

about 6 mm lower than the other end. It shouldddd firmly by its supports or clips

as the index will tend to be displaced if the themmeter shakes in a strong wind.

Operation as grass minimum

The grass minimum thermometer (Figure 3.6) is tigedcord the lowest temperature
when exposed just above a grass surface. It isrianmiathat the thermometer does not
touch the grass nor be more than 25 mm above #®s githerwise the minimum
temperature recorded can differ considerably frbm $tandard. The grass must be
kept cut short under and around the thermometer.

Grass minimum thermometer

A black shield is fitted over the outer sheathhat énd opposite the bulb. The purpose
of the shield is to prevent spirit in the tube vagging, thereby forming breaks in the
spirit column and/or forming drops of spirit in thpper part of the tube.

When the ground is covered with snow the thermomsteuld be supported above
the snow surface and as near to it as possibleutittouching it. If snow has fallen
during the night in sufficient quantity to covertthermometer, the observer should
carefully remove the snow at the climatological exgation hour and then read the
thermometer. The reading should be entered in tbe 803 or 371, and on Met. 301,
and marked with a question mark, e.g. -8.4? A sbiuld be made in the remarks
column "grass minimum buried in snow

A small fence consisting of a single wire held ohites painted pegs 152 mm to 228
mm high at the corners of a 0.9 m square can b@esf@round the thermometer to
prevent it being accidentally trodden on, but noeotprotection or wire cage is to be
used.

Faults in minimum thermometer

Minimum thermometers are prone to faults commospioit-in-glass (as opposed to
mercury-in-glass) thermometers. The fault which caonst seriously affect the
accuracy of the readings is a tendency for thétsmilumn to break. It is important to
examine the thermometer carefully each time befeegling to make sure the spirit
column is intact and that no drops of spirit hagtected higher up the bore, or in the
safety chamber at the top. It is particularly intpat to examine a new thermometer
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which has come through the post as some of thgserag®ns of the column could
have occurred in transit. Also, unlike, mercuryirispvets glass and consequently if
the temperature falls rapidly a thin film of spinay be left on the walls of the bore,
causing the thermometer to read too low. The saffeetemay be caused in hot
weather by distillation of spirit from the liquidlumn to the upper walls and even to
the safety chamber at the top of the bore.

Figure 3.7 shows: Breaks in the column (1,2,3)
Index protruding through the end of the column (4)
A drop of spirit in the bore above the column  (5)

Spirit in the safety chamber (6,7)
RIS N (P T Et 1}) 5!
1 .2 3 4 ' 5 6 7

Fault areas affecting minimum thermomegrs

Treatment of defects
By swinging

This method involves swinging the thermometer i@ $ame way as when resetting
the maximum thermometer.

Grip the thermometer firmly and swing the thermagnebulb end downwards, until
the bubbles disappear. Four or five swings shoaldufficient. Use a steady swinging
motion back and forth, not sideways.

By jolting

This method involves holding the thermometer uprigith the bulb end down and
tapping the bulb lightly on a thick book (e.g. pbdmook) until all the bubbles have
disappeared.

By heating

Only use this method if the other two haven't wdrk8tand the thermometer in a
vessel of water which is just hot enough so thatsghirit in the thermometer rises just

enough to reach the expansion chamber to cledouiieles. Allow the thermometer to
cool slowly.

Be careful not to heat the thermometer too mucthaball the spirit extends into the
expansion chamber, as this may break or damagbehmometer.

Do not stand the thermometer in boiling water.
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Testing

Before use and after remedial action has been taksnhthe thermometer as follows:
Immerse the minimum thermometer and the dry bullyniometer in a bucket of
water up to the top of the spirit and mercury catsrand take simultaneous readings
after stirring the water. The thermometers shoddnithin 0.3°C and a replacement
should be requested if the difference exceeds 0.3°C

Earth thermometers

Thermometers may be used to obtain temperaturégsadt various depths below the
surface. Standard depths are 5 cm, 10 cm, 20 cmgn3and 1 m. The 5 cm
thermometers are used at only a few stations.

Description

The earth thermometers used are manufactured torelleeant British Standard
Specification (BS 692 (1958)), or an acceptableedent.

5 cm, 10 cm and 20 cm earth thermometers

The temperature of the earth at 5, 10 or 20 cmdasured by means of a mercury
thermometer which has a right-angle bend in then e that when the thermometer
is inserted in the ground, with the horizontal graied portion lying along the

surface, the centre of the bulb will be at the ecrrdepth. A thermometer of this
type is shown below (Figure 3.8).
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Right-angled thermometer
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30 cm and 1 m earth thermometers

Readings are taken from thermometers suspendeddividual tubes sunk in the
ground, a similar type of thermometer being useadefich depth. As there is often a
very marked difference between the temperaturdiseatevel of exposure and of the
air where the reading is made, the thermometer isubimbedded in wax within an
outer protecting glass tube to give a large lagfimbent. There will then be time to
read it before its temperature changes, but it rbesshielded from direct sunlight
when read. The thermometer is further protectedubyer rings which surround the
outer glass tube. The tube in which the thermomstexposed is constructed from
seamless mild steel of 32 mm bore and of apprapleatgth. There are some 100 mm
to 150 mm of tube extending above the ground, ani#6diameter flange surrounds
the tube at ground level and the bottom of the ti@ains a cone of solid steel. A
plastic plug covers the exposed top of the tube thedthermometer is suspended
directly from this plug on a chain of the requitedgth (Figure 3.9).

30 cm earth thermometer
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3.5.2. Exposure

The thermometers are installed within the instrunectlosure beneath a level piece
of bare ground about 0.8 m x 0.8 m square and pEalyas possible of the

surrounding soil for which information is desiretihe positions they occupy are
illustrated in the chapter on Exposure.

3.5.3. Installation
5cm, 10 cm and 20 cm earth thermometers

The thermometers should be installed with particadae as any strain whatever will
almost certainly result in a fracture at the righggle bend. Right-angle thermometers
should only be handled by the vertical portion wihemoving from or replacing in
ground. Care should also be taken that soil sudiognthe thermometer is disturbed
as little as possible, so that the temperaturerdecbwill represent, as closely as
possible, the temperature of the undisturbed soil.

Make holes in the ground of rather more than tlyelired depth with a small crow-bar
or other suitable tool of a diameter slightly gezdhan that of the thermometer bulb.

Place a little fine soil at the bottom of the hathen the horizontal part of the stem
lies along the surface of the ground.

Carefully fill the hole with fairly fine soil, takig care not to break the bulb.

In locations where there is any possibility vbst heaving", clear the soil from im-
mediately underneath the horizontal portion ofdteen by scraping it out with a knife
to leave a clear space of not less than 3mm ancha than 13mm.

The depths of the bulbs of the thermometers abetmdicated by white marker pegs
on each of which the appropriate depth is indicatedoloured plastic markers.

30 cm and 1 m earth thermometers

Unless the soil is exceptionally hard, it will besgible to drive the 30 cm tube into
the ground by hammering a block of wood placed aber top. It is normally
necessary to drill a hole the diameter of whichdsal to the tubes diameter using an
auger for the Im tube. Ensure the hole is trulyigal. Considerable care is required to
avoid distorting the top of the tube and again ¢anequired to avoid disturbing the
surrounding soil unnecessarily.

In order to protect the thermometers, four whiekes, measuring about 25 mm x 25
mm X 457 mm long, should driven 150 mm into theugijust outside the corners of
the area. A wire can be tied round the top of tta&es thus forming a square of
approximately 0.9 m x 0.9 m.
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3.5.4. Reading earth thermometers
These are read in the usual way to the nearest ¢érat degree at the main observation
hour of 9 am N.Z. local time (i.e. ordinary cloaké).
Reading when ground covered with snow

In the event of a snowfall, the snow should be caseftdmoved for taking the
readings, and then replaced to the original depth.

3.5.5. Maintenance of thermometers and earth plot

Maintenance of thermometers

5cm, 10 cm, and 20 cm earth thermometers

Maintenance of these thermometers is restrictddaickening the graduations. Should
the graduations on the scale become indistinct thheybe renovated in various ways.
The easiest way is to rub a black felt-pen alorgttiermometer and then wiping off
the surplus with a rag moistened with methylatedtspin either case the horizontal
portion of the thermometer must he lightly suppsrtieiring the operation to avoid
breakage.

30 cm and 1 m earth thermometers and tubes

The tubes are not withdrawn for maintenance andegkaced only when penetrated
by rust. This condition is normally indicated bythresence of water in the tube. Any
such water should be removed

If a tube has to be withdrawn from the ground thisest done by gripping the section
of tube about ground level with either a pair ofesgrips or a pipe wrench. Then
rotate thetube and at the same time apply a lifting force tlids process the tube can
be removed without disturbing the surrounding gobun

The outer glass shield of the thermometer requiegsdic cleansing; discolouration
may be removed by polishing lightly using a metligh. The thermometer (with its
outer shield) should be replaced if condensatiabgerved on the inside of the glass.

Maintenance of the earth plot

Any grass encroaching on the plot is to be cut bau#t any weeds removed. The
surface of the plot is to be left otherwise untaa:hwhere the soil is light, or where
the plot is very exposed, the effect of erosion megessitate the addition of earth to
maintain the surface at its original level. The sidface should be broken before the
new soil is added then both should be packed dahtly.

If any of the thermometers have sunk, they shoeldifted fully, and then re-posi-
tioned, after a small amount of soil has been pbiméo the hole. Extreme care is
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required, the thermometer being handled by thecatportion only. If necessary, the
ground should be thoroughly soaked before the tbemater is lifted. In such cases the
water should be allowed to drain away before thetriment is replaced. A note
concerning the action taken is to be entered irf-tblel Book and Met. 301.

The helix-type bi-metallic thermograph

This section refers to a number of different makéshermograph, all made to
essentially the same design which incorporatesliaahdi-metallic sensing element.
They differ from the Lambrecht thermograph, whishdescribed in the next section
below.

The bi-metallic thermograph records temperatureatians using the principle of
differing coefficients of expansion of metals. Tieenperature element consists of a
bimetallic strip, coiled in the form of a helix Withe metal of greatest expansion on
the outside.

The helix, which is fixed at one end, is free ttate with changes in temperature and
this movement actuates a pen on a chart. This dbaaffixed to a drum which
revolves about a clock at the rate of one revatugier week.

Installation

The instrument should be exposed in a large themtemscreen on the base board to
one side of the thermometers.

On installation it maybe found necessary to adjustthermograph so that the reading
corresponds to the dry bulb temperature in theescréhe fine setting screw located
beneath the temperature element is used to makadjustment. Whilst tapping the

case gently with the fingers adjust the settirigh#é temperature indicated on the chart
is the same as the dry bulb temperature. Do notenthis adjustment when the

temperature is changing rapidly.

Operation at climate stations

Chart changing

The chart is replaced each week at the same tirhis Jhould be as soon as
practicable after the 9 am thermometer readingsnaldy on Monday.

Before inserting a new chart on the drum enterstaon name and the day, month,
and year data (against each day of the week), ithe bn and corresponding
temperature from the dry bulb thermometer.

Wrap the new chart around the drum so that itléutfie following conditions. (These
are absolutely necessary if good and reliable dscare to be obtained).
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The chart should fit tightly around the drum.

The lines of equal scale value should be paratighe flange at the bottom of the
drum, i.e. corresponding lines on the beginning and of the chart in the overlap
portion should coincide. The bottom of the chawdtd be as close to the flange as
possible and touching it in at least one placethdf chart is not cut quite correctly
it may not be possible for it to touch the flandletlae way round and still comply
with the other conditions cited.)

The end of the chart should overlap the beginnimdj ot vice versa.

After removing the old chart enter in the appragrispaces the following data from
the field book:

« Time at which time mark made, corresponding drybbtémperature,
maximum and minimum temperatures.

NOTE: The maximum and minimum temperatures are entereke date to which
they refer, i.e. the minimum to the day of obseommand the maximum to the pre-
vious day.

Clock

The clock should be fully wound when the chartitgefl. The clock has an eight
day movement and should only be wound later invikek if it is running slow. In
such cases a replacement should be requested. Midjostments to the rate of
rotation may be made with the regulator (®ck and Drum" below).

Pen

Disposabile fibre-tipped nibs are used and are ceglas necessary.

Setting

After a new chart is mounted on the drum the petingeis checked and the clock
drum is rotated in the direction of increasing tjni@. clockwise, and is then
turned back until the pen is on the correct timaisperation eliminates backlash in
the clock mechanism.

Check that the pen lifting device is clear of ties @rm.

Time marking

Time marking can be done by carefully depressirggghn arm slightly with the
finger. As the vertical movement of the pen armcpkstress on the linkage, the
amount of pressure should be reduced to the minimanessary to give a clear
mark. Time marks should be about 6 mm in length.
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3.6.3. Adjustment and maintenance
Adjustment

After the initial adjustment as described abovether adjustment of the
temperature setting should only be necessary péierreplacement or some similar
adjustment.

Maintenance

The record should be examined for evidence of pearwr excessive friction. The
former will be indicated by a faint trace. Excessifviction will be shown by an

irregular‘stepped" trace and/or a marked variation betweerteimperature recorded
before and after a time-mark.

The friction of the pen against the chart can lkiced by adjusting the angle of the
gate suspension towards the upright. This adjudtsieould not be necessary as the
inclination of the gate suspension would not nolynalter. However, very slight
reductions in friction can be made by raising tkarrof the thermograph case by
cardboard shims placed under the "feet".

Where the presence oftdon the pivots is suspected these may be cleaitad fine
brush dipped in white petrol and, when this hasdjra small quantity of good clock
oil applied.

The interior and exterior should be kept clean dusted.

Clock and Drum

Most bimetallic thermographs supplied will use ¢hHdet. 525 (-5/ + 35°C) or No.
526 (-15/+25°C) with anS drum (93 mm diameter). The weekly clock (Horstmann)
is fixed to the baseboard by three screws. Wherelitck regulator is not obvious, it
will usually be exposed under the clock when thiedhretaining screws are removed.

Instrument clocks are not subject to routine ovelrlaad will be replaced if a defect is
noted.

3.6.4. Transport of thermographs

The pen arm is to be attached to the pen-liftelalaper loop which will allow a

limited amount of vertical movement. The loop isnfied from a 50 mm length of

paper 13 mm - 19 mm in width. Holes are punchdti@émpaper, approximately 13 mm
from each and the pen lifter is passed throughethss that the section of paper
between the holes is over the pen arm.

The clock winding key is to be attached to the idet®f the case by some suitable
means.
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The drum retaining ring is to be checked for tigisth to prevent damage to the
toothed rings on the under-side of the drum andkcépindle.

The case is to be tied closed with string befoking.

Care should be taken in packing to ensure that#ge protecting the temperature
element and the exposed end of the pen arm movemilenbt be damaged.

The exterior of the package is to be marked wighusual fragile warning.

3.7.  The Lambrecht Bi-metallic thermograph

The Lambrecht Bi-metallic Thermograph records tempge variations using the
principle of differing coefficients of expansion ofetals.

The temperature element consists of a bimetalig with the metal of greatest ex-
pansion on the outside. The temperature-dependemements of the bimetallic
ring are transmitted to the pen arm by means efarlgearing.

The temperature values are recorded on a chaxedffio a drum which revolves
about a clock at the rate of one revolution perkvee

3.7.1. Installation

The instrument should be exposed in a large themtemscreen on the base board to
one side of the thermometers.

The spring catch can be released by pulling thehcautwards and the case can
then be opened.

Release the pen arm lock by rotating it about & Igting arm. Remove the rubber
nipple form the nib of the ink cartridge. Remove tardboard which secures the
pen lifting arm.

Adjust the pen pressure on the chart until it yustes, by turning the silver adjusting
screw at the base of the pen arm.

On installation it maybe found necessary to adjhst thermograph so that the
reading corresponds to the dry bulb temperatuthdrscreen. This can be carried out
by turning the red adjusting screw. This is a yaombarse adjustment and will have to
be checked several times to ensure that the cosettihg is attained. Do not make
this adjustment when the temperature is changipglha
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3.7.2. Operation chart changing

The chart is replaced each week at the same tirhes Jhould be as soon as
practicable after the 9 am thermometer readingsnatlty on Monday.

Before inserting a new chart on the drum enterstaon nhame and the day, month,
and year (against each day of the week), the time aad corresponding
temperature from the dry bulb thermometer.

Wrap the new chart round the drum so that it falfiie following conditions. (These
are absolutely necessary if good and reliable dscare to be obtained).

0] The chart should fit tightly round the drum.

(i) The lines of equal scale value should be pelréd the flange at the bottom of
the drum, i.e. corresponding lines on the beginming end of the chart in the
overlap portion should coincide.

(i)  The bottom of the chart should be as closetite flange as possible and
touching it in at least one place. (If the charhdg cut quite correctly it may
not be possible for it to touch the flange all thay round and still comply
with the other conditions cited.)

After removing the old chart enter in the appragrigpaces the following data from
the field book:

» Times at which time marks were made, correspondigdoulb temperatures,
maximum and minimum temperatures.

NOTE: The maximum and minimum temperatures are enterédeta@ate to which
they refer, i.e. minimum to day of observation amakimum to previous day.

Clock

The clock should be fully wound when the chartitied. The clock has an eight day
movement and should only be wound later in the weékis running slow. In such
cases a replacement should be requested. Minostawjats to the rate of rotating
may be made with the regulator. (See "Clock andDrioelow).

Pen
This instrument is fitted with a fibre-tipped pehieh must be replaced when they run

dry. Care should be taken in pulling the pen off #hm to avoid bending the arm. Do
not push the new pen on too far or it will be diffit to remove.
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Setting

After a new chart is mounted on the drum the petingeis checked and the clock
drum is rotated in the direction of increasing time. clockwise, and is then turned
back until the pen is on the correct time.

This operation eliminates backlash in the clock ma@ism. Check the pen lifting
device is clear of the pen arm.

Time marking

Time marking can be done by carefully raising tle@ prm slightly with the finger.
The time marks should be about 6 mm in length.

Adjustment and maintenance
Adjustment

After the initial adjustment as described abovethier adjustment of the temperature
setting should only be necessary after pen replaseor some similar adjustment.

Maintenance

If the trace is irregularly "stepped" and/or thésea marked variation between the
temperature recorded before and after a time ntde there is too much pen
pressure. The method for remedying this is desdrith®ve.

Where the presence of dirt on the pivots is susgeittese maybe cleaned with a fine
brush dipped in White Petrol and, when this hasdjra small quantity of good clock
oil applied.

At regular intervals, the lacquered and chromiuatgd surfaces of the recorder
should be cleaned with a soft brush or a pieceaofid cloth, as adhering dirt often
accelerates corrosion.

Clock and drum

The Lambrecht Thermograph uses chart Met 530 (-25356°C) with an "S" type
drum (93 mm diameter). The weekly clock is fittedoi the drum which fits over a
central spindle screwed directly into the instrutmease. Access to the regulator is
through a small hole in the top diaphragm of thendrOccasionally, this instrument is
modified to allow the installation of a Horstmaroak.

Instrument clocks are not subject to routine ovelraad will be replaced if a defect is
noted.
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3.7.4. Transport of Lambrecht-thermographs

The nipple should be replaced on the nib and tineape attached to the pen-lifter by
a paper loop which will allow a limited amount oértical movement. The loop is
formed from a 50 mm length of paper 13 mm - 19 mrwidth. Holes are punched in
the paper, approximately 13 mm from each end aadodn lifter is passed through
these so that the section of paper between the /er the pen arm.

The clock winding key is to be attached to the idet®f the case by some suitable
means.

The drum retaining ring is to be checked for tigisth to prevent damage to the
toothed rings on the under side of the rim andkckgindle.

The case is to be tied closed with string befoking.

The exterior of the package is to be marked wighusual "Fragile" warning.

3.8.  The hair hygrograph

A record of changes in relative humidity can beagi®d by magnifying and recording
variations in the length of human hair. A changefrO to 100% in relative humidity
will result in hair increasing in length from 2 ®5%. Hair hygrographs take
advantage of the fact that the change in lengthesponds with change in relative
humidity - not to variations in actual water vapcontent.

3.8.1. Description

Two types of instrument which are all described'tesr" hygrographs have been in
use in New Zealand. These are now fitted with amatd synthetic ("Pernix") element
in place of human hair. The Pernix element has eemapid response to change and a
greater resistance to stretch. It is indistinguiafrom and receives the same
treatment as human hair.

The hygrographs in use are:

The "Chimney' type manufactured by Negretti & Zambfrhis has a single multi-
strand Pernix element suspended vertically. Them basic, direct, linkage between
the element and the pen and the non-linear respohskee element to change is
evident from the chart. The chart, Met. Form 50&ves the greatest response at low
humidity decreasing proportionally to the leaspmsse at high humidity.

The "Lambrecht" hygrograph, manufactured by thm fof that name. The element
consists of seven multi-strand Pernix elementsendgd vertically. There is a basic,
indirect, linkage with provision for fine span asfiment. The linkage provides
minimum response in the middle of the range. Tregtalsed is Met. Form 500.
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Most hygrographs use Horstmann "weekly' clocks @sigpe drums. The Lambrecht
Hygrograph is usually fitted with a central spindieer which a drum, with a clock
unit installed inside, is fitted.

3.8.2. Installation

Hair hygrographs are exposed to the atmospheréaimdard double louvered, large
thermometer screens located in climatological messent enclosures.

3.8.3. Operation

Chart changing

Charts are to be replaced as soon as possibletfat@am climatological observation
on Mondays. All details which are known are to Ideeed on the chart before it is
attached. All other details, for which provisionnsade, are to be entered after the
chart is removed.

The new chart is to be attached to the drum so that
< ltis firmly attached with the end overlapping theginning;

e Lines of equal scale value are parallel to the dflamge and are in line at the
overlap;

* The bottom edge of the chart is in contact with flaege (in at least one
place).
Chart drive
The clock should be fully wound when the chartitiedl. The clock has an eight-day

movement and should only be wound later in the weékis running slow. In such
cases a replacement should be requested.

The clock has to be removed from the hygrograppemonit access to the rate ad-
justment control which is located in the base.

Pen

A disposable fibre-tipped nib is used.

Calibration

Recently-overhauled instruments will be suppliedhwiero and/or span adjusting
screws capped or otherwise sealed against adjust®@ach instruments will not be
reset and will be replaced when adjustment becormesssary.
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Other hygrographs will be reset when required.

Time setting

The procedure followed is that employed with othestruments using similar chart
drives. Chart drive backlash is minimised by tugnthe drum clockwise (i.e. in the
direction of increasing time), then anti-clockwigstil the pen is at clock time on the
chart.

Time marking

The accuracy of the chart drive is to be checkednbyking the trace and recording
the time at which the mark is made. Where possthis,is to be done at least once
each day.

The time mark is to take the form of a vertical kpaf about 5 mm in length, made
by a gentle upward or downward movement of the gmem- To avoid stretching the
element, it is most important that the pen-arm dfambrecht hygrograph is moved
upward and the pen-arm of the BMO and "chimney'rbgoaph is moved downward.

Maintenance

On receipt

Remove the means by which the pen-arm is securint toen lifter and check that the
linkage has not been displaced while in transitti®dar care is required to ensure
that the three-sided-diamond shaped hooks at fharnd bottom of the elements on
chimney hygrographs are correctly seated.

Check the pen pressure

The pen pressure should be such that it just witedepped trace indicates too much
pressure. On the Lambrecht hygrograph this perspresan be adjusted by turning
the silver adjusting screw at the base of the pamn &ther hygrographs can have this
pressure reduced by adjusting the angle of the gla&pension towards the upright.
However, very slight reductions in pressure canmaele by raising the rear of the
hygrograph case, by placing cardboard shims uhdetf¢et.

Elements

The hair element is to be washed each week. Ths [ done in conjunction with
chart replacement and also, during the week, péiaods when 30%, or less, has been
recorded. The washing is to remove impurities ftomelement and also to revive its
response.

The element is washed by brushing it along itstlemgth a camel-hair artist's brush
dipped in distilled - or rainwater. This is repehtmtil the element is saturated and
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then surplus droplets are brushed off. Both hunmehsynthetic elements receive this
treatment.

After washing, hygrographs which are not pre-settarbe adjusted to read 95% (if
necessary) after the relative humidity readingensto cease increasing.

Elements must not be touched by bare fingers.

Linkage and pivots

These are to be kept clean and lubricated withmtimémum amount of light clock.

For despatch

Before packing, remove any ink from the pen. Tha [gethen secured to the pen
lifting arm by a paper loop or in the case of a bamecht hygrograph by the clip
provided. Suitable precautions are to be takerrdtept the glass surfaces before the
instrument is packed. It is to be packed in a woatntainer marked fragile.
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4. Atmospheric pressure

Atmospheric pressure is measured by barometerarogtaphs. There are three main
types of instruments, the mercury barometer whidmasares the deflection of a
mercury column directly caused by changes in pressthe precision aneroid

barometer which has an evacuated pressure chaamzbthe barograph which has a
similar system amplified onto a chart.

The procedures and standards are set by MetSeanvitteir Manuals of Instruction
and are traceable to international references.

See the Meteorological Service of New Zealand Lahivhl of Instructions for further
details.
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5. Wind

5.1.  The electric anemograph

The electric anemograph is used where it is nottigable to have the recorder
immediately beneath the anemometer head, or wheresénsing elements must be
located some distance from the place where thecatalis and/or recorder are
required.

The system consists of the following units:

Anemometer, cup generator, MKII

Indicator, wind speed, MKII

Wind vane IM144, complete with Niphan plug Indicateind direction
Recorder, wind speed and direction

Transformer, 230:50 volt, 100 watt, single phase

Resistance box
The majority of maintenance is to be carried oulNbWA Instrument Systems staff.

What follows are a brief overview of an installatiand procedures to be used by the
observer operating the station and/or the persgpeicting the station.

5.1.1. Description
Anemometer, cup generator, MKII
An a.c. generator driven by a standard British Mwutgical office three-cup

anemometer. Starting speed about 2 to 3 knots aipditn26 volts at 1000 rpm. It can
operate up to six indicators and one recorder.

No maintenance is to be attempted as it may distiiebcalibration. If a unit is
suspect it should be changed.

Indicator, wind speed, MKII

This isa d.c. voltmeter with built-in rectifier. If a urig suspect it should be changed.
A zero adjustment is provided.

Wind vane, IM 144

A pinion on top of the wind vane operates a magsiipugh a lay shaft. It will
operate up to six indicators and a recorder. 5@ aal. power is required and all
units in the system MUST be supplied from the sghase. Precise frequency
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regulation is not required unless the same powpplguis used to drive the chart
motor.

Indicator, wind direction

This contains a magslip receiver. No maintenande s attempted on stations and
if a unit is suspect it should be changed.

Resistance box

The accuracy of the wind speed system depends @rmesistance of the circuit
having a fixed value. Therefore if the full numh#rindicators and a recorder are
not connected into the circuit the missing unitsstrhe replaced by equivalent resis-
tances. The box is fitted with six resistors of B&hms each and one of 2700 ohms
together with two sets of clips, one set in cirauid the other set out of circuit. For
each speed indicator in the system one 5500 ohistoesnust be transferred to the
"dummy clips, and the 2700 resistor must also be traresfef there is a recorder in
the system. If the recorder is withdrawn for angsen the 2700 ohm resistor must
be replaced in the circuit. Normally these resstoust not be touched.

Recorder, wind speed and direction

This is a dual unit.
Recorder, wind speed

A recording d.c. voltmeter with built-in rectifiett is fitted with a zero setting
adjustment and a dual range switch to change thger&rom 0-90 to 0-180 knots.
On the higher range the recorder is inaccuratevb@l® knots. No maintenance is to
be undertaken on this unit, and if it is suspeetdbmplete wind speed and direction
recorder must be changed.

Recorder, wind direction

This is in the same outer case as the speed recandewrites on the other half of
the same chart roll. The receiving magslip motagaared down 1:8 to a pinion.

The mechanism is extremely sensitive to mal-adjestrand should not normally be
touched except by an Instrument Systems technician.

The chart drive motor normally operates off 230twal.c. but if the frequency is not
controlled precisely, spring wound chart motors barsupplied.
Warning

The magslips in the vane, the direction indicatord the recorder all operate off 50
volts a.c. power and the wiring of these must notlar any circumstances be
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touched by persons not in possession of the negeksanse under the Electrical
Wiring Regulations. Offenders are liable to prosecu

5.1.2. Recorder and indicator adjustment
The 30degree lock test

Any major discrepancy with the recorder is probalaywiring fault. Most
installation now have a 30deg lock setup on theotolate block With these
simply lift the clips on the X, Y, 1, 2 and 3 wirasd push in the two wired clips.
If the setup doesn't have the two wired clips] §ftithe X, Y, 1, 2 and 3 clips and
connect X to 1 and Y to 2. Alternatively, disconh#te wires on the side of the
recorder and connect X to 1 and Y to 2. To makéal fadjustment to direction
insert a slim screwdriver through the slot in trensparent cover over the magslip
and turn the screw. This will rotate the magsliging and thus vary the recorder
direction.

In case a fuse blows replace with a 2 amp fuse.

The indicators can be checked in the same wayeagettorder by connecting 1 to X
and 2 to Y when it should read 030 degrees (mimysvariation set on adjustable
indicators). However if there are any discrepanadiks not try to make any
adjustments. Contact Instrument Systems first. ifldécators are likely to need
replacing.

5.1.3. Operation
Replacing a chart

Insert date and time off on the old chart.

Release the combined catch and inking arm lifteefcdly. If it is handled roughly
the pens will be thrown violently upwards.

Swing the chart mechanism out on its hinges.

Wind on the remainder of the old chart by turnimg triving wheel spindle by
hand.

Raise the detents and remove the take-up roll.
Carefully remove one end of the spool and slidetloéf chart roll.
Replace the end of the spool.

Check that the spring driving belt is correctly ifiosied as the spool is re-inserted.
Swing detents back into position to secure the kpoo
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Raise the detents and take out the rear spool.

Carefully remove one end, take off the cardboalzetirom the previous roll, slip
the new chart on the spindle and replace the end.

Put the rear spool back so that the chart hagitsd holes on the right and its slots
on the left when viewed from in front.

Swing detents back into position to secure the kpoo

Bring the free end of the chart up behind the clocksing, over the top plate under
the hinged range strip and engage the perforatwitts the pins on the driving
wheels.

Move the chart forward by turning the driving sgendby hand until there is enough
chart to be inserted in the slot in the take-upospo

If the take-up spool is removed to insert the civad the slot check that the spring
driving belt is correctly replaced before the spsaleturned.

Swing the chart mechanism back into the positienyee it by lowering the pens on to
the chart, move the chart on to the correct time \arite the date and time on the
chart.

Filling inkwells

Remove inking arms and place with the writing tjppvards.
Remove inkwells, clean if necessary and refill. i overfill.
Replace inkwells ensuring that the handles are dethe pen movements.

Replace inking arms, taking care not to mix thera, the speed arm should be
replaced on the speed chart.

Any ink spilled on the recorder should be removadediately, using a damp cloth
or tissues.

Care of inking arms and inkwells

Each inking arm consists of a capillary tube bdntight angles and attached to a
knife edge strip which rests in a support attachedthe speed or direction

movement. One end of the tube dips into the inkviléle other end is screwed into
a small nozzle which rests lightly on the chart anges on it. Adjustable balance

weights are provided so that the pressure candecee to the minimum necessary
for satisfactory writing. Readjustment is not nollmaecessary.
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To start the flow of ink, or to clear an air bubliethe capillary, place the inking
arm in position in its stirrup with its end in tirekwell. Squeeze the rubber bulb of
the filer with the fingers of one hand, and witte thther hand press the nozzle
lightly into the rubber insert in the transparetagtic portion of the filler. Ease the
pressure on the rubber bulb and in a few secordshauld be seen flowing steadily
into the clear portion. Remove the filler and alltdwe nozzle to drop onto the chart.

Care must be taken not to bend the inking arm.
The filler must be washed out with clean water@msas it has been used.

The inkwells should be removed every six months eleéned thoroughly of all
sediment which could block the inking arm. They eleaned by flushing out with
warm water. If necessary the top is removed byrlageit up at the small hole near
the circumference.

If the inking arm filler will not draw ink througlremove the inking arm. Hold it by
the flanged end and the knife-edged cross-piecavtad bending it. Unscrew the
nozzle, wash it with water and clean it with theentleaner supplied. If this is lost
another should be requisitioned, but in emergen2ysdv.g. (0.004 diameter)
nichrome resistance wire can be used. If it is epwff with wire cutters the
flattened end must be removed before it will etiter hole. If the ink has solidified
it should be soaked in methylated spirits untdaftens.

If the trouble is not a blocked nozzle the pen amost be cleaned using the syringe
provided.

Charge the syringe with methylated spirits or aisoh of one part glycerine to ten
parts warm water. Holding the unit by the knife-edgross-piece, press the inkwell
end of the inking arm into the rubber adaptor & flyringe and force the solution
through the arm.

When this is clear, replace the writing nozzle éoxe more solution through the
whole unit. Both will then be thoroughly cleaneddazan be replaced. When they
are refilled as described above any cleaning swiustill in the inking arm will be
drawn out ahead of the ink.

The syringe must then be thoroughly washed out elghr water.

Chart winding mechanism

The friction spring drive for winding the chartadjusted before dispatch and should
not require attention. Should the used chart tenslag on the rewind roller due to
stretching of the spring belt, the latter can bbténed by cutting off a few turns and
rejoining it. On the other hand, if the chart temalsun off the driving sprockets it is
usually a sign that the driving belt is too tightdashould be stretched very slightly.

If the chart stops moving though the chart motontemes to run see that the
retaining strips are clear of the paper and that éhds of the chart spools are
pressed firmly in. If the strips are not clear,den the screws which hold them,
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adjust and re-tighten. Alternatively the inking alifter may swing so far over that
the end of the arm will foul the gasket at the twttof the case.

When the cover is closed the arm is then pressathstgthe chart and can stop it
from moving. Do not force the catch too far over.

Double range switch

It is most important that if this switch is usea tfime of changing to the 0-180 knot
position and the time of return to normal are eritbn the chart and a firm red line
drawn above the speed trace throughout the duratidghe change. The return to
normal should be made as soon as speeds in exc@8skoots are no longer likely
as the recorder is inaccurate below 20 knots wimethe 0-180 knot range.

5.1.4. Maintenance
The following maintenance is to be carried out oroatine basis by the observer.
These procedures are to be checked during the himspaction.
Daily
Time mark at about the same time each day by gewtinging the speed nozzle
sideways. Write the time alongside and either &dddate or, preferably, add a date
stamp.
Fortnightly

Refill inkwells. (First remove inking arms and pata safe place.)

Monthly

Change chart roll.

Six-monthly

Wash out inkwells and refill.

5.1.5. Faults
Generator

Cups or arms accidentally bent:

e Contact Instrument Systems, the unit needs reacin
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Cups stiff to turn

» Contact Instrument Systems, the unit needs regacin

No indication

* Contact Instrument Systems.

Vane

Physical damage

e Contact Instrument Systems, the unit needs regacin

Stiff

» Contact Instrument Systems, the unit needs regacin

Magslip noisy or running hot

e Contact Instrument Systems, the unit needs reacin

Speed indicator

Error

« Disconnect one wire or wait for_a calm day whencdhbps are stationary and
adjust.

NOTE: This is the only case where the wiring can belteddy someone not
in possession of a wireman's licence.

No indication

» Contact Instrument Systems, the unit needs regacin

Stiff movement

e Contact Instrument Systems, the unit needs reacin

Disagrees with other indicators or recorder

e Contact Instrument Systems, the unit may need ceyga

All units apparently reading low

* Check generator for physical damage or stiff s@ndlontact Instrument
Systems, the unit may need replacing.

Direction Indicator

Noisy

* A slight hum is quite normal but if it becomes lotlte indicator can be
changed.

Sticking or sluggish

e Contact Instrument Systems, the unit may need cega
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Indicator dead

e Probably a fuse or line fault.

Indicator showing wrong direction or moving in wgpsense (i.e. clockwise when
vane moves anti-clockwise and vice versa)

« Contact Instrument Systems. Probably a reversedemion. Have technician
check connections and circuits. 1, 2 and 3 wirestrhave the same resistance
(1 ohm) and not exceed 20 ohms each. An error 6f d&yrees probably
indicates reversed X and Y connections somewhetigeisystem. An error of
a multiple of 30 degrees probably indicates wroognections in the 1, 2 and
3 circuits.

Speed recorder zero error

¢ Check that inking arm knife edge is correctly seateits stirrup without side
play. If necessary bend sides of stirrup togethightty. Have technician
disconnect circuit or wait for a calm day (when €ugan be seen to be
stationary) and adjust.
Continuous zero

¢ Contact Instrument Systems.

Stiff movement

e Contact Instrument Systems, the unit needs reacin

Disagrees with indicator

» Contact Instrument Systems, the unit needs regacin

Chart stopped

e If chart motor continues to run, see above. Conltastrument Systems, the
unit needs replacing. If necessary request replaceatart drive unit.

Direction recorder

Chart stopped

« See above.

Inking arm not following vane

e First check visually that vane is moving. Faulpiebably failure of slotted
block to engaged actuating pin. Rotate inking atimup by hand until the
block engages with a pin. If the block is engageeaay the fault is probably
power off or an open circuit. Contact Instrumenst8ms, the unit needs
replacing.

» If the fault was failure of the block to engageia pnd if it is an isolated
occurrence no further action need be taken. lgdurs the actuating weights
probably require adjustment. Switch off the powepy to the transformer
and rotate the direction inking arm stirrup urti# tpen is on north. The screws
for adjusting the stops for the centring device azeessible through holes in
the top of the anemometer between the two transp@tastic cover plates.
Either a very short screwdriver or one with a fiéeishaft is needed for the
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rear screw. Using a torch for illumination, adjtistse until the centring levers
can be seen just to touch the block. This shoufcecbthe fault which can be
checked by rotating the inking arm stirrup GENTLMilUthe pen reaches the
edge of the chart and the slotted block disengafies which it should return
by itself to the central position and engage thet pin. Repeat at the other
edge of the chart and then line up the inking aiith the approximate wind
direction before switching on power to the transfer.

* Incorrect adjustment of the actuating weights gitless characteristic trace
shown in figure ***. It is, however, possible forleevelled side of the slotted
block to rest on the actuating pin and be carreedrtd fro even though not
engaging correctly. This gives a trace which app@armal but is displaced
in direction. A light touch on the inking arm stipr will engage the pin. A
check should be made that the slotted block morexdyf on its pivots. If it
does, the pressure on the pin should be redudagttlglby loosening the lock
nut and screwing down slightly the stop at the ehthe arm which actuates
the direction recorder. Then retighten the lock nut

Magslip humming or running at more than blood heat

* Contact Instrument Systems.

Inking arm sluggish or sticking

« If the nozzle is sluggish at low speeds and rettoreero only if the recorder
is tapped check the balance of the inking armhdusd be such that the nozzle
only just returns to the chart when lifted slightly

* Contact Instrument Systems.
Recording wrong direction

e If a slight constant error, check that inking arnif& edge is correctly seated
in its stirrup without side play. If necessary besides of stirrup together
slightly.

5.2. The Lambrecht mechanical anemograph

The anemograph is a self-contained instrument, mdwiring the clock to be wound
and the chart to be changed periodically onceiitdtalled. The monthly clock spring
and the monthly chart length make the instrumesslifor remote locations.

Wind direction, as determined by a wind vane, sorded against time on a strip
chart, as is wind run (in kilometres) from the tmas of three hemispherical cups.
The record of wind run does not provide a direéénence to wind speed but mean
wind speeds can be evaluated.

5.2.1. Description

The anemograph consists of a cylindrical body, mmushe recording mechanism
surmounted by the two sensing elements. The instntinis mounted on a mast with
the cups 6.1 metres above ground level.
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The wind vane and cup anemometer are geared kiviiee end of their coaxial shafts,
just beneath the housing top cover, to the recgrditiers. The recording rollers are
aligned next to each other on their respective 82sactions of the pressure-sensitive
strip chart. Traces are etched on the strip chaheapoint where the embossed rib of
the recording roller bears on the chart. The 32 lemgth of the recording roller is
completed in one revolution by the embossed ribt®muter surface. A pressure of
approximately 20 g is required for tracking, ttégdierived by mounting the recording
rollers at the end of a pivoted cage, which fornt®anter-balance arm, and adjusting
the position of the counter-weights at the oppcesite of the cage.

The clock and chart drive mechanism is mountecctlirdelow the recording rollers,
the chart is divided into two separate 32 mm sastigith a 6 mm space between, the
left section records direction and the right, wind.

The gear ratio between wind vane and recorderrradlel:1 giving corresponding
positions for wind vane, and trace on the 3&6éip.

The gear ratio for the cup anemometer is 7..44Githwproduces a single traverse of
the 32 mm graduated wind run chart, for a nomi®@adQ0 metres of wind-run.

By use of the wind speed evaluation rule, whichased on the chart speed of 10 mm
per hour the mean speed maybe evaluated from tipechiart for any desired time
interval. The speed range is from 0-60 m/s (0-1XB&ts) andhe starting speed of
both elements is under 0.6 m/s (1.2 knots).

Instantaneous wind speed including gusts cannasbertained with this instrument,

5.2.2. Operation

Wind and start the clock; the winding square isitposed to the right of the strip
chart, beneath which an interruption lever is piledi for starting (green) and stop-
ping (red) the clock. The lever positions are colmarked as indicated.

The caged recording rollers are lowered on to thg €hart by backing off the
knurled thumb-nut located top centre of the aneayoiyiopening. This nut releases the
tension on the spring which secures the recorditigrs during shipping and chart
changing.

A knurled wheel is located at the right centrehs strip chart mechanism for setting
the strip chart to the correct time. As the acttidp chart position being traced by the
recording roller is inaccessible, adjustment igetffd at a pointer provided for this
purpose marked "™ and positioned on the right chart guide-plate rataacessible
section of the strip chart. This position is exaftlur hours ahead in time of the actual
recording position, i.e., actual recording positiime 0900, pointed-4" indicates
time 0500. Draw a line on the chart at this positising the pointer as a rule and
enter the time on the chart. When entering timekm#ére back lash in the gears must
be taken up by turning the chart backwards, aftéclvany slackness in the chart is to
be taken up on the lower take-up spool.
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Time-marks are made on the strip chart by rotating wind vane a complete

revolution by hand; the time is then entered onctieat as above. Note: the difference
in time, between the entered time, and the traceelinark, must be allowed for when

completed strip charts are later evaluated.

Close and secure the door.

The clock should be wound and the chart changddast every month. No other
maintenance should be required.

5.2.3. Chart changing

Time mark the completed chart then raise the réwgrdollers with the knurled
thumb-nut located at the top of the anemograph dpening. Free the strip chart
from the guide-plates by opening the guide-platgtsvards. Raise the take-up spool
securing levers and remove the spooled chart. dhgleted strip chart can now be
taken off the take-up spool by removing the rigimitl disc from the spool. Enter the
name of the station, the date and time on androffach chart.

The new chart is now fitted by first unwinding ab@b cm, then releasing the two
securing hooks at the top of the recording padadiogving the complete mechanism
to hinge forward. The chart is slipped on to theadplocated in its clips and the
mechanism is repositioned by securing hooks. Thedaend of the chart is fixed to
the bottom spool which is in turn relocated bységuring levers at the bottom of the
mechanism. Align the sprocket drive with the chgetforations and close the guide-
plates. Lower the recording rollers, set the ctathe correct time, and time mark the
chart.

The only maintenance recommended by the manufastisdo have the instrument
checked and re-oiled every three years.

5.2.4. Tabulations of hourly winds from Lambrecht anemograh charts

Checking of record
Before data can be extracted from an anemogramessential to examine the entire
record to ensure that the background scale is atyrpositioned with respect to the

speed and direction helices. Corrections to théedoaalues of wind direction are to
be applied as necessary.

Time marks must also be examined and any neceasggugtments to the time scale
made.

5.2.5. Evaluation of charts

Wind direction
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The mean wind direction over each hour is obtalmedrawing, in imagination, a line
through the middle of the direction trace so thdtere the trace is fluctuating, the
areas enclosed by the trace on either side ofitlee dre equal. The direction is
estimated from the trace to the nearest 10 degfessall plastic sheet with a line
inscribed on it is useful for this.

If there is a sudden change of direction so thapé&st of an hour the wind is from one
direction and for the rest of the hour from a sabsally different direction, the value
tabulated for that hour should be the directionclvHasted for the greater period.

If the wind is calm for only part of the hour, thean wind direction for the remainder
of the period is taken to apply to the whole hoereif it covers less than half of the
period.

Wind speed
Scales
Three scales are provided to obtain wind speeds fhe anemogram.

On scale |, sloping lines labelled in knots maydoenpared with the slope of the
recorder trace. This scale is suitable for wincesigeup to 10 knots.

Scale Il is used to obtain average wind speeds iotervals of one hour. There are
two models of Scale Il. one for speeds up to 3Gkaod a second for speeds from 30
knots up to 55 knots.

NOTE: Incorporated in these scales is a calibratiomection of approximately + 0.8

knots in near clam conditions rising to + 1.4 knfus speeds from about 10 to 25
knots. Above about 40 knots it begins to decreasénareaching zero at about 80
knots.

Average wind speeds over intervals of one hourfawed with the use of scale Il.

Count on the chart the number of separate tracesriieg in the hour being scaled.
(The trace need not extend completely across thd.tihe number of traces is then
used to select the corresponding index marked atbegbottom of scale Il. The

selected index on the scale is set against the pafnwhere the trace intersects the
initial hour line and the mean wind speed, in kn@sread off the top scale at "B"
where the trace intersects the next hour line.

Table

An alternative method of obtaining wind speeds froambrecht anemograms is to
use a special table instead of the plastic ovextaje.

Average wind speeds over intervals of one houmtained by counting the number
of complete traverses and tenths of a traverse.n@nme counting the traverses at the
point on the trace where it intersects the inttialir line and terminate the count where
the trace intersects the second hour line.
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Using the values so obtained refer to the speaidétfor the wind speeds.

Wind run

Wind run (uncorrected) in any interval may be essdd directly from the chart, one
complete traverse representing a nominal 10 km5i4® nautical miles.

5.3.  Compilation of data on Met Form 319

The mean hourly values are to be recorded on MehRB19. The direction is to be
entered in tens of degrees; e.g. a direction ad&Xfrees is entered as 02; 100 degrees
is entered as 10. Wind speeds of less than 10dheuéntered using two digits; e.g. a
speed of 4 is to be entered as 04. When the wimdlis the figures 000 are to be
written in the direction and speed columns. If ¢héras been loss of record the
appropriate hourly columns are to be left blank.

NOTE: The mean hourly values of wind direction and speefle entered in each
column of Met. Form 319, are the values obtaineth& 60 minutes following the

hour value shown at the head of each column, QeNBST shows the means of the
directions and speeds between 0000 and 0100 hours
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6. Solar radiation

6.1. General

Solar radiation is an important parameter in intiiicacloudiness, for the purposes of
studying climate change and analysing data for dtrtks such as agriculture,
horticulture, tourism, and the construction indystr

There are two main aspects to the measurementasfragliation:

6.1.1. Sunshine

The hours of sunshine are of importance to manyviaes, notably tourism.
Measurements of the hourly or daily totals are madth sunshine recorders.
However there are four possible recording methedshe World Meteorological Or-
ganisation (WMOQO) has adopted the Campbell Stokeorder as the reference
standard in order to reduce the differences.

The standard unit is tenths of an hour of sunshinmtensity as determined by the
Campbell Stokes recorder.

6.1.2. Solar radiation

As short-wave radiation from the sun passes thrahghearth's atmosphere, it is
modified by the following processes:

« absorption, scattering and reflection by cloud

» absorption, by atmospheric gases, particularly ery@zone, carbon dioxide
and water vapour

e scattering and diffuse reflection from particlegy(elust and smoke) of a size
comparable with, or larger than, the wavelengtligbit

» scattering by molecules of air and particles smdhan the wavelength of
light.

As a result of the scattering processes, the saldiation received on a horizontal
surface comprises a direct component and a diffasgonent which, when measured
together, are referred to as the global solar tiadia

In New Zealand we operate two main radiation nelg/gprimary and secondary.

The primary network uses Eppley instruments andsomes direct, diffuse and global
radiation. The secondary network uses Licor inseis and measures global solar
radiation.
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6.2.  Sunshine recorders
6.2.1. General
Description
NIWA uses sunshine recorders of Campbell-Stoketeatas shown in Figures 6.1,
6.2, 6.3 and 6.4. The glass sphere is mounted notwaly so that the sun ray's are
always in focus on the card held inside the bowl.
Different shaped cards are used in their respegiiveves, according to the season.
(summer, winter or equinoctial). The total duratiohbright sunshine is found by
comparing the total length of line charred by tirea rays of the sun with the time
scale on the card.
More detail is available in the British Meteorologi Office Handbook of
Meteorological Instruments, Volume 6.
Types of recorders
Variations of recorder are used for three differemtges of latitude. In the case of
“universal' model, illustrated in Figure 6.4, th@ge is indicated by a letter A, B or C
for low, mid or high latitudes respectively. Nonigrsal types (figures 6.1 to 6.3)
may be distinguished as follows:
Low Mid High
latitude latitude latitude
Approximate latitude 0-40° 35-45° 45-60°
Sphere support Two opposite Single pedestal
mountings mounting
Card bowl end (shape of Part diagonal part Single diagonal cut  Single diagonal cut
cut) right angle
6.2.2. Installation
Exposure

So that no record may be lost due to obstructitmes,site selected for a sunshine
recorder should have:

+ afree horizon between about northeast and soutbedke east side;
« afree horizon between about northwest and soutlovethe west side;

* no obstruction to the north which is at an elevaamgle greater than the sun
at mid-winter;

« obstructions to the south are of no consequence.
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A prerequisite to siting a sunshine recorder isabepletion of a horizon profile on
form Met. 306 for appraisal by the Climate Databank

The elevation of the sun at all times of the daghiswn on the form for the equinoxes
and the summer and winter solstices at latitudéS abhd 45°S.

Mounting

The recorder is usually packed for shipment withgphere separate. If the recorder is
one with two retaining screws, the lower one wél Ibcked in place. Only the upper
screw may be moved. This should clamp the sphesigiyedy but not with such force
that it cannot be rotated or so as to risk chippghey sphere. The type with a single
support has a retaining clip to prevent the spheneg dislodged.

The support on which the recorder is placed shbaldigid and not liable to warp or
otherwise be affected by the weather. It shoulédmy of access so that the cards can
be changed each day without difficulty. To avoidgtobctions, it is often necessary to
install the recorder on the roof of a building,vitmich case particular care must be
taken to provide safe and easy access.

The recorder is mounted on the level support fa@inge North with the front pair of
screws on an east-west line and the third screthdcsouth. Use brass or stain-less
steel countersunk head screws at least 40 mm long.

6.2.3. Adjustment concentricity

The centre of the glass sphere must coincide with dentre of the bowl. This
adjustment is made by the use of a special gaudieh@nlower support locked in the
correct position. This support must not be moved.

Latitude

The recorder is set to the latitude of the sitddmgening the clamp at the back of the
bowl and sliding the bowl until the arrowhead ispogite a point on the scale
corresponding to the latitude of the site. Once thet clamp must be tightened again
firmly.

Level

Level the sub-base using a spirit level placedllgr® the front edge and then at a
right angle to it. The first (E-W) is particularlyitical. For older instruments with
solid bases, it is necessary to adjust the leviH btiass shims or washers under the
corners of the base. A bridge designed to fit akiersphere is used to check the E-W
level, once the recorder is correctly orientateldoAheck the N-S level.
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Orientation

The recorder must face true north. This may bdgétirning the recorder as a whole
until the sun's image on the card is exactly onlthenark at the times appropriate to
the longitude of the station. See 6.1.3 for contigitaof table.

The differences between noon standard time andirtteethe sun is due north of the
station are equally applicable to any other houthef day. For example if the sun's
image should be on the 12-hour line at 1225 NZ&&n tit should be on the 10-hour
line at 1025 NZST, the 11-hour line at 1125 NZSE, e

It should be remembered that during Daylight Savimgt an one hour correction
should be applied to NZDT to bring it back to NZ$€, at 1325 NZDT it is equal to
1225 NZST.

NOTE: To install and/or check the orientation obviousiyy sun must be shining
brightly and the card installed correctly.
New Zealand stations

For each new station, use the tables below to denapiable of the times when the
sun is due north (360° True).

Time, New Zealand Standard Time when sun is on matian at longitude 175°E

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 12.23 1234 1232 1224 1217 1217 1223 1226 1220 1210 12.04 12.09
4 12.25 1234 1232 1223 1217 1218 1224 1226 1219 12.09 12.04 12.10
7 12.26 1234 1231 1222 1217 1218 1225 1226 1218 12.08 12.04 12.11
10 12.27 1234 1231 1222 1216 1219 1225 1225 1217 12.07 12.04 12.12
13 12,28 1234 1230 1221 1216 1220 1225 12.25 12.16 12.07 12.04 12.14
16 12.30 12.34 1229 1220 1216 1220 1226 12.24 12.15 12.06 12.05 12.15
19 12.31 1234 12.28 1219 1216 1221 12226 1224 12.14 12.05 12.05 12.17
22 12.31 1234 12.27 1219 1216 1222 1226 12.23 12.13 12.05 12.06 12.18
25 12.32 1233 12.26 12.18 1217 1222 1226 1222 1211 12.04 12.07 12.20
28 12.33 1233 1225 1218 1217 1223 1226 1221 1210 12.04 12.08 1221
31 12.33 - 12.25 - 12.17 - 12.26  12.21 - 12.04 12.- 12.23

To determine the time that the sun is due northtifermeridian) at other longitudes:

ADD 4 minutes to above table for each whole degreamstés WEST of
175°E (ie., from 175°E to 168°E, etc).

SUBTRACT 4 minutes to above table for each whole degreéostad EAST of
175° (ie., 175°E to 180°E, etc).

CLIMATE MANUAL

92



_E-;«sa—NJ-.WA —

Taihoro Nukurangi

A copy of any table prepared should be forwardethéoClimate Databank, together
with particulars of longitude, latitude etc. Segulfe 6.5 for an example of a complete
table.

For further details on compilation of tables ref@tthe British Meteorological Office
Handbook of Meteorological Instruments Volume 6.

Tropical stations

In the topics (22° 27'S South or less) the sunlélbn the meridian at the times stated
but will be either overhead or due south duringesiqul centred on the summer

solstice. The instructions are not materially afec even though the sun may be to
the south of the station. Tables for tropical stagishould be headed

"time ......... sun is on the meridian at .............. (longig)d

Island stations not using New Zealand Standard Thmuld make appropriate ad-
justments, and in every case the time standardsismdd be clearly indicated.

Tables for the Islands will be compiled by the batak with reference to the British
Meteorological Handbook of Meteorological InstrurteeXolume 6.

Example of use
The instrument is to be set up, or the setting kkbe@on 16 July. From the table note
that on 16 July the sun is true north at 1233 Nanh8ard Time. Therefore, at 1233

observe the position of the sun's image or "bum'thee card and turn the recorder
until the "burn" is exactly on the 12 mark.

Station Located at:Nelson , Aerodrome

Table showing the time, NZ Standard Time, wherstireis due north of Longitude 173° 13.5' E

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1230 1241 1239 1231 1224 1224 1230 1233 1227 1217 1211 1216
4 1232 1241 1239 1230 1224 1225 1231 1233 1226 1216 1211 1217
7 1233 1241 1238 1229 1224 1225 1232 1233 1225 1215 1211 1218
10 1234 1241 1238 1229 1223 1226 1232 1232 1224 1214 1211 1219
13 1235 1241 1237 1228 1223 1227 1232 1232 1223 1214 1211 1221
16 1237 1241 1236 1227 1223 1227 1233 1231 1222 1213 1212 1222
19 1238 1241 1235 1226 1223 1228 1233 1231 1221 122 1212 1224
22 1238 1241 1234 1226 1223 1229 1233 1230 1220 1212 1213 12225
25 1239 1240 1233 1225 1224 1229 1233 1229 1218 1211 1214 1227
28 1240 1240 1232 1225 1224 1230 1233 1228 1217 1211 1215 1228
31 1240 - 1232 - 1224 - 1233 1228 - 1211 - 1230
Figure 6.5: Example of completed meridian time tald.
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Checking adjustments:

Figure 6.6 maybe used to make a preliminary checthe adjustment to ensure that
the sun's trace will not fall on the flanges at &nmye of the year. It will indicate any
error in the north-south levelling.

AR

Position on the bowl the sun's trace sluld occupy at any time of the year

If all adjustments have been correctly made, theetishould be parallel to the edge of
the card. If not, further alterations may be magdrial and error. Only a very small
change should be made at a time and this shouldhbeked on a day of fairly
continuous sunshine before any further alterasomeide.

NOTE: The sphere clamping screws must not be touched.

When adjustments are completed and the instrunsenédording correctly, check
again that it is rigid to prevent its being disgldavhen changing the cards.

Faulty adjustment

If the recorder is out of adjustment, this will fisown by the trace not being parallel
to the edge of the card or approaching it veryetios

Before making any adjustment, the mounting of #&®order should be checked and
the cause of any movement remedied. When it ig thed distortion or movement of

the platform has been prevented, the recorder dhmuladjusted, using the following

table as a guide.
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Fault correction table

Fault Cause Action required

Trace slopes Recorder facing W of true N or W Check orientation and, if correct

upwards from side higher than E lower West side and/or raise East

am to pm side in small increments. Correct
orientation if necessary.

Trace slopes Recorder facing E of true N or E side  Check orientation and, if correct,

downward from  higher than W side raise W side and /or lower E side in

am to pm small increments. Correct
orientation if necessary.

Trace lowest Latitude setting too high or N-S level  Check latitude setting, if correct,

around noon too high at S end lower S end in small increments.
Correct latitude if necessary.

Trace highest Latitude setting too low or N-S level Check latitude setting, if correct,

around noon too high at N end lower N end in small increments.

Correct latitude if necessary

NOTE:

1. The latitude once set will not normally changewever, this possible fault
should be eliminated before other action is taken.

2 Gross errors of level are checked by spiritllewa final adjustment by small

daily increments. It is, therefore, preferable limmate errors in orientation,
and then correct level.

6.2.5. Operation

Changing cards

The appropriate grooves for the different cardsirdéecated in Figure 6.7 which is a
cross-section through the bowl! which holds the ard

Winter
cerds

Figure 6.7: Cross-section of sunshine recorder bowl
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If possible, the cards should be changed after esurach day. Where this is
impracticable, they may be changed at the normale tifor the other daily
observations, 0900 NZDT. The aim is to change théms near the same time each
day as possible so as to avoid errors due to quirlg of the burns. If the sun is
shining when changing cards, the recorder shoukhbded so that it does not make a
false scorch markA pencil line should be made to show the centre dhe initial

burn.

A new card should be inserted every day, even isumashine has been recorded. A
blank card affords evidence that the sun has besouoed by cloud. Immediately a
card has been removed, write the name of the statid current day on the back. If
the card is changed during daylight hours, so gats of two days’ records are
represented, both the previous days and the cudaet should be entered. When
inserting the card, care must be taken to seetlieal?’ line on it coincides with
the noon mark on the centre of the bowl A clamping screw is some-times
provided to ensure that the card is firmly held.

The glass sphere should be cleaned as requiredt Gaee must be taken not to
use anything that would scratch the glass. If smywhoar frost settles on the
sphere, the deposit should be removed at thedppbrtunity. Use a warm damp
cloth.

6.2.5 Scaling of suncards

The suncards are evaluated to determine the darafidright sunshine using the
transparent scale, as shown in Figure 6.8.

M.O.
Sunshine

Scale

Sunshine scale
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On initial inspection of the card ensure that thenbis parallel to the edge of the

sun card, and that all details are entered on #uok lof the sun card and haven't
been burnt out. If they have been burnt, re-etiemtelsewhere on the back of the sun
card.

Care must be taken not to over-estimate the leoigburn, particularly when the sun
has been shining brightly but intermittently.

The correct method of allowing for the tendencyaoburn to spread out is to
measure only up to the centre of the semi-circalat of each burn and not to the
extreme end. It is easier to read off the scal@if have pencilled in the ends of the
burns. However near sunrise and sunset or whesutiés shining through thin cloud
or haze, the scorch is faint. In this case, thelevbbthe burn as far as it can be seen is
measured.

Careful examination of the trace will show whethar not the sun has been
intermittent. A smooth edge means the sun's raye Heeen uninterrupted and a
serrated edge indicates intermittent cloud cover.

Dots or a series of dots should be disregardedether.

The transparent scale is placed over the cardeatathle horizontal line lies over the
white crosses printed on the centre line of the.cisummer cards are in use, invert
the scale.

Move the scale sideways so that the outer linehefgrid lie over the two adjacent
hour lines on the scale.

Then move the scale sideways to the pencil lindsread off the duration in tenths off
the scale and write this figure in the appropriatar division on the sun card.

The values are totalled and entered on the badkeobun card. See Figure 6.9 for
examples of scaled charts.

6.2.6. Sun cards changed during daylight

If it is not practical to change the sun cardsraftienset, the next best option is to
change the card at the time of the 0900 climatervision.

If the sun card is to be changed during daylighirkat is very important that it is
changed at the same time each day. This is to &voods with overlapping burns.

Scaling of sun cards is the same as in sectioB,6lt as there is sunshine from two
days on each card it is important to distinguistwieen the two totals. To do this the
following procedures are to be followed:

When changing the sun card:
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e enter the time on and off on the back of the sumiscan the appropriate

positions,

« if the sun is burning a trace on the card markcidrel with a pen or pencil at
the time of changing. This shows which is todayimshine and which is

tomorrows sunshine.

e enter the totals for the two periods onto the batkhe sun card in the

appropriate positions.

Example sun cards

NN HERT

11
3

NORY
FONLQ
0 IME o

B N INTY

AR

nN

iy ViiEn Fae I MITIT T TN T

i,

ates Timg:
Duranig £
QUMK

3
EPT NS00

.19

r::n_.ﬁlgl

qathaY,
8 P’

a2t A

gy ¢N

e Toeet b

",4

R
~
PRI
"ot use DEWESIT

OFF L€
A
S\ OFF

0
‘3\\0
Ou'” -
~.

og\l’ir‘ \ME

Py
0r 7oy

S
oy

~

CLIMATE MANUAL

98



— N‘I—-‘A_‘E/A /

Taihoro Nukurangi

e2n 150007 & 2ENCA 2T FE s A
saicn.-. LeTE=N CaterTingz C“J'YWEE:{ >
oy Sermon Tg g e

CTd e =
2 S
i3
fenl I Durazon n.-,;g'\é;‘
THERN pc
N T

Note e adiared Epam bev sa thar
the boury vatic bevoss & 25d § oaly
toai L0 aod sex L1 for w5 bour,

= CN,

ME

SeJTRESN ~oum
Rt

Figure 6.10: Example sun cards changed during daght.

When determining the total sunshine &y given day, remember that in any given
hour there can be no more than 1.0 hours of suaslfirfor some reason the total
comes to 1.1 or 1.2, scale the values down toSE®8.Figure 6.10 for examples.
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6.2.7. Types of cards

Description of cards

BMO Our Care
Season Metform stock list  Shape Flange Period
Summer 6730 0.1080 Long, curved Bottom Oct 15-Feb 28/29
Winter 6731 0.1081 Short, curved Top Apr 12-Sep 2
Equinoctial 6732 0.1082 Straight Centre Mar 1-Apr 11

Sep 3-Oct 14

All cards are inserted so that the edge with therHagures is uppermost in the
appropriate flange.

Some users will be required to trim sections frdra tards they receive. Stations
located at or north of latitude 25° South will Eguired to trim the summer card
Metform 6730 along the lines marked on the caradti®s located at or south of
latitude 40° South will be required to trim the wéncard Met Form 6731 along the
lines marked on the card. Failure to carry out #aon could result in the loss of
record near sunrise and sunset.

6.3. Radiation

6.3.1. Introduction

This section defines the components of solar remfighat are measured, the instru-
ments that are used, and the units of measuremelntha process of standardising
the measurements.

6.3.2. Types of measurement

There are several different components of solartanéstrial radiation although we
are mostly concerned with only three:

GLOBAL SOLAR RADIATION. This is the total radiatioreceived on a horizontal

surface. It comprises the direct component fromsine and the diffuse component
which results from scattering and reflection as swdar radiation traverses the
atmosphere. The global radiation is measured byanpmeter.

DIRECT SOLAR RADIATION. The direct component is theadiation from the
sun's disc received on a surface normal to thectdieg from the sun. It is measured
by a pyrheliometer.

DIFFUSE RADIATION. The diffuse or sky radiation cgonent is that part
received on a horizontal surface from the atmosptaone. It is measured by a
pyranometer which is shaded from the direct radiatf the sun.
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OTHER COMPONENTS. In addition, we occasionally refe"net radiation "total
radiation" andterrestrial radiation

TERRESTRIAL RADIATION. This is the radiation re-reaed by the ground,
measured through a horizontal surface, while tadiation is the sum of the global
solar radiation and the terrestrial radiation. Madiation equals global radiation
minus terrestrial radiation. It is important to edhat until quite recently global
solar radiation was called total radiation.

6.3.3. Instruments

A radiometer is simply a calibrated radiation meagy device. The following
descriptions refer to instruments specifically usedneasure components of solar
radiation in New Zealand.

Pyrheliometer

This is an instrument for measuring the intensitylioect solar radiation at normal

incidence, i.e. the measuring surface is set nofatalight angles) to the direct rays
from the sun. The highest precision "absolytgrheliometers are used as primary
standards to establish the WMO world reference tagional references for solar

radiation measurement. Secondary standard instisnae used to calibrate other
network pyrheliometers and standard pyranometers.

Pyranometer

A pyranometer is a radiometer for the measureménglabal solar or diffuse

radiation. The World Meteorological Organization N\\@) has defined three classes
of pyranometer on the basis of their accuracy ameral performance. In New

Zealand, First Class (Eppley PSP thermopile) antbise Class (Li-Cor LI-200SB

silicon cell) pyranometers are used in the primanyd secondary radiation
monitoring networks respectively. Secondary Statdayranometers are used for
routinely calibrating network instruments.

Other radiometers
Other radiometers and photometers are used inrdgspaogrammes for measuring
particular spectral components, e.g. ultra-violevebands, or long-wave terrestrial

radiation. Sun photometers measure solar radiaticeveral narrow wavebands to
determine the optical depth of the atmosphereifgralution monitoring.

6.3.4. Units of measurement

There are a number of units which can be usedafiation measurements.

Radiant Exposure is the quantity of energy trametkras radiation per unit area
incident upon a surface.
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Irradiance is the rate of transfer of radiant epepgr unit area incident upon a
surface.
Early measurements

Prior to the adoption of SI metric units the urded in New Zealand was langleys and
langleys per minute as the units of radiant expmsamd irradiance respectively,

where:

1 langley = 1 calorie per square cm
= 4.186 x 104 Jm, and

1 langley/minute =697.7 Wm.

A langley is a (gram) calorie per square centimdgm cal cnf) and so for
gradation intensity, a langley per minute is a ifgraalorie per square centimetre
per minute (gm cal cmmint). One calorie is the amount of heat required teera
the temperature of one gram of water by one de@Qetsius. Applying this to radiation
measurement, a Langley is the amount of radiatdim@ on an area of one square
centimetre that would raise the temperature of grean of water by one degree
Celsius. The term "gram calorie" is often shorteteettalorie".

Example: If a constant level of radiation fallingy @ square centimetre was
sufficient to increase the temperature of one godirwater by one degree Celsius
in one minute, then the amount of radiation measurean hour would be 60
Langleys and the intensity would be one Langleyrpgute.

Note that in International System (S.l.) metrictani

1 langley = 4.186 x 10J m?as 1 calorie = 4.186 joules (J) and the unit ohasea
metre.

Also 1 langley per minute = 6.97 x40 m"2st as a factor of 1/60 is introduced in
converting to seconds.

Sl units

In the Systeme Internationale (Sl), the units ofaswement for radiant exposure
and irradiance are joules per square meter 2jJand watts per square metre
(W/m?) respectively.

Each radiometer has a calibration constant whiclprigvided, firstly by the
manufacturer, and then by NIWA Instrument Systepikfing calibration by NZ
MetService. It gives the output of the instrumenmiillivolts when the radiation is
1.0 kilowatt per square metre.

For example: If a pyranometer has a calibrationstamt of 8.50 millivolts per
kW/m? then, when the radiation input is 1.0 kW/rthe pyranometer output is 8.5
millivolts.
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6.4. Radiation sensors and recorders

6.4.1. Radiation sensors (pyranometers)

Two types pyranometer are in use, the Eppley PietiSpectral Pyranometer
(P.S.P) and the Kipp and Zonen CM Pyranometer. Batre + 1% accuracy.

Both instruments operate on the principle of aeddhtial thermopile with the hot-
junction receivers blackened and the cold-juncti@teivers whitened. The
surfaces are protected by precision-ground optitads covers and the instrument
has built-in temperature compensation. The outpbittree thermopile is a
millivoltage which is a measure of the intensitytioé incident radiation.

The primary stations in the radiation network ampuipped with an Eppley
pyranometer, the output from which is recorded odasalogger. The datalogger
gives a value for the radiation measured each hour.

6.4.2. The Eppley shading ring

The four primary network stations measure diffusgiation as well as global solar
radiation. The diffuse radiation pyranometer is dath from direct radiation by
means of a shadow band. The shadow band is adftnpetal approximately three
inches wide and arranged in a semi-circle arousdogitanometer. With the shading
ring assembly orientated due north and set fotuldéi the only adjustment required
is a weekly re-setting of the shadow band to comegtn for changing solar
declination. With this adjustment the diffuse pyoareter should always be shaded
from direct radiation. The whole assembly is painteith "Parsons optical black
lacquer".

6.5. Installation of radiation instruments

6.5.1. Pyranometer

The pyranometer is to be located on the top oflarmr platform which is constructed
so as to minimise the possibility of a change aaegrto the level of the instrument.
The instrument is placed on the mounting so thaitcdible socket points south (in the
southern hemisphere). The pyranometer is thenléal/bly centring the bubble of the
spirit level on the base plate and then secureithi®e brass wood or machine-screws.
Care must be taken not to over tighten the base pkcuring screws as this can cause
distortion.

6.5.2. Eppley shading ring

This is mounted on a pillar and orientated duemoarte pillar must be sufficiently
robust and stable to preveanty change in level occurring and also allow for slight
orientation adjustments to be made. The pyranonmgterounted on the pedestal of
the shading ring assembly in accordance with thuntions in 3.1.
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After checking the orientation and that the bassepis level, the two wing nuts
carrying the shadow band are loosened and eactesetr so that the 0° mark of the
declination scale, engraved on the bar, is opptsetendex engraved on the plate with
the latitude scale. Both wing nuts are then tigateThe latitude of the station is now
set. Next, the pedestal height is set so thatyrenpmeter sensor and the two sighting
holes in the shadow band are in a straight linee pédestal is now locked in this
position and the pyranometer level checked. Thg adjustment now required is a
weekly resetting of the shadow band along the pabeés with changing solar
declination. Declination settings and dates caprbeided by Instrument Systems.

6.6. Maintenance

6.6.1. Pyranometer
Once a week or more often if necessary, wipe arst, alt spray, etc. from the

pyranometer bulb. In addition, remove any leavescerfrom the bulb whenever
necessary. Ice is to be removed carefully with ewaoth.

Check the level of the pyranometer each week. Make adjustment necessary to
level the pyranometer.

If the pyranometer has a desiccant container tiraias into the side of the instrument
this is to be checked once a month. The desicsatd be bright orange in colour.
When it becomes pale, or green, it must be replaced

6.6.2. Calibration

Each station is visited annually by a NIWA InstrurheSystems technician for
calibration and servicing.

6.6.3. Pyranometer(s)

The PSP sensors are exchanged annually and the t@Dsors are exchanged every
two years on the above servicing visit.

The removed sensors are then serviced and sezt MdiService for calibration.

6.7.  Li-COR radiation and monitor equipment

This section covers both installation and operaporcedures. Several sections can
be used as an excerpt to form'@PERATIONS manual for use by NIWA staff and
climatological observers.

These self contained LI-COR pyranometer and seirsiallations used in New
Zealand and the Pacific complement the primary adtwf Eppley pyranometers and
the secondary network of Licor pyranometers onAWS and EWS.
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6.7.1. Equipment
The pyranometer sensor and calconnector

The LI-COR LI 200SB Pyranometer is an instrument rfeeasuring solar radiation
received on a horizontal surface. The whole sky ibehere is viewed and the
pyranometer measures the total contributions ofwhele sky and the'mct solar
radiation. This total is usually called "Global Rstbn'.

The sensor is a silicon photodiode. It is sensitive limited wavelength region of
about 400 nm to 1100 nm rather than the full spettrHowever, this limited
sensitivity does not cause errors of more thanréeme.

A current signal (microamps) is generated by theseein direct proportion to the
radiation intensity and fed to the monitor via tb&lconnector. The calconnector,
which contains the calibration resistances forghasdicular sensor in use, ensures that
the solar radiation results displayed by the marate in the required scientific units.

The sensor is classified by WMO as a second clasmpmeter, its overall accuracy
being about 10 percent.

The monitor

The LI-COR LI 1776 Solar Monitor is a microprocesssontrolled meter/integrator.
Both instantaneous and integrated (totalised ifqout the sensor over a pre-selected
period of time) measurements can be taken. In tbe Kealand network the daily
integrated data is manually transferred from thaitnoto data sheets.

The instantaneous output is called the “solar imramt' and is displayed by the
monitor in units of Watts per square meter (\WJ/nThe integrated totals are called
“solar irradiation' and are displayed in Joulemegajoules per square metre (M2)/m

The monitor's liquid crystal display can be switthé display, firstly, the
instantaneous irradiance, secondly the preseraihyacompleted integral, and thirdly,
the preceding completed daily integrals.

The results can alternatively be displayed in tlieumits of Langleys and Langleys
per minute respectively.

The LI 1776 monitor has a standard 9 volt intetvattery which provides short term
(about 40 hours maximum) power back up in casetefreal power failure.

Power
Power to the LI 1776 monitor will be normally prded by a solar power system

consisting of a solar panel which charges a 12 gelicell battery that is enclosed
with the necessary electronics in an alloy boxaispbwer module).
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In a very few cases, the power may be suppliedh@¢ontonitor from the mains via a
DAVRED PU 35 rectified step down transformer.

The mounting system

There are many advantages of having this equipmenistand-alone' form so the LI-
1776 monitor and solar power supply module are éduis a weatherproof polyester
cabinet which is secured to a galvanised water pgst (Field Mount). The LI 200 SB
sensor is fitted to the top of the post. The spkamel is attached to a perpendicular
outrigger.

All signal and power wiring is internal to the FleWlount and cabinet.

6.7.2. Site selection

Because the characteristics of sites vary so wjdely not possible to set a uniform
specification for the location of equipment. Thecson specifies the ideal siting
requirements which are, briefly, good sensor expoand good access to the sensor.
At some sites compromises will have to be made.

6.7.3. Sensor location/exposure

So that no radiation record is affected by obsionst or reflections the site selected
for the LI-COR LI-200SB pyranometer sensor sholdgéeh

e no obstructions greater than 5 degrees in altiheteveen the northeast and
southeast sunrise positions and between the nasthavel southwest sunset
positions.

*« no obstruction or surface that will reflect soladiation on to the sensor
especially from the south.

* no obstruction of any bulk or height in close proity that would shade the
sensor for an appreciable time or reduce the vieweshisphere to any
significant extent.

* no adjacent strong artificial lighting at any timé.g. runway/taxiway
lights).

e unobstructed access for daily visual inspection@eadning.

NOTE: A prerequisite to siting the pyranometer is & séport including a horizon
profile on form MET 306, taken from the proposeds® site. This should be
submitted to the Climate Databank for approval.
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6.7.4. Calibration
The LI-COR LI-1776 monitor and the LI-200SB pyrareter sensor are calibrated
and tested by the manufacturer and by NIWA Instminfgystems biennially. NO

ADJUSTMENTS are to be made to the monitor or sems$loer than those outlined
in this manual.

6.7.5. Instructing operator

Full instruction should be given to the people velne to operate the solar monitor.

The operating manual shall be explained with tldeadipractical exercises using the
monitor. Operation shall be demonstrated as futiy as clearly as possible (for
examples use integration periods of 12 minutessasialation of the required 24 hour
integral).

6.7.6. Documentation

An installation summary shall be written and forded to the Climate Databank.
This summary should include:

* instrument serial numbers
e any departures from planned installation

* photographs of the completed installation (prefgratb the whole enclosure
from 2 different perspectives)

6.7.7. Setting up the LICOR LI 1776 solar monitor

Before mounting the monitor and connecting the tmithe sensor, ensure that the
switch marked "Internal Battery" is off.

The sequence of set-up is:

* integration period (i.e. the period over which thenitor will collect and
total data; for most stations this period is 24rsdpu

e the time of day
« data collection mode

« reading the collected data

NOTE Before starting with the set-up read the followingtructions carefully as in
two instances a response is necessary within Shdeco
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Integration period
* mount the monitor unit on the back plate
» connect the plug from the sensor to the monitosgemarked "input"”
* put the MODE switch in the MEMORY position
* putthe INTERNAL BATTERY switch in the ON position

» the display should read "P..." (note that you thame 5 seconds in which to
begin the following procedure)

e press the switch marked MEMORY to ADVANCE positigthis is a
momentary contact one and will return to the DAT@Ssipion when released)

« the display will show'00.12. Repeat pressing the MEMORY switch as
above until the display shows the required intégnaperiod (e.g. 00.25 for
quarter hour, 00.50 for half hour, etc up to 24@0a total every 24 hours)

Once the desired period has been reached, lea@RE switch in the MEMORY
position and the MEMORY switch in the DATA positiorfter 5 seconds the
display will go blank for 5 seconds; during thimé the time of day can be set as
below.

Time of day setting
The time of day is set by using the MEMORY swites @bove). Every time it is

pressed, the display will advance by 7 minuteselatively, hold it down and the
display will advance in 7 minute intervals.

Using this procedure, advance the display until cberect time of day is reached
(using NZST).
Data collection mode

To set the monitor up for data collection,

e Put the MODE switch to the INST position (which slsothe instantaneous
radiation value 0000 to 1000 W#ror into the CURRENT INTEGRATION
position (which will show the "running total" e.§1.82 MJ/n for the time
interval selected as above)

NOTE: If the display comes up with HELP, then turn thenitor off and repeat the
procedure.

« ensure that the UNITS switch is in the NORMAL pasit MJ/n¥

e connect the plug from the external battery into Hueket markedExt.
Power Supply”
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e put the switch marked INTERNAL BATTERY in the OFBgition.

If at any time during the above steps the displagws the wrong information or
other problems develop, turn off the monitor (byodinnecting the plug from thExt’
socket) and start again. A common problem can legling more than 5 seconds to
respond when setting up the integration periodhertime of day.

Following the above steps the monitor is set uglda collection. If, for example, the

steps above were done at 1100 hrs and a 24-hagration period was set, then the
first integration period will be from 1100 to midshit, and then from midnight to

midnight.

Reading the collected data

» To display the collected data, place the MODE dwitto the MEMORY
position. The display will show the last 24-houtato(if that is what was
selected for the integration period)

e By pressing the MEMORY switch you can step backtime; press the
MEMORY switch once (the display will read -0002)¢eh release the switch
and the 24-hour total of 2 days ago will be dispthyPress and release the
MEMORY switch again and the display will show thé-Rour total for the
collected data of 3 days ago, etc.

* Return the MODE switch to INST or CURRENT INTEGRAON as in the
data collection mode step above.

6.7.8. Routine operation of solar monitor

The INTERNAL BATTERY switch should always be in ti#F position on solar
powered installations.

The UNITS switch should always be left in the NORMAposition. This means that
the instantaneous readings will be in Watts perasgumetre (Wm? and the
integrated daily (or other integration period) tetaill be in units of megajoules per
square metre (MJt

The OPTIONAL position of the UNITS switch gives @play readout in Langleys. A
Langley is a unit of energy per square centimeti laas been used in the past as a
measure of irradiance and solar irradiation. Thig bas now been replaced by the
WMO standard Sl unit of Watts per square metre.

CONVERSIONS; 100 Langleys = 4.186 MJ
A rate 1 Langley per minute = 698 Wim-

NOTE: For NIWA purposes, data must always be recordedarmal units (MJ/m ).
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Neither the external power supply plug nor the e@atector and/or sensor lead
should be removed unless instructed otherwise.

The output socket on the monitor is not used amsthauld not be interfered with in
any way.

6.7.9. Periodic maintenance

Whenever possible, check the following:
e that all switches are in their correct positiornse(above)
» that there is no LOW BATTERY indication

A low battery installation on a mains-powered systaeans that the internal battery
should be replaced as soon as possible

A low battery indication when the internal batteswitch is in the OFF position
means that the battery in the solar power modufisand/or that the solar charger
is malfunctioning. In this case Instrument Systeimsuld be notified immediately.

¢ Check the sensor for obstructions, blow off any ewafrom the white
diffuser disc and the surrounding channel. Thisckhehall preferably be
made at sunrise or as soon as possible thereafter.

¢ Clean the sensor with a soft cloth but do not regnamy grease from the
screws on the base plate. Take care not to gesgathe white diffuser.

NOTE: The edges of the diffuser disc must be kept clBamaintain accurate
readings. .

* Check the sensor level and adjust if necessaryldmkeaning the securing
screws and adjusting the level screws so that tiblb in the level on the
base plate is within the centre circle of the level

¢ Check the integral and instantaneous readingspstiple, while it is still
dark (during the early morning) to ensure thererareerroneous data being
logged. Both readings should be zero if no irradrahas been incident on
the sensor.

¢ Check that the drain hole in the Field Mount watige post is clear.
Longer-term attention

The internal backup battery gives between 20 andhel@ys of useful life. Battery
replacement will be done by Instrument Systems.
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6.8. Radiation reference standards

6.8.1. Standardisation of measurement

The accuracy of practical radiation measurementsletermined by a series of
calibrations against a hierarchy of particular refee instruments and procedures.
Thus measurements made in New Zealand are in thearyable in their accuracy to
the World Standard.

The World Radiometric Reference

The WMO adopted a new radiation scale in 1979 whihcalled the World
Radiometric Reference (WRR). This reference remtssthe physical units of total
irradiance to an accuracy of better than * 0.3cee.

The WRR replaced the International Pyrheliometroal& of 1956 (IPS). The IPS
can be transferred into the WRR by using this @qnat

WRR/(IPS 1956) = 1.022

This means that measurements of solar radiatiorermathngleys before 1979 must
be increased by 2.2% when converting to megajqeesquare metre.

i.e. 1 langley (before 1979) = 1.022 x 0.04186 N2Jm 0.04278 MJn?¥ in
current values

The WRR is maintained by a group of at least falected absolute pyrheliometers
called the World Standard Group (WSG), which atercompared at least once a
year. The value of the WRR is transferred to natiatandards by means of inter-
comparisons at WMO Regional Radiation Centres.

6.8.2. The New Zealand meteorological standard pyrheliomet

All calibrations of solar radiation instruments at@ceable to this instrument
through procedures laid down in MetService Manualuvhe No 1. Our standard
instrument is of the class of Secondary Standandhgipmeters which have a
precision over one year of better than +0.5%. tfithe type known as an Angstrom
compensation pyrheliometer made by the Eppley compa

The calibration constant of our reference is oladiby a series of comparisons car-
ried out every five years with the WMO Region Vrstard group of radiometers
which are maintained by the Bureau of Meteorologystralia. The quality of the
Regional Standard Group of instruments is mainthibg comparisons with the
World Standard Group at least every five years, lapdocal inter-comparisons to
check the stability of the individual instruments.
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7. Evaporation

The measurement of evaporation is of great impoean agricultural and hydro-

meteorological studies, and in the design and diperaf reservoirs and irrigation and
field drainage systems. It is more difficult to reese than rainfall, and reliable
absolute values of the loss of water by evapordtiom the surface of the earth over
areas of any appreciable size have not yet beainebt The following factors affect

the rate of evaporation from any body or surface:

total radiation, solar and terrestrial

» temperature, both of the air and the evaporatingce

* wind speed at the surface

* humidity at the surface

» amount of moisture in the surface available forpevation

e nature of the surface (e.g. roughness).

The standard unit of measurement is millimetreswater evaporated from a free water
surface, in a standard evaporation pan which issegb under standard conditions (see
Chapter 2).

7.1.  The raised pan evaporimeter

7.1.1. Description

The raised pan evaporimeter used by NIWA is idahtiwith the United States
Weather Bureau Class A pan evaporimeter. This typs recommended by the
World Meteorological Organisation in 1957 for useaastandard.

The pan is a cylindrical tank of 1207 mm insidentiéer and 254 mm inside depth,
mounted on a wooden stand approximately 20 cm Higk. pan is constructed from
stainless steel. The pan is to be left unpainted.

The evaporation is expressed as the depth of \waefrom the pan. This is measured
by a fixed point gauge in which the quantity of eratequired to restore the water
surface to a fixed level is measured.

The gauge is mounted in a stilling well so that Weter surface is not disturbed
during measurement. The water surface being medsares about a level of 6.4 cm
below the rim of the pan.
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7.1.2. Exposure

The site chosen for the evaporimeter should beoredsy flat, turfed, and free from

obstructions such as trees, shrubs and buildingsoldétruction should be closer to
the evaporimeter than twice, or preferably fouretimthe height of the obstruction.
Inside an instrument enclosure the evaporimeteulghibe installed to the north of

the screen and other obstructions to avoid anynsite shadows being cast on the
evaporimeter.

7.1.3. |Installation

The pan should be supported on a stand made of mOOBOMmM timber suitably
treated. The top of the stand should be level amthdill tamped around the stand to
anchor it. The fill should be pressed firmly beltdve top members, thus leaving an
air space between the bottom of the pan and thdofiretard corrosion and to
facilitate inspection of the pan for leaks whilésiin use.

An adequate fence should be provided to prevemasidrinking the water from the
tank. However, the top of the tank must not be cedén any way, for instance with
wire netting, etc., as this would seriously affégat wind flow across the surface.

7.1.4. Operation

At the time of observation (0900 NZDT) add or remavater from the pan till the
tip of the fixed point coincides with the surfacetloe water in the stilling well. As
the water approaches the tip of the point, poumwlisioto prevent overfilling.
Adequate time must be allowed for the water fowflioom the pan into the stilling
well.

To calculate the water removed:

Use the measuring can provided. When adding watéhe pan fill the measuring
can to the top. Add as many full cans as requitgdhe final filling, pour into the
pan as much water as is required to bring the lapeio the fixed point. Insert the
dipstick into the residual water remaining in theasuring can; the dipstick is
marked in millimetres 0 at the top and 2.0 at tle&tdm, so that it measures the
number of millimetres poured from a full can inteetpan. The measuring can is
12.07 cm internal diameter and 20 cm deep (inss®)that each can-full is
equivalent to 2 mm of evaporation from the pan.rEddmm evaporation is marked
on the dipstick. Enter the depth of water addedh® evaporimeter pan to the
appropriate day against "Water added {ip)Met.303 or Met.371.

EXAMPLE:
Full cans added 3 corresponding to a depth of 6 mm
Dipstick reading 1.2 corresponding to a depth @frhm

Depth of water to be entered.2mm
againstWater added (b)
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When water has to be removed from the tank remevaany full cans as necessary.
After removing the final can the point should beowab the surface of the water.
Sufficient water should then be poured back from ¢an into the pan to bring the
level up to the fixed point. Pour carefully, to avoverfilling.
To calculate the water removed:
0] multiply number of full cans removed by 2 mm;
(ii) read dipstick measurement in final can;
(i) subtract ii from (i).
EXAMPLE:

Full cans removed (including final one) 4

Dipstick reading after pouring from final full céack into 0.7
evaporimeter pan

Therefore water removed 8.0-0.7=7.3mm

The water removed is entered against (c) in Met@0det.371.

Enter against (a) the rainfall in millimetres amhths, measured in the adjacent 5
inch manual raingauge, for the 24-hour period urdesideration.

Calculate the evaporation as a + b - ¢ and entinagEvap. (a+ b - ¢)".

Note that a "Traceof rain is entered but counts as nil.

EXAMPLES

1) 2 3 4)
Rainfall (a) T 1.4 2.5
Water added (b) 3.2 3.2 2.3
Water removed (c) 24
Evaporation (a+b) or (d-c) 3.2 3.2 3.7 0.1

Maintenance

Remove any leaves, dirt, etc., from the surfacehnefwater. If necessary a wire gauze
skimmer may be used for this purpose.

Clean the stilling well as often as necessary antbrve any sediment.

Inspect the tank for leaks at least once a montbo Aheck that the pan remains
level and that there is no buckling of the bottom.
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Whenever necessary empty the can and clean ousediynent. Fill the tank with

clean water up the level of the fixed point. Adcedmottle of algae inhibitor to the
fresh water and repeat the dose as often as require

Control of algae

Algae inhibitor is to be used to restrict the growef algae in the pan or tank (note
that the material supplied will restrict growth lwitl not remove existing growth).

When received, the bottles of inhibitor are to lsseanbled in batches of six. The
first bottle will be used when the tank or pangfilied after cleaning. Thereafter the
content of a bottle is to be emptied into the evapeter (and the event recorded in
the Field Book) whenever an increase is noted éndgitowth of algae until the six
bottles of a batch have been used. When a funtleeedse in growth is noted the pan
or tank is to be emptied and cleaniid. more than six bottles of inhibitor may be
used between cleanings of the tank or pan and no meothan one bottle is to be
emptied into the tank at the one timeThis requirement is dictated by the necessity
for keeping the inhibitor in the water below a centration which might effect
evaporation.

The bottle must be shaken thoroughly before itdarts are emptied. It is then to be
refilled with water from the pan, shaken and agaimptied. The bottle is not
returnable.

The algae inhibitor is a fungicide with a trade eaoh Phygon-XL and is a chemical 2

3 dichloro-1, 4-napthtoquinone. Although it quaifias a poison, it has a low order of
toxicity to man. It can be an irritant to the skinrwarm conditions and care should be
taken when using it to avoid excessive contact Wiénsolution.
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assurance
The quality assurance programme aims to providesusfethe information collected

with the confidence that this information is actarand reliable. This is a crucial
objective of NIWA'’s work.

Quality assurance begins prior to any measurenisitgy made (with calibration of

the measuring instruments) and continues throughtiuimeasuring and recording

procedures to the data reduction and checking. Gtagpter covers the procedures
designed to check and record these.

* measurements are made to the required standaadsufacy
» work practices conform to the highest internatistahdards

e personnel have the necessary skills and knowledge
The quality assurance tools used include:

» formal inspections of the stations operated by m@y or paid observers,
according to defined procedures, with written répbeing sent to the Climate
Databank for quality control action

* inspections, as above, for NIWA operated stations

« formal inspections of the field practice and knadge of the NIWA staff, to
ensure the standardisation of procedures, sitidgrestrumentation

» calibration of all measuring equipment

e testing and checking of instruments and equipmasat to installation.

Inspections of rainfall and climatological stations

Objectives

The main objectives during an inspection are to:

» ensure uniform exposure of instruments and methbdbserving

* instruct and advise observers on observing proeedur

» test, overhaul and adjust instruments

« make personal contact with observers and interksttin the work.
Inspecting Officers should approach their work, inathe manner of one who

is out to find fault, but rather to help and advids most of the observing is
done voluntarily, good public relations are essdmthd, while observers need
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to realise that accurate and reliable observatamasnecessary, it should be
borne in mind that their services are to a largergxrreplaceable.

8.1.2. Pre-inspection procedures

After planning your inspection programme contaet @limate Databank to advise of
the inspection trip. They will then advise you afygoroblems or things to look for
while at the station. In particular check for miggireturns, instrument faults and
general observation procedures that may show upeoreturns.

If applicable, advise the observer that you proposésit them and give a time and
date if possible. Assemble the station record shéddink inspection sheets and maps
for each station. Assemble spare instruments amalsfo

8.1.3. Inspection procedures — general

The annual procedures are outlined on the Form Climate Inspection (Appendix
E) for climate stations and the Form RI (Rainfalspection) (Appendix F) for
rainfall stations, which shall be used to recotdrad details of the inspection.

Ascertain how the climatological programme at esiztion is functioning, to see if

there is anything that can be done to improve tmsure of the instruments, the
quality of the observations, or further good relas between NIWA and the persons
doing the observations.

Work through the inspection form systematicallymaoch the same order as set out.
The inspection form should be completed at the tohéhe visit. The form is self
explanatory and all sections should be completegtevhppropriate.

The following sections give descriptions, followdy a summary of common

instrument faults, incorrect management, incor@userving procedures, etc., that
should be checked during an inspection. Some ofrthterial contained here is also
included in other chapters and inspecting persostmalild be fully conversant with all

sections.

For further detail on the various instruments rdf@erthe relevant chapter in this
manual.

8.1.4. Raingauges - 5" Manual

Check the condition of the metalwork for corrosiamd cuts in the outer can and
funnel. Sometimes the outer cans are so badly dehg difficulty is experienced in
removing and replacing the inner cans. Examinectiraition of the solder on all
visible seams,

Check for water in the outer can. If there is, daiee whether water is due to
condensation, overflow from inner can, or leaksouter or inner cans. The most
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common place for leaks in the outer can is arobedseam where the splayed base is
joined to the cylindrical section, and in the ca$ehe inner can, around the seam

where the base is attached. Impress on observersettd to keep the inside of the

outer can clean and dry at all times, for if tlislone, immediately even a small leak
starts it is readily detected.

Check for leaks in the funnel by stopping up thenkl outlet and filling the funnel
with water. It may also be checked by inverting thenel and filling the space
between the outer cylindrical part and funnel ftsel

Before testing inner or outer cans for leaks bin@l with water, it is most helpful to
clean them thoroughly so that the leaks show ugergarckly.

Check condition of the rim. It should be sharp pedectly circular. Any burrs can be
filed off. The rim should be level and 30.5 cm abaround. Where new raingauges
are installed, advise observers to keep checkiadetvel of the rim with a spirit level
till the soil consolidates. Some observers do nshthe funnel as far down and over
the outer can as they are made to go. Advise tbheado 0.

Measure the internal diameter of the rim usinggastered set of calipers or calibrated
tape. Two diameters should be taken, at right anggleone another. If either rim
diameter error is £ 5 mm or greater from 127.0 b0 inches) or the mean error is
+3 mm or greater, the raingauge should be replattmvever, if the general

appearance is good, a slightly distorted rim cametones be adjusted by gentle
pressure from inside the rim.

Note where raingauges have been set up by obsemgrssts, fences, buildings, etc.,
with the rims at much greater heights above grdawmdl than the standard height set
by NIWA. Whenever a raingauge is found exposecdhia way, endeavour to locate
another site which, of course, must be acceptabtbe observer as well as fulfilling

exposure requirements. At some rainfall stations ot always possible to locate a
better raingauge site. Where non-standard expostaasot be improved on, as
detailed a report as possible should be prepareth@rexposure and noted on the
station record sheets.

Check that the grass is being kept cut as shgrossible around the raingauge. This is
a common fault at many stations.

Check that the rainfall measure is free from craakd chipping; also that it is clean
and the scale easy to read. Old measures becomaivigrinside but few observers
take the trouble to clean them. The flat based oreasused in the 4" plastic
raingauges are particularly prone to becoming day thus require regular cleaning.

The 10 mm glass measures used in the manual rgegeaiwork are to be calibrated
against a registered pipette.

Two points are to be checked, 2mm and 10mm. (10amch50 mm for the 50 mm
glass measures)
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Pour in 25.34 from the pipette into the glass memastihis should correspond to 2
mm. (126.7 m1 for 10mm)

Empty the glass measure and pour in 126.7m1 froen fipette. This should
correspond to 10mm. (633.5ml or 50mm)

Check that both values are within £3%; i.e., +0@® and £0.3 mm respectively. (0.3
mm and 1.5 mm for the 50 mm measure)

Replace glass measure if outside of tolerances.

Ensure the registration number of the glass me&suard dipsticks where used, are
noted on the Station record sheets.

Check the observer's procedure for reading théalhmeasure.

Ask to have a look at the Form 302 in use at thie tof the inspection, and tactfully
show where mistakes, if any, are being made orthewecord can be improved.

In those places where very heavy falls of rainléely, ensure observers know the
correct procedure when (a) more than 10 mm of aliotcurs and (b) when the inner
can overflows.

In those parts of the country where hail or snoauce ensure observers know how to
obtain the correct measurement.

Impress upon observers the importance of recordinghe Form 302 the times that
observations are made. Obviously it is impossilbe dll observers to read the
raingauge at the standard time every day. Likewigs,often impossible to read the
rainfall every day, and when this happens it isth@d utmost importance that the
observers know what to do when more than one dajygall accumulates in the
raingauge. Where it is impossible to avoid the audation of rainfall over several
days, point out how this should be avoided if dassat the end of the month, in order
to obtain actual monthly totals. Failure by raihfabservers to record accurately the
actual days when rain fell and the days when tirggaaige was read, leads to more
confusion in the interpretation of the rainfall oeds than any other single factor; even
failure to set the daily values back a day.

Stress the importance of posting the monthly rdinédurns as soon as possible after
the beginning of each month to the Climate Databahkre they should arrive not
later than the 10th of the month as a considertleunt of processing work has to be
done.

Report on any changes in exposure due to growttermoval of trees, erection or
removal of buildings, etc., since the last inspmttilf the exposure does not meet the
required standard, re-site if possible the raingainga position where the standard
exposure requirements are met. Provide with thertepcomplete and accurate sketch
map of the new site, plus photos if possible.

CLIMATE MANUAL

119



8.1.5.

—NIWA __—

Taihoro Nukurangi

Summary: Inspection of rainfall stations

1. Check condition of metal for corrosion, holds, e

2. Check cleanliness of raingauge, then for leaks.

3. Condition of rim.

4, Test diameter of rim.

5. Height of rim above ground.

6. Height of grass around raingauge.

7. Condition and cleanliness of rainfall measure.

8. Procedure for reading rainfall measure.

9. Is the Met 302 filled in correctly?

10. Knowledge of what to do during heavy rains| had snow, and when several

days of rainfall accumulates in the raingauge.
11. Early posting of monthly returns.

12. Check on changes of exposure.

Raingauges - Tilting Siphon

Check the condition of all metal parts for corrosialso condition of rim, window,
hinges, hasp, etc.

Check cleanliness of filler tube, filter and sipharechanism. If dirty, wash the
mechanism. Some observers make no attempt whats¢evelean the enclosed
section of the raingauge. Show how easily thisased Most of the faults which
develop in an automatic raingauge are usually ddadk of cleaning, not only of the
mechanism but of the frame also.

Dismantling and cleaning of the siphoning mechanisrassential. Where observers
are sufficiently interested and appear reliabledpgortunity should be taken to show
them how to dismantle, clean and re-assemble tlobanésm correctly. Finally, show
how both the pen on the float rod and trigger amrectly adjusted. The
demonstration of the pen and trigger adjustmeanignportant one. This adjustment
is really very simple but few observers are capabldoing it correctly, consequently
the records from some stations are spoilt neeglessl

At those stations subject to frosts, it is essérnhat the observers know how to
dismantle and re-assemble the siphoning mechanisihtcamake pen and trigger ad-
justments following the application of "Kilfrogbaste to float and float chamber.
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Important notes
* The sub-base must be level
* There must not be any friction between the flodtand the chamber lid.
* The pen arm must be straight and able to swindyfieets gimbals.

» Check the condition of the nib.
Where it is necessary to investigate faults, checkcent daily charts.

Check that observers are heading up their charteaty. Common omissions are
days of the week, and the times on and off notrteabto the nearest minute. Also,
some observers write up an entire month's chatts tiwveé same time on, and then put
the chart on at a different time to that writtentbe chart. This is to be discouraged.

If times as recorded on charts appear unrelialee the speed of clock and adjust
regulator if required.

Report on changes in exposure, also whether otheotrainage from raingauge is
satisfactory.

Where electric lights are fitted for frost protectipurposes, check that the electrical
installation is in good order.

Ensure power is off before testing the raingaugé water

Check observers know what to do during severe drést protect the siphoning
mechanism.

See the Tilting Siphon Raingauge section of Chaptfar further detail, particularly
the maintenance section.

Details of the pre- and post-overhaul checks aaddhbults are to be noted.

Summary: Inspection dines tilting siphon raingauge

1. Condition of metal for corrosion, damage, etc.
2. Cleanliness of all parts including interior tfdt chamber.
3. Instruction on dismantling, cleaning and re-addg of siphoning

mechanism, and adjustment of pen and trigger.

4, Overhaul.
5. Condition of float and rod.
6. Condition of pen arm, nib and pen lifting arm.
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7. Examine recent daily charts for instrument fault
8. Charts headed correctly.
9. Report on changes in exposure and whether diaisatisfactory.

10. Check condition of frost protection lights, widitted.

11. Does observer know procedure for protectiosiffioning mechanism during
severe frosts?

Raingauges-tipping bucket

Check the following:

General condition of gauge for signs of corrosion.

The reading interval coincides with the Form SHR.

Logbooks regularly filled in and details enteredreotly.

Orifice height, diameter, and level. Measure andfiom. Accuracy of recorder.

Type of check gauge (see 8.1.4 for checks to makeheck gauges) Are housings
weatherproof and is security adequate.

Wiring between sensor and recorder in good comnditio
Power supply, test voltage during a reading. Isngitidy?

The batteries have the date of entry into servicghem. There should be a record of
charging, discharge testing , conditioning, ets.appropriate for the type and duty of
battery.

Provide comment on the apparent accuracy of the laleing collected at present, and
any other factor not so far covered which wouldehavbearing on the accuracy of
data during the period since last inspection.

In particular, investigate the differences betwé®en recorder rainfall and the check
gauge rainfall. If the difference exceeds 10% e@f theck gauge catch for more than
50% of readings, or more than 20% for any readimgy re-check gauge calibrations.

Details of the pre- and post-overhaul checks aaddhbults are to be noted.
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Thermometer screen

Check the cleanliness. The screen must be kepeqiriclean and the paintwork as
white as possible. At industrial locations and siele- stations frequent washing of the
screen, both inside and outside, must be doneébglikervers. Also many insects like
to build their nests in screens and need to bevetho

Check the condition of the paintwork. Where thenp& in poor condition, action can
be taken as follows:

) If the station maintenance is the responsybitit the Local Body or person
operating the station, they can be requested tanger for sanding and
painting of the screen (both inside and outsidél)tae legs.

2) If the station maintenance is the respongjbdif NIWA and the observer is
co-operative, they may be willing to do the wonk,which case supply the
paint which shall be "White, High Gloss Acrylic".

3) Alternatively, if the observer is unwilling to this work, do it as part of the
inspection.

Check for signs of dry rot, especially just beloreund level and on wooden roofs of
small thermometer screens, and also for insecstiatien in the woodwork.

Ensure that screens are securely screwed to the atal that there is no possibility of
screen movement on the stand during strong wintigs fay cause thermometer
faults as described in Chapter 3.

Ensure that the soil is firmly packed around thgslef the stand. During very dry
weather, some soils "shrink" away from the legsbéng the screen and stand to
move in strong winds. This may also cause thermeniaults.

Check that the screen is level. Often during perioflvery wet weather when some
soils are water-logged, strong winds will dislodifpe screen and stand from the
vertical, thereby altering the correct slope of tinermometers. If the tilt is such as to
raise the bulb end of the thermometers then brakdummns may occur in ordinary
thermometers and "creepimgay occur in the maximum thermometers.

Check condition of screen door hinges, door chhias goor hasp and staple.

Ensure there is a good stand of grass growing ned#r the screen and that this grass
is kept cut short; also check that a hollow hashesn formed in the ground in front
of the screen where observers stand to make tih@imbmeter readings. If the grass
underneath the screen has died, replace with néwt tkkewise, a hollow in front of a
screen must be filled with new turf and the gronmalde level with the surrounding
surface.

Note changes in exposure since last inspection.

CLIMATE MANUAL

123



—NIWA __—

Taihoro Nukurangi

Summary: Inspection thermometer screens

1. Cleanliness - wash if required.

2. Paintwork - arrange to repaint if required.

3. Check for dry rot and insect infestation.

4, Screen secure in stand.

5. Stand firm in ground.

6. Screen is level.

7. Hinges, door chain, roof etc

8. Condition of turf underneath and in front ofesam.
9. Note changes in exposure.

8.1.8. Thermometers (in screen)

All thermometers should be clean. If dirty, washwagpe clean.

Ensure that maximum and minimum thermometers amecity aligned, i.e., the clip
at the bulb end shall be 6 mm lower than the ditha opposite end or, expressed
another way, there must be a 2° angle to the hatatavith the bulbs at the lower end.

NOTE: Where dry and wet bulb thermometers are moumtea small thermometer

screen, both these thermometers will have the sslome as the maximum and
minimum thermometers. Only when dry and wet buloittometers are mounted in a
large or marine thermometer screen are they mowesitally.

Check that all clips holding the thermometers, ey the maximum and minimum
thermometers, have a reasonably firm grip on therntbmeter to prevent them
"shaking" in strong winds. If not, bend the cligglstly to ensure this. This fault
frequently causes broken columns in ordinary theneters and "retreater” and
"creeper faults in maximum thermometers.

Check that the muslin and wicks are being changgdlarly; also that they are fitted
correctly. Common faults are: 2 muslin discs usked3 or 4 strands of cotton used
(instead of 2); muslin not smoothly wrapped arobuatb (i.e. large creases in muslin
or not covering bulb completely); water bottle @ddoo near or too far from bulb of
wet bulb thermometer; wicks allowed to hang inrgadoop.

Check that the water used with the wet bulb theretemis obtained from an
acceptable source. Impress on observers the neetbdo out the water bottle at
regular intervals in order to avoid a "dirtyupply accumulating in the water bottle.
(Many observers never clean the water bottle.)
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Where a lime or salt deposit on the bulb undemtlslin is noticeable, clean off, by
scraping with a coin etc.

Check ordinary (both wet and dry bulb) thermometersbreaks in their mercury
columns. With thermometers still mounted in theesar warm the bulbs with the
fingers until the thermometers read 20 or 30°Cn twéhdraw the fingers and watch
that the mercury columns retreat without breakimghie bulb end. A common point
for the mercury to break is near where the capillube is joined to the bulb.
Whenever ordinary thermometers with broken colurars found they should be
replaced.

Test the maximum thermometer foetreater and "creeper” faults as described in
Chapter 3.

Visually check minimum thermometers for bubbleghia stem, or drops of spirit in
the upper portion of the capillary tube or expansibamber.

All thermometers, including grass and earth theretens, shall be calibrated against
a 0.1 degree divided certified reference thermometth checks at ambient and ice
point.

If readings vary by more than 1% do another sehetks.

Ambient check

The simplest method here is to use a water bath.

All thermometers, including the reference thermameshall be placed in a fairly
deep vessel of water. The inner can from the 5"uabraingauge is suitable. The
thermometers should be immersed in the water at teathe top of the mercury
spirit columns.

The temperature of this water should be as negroasible to that of the air. This
helps to keep it stable. The calibration shouldcbeducted away from sources of
direct heat or bright sunlight.

All thermometers should be allowed to stand inkiath for approximately ten minutes
before taking comparative readings. The water shbalstirred frequently during this
time. Test each thermometer, one at a time, agtiesteference thermometer, hold
them with their bulbs close together, move thenkbacds and forwards through the
water a few times, then read them with their budtié well in the water. Particular
care should be taken to avoid errors of parallathd thermometers can be arranged
so that the ends of the columns of spirit or mercamre opposite to one another,
without the bulbs being far apart, the chances radre from this source will be
reduced. Observe the difference between the resdiengral times before making an
entry on the report form, in order to make suret thasudden variation of the
temperature of the water has not caused a tempdifégyence due to the inequality of
lag in the two thermometers as may easily happest dll thermometers in turn in the
same way.
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When testing a maximum thermometer, care must kentthat the mercury column

has been properly shaken down to the temperatuteediath. A simple and effective

method of ensuring this is to immerse the bulbhaf thaximum thermometer in the
bath for a minute or two, then remove the thermemigbm the bath and holding it at
arm's length swing it vigorously, at the same tshaking the mercury as far down the
capillary tube as it will go. This swinging will mélate the maximum thermometer
similarly to a wet bulb thermometer, thereby redgcits temperature below that of
the bath. Then place the maximum thermometer irb#ttk again, and notice that the
mercury initially rises and when it becomes stedlasn take the comparison readings.

If a spirit thermometer reads too low, examineaitetully for detached drops of spirit
in the upper part of the tube and expansion chanffoiereads high, check for a break
low down in the spirit column. Often, such an exaation reveals no visible

condensation of spirit Jr, after shaking and allgyvihe thermometer spirit to drain
down the tube, there will still be an appreciabégative error. If the error is still

outside the prescribed limits, replace or arrangehave the faulty minimum

thermometer replaced.

The mean difference between each of the thermomatet the inspector's reference
thermometer must not exceed plus or minus 0.3°@laRe it if it does.

Ice point

The ice point is the equilibrium between ice andsaturated water. Whether the
accuracy required is 100°C or 0.1°C the ice pdirdr invaluable aid in ensuring that
a thermometer is functioning correctly. Its limitets should however be recognised.
Although an ice point apparatus can be made toeasehan accuracy of bettéran
0.01°C, it has to be very carefully constructedacso.

The ice point procedure given below is suitabled@econdary reference standard. A
thermometer check at 0°C is a very convenient wagde if the thermometer is
performing correctly and that the calibration dexdite is still valid. If there is a
discrepancy at 0°C some remedial action can bentalkor liquid-in-glass
thermometers, this means adjusting the certificateection terms.

An ice point apparatus can be easily assembleccansists of a container, a siphon
tube, ice, and distilled water. See Figure 8.1. éwlr flask, approximately 36cm
deep and 8cm in diameter, can serve as a confaintire ice. A vessel of this type is
preferable, since the melting of the ice is retdrtdg the insulating properties of the
Dewar flask. A siphon is placed in the flask to ldaaexcess water to be removed as
the ice melts. The clear or transparent portiocarhmercially purchased ice, or ice
made from distilled water, can be used. The icgh@ved or crushed into small chips
measuring 2-5mm. The flask is one-third filled waistilled water and the shaved ice
is added. This mixture is compressed to form atliighacked slush and any excess
water is siphoned off. Before the bath is usedgade time (15-30 min) should be
given for the mixture to reach a constant tempeeatuwough out.

Ideally, there should be as much ice packed iredldsk as possible, so that the small
spaces between the chips contain mainly distillatewwith a little air to ensure the
water is air-saturated. It will be necessary pecalty to add ice and to remove the
excess water while the bath is being used to maitiiés ideal consistency. If care is
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taken to prevent contamination of the ice and wadter ice point can be realised to
better than 0.01°C.

B Metal rod

m = () Vacuum flask

Siphon tube

Ice slush

Beaker

Ice point apparatus for calibrating themometers
Some notes on the above procedure are given below.

) Distilled water

Good clean tap water is often sufficient. Contarmamaby salts or organic solvents
should be avoided by good housekeeping procedures.

2) Dewar flask

The length given is to cater for a wide range efithometers, obviously shorter ones
can be used for smaller thermometers. For metapeesiure probes, an adequate
immersion depth is essential. (A Dewar flask isceerttific name for the vacuum
flasks commonly used for keeping tea, coffee, setp, hot).
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3) Excess water

Some of the depth is required to take up the medtedif the depth is not sufficient,
siphoning procedures will need to be frequent. Wager level should not rise to the
thermometer.

(4) Ice

See comments on distilled water. Many commercielnmaking machines purify the
water by the freezing process and thus can seraesatsfactory source of ice.

(5) Shaved or crushed

The ice can be crushed with a mallet or hammer pitting it inside a protective bag.
A more satisfactory method is to use a mechanalshaver or grinder. Some ice-
making machines may produce small enough ice festic

(6) Tightly packed

It is essential to tightly pack the ice to achievedyttermal contact between it and the
thermometer. Lack of this thermal contact can leentiain source of error in using an
ice point. A clean metal rod (preferably aluminiwmstainless steel) can be used to
form a hole in the tightly packed ice. After thefmometer is inserted the ice should
be pressed tightly around it.

7 Slush

When ice is frozen its temperature is usually lowan 0°C. For the ice point all the
ice needs to be at 0°C; this is one of the reasmnshaving it into small pieces.
Crushed ice lower than 0°C will appear white du&dsting on its surface. Formation
of the slush is to ensure all the ice is at 0°€, just on the point of melting; hence it
will appear clear.

e Check that observers know how to recognise faultsthie ordinary
thermometers-

e Breaks in mercury columns (wet and dry bulb).

e Faults in fitting muslin and wicks and the waterpgly of wet bulb
thermometers.

» 'Retreateérand Creeperfaults in maximum thermometers

¢ In minimum thermometers, bubbles in the stem andathed drops of spirit in
the upper portion of the capillary tube or the exgdan chamber.

Check that observers know how to remedy these Jaaftd when this is not
possible, what action to take. Also check that thepw what to record in the
Field Books and Met 301, when these faults areatete This latter point is most
important, as it is surprising how many observeils, wn detecting faults, correct
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them but record the faulty readings as though these the correct ones and never
record a remark that a fault had been found orithad been corrected.

Check the procedures of observers when readinghtmeters.

Common faults are:

Not reading to nearest tenth of a degree.
1°, 5° or 10° errors in reading.

Taking too long to read thermometers or leavingdtieen door open too
long before taking the readings.

Not reading dry bulb thermometer before the webbul

Standing too close to thermometers or breathing tvem while making
readings.

Topping up water in water bottle before taking Wwetb reading.

Errors of parallax.

Resetting faults are:

Handling thermometers by their bulbs.

On sunny days keeping thermometers in direct shhlfgr longer than
need be, thereby allowing solar warming of the theneters to take
place.

Not swinging the maximum thermometer in the wayoramended. Some
observers develop ways of swinging the maximummnloeneter which are not
very effective or are dangerous, e.g., standing witeir backs to the
screen while swinging.

Too much haste by some observers when resetting the miniamhin so
doing not allowing the index to come to rest exaetl the end of the spirit
column.

Point out how, if the maximum and minimum thermoemstare reset
correctly, the reset readings of both thermomegérsuld be reasonably
close (approx 0.5°C) to that of the dry bulb themmeter, and that all
observers should make this check on completionvefyeresetting of the
maximum and minimum thermometers.

In those parts of the country where the wet bulbkislyi to become frozen,
ensure that observers know the correct proceduogdar to obtain a true
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wet bulb reading. Some observers think they dojbptractice they do not
know the correct procedure.

Ensure that the serial numbers of the thermomedeeslogged on the Station
record sheets and that the Calibration certificatesplaced on the station files as part
of the record sheets.

Summary: Inspection of thermometers (in screen)

(D Cleanliness of thermometers.

2) Thermometers aligned correctly.

3) Clips adjusted for firmness.

(4) Muslin and wicks fitted properly.

(5) Water supply satisfactory.

(6) Faults: ordinary - broken column
maximum — creeper and retreater
minimum - bubbles and detached drops of spirit.

7 Check-calibrate thermometers against a tragezdibrated reference
thermometer.

(8) Check procedure of observers when reading @&setting thermometers,
recognition of faults, and knowledge of how to egctrfaults, also what to do
when wet bulb is frozen.

8.1.9. Earth thermometers

Ensure that the scales engraved on 5 cm, 10 cnR@rai earth thermometers are
easily read. If not, blacken the scale.

Watch for dirt deposited inside the capillary tulpeyticularly in right angle earth
thermometers, at about 5-15°C. Thermometers shothisgshould be replaced. This
can occur in old thermometers.

Check outer glass shield of 30 cm and 100 cm theweters for discolouration and
clean if necessary, using soap and water or paofisightly using a metal polish.

If condensation is observed inside the outer gidsld of the 30 cm and 100 cm
thermometers, the thermometer should be replaced.

Check that there are no breaks in the mercury awuof the 5 cm, 10 cm and 20 cm
thermometers. Often these breaks occur near theaigle bend.
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Ensure there are no leaks in the iron tubes. feamiometer is wet when withdrawn
from a tube endeavour to determine from the appearsof the water on the
thermometer whether or not this is due to condemsatr a leak in the tube. If a leak
is suspected, the tube should be replaced.

Inspect the caps of the tubes for cracks or le@kacked caps should be replaced.
Ensure the flange of the caps fit properly overtthe.

Check the length of chain to ensure the centrdn®tthermometer bulb is the correct
distance from ground level. Old earth thermometeairts often break and when
observers mend them they do not always make than ¢hea correct length. The

thermometer should just rest on the rubber burigeabottom of the tube.

Check that the soil in the earth thermometer potrée from weeds. Often after a
number of years, constant weeding causes hollovisrio in the plot, thus allowing
water to "pool" around the thermometers. Where fenidt is found, surface soil must
be obtained from nearby the earth thermometer ptat, used to build up the level of
the plot and then tramped down, till it is flushttwthe ground surrounding the plot
and of similar texture.

The 30 cm and 100 cm earth thermometers shoul@édied in the same way as the
screen thermometers. Remember, when tests of Sypaitesn thermometers are

made, there will be a greater lag in the respofhskese thermometers to a change in
temperature than is the case with the screen theeatars.

A special inspector's earth test thermometer isired to test the index errors of 5 cm,
10 cm, and 20 cm earth thermometers; they aredtestéollows:

The thermometers to be tested are not to be remfveed the ground. The special
inspectors test probe is inserted in the ground tethe thermometers being tested.
(A steel pin is provided for the test thermometdie test probe should be pushed
carefully and vertically into the holes made in greund by the steel pin. These holes
should be about one inch away from the thermométel® tested in order to avoid
striking the earth thermometer bulbs.

Push the test thermometer into the ground to tlguimed depth. Water at a

temperature midway between the two - if water at temperature can be obtained -
should be poured gently so that it will run inta tround along the thermometer
stems. When enough water has been poured to makeethperature conditions

steady, the inspector's thermometer and the theat@rshould be read after about 10
minutes. Take two or three such comparison readif¢jse apparent index error of a

thermometer exceeds 0.3 °C, the thermometer sHmildemoved from the ground

and tested in water as directed in "Screen Therrtamse

In those parts of the country where snow is likelypccur, ensure that observers know
how to go about reading the earth thermometers whew covers the ground.

Check that the 30 cm and 100 cm earth thermomaesstand 5 cm, 10 cm and 20 cm
thermometer stems are vertical in the ground dlabthe tube flanges are flush with
the surface of the ground. In frost prone areadhthizontal stems of the 5 cm, 10 cm
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and 20 cm thermometers should have a shallow treanrch3 mm scraped from under
them.

Ensure that the serial numbers of the thermometerdogged on the Station record
sheets and that the Calibration certificates aaequ on the station files as part of the
record sheets.

Summary: Inspection of earth thermometers

) Scales easily read.

(2) Dirt deposit inside capillary tubes.

3) Cleanliness 30 cm and 100 cm thermometers.

4) Condensation inside outer glass shield 30 cdnl&® cm.

(5) Broken columns 5 cm, 10 cm and 20 cm.

(6) Leaks in 30 cm and 100 cm tubes.

(7) Leaks in tube caps.

(8) Chain lengths correct.

(9) Plot free from weeds, also free from hollowsil.

(10)  Test thermometers.

(11) Procedure when snow covers the ground.

(12) Check that 30 cm, 100 cm and the stems of 5 IBbncm and 20 cm
thermometers are vertical.

(23)  Are all thermometer bulbs at correct depth?

8.1.10. Grass minimum thermometer

Check that the thermometer is mounted correctly miost common fault is the bulb
touching the grass.

Visually check the grass minimum thermometer foubbles in the stem" and
‘detached drops of spirit in the upper portion of ttapillary tube or expansion
chamber. To make sure this check is complete, it is esslelntremove the shield.

Test this thermometer in the same way as the thaeters from the screen.

Check that observers know how to visually recogttigefaults noted above; also that
they know how to correct these faults and what khbe recorded in the field book
and Met 301.
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In those parts of the country where snow is likelyoccur, it is important to ensure
that observers know how to go about adjusting thight of the grass minimum
thermometer above the snow surface in order toirobtiae correct minimum
temperature.

Summary: Inspection of grass minimum thermometers
Q) Exposed correctly.

2) Faults - bubbles or detached drops spirit.

3) Test.

(4) Check procedure when reading, resetting, atsognition of faults (both in
the thermometer and its exposure, e.g., touchiagsyr and how to remedy
them.

(5) Observer's knowledge of procedure when snowersothe ground or the
thermometer.

Ensure that the serial numbers of the thermomedeeslogged on the Station
record sheets and that the Calibration certificatesplaced on the station files as
part of the record sheets.

8.1.11. Sunshine recorders

Inspect the metal parts of the recorder for coomsand that the glass sphere has not
been scratched or chipped; chipping often occuarat the sphere supports. Check
that the card grooves are clear of obstructiond tlat the sphere is kept clean.

Check that the latitude setting is correct, thatrécorder is level, the sphere is centred
and all adjustment screws are tight. The best mebdstermining if the orientation is
correct is to check that the traces burnt on timdscare parallel with the edges of the
cards.

Check the condition of the mounting on which theoréder is set. Check the condition
of the ladder and handrail (where these are fittddlese should all be in good

condition, and in the case of the access laddir stitould be safe to use at all times.
Correct any looseness in the support, corrosianadl, dry rot in timber, or any need

for cleaning and painting.

A point which should be noted by persons not familvith locating the cause of
faults in the setting of sunshine recorders, eog.level or oriented correctly, is that
these faults are often not due to the recordeingsitbut to unstable mountings. For
example, if mounted on a pole, the pole moves uiitemweight of a person on the
access ladder, or the pole moves in strong winds.

All stations with a sunshine recorder (and in falktclimatological stations) should
have a horizon profile prepared. This should beckbe& at each inspection. Use
horizon profile form Met 306. Indicate clearly wkeobservations are taken from
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(normally they should be observed from the positadnthe recorder sphere, (or
radiation sensor) or screen if there is no sunshaeerder. Indicate how far away
from the recorder the various obstructions are. &ldhe obstructions. Where low
cloud or any other phenomena obscure the true drori the time of observing
profiles, the profile should not be completed.

Summary: Inspection of sunshine recorder

) Inspect the condition of metal parts and sphae® cleanliness of instrument.

2) Check the latitude setting, sphere is centtieel,recorder level and oriented
correctly, and the tightness of all adjusting sa@ew

3) Check the condition of mounting, ladder, etc.

4) Compile the horizon profile when required.

8.1.12. Cup anemometers (cup counters)

Visually check the condition of all external metzdrts of the anemometer unit
mounted on the mast for corrosion, also that cupsecurely fixed to their arms and
note their condition in the report.

Rotate the cups by hand to ensure that they aningufreely. Listen for any noises,
indicating damaged or worn bearings.

Check condition of mast, guy-wires, ladder, andiggéer arm - where fitted. These
should all be in good condition at all times. Laosgs in any of these components
should be corrected. Where corrosion of metal,rdtyin wood, or need for cleaning
and painting are noted, these should be corrected.

If it is necessary to check a cup counter for iftitt the anemometer should be placed
on a horizontal surface indoors in a place freenfdraughts and the cups rotated by
hand at a rate of 1 rev/sec in the same direceadhe@wind would turn them. The time
taken for the cups to come to rest after beingassdd at this rate should not be less
than 60 seconds. Repeat this test several times@adesults in report.

Check that there is no moisture entering the chsleeocup counter anemometer. On
some old pattern cup counter anemometers this aftenirs and evidence of the
presence of moisture is seen on the glass of theteowindow. When this fault is
observed, report it to Instrument Systems.

Report any changes in exposure due to growth covehof trees, erection or removal
of buildings, etc., since last inspection.

Note that all cup counter anemometers are to bleasged at four-yearly intervals.

CLIMATE MANUAL 134



—NIWA __—

Taihoro Nukurangi
Summary: Inspection of cup anemometers
Q) Check the external condition of the unit on niest.
2) Check for friction. Test if required.
3) Inspect the condition of mast, ladder, etc.
(4) Check for moisture in some old type cup couat@mometers.
(5) Lubricate if required.

(6) Check on changes of exposure.

8.1.13. Wind vanes

Visually check the condition of all external mepairts of the wind vane for corrosion.
The mast, guy-wires, ladder, and outrigger arm engltfitted - should all be in good
condition at all times. Looseness in any of thesmponents should be corrected.
Where corrosion of metal, dry rot in wood, or nded cleaning and painting are
noted, these should be reported.

Check the orientation of the Cardinal arms. Enghe¢ these always indicate true
directions on both ordinary and remote indicatingdwanes. This check is done by
standing some distance from the mast and directline with the cardinal arms and
taking a bearing using a reliable compass. Altévabt if it is on record that one or

more of the cardinal arms point towards a promimdaject that happens to be exactly
true N, S, E or W of the wind vane, check the dagan by sighting along the arm to
the object.

NOTE: Remote indicating wind vanes are normally sewith an orientation peg that
will be exactly true N, S, E, or W. Remote direntiondicators for Aviation and
Marine use may be offset from True by the Magnétdation, e.g. 20East.

Degrees Magnetic = Degrees True - Magnetic Varnaéa., 340°M = 360°T - 20°
Variation.

Ascertain from observers if they check that themation of the cardinal arms has not
altered; also that they check wind directions alcated by remote indicating wind
vanes against their own visual estimates of wimdatiions. Very few observers make
these checks.

Report on changes in exposure due to growth or vahuad trees, erection or removal
of buildings, etc., since last inspection.

Summary: Inspection of wind vanes

Q) Check condition of wind vane, mast, ladder, etc

2) Check for friction. Where possible lubricateimary wind vanes.

CLIMATE MANUAL 135



—NIWA __—

Taihoro Nukurangi
3) Check orientation of the cardinal arms.
(4) Record changes in exposure.
(5) Ascertain whether observers check that thentai®n of cardinal arms has

not altered, and that the remote indicating vandgate the wind directions
correctly.

8.1.14. Evaporimeter

Check cleanliness of water in the tank. Empty tatdan and refill if required.
Check that the holes in the stilling well are clead unobstructed.

Check the procedure for measuring water-level ia tank and the method of
computing evaporation. Ensure that observers hateraugh understanding how to
go about adding water or removing water from thek tand when this is done that
they make no mistakes in their evaporation compmutat This is a very common
fault.

Ensure that the serial number of the dipstick ¢®rded on the record sheets.
Summary: Inspection of tank evaporimeters

Q) Cleanliness both of tank and water.

2) Condition of tank - in particular cracks in sea

3) Stilling well clear of obstructions.

4) Check procedure for measuring water level, aging evaporation, also
procedure for adding or removing water from tank.

8.1.15. Autographic Instruments

These are the barograph, thermograph and hygrograph

Check that the instrument case is kept clean aeffom ink stains. If need be, wipe
with soft cloth. The metal cases of thermographsd laygrographs are best cleaned
with a wet cloth.

Check condition of the linkage systems for frictidm particular the bearings should
be clean. If dirty, clean with fine brush dippedahite petrol and when this has dried,
oil sparingly with commercial spray lubricant.

CLIMATE MANUAL 136



—NIWA __—

Taihoro Nukurangi

Visually examine the appearance of the meteorodbgedements, aneroid cells,
bimetallic coil and hair element. Report any sigh<orrosion on metal parts and if
there are any broken or loose hairs in the hametg.

Check that the pen arm is straight, and that the swings freely in the gate. Check

that the pen lifting arm is lifting the arm corrdgctNote that the trace recorded by the
pen is as neat as possible. Check friction of mlihe chart, and if necessary adjust
the inclination of the pen arm gate suspensiorbtain mini-mum pen pressure on the
chart and a good trace. Sometimes excess fricidheopen on the chart is caused
through the instrument case not being level. CHeckhis fault, and if necessary re-

level by placing cardboard shims under the instnirnase "feet".

Examine recent charts to ensure that the obsearerhieading them correctly, and

entering the required "on" and “offata - too many observers omit this. If time marks
are made, ensure that the correct times to theesteaninute are being recorded in the
field books.

Ensure that the observers thoroughly understanaddhect procedure for changing
the charts, and making the necessary adjustmentisetinstrument pen setting. In
some cases no adjustments are made to the pemgsetten a new chart is put on.

Is the exposure correct? This mainly concerns apdt, as thermographs and
hygrographs are nearly always exposed in a scrBled.points to watch for with
barographs are: that the barograph has not beéedstfusually unknown to Met
Service) from the position where it was installedalterations have been made to the
room which no longer make the position suitabletf@ barograph e.g. now in direct
sunlight or some other source of heat, or now suhbje draughts or mechanical
vibration. If need be re-site the barograph.

Check that the correct type of chart is beingditte the instrument in use. This is not
a common fault, however occasionally a new obsewidr often find a stock of
obsolete charts and will commence using them. Whayeobsolete charts are found
during an inspection, these should be withdrawtestroyed.

Inspect the outward appearance of the clock anthdor any signs of corrosion.
Examine time marks on recent charts to determiribeifspeed regulator is correctly
set, if not then adjust regulator accordingly. Makee the clock (in some cases the
fixed spindle) is tightly fixed to the instrument@de, and that the drum turns
satisfactorily on the spindle without any excesegsiays movement.

Summary: Inspection of autographic instruments - larograph, thermograph
and hygrograph

Q) Condition of instrument and case.
2) Friction in linkage system.
3) Condition of meteorological elements.

(4) Pen arm, pen lifting arm and nib.
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(5) Charts headed correctly.
(6) Charts changing procedure.
") Exposure.
(8) Correct charts in use - check for obsoletetshar

(9) Condition of clock and drum, and is speed atffe

8.1.16. Electric anemograph

Ensure that the instrument case is kept clean eaw ffom ink stains. It is best
cleaned with a wet cloth or tissues. It is mostangnt that no ink is spilt onto the
magslips beneath the ink reservoirs. The ink welieuld be placed so that they
are clear of all pen arm movements. Periodicalgy wrells should be removed and
cleaned thoroughly in warm water or methylated ispirSimilarly if blockages
exist in either of the pen arms, these can be etedy flushing warm water or
methylated spirits through, using the syringe ideld with the anemograph
accessory pack. When replacing the pen arms catddshe taken to reinstall them
in the correct position - i.e., the speed arm sthéwal replaced on the speed chart.

To check setting of direction recorder and indicatearry out the 030° Electrical
Lock check:

(D Remove 50 volt fuses.

(2) Lift Klippon Jumpers X, Y, 1, 2 and 3.

3) Push in the two Electrical Lock Klippon Jump@dsually painted red).

4 Position Recorder Pen arm to approximately 030°

(5) Replace fuses and check that pen arm is loetactly on the 030° line of the
direction chart, and direction needle reads examtlyhe 030° marking of the

dial. If discrepancies exist, see next sectiorréonedial action.

(6) Note all recorder adjustments on charts: Degmaadjusted, suspected fault
period, etc.

@) To return to Vane reading, remove fuses and LiéicElcal Lock Klippon
Jumpers.

(8) Push in Klippon Jumpers X, Y, 1, 2 and 3.
(9) Position Recorder pen arm to approximate wimdadion.

(10) Replace 50 volt fuses.

If no Klippon Jumpers exist in the connection bimtow this procedure: Remove 50
volt fuses.

CLIMATE MANUAL 138



—NIWA __—

Taihoro Nukurangi
(D Disconnect wires labelled Y, X, 1, 2 and 3.
(2) Connect wire X to wire 1, and wire Y to wire 2.
4 Carry out 4, 5 and 6 as above.
(5) To return to Vane reading, reconnect wires Y,1X and 3, then replace the
50 volt fuses.
Adjustment of direction recorder and dial reading
If a discrepancy exists once the 030° Electricatk.dest has been performed,

adjustment of the direction pen arm on the chambhdsle by turning the screw below
the transparent cover beside the direction ink.well

To adjust the reading of the needle on the diradtial it will be necessary to remove
the dial cover, and physically readjust the ne¢alleead 030°. Special care should be
taken when removing the needle, as damage canneeifdexcess pressure is exerted.

Remember to advise the Control Tower if these cheuk being carried out at an
Aerodrome.

NOTE: Wire colours and position are as follows:
Red Y
Black X
Space
White 1
Blue 2

Green 3

To check the setting of the speed recorder andatai follow these procedures.

Q) Disconnect the Red Y wire to stop power gemnanat

2) Turn the chart drive off. (This is only neceysH a long delay is expected
whilst tests are being carried out - otherwisectat can be left running)

3 Check to see that the speed pen arm sits gxactthe zero line of the chart
roll. If a discrepancy exists, adjustment is magetdrning the "zero set”
screw, located on the lower right hand side ofréwerder.

4) Re-connect the Red Y wire.
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(5) The reading of the speed needle on the indicdi@ can be checked by
disconnecting either of the wires leading into ith@icator from below. The,
needle should read exactly on the zero markinghefdial. If a discrepancy
exists adjust the needle as per adjustment ofitbetihn needle, again taking
care not to damage it when removing.

Summary: Inspection Electric Anemograph

D Condition of Instrument and case.

2) Recorder/Dial reading checks.

3) Inking arms clear and set correctly.

(4) Chart Rolls headed correctly.

(5) Chart Roll changing procedures.

(6) Time marking procedures.

7) Clock timing.

Lambrecht anemograph

The procedure for inspection of a Lambrecht aneapyin the field is as follows:

Q) Check condition of Instrument and case, as aglhounting pole.
2) Check orientation of instrument.

3) Ensure cups turn freely, and check that no &tee movement in the bearings
exists.

4) The recording rollers should be in the lowepedition, and the clock timing
should be correct - Remember that the pointer &di clock time, minus 4
hours.

(5) Check time-making, chart changing and headmogexures.

8.1.17. Licor solar radiation sensor

Check whether the instrument is clean and instaledliescribed in section 6.8, and
the following:

Q) Check that there is no LOW BATTERY indicatiom ¢he display on the
monitor display.

2) Check the sensor for obstructions, blow off amter from the white diffuser
disc and the surrounding channel. This check gmaferably be made daily at
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sunrise or as soon as possible thereafter. Endgengers are aware of this
instruction.

3) Clean the sensor with a soft cloth but do revheve any grease from the
screws on the base plate. Take care not to getegyaathe white diffuser.

4) Check the sensor level and adjust if necesbsirglackening the securing
screws and adjusting the level screws so that tiblb in the level on the
base plate is within the centre circle of the level

(5) Check that the drain hole in the field mountevaipe post is clear.

(6) Spray a moderate quantity of residual typean&éler/repellent into the two
ventilation holes from within the cabinet.

(7 Regular calibrations of the sensor will be carried by NIWA - Instrument
Systems on an exchange basis. Stations will besedwivhen instrument
exchanges are to occur.

(8) Record the serial numbers of the cal-connestrsor and monitor.

8.1.18.Visual observations
Wind direction and force

Ensure that observers understand the correct ube &eaufort Wind Scale. Also that
they know the true bearings of selected referermptp at their station in order to

determine true wind directions. It frequently happethat when observers are
changed, information on reference points is nos@aon to the new observer or the
new observer gets the information confused.

There should be a note on these reference poisislly on the visibility or height
table. Make sure that the estimating of the pe&ktheogusts is not confused with the
average speed of the wind for reporting purposss tdat gusts and squalls are not
confused and on rare occasions that wingctions reported are not *8a error, e.g.
reporting the direction towards which the wind lieviang.

Visibility

Check that there is a table available to all obmmngiving the true bearings and
distances from the station of selected visibilgjerence points. If the visibility table
IS in poor condition, compile a new one. At somatishs there are two groups of
people doing reporting and it often happens thit one group will have a visibility
and height table. In these cases ensure both gtoayes all they require for doing
weather observations. Ensure that all the referpoags are still visible - often after
such a table has been prepared, some referencs poiremoved, or are obscured
from sight by erection of buildings, growth of tseetc. Check that the observer's
method of estimating visibility is correct. A commdault is reporting the average

CLIMATE MANUAL 141



—NIWA __—

Taihoro Nukurangi

visibility around a station. Ensure that when tians phenomena (passing showers)
are present in the neighbourhood, visibility isreotly reported.

Cloud amount

Ensure that they are not overestimating cloud amsouhis is a common tendency
particularly with clouds near the horizon, whereasen clouds are overhead the
tendency is to underestimate the amount.

Weather phenomena and remarks

Many observers never make any remarks and thegdepgioould be encouraged to do
so, while on the other hand some observers wriartach. Often most of the remarks
from such observers are worthless, and in thesescas inspector should tactfully
show the type of remark which is worthwhile and thihich is not.

Discuss with observers the recognition of ground, fing, mist, haze etc. Show
observers where in the instructional material osués to their station, all this

information is set out. It is often surprising hdew observers know where to find
information of this nature. Impress on observers tieed to occasionally read or
browse through the instructional material on issueorder to keep them well

informed on all aspects of observing practicesp dle care and maintenance of
meteorological instruments.

Climatological forms

Ensure that the station has an adequate supptymofif and that those on issue are of
the correct type.

Remove any old or excessive supplies of forms.

All climatological and rainfall stations in New Zeaad are sent an annual supply of
forms, charts etc., and consumables, e.g., muahidswicks, sun cards, etc., in July
and December respectively.

DLYCLI (Daily Climatological Observation)

Before visiting a DLYCLI station contact the Datakato ascertain any repeated
errors the observers are making at this type dfostaDuring the visit explain fully
how to correctly code a DLYCLI message.

Instruments: Care, management and maintenance

Comment on the overall attitude of the observenatds this aspect of their duties.

Sketch and photographs of site
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Ensure the sketch of the enclosure is still curreait heights of trees, building etc.,

noted. Any additions should be noted. If major gemnhave been made, re-draw the
sketch.

Photographs should be updated approximately ewenyyears. At a climate site they
are taken looking North, South, East and West, #ithenclosure in the foreground.
More than one photo in each direction may be needed example.

General impressions of the station and ability oftte observer

From your observations of the site, condition aftinments and discussions with the

observer or observers, what standard do you canlideobservations to be? Is the
observer interested or disinterested in his/hekwanscientious or otherwise?

Recommendation

Recommendations and reasons for them should belycist@ated; make them the
subject of a separate memo if necessary.

8.2.  Compiling station record sheets
A vital part of the quality assurance system isreord of each station's history on

the Climate Station Record sheets (Form CSR) ornfRAi Station History
(FormSHR).

It is important that all station record sheets beuaately compiled as they form a
ready source of information and are the only coeddnrecord available giving
information for the site, observing programme amgtruments in use.

The record sheets are to remain on top of theostéites and are to be kept up to date
at all times.

These instructions are intended as a guide to dmgtation record sheets and apply
to Climate and Rainfall Stations.

The following points should be noted:
Station name
This is the official NIWA name and is allocated the Project Manager — Climate

Data Acquisition.

Map reference (metric)

These are obtained from the NZMS 260 series maps.

Rainfall and climatological station network numbers
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These are allocated by the Project Manager — Glirbatta Acquisition only. Do not
enter the number unless it has been confirmed dytbject Manager — Climate Data
Acquisition.
Latitude, longitude
Obtained from a large scale map of the districtiallg the NZMS 260 series. Give

coordinates to nearest 0.1 minutes of arc, and whteh map was used. Extra care
should be taken to ensure this is obtained coytettiese are to be in NZGD49.

If a GPS is available this should also be used aising the NZGD49 datum.
Coordinates are to be degrees decimal and a ndte that coordinates have been
made by GPS.

Height above MSL

Obtain the height at the 5" manual raingauge ofirge scale map, if there is no
accurate survey height for the station. Elevatioms GPS units do not yet seem to be
as accurate as they should be and are not to ddarsgetermining elevation.

Date station established

Record the date on which readings commenced.

Observers

Where only one or two persons are involved, thenntimes of these persons should
be recorded, as is also the case for a statioratgekby a private individual, otherwise
the organisation name will suffice.

Enclosure provided (or maintained) by

The full official title of the authority or persanust be entered here, e.g., Town Clerk,
etc.

Address for general correspondence and supplies

Note the postal address of the observer or obseregsponsible.

Remarks
For example: "Rainfall readings commenced ......... " tatisn changed from
rainfall to climate on........ " etc.

Instructions for locating the station by road
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Enter clear and concise directions on how to rethehstation from some clearly
defined landmark, e.g., Post office, major intetimex bridge etc.
Returns furnished
List all summaries, field books, charts, etc., reel monthly to the Climate
Databank.
Annual supplies

Complete list of all forms, envelopes, etc., supplyearly.

Non-instrumental equipment

All publications, instruction, wall charts, scale$c., on issue to the station should be
shown in this section. NOTE: Be constantly alent émt-of-date publications or
instructions, and where any are found, withdrawi@stroy.

Instrument ownership

It is important to note whose property the instrames, if it is not NIWA's (to
determine who is responsible for supplying and pgufor charts, consumables and
the repair of the instrument). Enter the name @f dinganisation who owns the
instrument in the remarks section of individualtiognents.

Raingauges (manual)

Most of the manual gauges in use are standacdgper or stainless steel gauges. Any
non-standard or unusual gauges encountered shewaddguately described.

Note the reference number of the glass measure.

Raingauges (automatic)
Most will either be Dines tilting siphon or Ota pimg bucket. Ensure the serial
number of the gauge is recorded, not the referenceber. Record the value of the
tip of the Ota, i.e. 0.2 or 0.5 mm.
Instrument screens
The following types of instrument screens are ia:us

Large Stevenson screen

Small Stevenson screen

Marine thermometer screen
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Forestry screen

The forestry screen is peculiar to the old ForesviSe and is still in use at some of
their stations.

Full details should also be given on the type afdtor support in use.

Thermometers

The types and descriptions of the various thermeraeh use are as follows:

Sheathed - ordinary, maximum and minimum.

These thermometers are made to British Standardif§adion 692 and this
reference BSS 692 is usually etched on the batikeathermometer stem.

Sheathed minimum with shield

This is a sheathed minimum thermometer with a bisitlkeld about 60mm
long over the expansion chamber and is used a&sa grinimum.

Earth, Symons pattern

This has a bulb encased in wax in glass sheatled feg 30cm and 100cm
thermometers

Earth, Right Angle, Solid Stem, 5 cm, 10 cm, ancc@0thermometers. Other types -
These must be described in full.

It should also be stated whether screen thermometer vertically or horizontally
mounted.

Ensure the serial numbers of thermometers are dedoand that the calibration
certificates are on the station file.
Barometers

It is important to state type, maker and numbey., &ew, Darton, No 4740/54.

The gravity value at most New Zealand stationshegsn computed and is available at
MetService. Information as to whether the barometer been calibrated under new or
old conventions is also available. Heights for bagter cisterns are obtained by
survey.

Show correction card numbers and description, &lg.JA, MSL pressure or No 1
Cistern Level pressure and No 2 MSL pressure.

Autographic Instruments (barograph, thermograph, hygrograph)
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Give full particulars including chart numbers angpds of clocks in use. For

identification of clocks and drums, also refer aygpiate sections in the same Manual
for full details relating to the correct name oftleaype of autographic instrument.
Give all instrument serial numbers (some have ntose one serial number), maker's
name, and "Marknumbers, whenever these are shown.

Sunshine recorders

Sunshine recorders are divided into low, middle &gh latitude, and universal
models. All later models are fitted with adjustablgb-bases but some of the older
ones have non-adjustable, cast iron or slate b&sticulars of the bases should
always be given, ie., "levelling" or "fixed".

Solar radiation recorder

Sometimes called Global or Total Radiation.

Horizon profiles

Form Met 306 is used for compiling sunshine andrsohdiation recorder horizon
profiles and all bearings on this form are Truee Marious portions of the horizon
should be labelled, e.qg., distant hills, treesldings 200 m etc. The observation point
is the radiation recorder site (e.g., atop sunshewrder mast) or screen if no
radiation recording equipment installed. (Not reedi for synoptic or rainfall
stations.)

Evaporimeters

Describe the type of evaporimeter in use, and meamseasurement. The standard
pan now is the stainless steel raised pan.

Record the reference number of the dipstick in use.

Anemometers and wind vanes

Show particulars as required. Indicate whether amyset to read true or magnetic
bearings. Ensure the instrument number is recotmigdnote that this is not the
reference number of the instrument.

General exposure of station/exposure of climatologal enclosure

This must be as detailed as possible, the genendbeing to paint a word picture that

will enable users of the data to assess the rapetseness of the observations. For
climatological stations more detail should be gieérthe immediate surroundings of

the site, all obstructions such as trees, hedgafjifgs, etc., that could possibly

affect the observations being fully described. NQilthough the minimum clearance
of any obstructions from a climatological statienusually given as twice the height,
the optimum clearance is at least five times thghtef the obstruction.
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Enclose copies of the NZMS 260 map showing thetiogaof the station to give a
good indication of surrounding terrain.

Local effect

Note any topographical features or nearby buildiregs., that may influence
conditions at the site.

Plan of enclosure and layout of instruments

This should be drawn to scale and the scale ustidaited (not required for rainfall,
only stations).

Sketch and photograph

Where possible obtain large scale maps or plarteeofirea surrounding the station.
Alternatively, make a freehand sketch of the layargund the station. For clarity
these sketches may be coloured-in. Make amendrifergtguired to any maps, plans
or sketches held by NIWA. Take photographs, showihg exposure of the
instruments in relation to their surroundings. he tcase of climate stations the
instrument enclosure is to be photographed in toe €ardinal directions, etc. Take
the photos some 20-30 metres, or as far as logadittans will permit, from the
instrument enclosure, and looking across the eatdas each cardinal direction. Note
the directions and the date when the photographs teé&en. Good photographs can
often convey a far better description of the iEntcan words.

It is very important to show the date when photestaken and plans/sketches drawn.

Tables of visibility marks and heights of hills

Use maps to compile adequate tables for theseerafes. Objects should be clearly
described and true bearings shown to assist iriftbation. Describe where bearings
and distances were observed from, also how theg wlgtained.

Circulation of record sheets
Any new record sheets are to be sent to the Prdymtager — Climate Data

Acquisition along with the Inspection or Stationd@ed Amendment forms where
applicable. See next two sections for procedures.

8.3.  Procedures for circulation of inspection reports

Upon completion of the Inspection Report the forane to be sent to the Project
Manager — Climate Data Acquisition within 30 dayshe station being inspected.

The Project Manager — Climate Data Acquisition wikkn record the month and year
of inspection on the spreadsheet maintained byeBrdilanager — Climate Data
Acquisition.
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The Project Manager — Climate Data Acquisition wilen check the Inspection
Report for any instrument, procedural problems threpo issues. The site changes
screen of Land Station Maintenance on CLIDB is @aupdated following a site visit
or inspection.

If necessary a JIRA issue will be created if maliotv up work is required.
The forms are then returned to the relevant NIWAre

The Climate Databank will then take any action ssaey. These procedures are
detailed in the Climate Databank Operations manual.

8.4.  Amending climate station information

The Climate Databank contains station informatiablés which enable users to be
provided with relevant information on details oktktations and changes to them.
Changes in all aspects related to instrumentatibeerver, exposure, etc. need to be
updated to the Databank. The main means of imgaéind documenting these data is
by means of the Station Record Amendment form (FBRA).

The form is to be used for all new and closed sitesvell as any amendments to
current station details.

8.4.1. Procedures

The forms are to be filled out whenever there feenka change, no matter how minor,
to the details of a site. The forms are largely-egplanatory with a range of possible
changes.

The changes may be detected during a site inspeatia visit, or may be passed on to
the team by the observer, the Project Manager maid Data Acquisition or the
Climate Databank.

The form is to be filled out in red with only theanges entered.

Following compilation by the team, the form shadl ent to the Project Manager —
Climate Data Acquisition for entry onto the Climdbatabank via the Land Station
Maintenance screen. Once Project Manager — Clibata Acquisition and Databank
have finished with the forms they will be sent bagkhe teams where they are to be
retained on the station file.
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8.5. Instrument testing on receipt

8.5.1. General

On receipt of instruments, the team shall, if atpedcticable, run the instruments to
check their calibration and suitability for deplogmt in the field. The objective is to
ensure as far as is practical that all instrumangsable to perform reliably and to
specification at the time of deployment and beyond.

Instruments received from NIWA - Instrument Systemilshave had more exhaustive
testing prior to despatch, but vibration and pdesitmpacts during shipping require
that further testing be done on receipt.

Likewise, the normal practice of carrying sparesehicles for extensive periods also
requires that bench-testing be done to verify thadre instruments are indeed
operational.

Consequently, each team shall bench-test all im&nis upon receipt, and all
instruments regularly carried in vehicles shoulddsted each fortnight.

8.5.2. Clocks

Where possible, clocks for climate instruments #hdae set up in their instrument
with charts and run to check the timekeeping. Aebabck may be tested with a
simple device made from a piece of wood with a Kepi(paper clip) locked in
place to check the rotary movement over time.

8.5.3. Corrective action
Any instrumentation found not to perform reliablydéor to standard shall be returned

to its supplier (e.g. Instrument Systems) alondhuiite evidence of malfunction (i.e.
the faulty data) with a request for repair, reptaeat or re-calibration as applicable.

8.6.  Assessment of field practice
The technical knowledge and work practices of temambers are tested annually

using Form FPA and the procedure detailed in thdrélpgists' Field Manual. This
includes a section on rainfall and raingauges.

The technical knowledge and work practices of stafrying out inspections of
climatological ...........

8.7.  Data quality control

In the Climate Databank, technical staff monitor theliy of the reports and data
received from rainfall and climate stations. When sttion apparently has
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malfunctioning instruments or faulty proceduresjfilling in forms or field books
incorrectly, sending in returns late, etc., theappt fault is written into the "Late
Returns and Observing Errors" log.

A Form QF.07 will also be filled out by the Datakaand dispatched to teams for
corrective action. In urgent cases the team wiltdretacted by telephone, but the form
will still be sent.

Teams shall, within two weeks of receipt, invegtigdne apparent non-conformance,
take any corrective action required, and replyh® Databank by means of the same
Form QF.07.

8.8. Corrective action

Any areas which are noted as not conforming todsteds or standard practices shall
be corrected as follows:

* Where the non-conformance is noted by the teamralades to standard
practices or equipment, the team shall be resplengilrectify it immediately
or to add it to their list of tasks for next viaitd/or next quarter's objectives.

« Where the non-conformances are likely to have tdtedata quality, the team
informs the CSU via the inspection forms if apphilea or in writing.

e If not able to be rectified immediately, so thae ttask is noted on the
inspection form as being required, the completiballsbe notified to the
CSuU.

« Any non-conformances detected by the CSU shalldgistered as a non-
conformance using Form NCF, and followed up fois&attory completion.

* Where the non-conformances are likely to have s#tedata quality, the CSU
provides the Databanks with details on Form QF.07.

* Where alterations appear to be required to stangmotedures, work
instructions, forms, manuals or any part of theudieentation included in the
quality system, the QA/SD Unit shall be informedwriting. That unit then
has the responsibility to take the appropriateestive action.

* All non-conformances are to be separately recorftedstatistical and system
improvement purposes, on the quarterly non-confonaaeport FornNCC.
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9. Supplies

9.1.

9.1.1.

9.1.2.

Introduction
Supplies of replacement instruments, various coablenitems and forms are

required by the network stations in order for thencarry out the required observing
programme.

The supply system described in this chapter aims to

» provide a timely and economical supply of materialstations

* be as simple as possible to operate and understand.

Definitions

Suppliesis an overall term to describe all replacementrimsents, stationery, forms
and other consumable items.

Instruments refer to all measuring instruments including themmeters, recorders,
sensors, etc.

Forms are the numbered forms which are required for wingr managing or
processing data by observers or NIWA personnely Thay also be charts, and may
be on paper, card or in books or pads. The NIWa#ofor climatological and rainfall
stations are listed in Appendix A.

Consumablesrefer to items which are used up over time by tperation of the
programme (e.g. charts, muslin and wicks, alga#itan, etc., but excluding forms).
Consumables are listed in Appendix B.

Methods
Forms and consumables shall be sent to climate raimdall station observers

annually, to ensure that all stations are suppl8tdndard quantities will be sent by
post.

Climate and rainfall stations shall be treated satpty:

* Supplies to climate stations will be sent centrdityn the CSU for all of
New Zealand, each July/August

e Supplies to rainfall stations shall be sent by tRaeblication and
Communication group, each December.
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Replacement instruments and other items requiréddssm the annual resupplies
shall be provided by the teams. They will soureahn the first instance from their

own stocks (to reduce missing record and demoestrateliness to the observer)
and replenish these from Instrument Systems asrestju

Annual resupply — rainfall stations

Requirements
Daily rainfall station supplies are the same foemstation, each year. The supplies

are sent with a NIWA calendar along with a letterthank the observers for their
contribution during the past year.

ltems

The items required are:

12 Met 201 Envelopes (pre-addressed and pre-paid)

12 Met 302 Rainfall observation forms (pre-stampedth station
number)

1 Met 330 Annual Rainfall form (for observer toaiet)

Procedure

) Teams request the required number of Met 20delepes and Met 330
forms from CSU by 30 September.

(2) CSU arranges printing, and for printer to delivenvelopes directly to the
teams by 15 November.

3) Teams copy Met 302's from their master copyl aollate and send forms
and envelopes to observers.

Annual resupply — climate stations

Requirements

Climate stations require supplies of various coreles and forms according to the
range of instruments they are equipped.

All annual supplies are to be sent from Client 8= Unit in July of each year to
coincide with the MetService supply.
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9.3.2. Procedure

Q) By 31 May, team managers provide the CSU witlistaof all forms and
consumables required by each station.

(2) CSU requests a bulk supply of consumables fimstrument Systems by 15
June, and the breakdown of charging to each team.

3) CSU arranges printing of forms as required
(4) Instrument Systems dispatches the ordered ouaisles to CSU by 1 July

(5) CSU collates all forms and consumables inttiastalots and dispatches to
observers by 31 July

Areas of responsibility are:

Team Managers

* Ensure lists of requirements are up to date. Thislane from the station
inspections and the station record sheets. Thisisam-going.

» Notify Client Services Unit of all supplies requdrand addresses supplies are
to be sent to by 31 May.

Client Services Unit

e Ensures sufficient and current supplies are on hanid is on-going.

e Advises Instrument Systems of bulk requirements dmdakdown for
charging to the teams by 15 June. (Form costsbeitovered by CSU as the
only charge is in the printing.)

« Arranges for contract worker and ensures suppliesent to observers by end
of July.

Instrument Systems

* Ensures sufficient supplies are on hand. This igaing and in consultation
with Client Services Unit.

» Despatches bulk items to Client Services Unit Byly.

9.4.  Periodic supply and replacement

There is a requirement for the teams to hold alssoglply of replacement and spare
materials to enable them to readily respond to rgyests or non-conformance to
minimise any possible missing record.
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All requests for replacement or spares are to hiersd by the teams. The main
reason is to ensure a minimum amount of missingrdebut also to ensure as much
single point contact between the teams and obseagepossible.

Requests may come directly from the observer, or In@apassed on by the Databank
as per the Climate Databank Operations Manual.

All teams are to hold a stock of spare instrumearts consumables. These are
available from Instrument Systems and are listedAppendix B. Recommended

gquantities are given in Appendix C. A six-monthtgcktake and replenishment shall
be undertaken by each team.

9.4.1. Instruments

Teams are responsible for rectifying all non-confances at stations.

When sending thermometers by post, ensure thegxremely well packed so that
breakage is virtually impossible. Neverthelessythast also be well-sealed in a
polythene bag so that if a breakage occurs the unemannot escape. Include the
instruction sheets for that particular thermometer. -

9.4.2. Forms
Teams are responsible for actioning any requestifms. Spare forms shall be held

as per the list in Appendices A and C, and a sixiinlyg stock-take and replenishment
shall be undertaken.

Occasionally requests for forms supplied by Mettserare received. These are listed
in Appendix D. The Auckland, CSU and Christchurglarhs may have supplies,
otherwise contact the Client Services Unit.

9.4.3. Areas of responsibility
Databank

e Pass on any requests for supplies to the teams.

* Notify teams of any suspect instruments that madrreplacing as detailed in
the Climate Databank Operations Manual.

Team Managers
« Ensure sufficient stocks are on hand.

» Action any requests made by Databank, ObserverlientCServices Unit. -
replace any defective equipment at sites noticeishglinspection.
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e Install replacement instrument or equipment if da;sor post out
replacement.

Client Services Unit

* Ensure sufficient and current forms are available.

Instrument Systems

+ ensure sufficient materials are available.
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10. Guide to making climatological observations

10.1.

10.1.1.

10.1.2.

Introduction

To obtain reliable information about the climateN#w Zealand, that is the average
(and extreme) values of temperature, rainfall, Bunes number of gales, frosts, etc.
that can be expected in any district, it is neagssa set up observing stations at
selected points throughout the country. At thesgiasts instruments are carefully
installed in fenced enclosures selected so thangiruments will record as closely as
possible conditions fairly representative of thesaor town in which they are sited. As
the weather fluctuates considerably from year tar yeis important that observations
should continue from the same site and under samditons for a long period of
years.

For a variety of reasons the number of manual ¢énsgations in New Zealand has
steadily declined in recent years. The observataoasmade by local bodies such as
City Councils, other Government Organisations sashMetService, and interested
private individuals. The work done by these pedplef great value to NIWA and
without their co-operation it would be much moréfidilt to compile the valuable
climatological data required for research, commei@ustry, agricultural research,
etc.

Time of observation

The standard time for making these observatiordew Zealand is 9 am. It is most
important that the readings be taken as close ssilje to this time each morning.
The term'time of observationwhen applied to a climatological observation ifrobl
as being the time of observing the last elemenessary to complete the whole
observation.

If the climatological observation is made at angeiother than 9 am , then this time
(the time the report was completed) must be recbate both the Field Book and
Climatological Form (Met. 301).

Normally 10 minutes should suffice for the compatiof an observation at a full
climatological station.

Observing routine

Observers should get into the habit of making theeovations in a fixed sequence
every day. To guide them in this work a list isegivbelow of the various steps in
making a full set of climatological observationsotNill stations are equipped with
such instruments as evaporimeters, sunshine rasordieermographs, recording
raingauges, etc. as these instruments are redtriotea few key locations, but the
general procedure is the same at all stations.
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Preparation for climatological observation

Items required for routine daily climatological ebpgation:

Climatological Field Book (Met. 303 or Met. 371)yr#dptic Field Book (Met.
801).

Where applicable, sun card, daily autographic shfartautomatic raingauge.

On Mondays autographic charts for weekly thermagsaygrographs and
barographs.

Muslin and wicks required at least once a week.

Observing procedure

Climatological observers should commence their nlag®n by recording those
elements which do not change rapidly. These are:

Amount of Cloud

Visibility

Present and past weather

Wind direction and force (at stations without aremometer). Where an
anemograph is installed the wind direction and dp®uld be read from this
instrument but visual estimation made to checkafoy obvious inaccuracies

in the instrument.

Remarks

These are recorded in the appropriate spaces iRigie Book (Met. 303, Met. 371 or
Met. 801) _to the day of observation.

More detailed instructions for making visual obsgians are contained in Section

10.2.

On completing the visual section of the climatotadiobservation it is recommended
that the instruments be attended where possititeeifollowing order:

Raingauge (manual and automatic)
Thermometers in the screen

Thermograph hygrograph

Grass minimum thermometer

Earth thermometers and earth thermograph

Tank evaporimeter
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* Sunshine recorder
» Cup counter anemometer
« Anemograph (where in use).
* Barometer

e Barograph

All the instrument readings are recorded in therappate spaces in the Field
Book (Met. 303, Met.371 or Met. 801) to the daybgervation.

More detailed instructions for making instrumenseitvations are contained in section
10.3.

10.2. Visual observations

10.2.1. Amount of cloud

The amount of sky obscured by cloud is estimategighths. When there is no cloud
present, "nil" is to be recorded in the Field Bodkien the sky is obscured because
of fog etc., "9" is to be recorded.

0 to 9 are the only applicable code figures fos fimrameter.

10.2.2. Visibility

Visibility is the relative transparency of the atgpbere. It is measured as the distance
of the farthest objects which the observer cangeize clearly from the station. For
example, if conspicuous objects are recognisalerrerely "looming as far away

as 8 kilometres the visibility is stated to be Bkietres.

If the horizontal visibility differs in different idections the minimum distance is
reported, provided that the sector or sectors dficged visibility occupy at least one
quarter of the horizon circle. However, small sextof the horizon in which
transient or local phenomena reduce the visibdity disregarded. In these cases the
visibility is reported as if such phenomena werepresent. Examples of phenomena
referred to here would be showers, fog patchescadjao the station or smoke from
a local fire, but not a general deterioration isibility due to a major outbreak of fire.

When passing showers or other transient phenonrenaresent in the neighbourhood
but not actually at the station, the visibility elpgation should be made as far as
possible using marks which are not obscured bltoevers or other phenomena.

Visibility is reported by means of a scale graddateom 0 to 9, known as the
"International Scale of Visibility". A copy of thigisibility scale is printed on the back
of the Field Books Met. 303 and Met. 371. See FdL.1 for this table.
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Code
Distance at which standard object is visible number

o

Less than 50 metres

50 metres but not 200 metres

200 metres but not 500 metres
500 metres but not 1 kilometre

1 kilometre but not 2 kilometres

2 kilometres but not 4 kilometres

4 kilometres but not 10 kilometres
10 kilometres but not 20 kilometres

20 kilometres but not 50 kilometres

© 0 N O o b~ WDN PP

50 kilometres or more

Figure 10.1: Table of visibility

At all stations there should be available to thesavber a table setting out the
directions and distances of selected prominentctdbfeom the station.

10.2.3. Wind direction

When surface wind direction is reported in a cliohagical observation, the mean
drection is recorded to the nearest ten degrees,0(B602 etc) as shown in Figure
10.2.

Figure 10.2: Compass rose for reporting wind direabns in climatological observations in tens
of degrees.

The direction reported is that from which the wisdblowing. All wind directions
reported must be true directions, never magnetectons.

Only code figures from 00 to 36 are applicablethis parameter.
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Before an observer can report wind direction byuaisestimation, it is of course
necessary to know the bearing of TRUE NORTH (360rekes), as well as the
bearings of several conspicuous objects from somesng point. At most
climatological stations the given point is usualymewhere within the enclosure,
e.g., the thermometer screen, or some place neagrtblosure from which a good
outlook is obtained. At all stations there shouddvailable to the observer a table
setting out the true bearings of prominent objécis the station.

In observing surface wind visually, there are a hanof ways in which its direction

can be ascertained such as by direct observatitmeokind on the face and body, or
by watching a wind vane, the movement of smoke fnaighbouring chimneys, and
direction of flags, or the direction in which tremsshrubs are bending.

Such objects as buildings or trees cause consigeddilection to the wind, and
accordingly due allowance must be made for thectffef these obstructions on the
direction obtained It would obviously be uselesgdport the wind direction from,
say, a wind vane if it were surrounded by buildinfee wind vane should not in
these circumstances be used, but recourse tal@hdo more suitable objects. Also,
at most stations the wind direction will swing oven appreciable number of
compass points, particularly in light winds andilese circumstances the direction
to be reported is the MEAN direction. It is pointedt to all observers that in order
to obtain a reliable wind direction, it is oftencessary to observe the wind effects
for several minutes before deciding on a directidrich is truly representative of
conditions at the time of observation.

It should be realised that the direction of movenmithe cloud is often different
from the direction of the surface wind, and accoglif surface wind direction
should be ascertained quite independently of thecclhovement.

NOTE: Where ordinary wind vanes are used, observemsldhequently check that
the orientation of the cardinal arms is corrects Ipossible during a strong wind the
cardinal arms may be turned slightly, and if thisllf goes unnoticed, obviously the
wind directions reported will be incorrect.

10.2.4. Wind force

Where the force of the surface wind is estimatexiaily for climatological report-
ing purposes, it is necessary to refer to the Bwaukind scale. Observers are
reminded that a copy of this wind scale is prinbedthe inside of the cover of the
field book.

0 to 12 are the only applicable figures for thisguaeter.

When the scale is studied, it will be seen th& # scale of the effects of wind, and
that each set of effects has been given a code eruasbwell as the mean wind speed
in knots applicable to each force code number.

In making visual observations of wind force, iniscessary to note the MEAN effect
of the wind over a period of several minutes, amuenber of objects such as those
on the face and body, inland waters, movement obkemfrom neighbouring
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chimneys, also the movement of flags, trees, amdbsh Referring to the Beaufort
scale, select the description which fits most diposeose pertaining at the time of
observation and record in the climatological fielmbk the force number applicable
to this description.

Remember, the object in reporting wind force isétect a force code number which
gives a good representation of the general cuokair over the surface of the earth
in the vicinity of the climatological station. Unfanately this is not always possible
in built up areas, and the observer should theeefoake some allowance for the
sheltering effect of surrounding buildings, tree&;. and endeavour to estimate the
wind from the effects in the open.

Observers should thoroughly understand the diff@relnetween gusts and squalls.
Gusts are variations in the force of the wind fagthot more than a few seconds,
and are due to eddies in the atmosphere. They are conspicuous in built up areas
than in open spaces. Squalls, on the other haedjefimite fluctuations in the wind
force, or in force and direction, and last for qpr@ciable number of minutes and
do not normally occur more than once or twice arurhoThey are usually
accompanied by changes in temperature, barometesspre, cloud types and by
precipitation.

NOTE: At those stations equipped with an anemographwhel direction and
speed will be read from this instrument. Visualreates of wind direction and force
should be made in order to keep a check on theracgwf the anemograph record.

10.2.5. Definitions of weather phenomena

Differentiating between certain weather phenomenay nsometimes present
difficulties. A special study should be made of tedinitions given below.

Lightning is a briliant momentary discharge betwewvo electrified clouds or
between such a cloud and the ground. When a ligigetischarge is entirely within a
cloud, or hidden from view by intervening cloudsay be seen only as a diffuse
reflection (sometimes referred to as sheet liglgnin

Thunder is the sound caused by the atmospheriaridéstice created by a lightning
discharge and is audible at distances up to al®kildmetres from the source.

A thunderstorm is reported any time thunder is dheaiith or without precipitation

and/or lightning. When thunder is heard, and thstudbance is not occurring
immediately overhead, the phenomena is still tordgarded as occurring "at the
station.

Mist is physically the same as fog, i.e., it is g@®ed of numerous microscopic water
droplets suspended in the atmosphere. Mist wilrdported when an atmospheric
obscurity consisting of suspended water dropletsiyces a visibility of 1000 metres

or greater.
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Fog is composed of numerous microscopic water dtgpluspended in the

atmosphere which restrict visibility to less tha®@ metres at the usual place of
observation. Fogs vary greatly in depth most arehef order of 15 metres to 90
metres, but on extreme occasions a fog layer mayphbeards of 180 metres to 300
metres deep. Fogs may occur in small patches grrttay extend over wide areas.
Shallow layers of fog less than 2 metres, knowgrasind fog, may develop in moist,

sheltered localities, usually around sunset anthduright hours where there is little

or no wind. Ground fogs are entered in the remaeksion of the field book and Met.

301. They are not to be counted an occurrence @firiothe Weather Phenomena
summary.

Haze differs from fog and mist in that the obsguistcaused by dry particles of dust,
smoke, or salt particles from sea spray, insteadadér droplets. The particles of haze
are much too small to be seen individually but rtheffect on the visibility and
colouring of distant objects is quite marked. Hagiges the air an opalescent
appearance, but does not necessarily reduce itigilfilthe object is dark, it appears
as if viewed through a pale blue veil whereasis ivhite, the veil seems yellowish.

Dew is moisture condensed from the atmosphere posexi surfaces, e.g. grass,
shrubs etc. It is deposited from air cooled belt tew point by contact with

surfaces which have lost heat by nocturnal radiatm the sky, and is therefore a
common phenomenon at night or early morning wilmeair and a clear sky.

Hoar-frost is a crystalline icy deposit formed lne tsame manner as dew when the air
and/or ground temperature is below freezing point.

A squall is a strong wind that rises suddenly,sldst a few minutes then dies away.
Squalls are a definite fluctuation in wind force,imforce and direction, not normally

occurring more than once or twice an hour. Theyuatelly accompanied by changes
in the air temperature, barometric pressure, ctgpds, and by precipitation. They are
often associated with the passage of cumulonimlngis, thunderstorms and frontal
systems.

A gale is a wind whose mean speed equals or exdemisfort Force 8 (34 knots or
more) for a period of 10 minutes or more.

Snow Lying is recorded when one half or more of dheund representative of the
station is covered with snow (fresh and/or accutedlaat the time of observation.
(Not at other times of the day and not includingugyrd covered with hail.)

Drizzle consists of tiny water droplets which appebmost to float in the air. The
criterion for drizzle is the fineness of the dropst the amount. Drizzle frequently
occurs in association with mist or fog, and maydpice low visibility in other-wise

clear air. Drizzle falls from layer type clouds,ge. stratus, nimbostratus or
stratocumulus, in the form of either continuousmermittent precipitation. Estimate
the intensity of drizzle on the following basis:

(a) Slight drizzle can readily be detected on #wef but produces very little run-
off from road surfaces and roofs. Visibility 100@tmes or more.
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(b) Moderate drizzle causes windows and road sesfac stream with moisture.
Visibility 500 metres but not 1000 metres.

(© Heavy or thick drizzle reduces visibility tsgethan 500 metres.

Rain is precipitation in the form of water dropsapfpreciable size. Rain may fall from
either layer type clouds, e.g. nimbostratus, inclwhtase the precipitation will be
either continuous or intermittent, or it may falloin cumulus type clouds, e.g.
cumulonimbus or well developed (towering) cumuNM#en rain falls from the latter
cloud types it will be in the form of showers. Timensity of rainfall is described as
follows:

SLIGHT Individual drops are easily identifiable. r&p does not form above
hard surfaces. Puddles form only very slowly. Amragiable time
(possibly 5 min.) is required to wet dry surfaces.

MODERATE Individual drops are not easily identifiebSpray may be formed just
above hard surfaces. Puddles form rather rapidly.

HEAVY Rain appears to fall in sheets and individuabps are not clearly
identifiable. Heavy spray up to the height of saveentimetres is
formed over hard surfaces. Puddles form very rgpidl

Snow consists of crystals of white ice, appareafigque, generally in flakes of light
feathery structure. Snow flakes consist_of tanglgdregates of ice crystals. Snow
may fall from either layer type clouds, e.g. nimioatus, or cumulus type clouds, e.g.
cumulonimbus. Whenever snow falls from nimbostralasprecipitation will be in the
form of either continuous or intermittent precifiva. On the other hand when snow
falls from cumulonimbus clouds it will usually bethe form of showers.

Rain and snow falling together or snow melting tafallis (sleet). Sleet may fall as
intermittent or continuous type precipitation fréewer type clouds, e.g., nimbostratus
clouds, or a showery type of precipitation from clomimbus clouds.

Hail or rather hailstones are composed almost skaly of transparent ice, or of a

series of transparent layers of ice, alternatinth wianslucent layers. The size of
hailstones varies from a 5 millimetres in diamétestones the size of baseballs. Hail
falls only from cumulonimbus clouds. Stones smalfen 5 millimetres in diameter

are called Ice Pellets, but are recorded as Hdihertlimate form.

10.2.6. Forms of precipitation — intermittent, continuous a showers

There is no definite rule stating when precipitatghould be termed intermittent or
when it should be termed continuous; in each cheeobserver is guided by the
character of the precipitation during the periagttsiit began.

(a) Continuous _precipitation falls from layer typelouds, e.g. stratus,
stratocumulus, nimbostratus or altostratus, whishally form a dense and
fairly uniform layer covering the whole sky. Theskaof the cloud is
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sometimes clearly defined, but if so it does noually show distinct
variations in the amount of light which diffusesdbgh, nor in the height of
the base.

(b) Intermittent precipitation also falls from tlsame layer type clouds which
may or may not cover the whole sky. There may besicerable variations in
the density and opacity of the layer. Occasionghitening or change in the
colouration of the sky, with or without a definiteeak in the cloud, is not
unusual, and lifting of the cloud base may occutiraes. Because of these
variations in the density of a cloud layer or tleght of its base above the
ground, well defined variations or breaks will occin the way the
precipitation is falling.

(© Showers always fall from cumulus type clouds,,ecumulonimbus or well
developed (towering) cumulus. Showers are chaiaetémot only by the
rapid beginning and cessation of precipitation, dtsd widely varying
intensity, but also primarily by the appearanceahaf sky - rapid alternation
between dark, threatening cloud and short brighiode (except when
perhaps the breaks between the shower clouds eeeetbby cloud of another
layer). The precipitation itself may consist ofrmasnow, sleet, hail or a
combination of any of these phenomena It is raraftyue shower to take the
form of drizzle.

NOTE: It should be noted that there are instances whenigitation, beginning
without doubt as a shower, later develops intoeeitimtermittent or continuous
precipitation or vice versa.

10.2.7. Weather phenomena

The occurrence, if any, of the following weatheepbmena is also to be recorded in
the Weather Phenomena section by inserting amtKie appropriate space:

Gales Lightning
Snow Thunder
Fog (but not ground fog) Hail
Dew

10.2.8. Remarks
In the 'Remarks sections of the field books and the climatologifeins, concise

notes should be recorded on the observation ofgrhena for which no provision is
made elsewhere or to elaborate on phenomena alreedrded.

The following will give some indication of whatiequired:
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The times, even if only approximate, of theibeipg and ending of unusually
heavy falls of rain, snow, etc., periods of fogsleg, thunderstorms, etc., time
of significant changes in weather - both deteriorst and improvements.

If certain significant phenomena are not odogrrat the station give the
direction and distance if possible from the statibthe phenomena.

Significant differences of visibility in diffent directions, e.g. at coastal
stations marked differences in visibility often ocdetween seaward and
landward.

When unusually heavy falls of rain occur ibi$en useful to make a special
measurement of the amount of rainfall that fallstbese occasions and to
record the rainfall amount and the times of its s@ncement and cessation.

Always record the depth of snow whenever iterevthe ground at the station.
Take care to distinguish the depths, e.g. freshvstepth as opposed to the
depth of snow that has accumulated over a numbeay.

Optical phenomena, e.g. halo, corona, mirage, e
Earthquakes and aurora.

Included in the remarks should be notes onafiefe instruments, doubtful
observations and missing observations (especialyimental).

A note should always be made if the grass mimmthermometer and/or earth
thermometers were buried in snow when the climgtod observation was
made.

Record when any new instrument is installecaorold one withdrawn from
service. Also note when any instruments are shifieinew site.

Dates when instruments are overhauled or regair any way must be noted,
together with details of the actual work done.

Dates when muslin and wicks changed.

10.3. Instrumental observations

10.3.1. Raingauges

See the section on rainfall elsewhere in this mhfondurther detail.

It is the reading from the manual gauge that isidse the official records. Read the
manual gauge to the nearest tenth of a milliméifieen recording the reading in the
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Field Book it is most important to insert the dealmoint this is to avoid confusion,
for example between 2.0 and 0.2mm.

Change the chart on automatic raingauge. Ensuteath#he required details are

entered in the appropriate spaces at the headcbf daart, especially the times on
and off. These must be shown to the nearest mimutgder to obtain a reliable

check on the times indicated by the trace. Inspaicfall trace on the chart that is
removed for any instrument faults, e.g. blockednkinetc. Check that there are no
marked discrepancies between the total rainfalbneed on the chart and the total
measured from the manual raingauge. If any fauteigcted the fault should, where
possible, be corrected without delay.

10.3.2. Reading screen thermometers

See the section on temperature elsewhere is tmsiah#or further detail.

Open screen door and read all thermometers to ¢heest degree and tenth of a
degree in the following order:- dry bulb, wet butbaximum and minimum. Record

the readings in the field book then recheck allrimmneter readings for possible
reading errors. It is very easy to read a thermemkt5 or 10 degrees in error.

Under normal conditions the screen minimum thermemesading will be higher
than the grass minimum thermometer reading. Thezehawever occasions when
the reverse situation occurs. It is therefore irtgourthat on such occasions care is
taken to ensure that both readings are genuinenahdhe result of an incorrect
reading or a fault in either thermometer. Neithegrtnometer is to he reset until
both have been read and compared for this anonfatyis found, then recheck both
thermometers for reading errors and instrumentgaifl the anomaly is con-firmed,
please show the following abbreviated note in tRerharks" section of both the
field book and climatological form "Min. temps rbexked" . This note is of great
assistance to the Climate Databank when summanmsorghly records.

Before resetting the maximum and minimum thermonsetearefully inspect both
thermometers for faults. Faults can develop attang, and it is most important that
observers can visually recognise these faults as ss they occur. It is equally
important that observers know how to correct thieadgts and how to record the
appropriate entries in the field book and climagidal forms when they occur.

Maximum thermometer faults
See the section on maximum thermometers in the @amtyre chapter for further
detail.

Minimum thermometer faults

See the section on minimum thermometers in the e¢emtpre chapter for further
detail.
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Breaks or bubbles often form in the spirit colummdoops of spirit will form in the
upper portion of the capillary tube, or in the exgian chamber at the top of the
capillary tube.

NOTE; Whenever a new screen or grass minimum thermonteteceived through
the post it will almost certainly have bubbles, dkg or drops of spirits in the
capillary tube due to the shaking received while thermometer was in the post.
Therefore do not put a new minimum thermometer uge until it has been cleared
of the faults described.

If a fault does occur the temperatures indicateldl lve incorrect. Therefore record
the indicated temperature in the appropriate spémebefore setting, and draw a
circle around it thus_9.8. Record the reason fds tthoubtful reading in the
"Remarks" section of the field book and climatotadi form for the day(s) con-
cerned.

If no faults are found then reset the maximum andimum thermometers and
record these reset readings in the field bookhdfthermometers are reset properly,
the reset readings should he either the same\aglon half a degree of the dry bulb
thermometer reading at the moment of resetting, Md/iee differences between the
reset values and the dry bulb thermometer are ggréain one degree, observers
should carefully check that their resetting procedu agree with those
recommended. If there are still problems contactryearest NIWA branch office.

Wet bulb thermometer

See section on wet bulb thermometers in temperatapter for further details.

Check water level in water bottle artdp up if required. Never allow the water
level to fall below the half full mark, Always "togp" the water bottle after reading
the thermometers - never before.

Check that the muslin on the wet bulb thermomefgears reasonably saturated
Sometimes insufficient water reaches the muslintduéhe water level in the water
bottle being too low; dirty muslin and wicks; watéottle set too far from
thermometer (correct distance about 2.5-4.0 cmp lémrms in wicks allowing
siphoning; muslin not fitted around bulb properiytbe incorrect number of strands
of cotton between bottle and muslin (should berdnsts).

At least once every week replace the muslin andksvidhis should always be
done after the wet and dry bulb thermometers haenlvead. Once a week it is a
good practice to clean out the water bottle anil reith clean water.

Should the water in the water bottle and/or onrtheslin and wicks be frozen at
the time of observation, instructions for overcognihis problem are contained in
the temperature chap ter.

If an observer is unable to obtain a true wet btdmperature when the air
temperature and/or wet bulb temperature are belewzing, record in the field
book and climatological form the indicated wet brélading and draw a circle round
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it thus - 3.2. Then give the reason for this doubteading in the "Remarks"
section.

10.3.3. Grass minimum thermometers

See the section on grass minimum thermometerseinetmperature chapter for fur-
ther detail.

Read the grass minimum thermometer to nearest elegrd tenth of a degree and
record the reading in the field book.

Check for possible reading errors. If any readiagssuspect record the temperature
indicated in the space for "grass minimum befotérsg and draw a circle around
it thus 7.6. Record the reason for doubtful gragsimum temperature reading in
the "Remarks" section orate field book and climagotal form for the day(s)
concerned.

Do not reset this thermometer until after the scnegnimum has been read or vice.
versa.

Each time the grass minimum thermometer is replaceils supports after resetting,
ensure that it is supported 2.5 cm (1 inch) abbeegrass. If not, then trim the grass
until the minimum clearance is obtained.

10.3.4. Earth thermometers

Refer the section on earth thermometers in the ¢éeatpre chapter for more detail.

Read earth thermometers to the nearest degreeeatiddf a degree and record the
readings in the appropriate spaces of the fielckboo

1n the event of snowfall, the snow should be cdlseftemoved for taking the
readings, and then replaced to the original deftimote to this effect should be
shown in the "Remarks" section of field book anidheltological form.

During winter at those locations whefeost heavingis a problem, check that the
soil immediately underneath the horizontal stemghaf 5 cm, 10 cm and 20 cm
earth thermometers is not in contact with the stems

Check that there are no breaks in the mercury catuofi the right angle 5cm, 10cm
and 20cm thermometers. Breaks often occur in thecumg column near the right
angle bend of the stem.

If any water is found in the earth thermometer tuttes must be dried out.
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10.3.5. Barometer

See the chapter on barometers for further detail.

Where a mercurial barometer is in use, it musthieelast instrument to be read, and
it should be read as close as possible to the stdetdime of the climatological
observation. The barometer is read to the nearestenth of a hectopascal and the
reading entered in the appropriate space in thil fimok together with the
corrections and calculations of the cistern level/ar mean sea level pressures.

On completion of reading a mercurial barometer gbweheck that the pressure has
not been read 1, 5 or 10 hectopascals in errornTkeeheck all corrections and

calculations. Where a barograph is in use, thespresrecorded by this instrument
affords a cross-check on the barometer reading.

10.3.6. Sunshine recorder

See the section on sunshine in the solar radiatiapter for further detail.

Change sun card. Whenever possible sun cards sheutthanged after sunset or
before sunrise. Where cards are changed at theat@liagical observation time 9

am, care should be taken to enter the date andthismeard is put on and the date
and time the card is removed from the recordero Alghe sun is shining when a

card is changed always mark the end of the burh svipencil.

NOTE: _This applies to both the card which is being ta&Hrand the card being put
on.

Unless the record is marked thus it is not posdiblmeasure the daily duration of
sunshine accurately. Separate totals of sunshinatido for each date should be
clearly recorded on the backs of all cards.

Ensure the station name is on the back of each card

10.3.7. Solar radiation recorders

See the section on radiation in the solar radiattwapter for further detail.

Where a long period type solar radiation recordggpf{ey) is in use, it should be
time marked as close as possible to the standaaldf observation. The time to the
nearest minute must be written alongside the tirmgkm

Check that the glass shield that covers the raxfialement is clean.

Check the radiation record for the previous 24 bdor possible instrument faults.
If any are found they must, where possible, beezted without delay.
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Cup counter anemometer

Read cup counter anemometer to whole kilometreyg @mdl calculate the kilometres
run each day by subtracting yesterday's readingn ftoday's reading in the
appropriate space in the field book.

Anemometer or anemograph

See the chapter on wind for further detail.

Where a remote indicating wind vane and/or a cupeggor anemometer is in use,
the indicator dials should be observed for upward2 to 4 minutes and the mean
direction and speed assessed.

If an anemograph (daily or monthly) is in use theam wind direction and speed
should be assessed over the period of about 10tesinonmediately preceding the
time of observation.

When reading either of these instruments for a alaiogical observation the mean
direction (true) is read to the nearest 10 deg(@&s01, 02, 03, etc) and a Beaufort
Force number is selected which is applicable tattkan speed.

The anemograph should be examined to obtain thieoR4-maximum gust and the
occurrence of gales.

Where a monthly anemograph is in use, the recorst he time marked daily by
swinging the speed pen sideways. Record the datdiame to the nearest minute
alongside the time mark. Add ink to the reservdirsquired.

Check the previous 24 hours record for any faulfssually check that all
mechanical and/or electrical parts of the instrunaga functioning properly.

.Pan evaporimeters

See chapter on evaporation for further detail.

Read tank evaporimeter and calculate the evapaordtio adding rainfall, if any,
today's total, then subtract yesterday's total fonisiin the appropriate section in the
field book.

During winter the water in the evaporimeter tankyrfr&eze or may be covered by
snow. In either case it may be impossible to obtaireliable measurement of the
water level. On these occasions record either &inbor 'snow" in the section for
evaporation in the field book. In the climatolodifarm please enter a dash for the
day(s) concerned.
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At other times it may be possible to obtain a §ati®ry reading by breaking the ice
(providing it is not too thick) into small pieceSare should be taken not to splash
water out of the tank or to leave any ice adhetimghe tank walls. In order to
measure the water level any ice and/or snow instiing well must be removed
and placed in the tank. Where this procedure id te®btain a measurement, a note
to this effect should be shown in the "Remarks'tisacof the field book.

Occasionally tank evaporation daily measurementsvsh "gain" instead of the

usual’loss of water from the evaporimeter. Under some cirdamses a tank may

collect more rainwater than does a raingauge. lfaes, remeasure the water
removed. For this to be possible, any water thaterhoved should always be
retained in a bucket rather than be thrown awathiff is done then it is possible to
recheck measurements when this anomaly occurse lahomaly is confirmed, then
show the following note in theemarks" section of the field book and climatolagic

form "Evap. rechecked" . Also enter the word "missing'thia space for the daily

evaporation in the field book, but on climatolodiEarm 301 record a "dash" for the
days concerned.

10.3.11. Thermograph and Hygrograph

See temperature chapter for further detail.

Time mark both instruments by depressing the pendightly. Record the time of
time marking (to the nearest minute) in the apgedprspaces in the field book.

On Mondays when the charts of these instrumentclaaeged, ensure that all the
necessary details are written on each chart dajiols name, dates times on and off
(to the nearest minute) and control readings -kifp temperatures on and off and
relative humidity off.

The clock of both instruments should be fully wouadd the pens inked at the
beginning of each week's record.

The thermograph pen should be set to read the aartiee dry bulb thermometer at
the time of starting the record.

During the winter months (May to September) at éhostations where air
temperatures are likely to fall below -5°C., but fmwer than -15°C, the following
action is to be taken in order to avoid loss ofordcdue to the pen "going off the
bottom of the chart".

(a) Change from thermograph chart Met. 525 (tentpegascale -5°C to 35°C)
to thermograph chart Met. 526 (scale -15°C to 25@j adjust pen. to read
correctly for the new scale,

or

(b) At those stations where thermographs charts b6 are not available, the
temperature scale on thermograph chart Met. 526ldhme amended to read
-15°C to 25°C and the pen adjusted to read coyréatlthe new scale.
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After making these changes observers should chectetmperature record each day,
and if the tendency is such that there is a risthefpen "going off the bottom of the

chart then the pen should be raised 5°C and the scaémaded to read -20°C to

20°C from the time of change.

The pen of the hygrograph must be readjusted @ 98&o. This is done by wetting

the hair element with distilled or rain water usemgamel hair brush. Once the hairs
are saturated, remove superfluous drops, then taijgagpen by altering the setting

screw on top of the hair guard on the "chimney'tgrat hygrographs or the thumb

screw extending from the guard cage of the compedsaattern hygrographs, until

the pen reads 95%.

10.3.12.Earth thermograph

Where Earth Thermographs are in use, the recorduldhbe time marked
immediately after reading the earth thermometetdstha time to the nearest minute
recorded in the space provided in the field books.

On Monday mornings, the earth thermograph chantlshioe changed, and the clock
wound. Ensure that all the required details ardt&mion the chart including the

times on and off which should be recorded to tharest minute. The earth

thermograph should be set to the same readindweappropriate earth thermometer
temperatures.

10.3.13Barograph

See chapter on pressure for further detail.

Where a barograph is in use at a climatologicadiastahe only requirement is that it
be time marked. This is done by depressing thesftightly (not more than 5 mm)
and recording the time to the nearest minute inappropriate space in the field
book.

On Monday mornings the barograph chart should l@mgéd, ink added to the pen
and the clock wound. Ensure that all the requirethits including the appropriate
pressure settings on and off are written on thetcdiathe spaces provided. The
times on and off should be recorded to the neanesite.

At the beginning of each record adjust the peresmreither cistern level pressure or
mean sea level pressure as obtained from the nyebarometer. Stations that are
less than 60 metres (200 ft) above mean sea leMesat their barograph to read
‘mean sea level pressur8tations at elevations 60 metres (200 feet) arenadbove
mean sea level will set their barographs to re&tem level pressure

10.4. Calculations

e Calculate relative humidity using Relative Humidilyable (Met. 325).
Instructions for use of this table are printed loa tront page of the table. See
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temperature chapter for further detail. This caltioh is done automatically
by the Database and this instruction is intended tfmse who wish to
calculate humidity for their own use.

« When calculatingkilometres run'ensure there are no errors when 9999 is
passed.

« Ensure that when rainfall occurs it is includedtire calculation of tank
evaporation.

* Where the sun cards are changed at 9am ensurtaehaddaily sunshine total is
obtained from the correct two cards.

10.5. Completion of climatological form (Met 301)

The information in this Form (Figures 1.3a and 1\8Hl be entered into a computer,
and it is essential that all figures be made nedtlegible, and that entries be made in
accordance with the Instruction as detailed below.
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MET. 201
Ed 3 (1893}

Daily Climatological Observations at 0900 Hr Instrument Readings
Station CL)FISA‘(‘Lu,CL Qéfc Lat ‘1’3 25, S Long. 1z 3 W Yearl.-!.‘..j..cjﬁ Mon:h...mAC%j,,,d,_‘

NOTES: 1. For deails on how to complet2 this form refer to the Manual of Instructions.

pReTON Ho: | sl 2. Rainfsll, maximum temperatura, wind run and evaporation read at 000 Hr
{i.e. the local clock time} must Se ente ered 10 PREVIOUS day.

H 3|2]l L‘L!g‘ i C[ ‘3 Olg & i< A.IL columns shouid be added znd the totals ent tered in the next tc last row.
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Figure 10.3a: Form Met. 301 (instrument readings)
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Daily Climatological Observations at 0900 Hr Visual Observations

X ; /
Station ari?’d‘ldrd’l &70 Lat It3c'2‘7 ,q Long ‘7203 2 E Year lﬁg Moanth MQ;/

NOTES: 1. For details on how to complete this form refer to the Manual of Instructions.

STATION M. Yean | monm 2. Columns should be added where possible and the totals entered in the last row.
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The completion of this side of the form is optional - 147536 —2,0007 93 MK

Figure 10.3b: Form Met.301 (visual observations)
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10.5.1. Form identification
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Enter the Station Name, Station Number, Latitudenditude, Month, and Year, in
the spaces provided at the top of the form.

Each Station is allocated a Climatological Statiddumber based on its

Latitude/Longitude.

10.5.2. Entry of data

Transfer the readings from the Field Book to thet.M&01 as per following

instructions.

The following, where applicable are required toeéered onto the Met. 301:

Element

Rainfall

Temperature (dry bulb, wet
bulb, maximum, minimum,
grass minimum, 10 cm, 20
cm, 30 cm, 100 cm (Earth
temps.)

Earth Temperature (5 cm)

MSL Pressure

Sunshine as evaluated

Entry procedure

Enter in millimetres and tenths.
NIL rainfall leave blank or enter as four dots.
Rainfall less than 0.05 mm, enter the word TRACE
Accumulated rainfall. Indicate by bracketing days o
accumulation. Enter all high order zeros.
e.g. rainfall of 52.3 is entered as 052.3

rainfall of 0.2 is entered as 000.2
NOTE: enter

Enter a degrees and tenths Celsius.
Enter a minus sign in the column provided to inthca
negative temperatures. Enter all high order zeros.
e.g. a temperature of 10.2 is entered as 10.2

a temperature of 7.3 is entered as 073

a temperature of 0.1 is entered as 001

a temperature of -1.4 is entered as -014
NOTE: Enter Maximum Temperature read at 9 am to
previous day. All other temperatures entered to day
of observation.

Enter in spare columnipgealafter column 75.
Head column “EARTH TEMP. 5 cm”.

Enter the last 3 digits of pressulaeg
e.g. a pressure of 1012.8 is entered as 128
a pressure of 1000.0 is entered as 000
a pressure of 986.5 is entered as 865

Enter in hours and tentbalinmn provided. Enter
all high order zeros.
e.g. 3.1 hours is entered as 0.31
nil is entered as 000.
NOTE: Enter sunshine to previous day, i.e. the day it
occurred.
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10.5.3.

Element

Radiation

Wind daily run

Maximum gust

Evaporation

—NIWA __—

Taihoro Nukurangi

Entry procedure

Enter data from the evaluated recordeEnttenths
of Megajoules, with high order zeros.
e.g. a value of 72 is entered as 072.

Enter in whole kilometres with highder zeros.
e.g. a value of 95 is entered as 095

and 1035 is entered as 1035
NOTE: Enter 9 am value to previous day

Enter direction in tens of degreeshvaigh order
zero.
Enter force (kt) in units with high order zero.
e.g. Direction 080° speed 9° knots entered as
08 09
If speed greater than 99 knots enter value asigdig

Enter in millimetres and tenths, withhhorder zeros
entered.
e.g. a value of 0.9 mm is entered as 009.
NOTE: Enter 9 am values for previous day.

The following are optional and are entered on #nerse side of the Met. 301, if

desired:

Element

Cloud amount

Visibility

Wind direction

Wind force

Days of occurrences

Snow depth

Entry procedure

Enter amount in digits 0 to 9

Enter code in digits 0 to 9.
If unknown leave blank.

Enter in tens of degrees. Enter logler zeros where
applicable.
e.g. Direction of 90 degrees is entered as 09.
If CALM enter 00
If VARIBLE enter 99.

Enter Beaufort Force Number in digiteoQ.2.

Enter an X to indicate any metige during the day.
If no occurrence leave appropriate column blank.

Enter in centimetres, with high ordeoge
e.g. a depth of 5 centimetres is entered as 05

Completion of Met 301 at end of month

To complete the climatological form (Met. 301) la¢ tend of the month the Rain-fall,
Evaporation Maximum Temperature, and Wind Kilometas read at 9 am on the 1st
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of the following month are needed. All these regdishould also be entered in the
special space provided on the last page of thel Bebks.

Procedures for completion

Sums: Add all data columns and enter the sumbédnspaces provided. Totals are
used as a check on data transfer to the computer.

NOTES

(a) Totals are not required for snow depth.

(b) In Cloud Amount total, do not add 9's (sky alred, cloud amount unable to
be observed).

(c) Sums of MSL Pressure. When forming totals itessential that correct
account be taken of pressures less than 1000.0thipanot possible to obtain
a correct total first by accumulating these valiregshe normal way. The
procedure to be followed in this case is to addptfessure values and then for
each value of 1000.0 hpa or more add 100 to tlad tfter dividing the Total
by the number of observations it will then be neaeg to add 900.0 hpa to
obtain a correct mean pressure.

For example: pressure values 02.2
90.1
18.4
Sum = 110.7
2 values greater than 1000.0, therefore + 200.0
310.7
Mean = 310.73 = 103.6
+900.0
=1003.6

Means

Calculate the means by dividing the totals by thmlber of observations and enter in
the spaces provided.

NOTES:

(a) Calculate all means correct to 1 decimal plekeept for Radiation and
Wind Run which are to be meaned to the nearestevhoiber.

(b) All means are to be rounded up e.g. A totaB@7.5 with 30 observations
gives a mean of 10.25, and this is to be enterdddecimal place as 10.3.
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10.7.
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(c) Do not compute means for Rainfall, Sunshine, xivaim Gusts,
Evaporation, Visibility, Wind Direction and ForcBays of Occurrences, and
Snow Depth.

Missing or doubtful values

(a) Where the daily values in any column to be samsed are doubtful
(denoted by a circle drawn around them) they atetmdoe included in the
total or the computation of the mean.

(b) Where any wet bulb temperature is missing arldful e.g. "frozen", then
the dry bulb temperature for the same day must bklscomitted when
totalling the dry bulb column and in the computataf the mean.

(c) Where either_eleven or more individual or fieemore consecutive daily
values in any column to be summarised are missirtpuobtful, no attempt is
to be made to obtain a total or compute a measuoh a column.

Returning climatological records

After the Met. 301 has been completed it is postegther with the Field book and
any charts in the prepaid envelopes supplied by AllW is essential that the sun
card and the raingauge chart removed on th&f the month is included.

Supply of forms, envelopes, etc.

These are sent out to all stations once a yeatlysimut July.

If stocks of forms are insufficient, additional ks may be ordered at any time from
your nearest NIWA branch office.
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Taihoro Nukurangi

National Institute of Water and Atmospheric Research Ltd MET. 201
Ed 3 (1523)

Daily Climatological Observations at 0900 Hr Instrument Readings
swtion Christcbhareh Aere 1435225 Long 172532 ¢ vearlI93 Month Mag..

NOTES: 1. For details on hewr to complet this form refer to the Manual of Instructions.
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3|
Daily Climatological Observations at 0900 Hr Visual Observations

s
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NOTES: 1. For details on how to complete this form refer to the Manual of Instructions.
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