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SUMVARY

A hydrological study has been made of the effects of vegetztion
on water yiela in the Central Plateau catcbments of Tasmania. The
analysis has measured the efficiency of highland vegetation in strain-
ing out small diameter water droplets, both liquid and frozen, that
prevail in low cloud, mist and fog. Run-off from experimental.
has been compared with fog deposits in gavges built to quantify the
potential importance of small diameter droplets over large areas.
Evapotranspiration losses of water have been examined, and the effect

of a severe fire on run-off has been analysed.

Gauges built to collect fog dxroplets, but exclude rain, have
indicated that thke potential input frem foliage straining out fog
droplets is negligible below 900 m. (3000'), of doubtful significance
fromn 900 - 1050 m. (3000% « 3500'), and of potentially great impor-
tance above 1200 m. (4000'), DBeposits were strangly correlated with

altitude, season of year, and rainfall.

Run-off plots have been constructed up to 390 sq. m. (4200 sq.
ft.) in area, and large tipping bucket gauges have been designed and

built to measure run~off. A large plot at Lake Augusta (11CO m., 3700%)
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has enabled run—ofT Irom small diameter droplets to be correlated with
deposits in the fag zsuges. 4 tentative converzion ratio from fog
gauge to run-off of 1:1 has been established unier conditions o

ecuel exposure. It has nol been passible b0 directly extrapoiate
this data to a complete caztchuent because of differences in exposure,
vegetetion tyre znd altitude. If vegetubion was 1/10th as efficient
ever large areas as the fog gauges, then run-2if from fog, mist 2nd
cloud would average 1" per year at Leke .jugusta anl 7" per year 2%

Pine Lake (1220m, /4020'),

Analysis of streamflow records from cetchments barnt by a severe
fire in 1960-61, wnich razed the nighast arxd most exposed vegetation
over 312 sq. km. (120 se. miles), including four sepserate catchments,
has supported the above results. Evidence is presented to show that
in the pest fire deeade, run-off kos bewn reduced Gin the Quse, Nive
and Fisher catchments by 109 mm. (4.3%), 58 mm. (2.3") and 69 nn.
(2.7%) per year respectively. In the lowver Travellors Fest cabchreat
a slight average increase of 8 mm, (0.3") ner year hag bsen recoerded

after the fire.

Evepotranspiration losses of water from the Centrel Plateeu have

been estimated from a number of methods. Egtipztes based on empirical

fermulae relatdine evapotranspiration to temperature, wen evaposratian
and net radiation nave bzen shown to he misleoeding hecause of the

complex relationship between air pressure, availabir energy and

= ol L3 '
cvaporevlolls  x crude analysis of the weter budset on Centrel Plsteau

catchments sunterts a theorsticel expectation of asproximctely 740 uem
@ - debla R, RSy e ' @

(30") evapotranzpiratien loss per year.
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IATREOCTION TN THE R TR.LL PLLTALU

The Central Plateau of Taswaunia comprises the main weter catenment
in the Stete for the production of hydro~electricity. The plateen ins a
fairly clearly defined unit, with sharo boundaries in the north, east
and west, where pigh fzult scarps, 600 - 1000 metres in height, have
resulted rom Tertiary faultinz (Carey, 1947). Along the northern end
wvestern margins eltitndes sre generally above 1200 m., with vecks to
1450 p. The rlateau declines graduslly in height to the southeest
and south, whare a bsuniery is more difficult to define. Approximately
600 m. is commoaly accevited as a convenieat boundary for the lover
margin, for here scarps occur, although they are less clear than the
high ard continuoue scervs of the Great Western Tiers marlingz the
northern becundary, The totzl area of the Central Plateaw exceeds 5030

km., which includeg 320 sn. km. above 1270 m. in altitude, 2nd 3109

km. abeve 900 m.

Topographically tharere is a big difference between the west of tne
platecu, which was covered by an ice cap durinz the Pleisteccene, and

the ceatre and east. The western part is characterised essentislly by

(o]

a gentle decline in heizbt soutn-—eastverrds from a hay 1rin on the

northern

s

ni western merzins Projecting above thne genersl eurface

are a number of peeske, and locel relief is steeply undulatiog in the

north, aouth-vest and west, convzred t- the area in bebween, vhore

drainzge ie rore indeterminate. The western portion of the plateau

contains over 500 lakss of one hectare or more in extent, in a genexal
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Clacial History: Thne pattera of glaciation on the plateau is vell

A M

documznted. (Jennings 2nd Lhemad, 1%57; Derbyshire et el, 1555

\J
-

. large elongated ice cayn coversd aearly

b

Banks ~nd Derbystire, 1973).
21l o the western cide of the platesn. Thare ves a mejor ice divide
running roughly sovibvest-northesst, from spproxirptely Lake Tococrah

in ths southwest to Forty lLakes Penk in tha north. To the west of

the divide, ice Tlowved throurh the Walls of Jerusnlen neirshhournocd

to the Merser and Fish Valleys, and ever the scavrp in the northuecd
into the Little Ficher and Fisaer Valleys. In the north and northeast
it toppled over the Great ‘'estarn Tinars at many peintc.

e

On tne oppozite Zlenk of bhz iee 4

ale

wid2, novenent was outyarls
in a rouzhly radial plen. It ic thonght thst small mveas rrodected
throgzh the ice ecap as nunataxs  (for exenple, Clumner 3afe,

Hovells BLUES, Cebhedrel Youmbaip, Turrarm Blutl 2ad Festenn R )

altlfouwsh abhay »eshs seach af the Wells of Jerucales, wara ceynlakely

overridden. (Jenninzs =a3 lhmad, 195%),

The erosional morpholszy nroduced by the ice is evideat in tla

dolzrite jointiaz. In maay rocha mountonnes 2nd nills ean be se2aa

-

5 + A s v Retal o] o]
smoothed, gradasl slopes which show She dirsctisn of ice anmrasch

q = - 3 3 : b H
and steep, almost vertieal, cunrricd faces whicoh have bzea prodiced
whiste tne dre moved mway frofd fos voek. Sonme cir-ue 1i-

can o2 reen on tha rlatera, such as noar iasls

Lake Yennder,

'11!' ~
The vestern lsies h-ve been form2d in a numboy of 2iffersns e

L=

(73}



associated with the glaeciatlon. Those of simple origln, s1ich as
Rocky Lagoon, Lake Bobtsford and Clarence Lagoon, were formad from
devosition of morainal material, Cevtain of thase simplc leakes,
for example Doudle Lagoon and the Bar Lakes, are almost divided by
ice pushed rampzrts of sond and boulders. Other simulz lekes hzave
resulted {rom nlacial overdespeainy nnd tha majority of these are
small and unnared, beiag surrounied 2ilmast eatirely by reck., Lake
basins, dus to the mslting of ice blacks, ars uacomidn
althouzh some small lakes south of Lake lameless are believed to be
caused by ice blocis melting in morainel deposits. (Jenniags 2nd
Lhmad, 1957). liost of the lerce lakes have a commound origin, with
both erosional overdecpeniag and deposibional, movainal features,
amples include Ink2 Ada, Lake .uguste, Lake Ina and Travellors Fest

Lake.

The ice cap did not extend to the eest beyond Liswenee
(acoroximately), and the origin of lakes on the eastern platesu is
vnelesr. TFairbridge (1943) assigned Lale Bcho mrimerily to tectonis
subsidence acvross btne fall of drainage. It is nob knoun if the large
eastern lakes arnze from a previous glacistion, with consequent
infilling of smell laxes so that
if tectonic forces wers responsikle. Jeanings and lamad (1257) asve
discussed the contrast in oricin between western =1d eastern sections
of the platesu. Davies (1965) pointed out that the eastern lskas

canlid st &ieily be explzided BE oy wilbsiddenses

-al

29logy: The Central Flavesu is geologieally dominated by

.

- o Nk & " ; 4 ;
olerite, wolch was intraded, vith accompraying faulting, in Jurassic

dolerite was intruded iato Permian ann Triassic sedinents,

as sheets or sills (Fairbridge, 1948; Prider; 1947; Yalsey, 1953),



In the iesazolic aad early Terxrbti-~ry, the country was neneclained uaznil
the dolerite was exgosed over most of thz plate-u. Small arsas of
Permian and Triassic ssndstonezs, mudstonzs snd shales remz2in in tee

south = ceantral localitiese.

The psneolain wes black faulted durin; the m d Tertiary, waen
the nlztesn vas uplified and defiazd. In the late Tertiary, voleanic
activity poured baszlt into many of tas velleys. The mein basalt

outcrop at present underlies the Liszwsnee plaing, wher the serie

D]
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rances from columnar basalt to scoriaceous hasalt, punice and

tachylgte brsccias. (Voisey, 1949).

The dolerite is everywhere shatiered by vlancs of weakness,
including joints, shear planes, and faults (Jzanings end Aumad, 1957).
Outcrops occur frequently in the western helf of She plateaa,

particularly along ridge tops, and alsng toe northern andwestern

9]

edges of the plateau, mvidence of lce abrasion end plueking, csa

o

e

Ly

be seen almost ever—shere aad rouche moutoniess ore
s snd friction cracks saliing from ice movemer nsve 1

rooves snd friction cracks, resaliing from ice movement, e not

bzen preserved. This is presumably due to chemical weathering.

(Jecnings and Ahmad, 1957).

Soils: Soils througnocat the plateau are infertile and stroagly

acidic., Mo systemstic study or classificntisn of the soilg h

as
T A I 1 2R i '..u TR .. < o J: L2 Rl ;. ok .... S O
talcen mlace, and in general little is known uf the mecheaieal ani

chemical corposition of the soils.

ilicolls and Dimmnck (1965) brosdly classified tne soils inio

= - - an= s
reqguent. Striztions



Llpine Humus Soils and kioor Peats. Ihe Alplue Humis 3oils are sscoclated
with pereglacial solifluction deposits, and consist mainly of dolarite
(5 s, s
Tragments and boulders in a mabtrix of moterial varviaz in colouy [ronm
o (=]
brounto red, and ia texture from sand to clay. Profile develooient is
often limited to the surfaee inonrooration of orgzenie matlar, wiich
£ [&] 2

increases vwith poor drainage. f[he amount of ston> embedded in the s0il,

is everyuhere considerable, especlally necr the surface, where it is the

result of continued Trost action.

Soils overlving the besalt »f the ldewvenee plains are gimilarly

shallovw and infertila. The suxr»Tace of these solls coninians few gion

’
&)

3

fragments. A hard pan at an average of approximately 30 cm. depth

overlies broken baszlt bedrock.

In the flat valleys and olains where drainage is impeded, soils

are vet throughout the year and peats hswe developed to an evera®

~ el

genth of aboat 30 em.

Vegetation: The pattern of vegetation on btne Centiel Pletesn
conplex, with rapid changes in structure caused by mieroclinmatic
differences in relief, exposure; and frost severity, as well zs fire
history end soil drainage. Detziled Qescriptions are given by Jackson

(1972, 1973).

The high vestern nortion of the plrmieau, with whica thig 4 iv4y

. \d

.

is primarily concerned, is coverad with 7 easeniinsl vegmetation prues:



1. Voodland. Eucalyptus coccifera woodland, with scattered

E. suberanulatz, occurs extensively on the freely drained slopes west

of Great Lake. Tree height varies up to 15 metres, according to exposure.
The understory consists of a complex mosaic of shrubs which vary greatly
over small distances. In the absence of trees these shrubs form ex-

tensive heath formations.

Athrotaxis cuonressionides, coniferous forest occurs in restricted

localities beside watercourses and in sheltered sites beside lakes and
tarns. Several attractive groves occur near Mt. Jerusalem, where trees

up to 15 metres high form an open canopy above Poa labillardieri grass-

land understory.

2. Tall Heath. Extensive areas of tall heath, gradipg into low
beath and microshrubbery, occur over all sites except very poorly draired

localitiese. The main species are QOrites acicularis, @ revoluta,

O pinifolia, Helichrvsum hockeri, Olearia algida, Eichea scoparia,

R. gunnii, Microstrobus niphopholus, Diselma archeri. Height is variable

up to 3 metres, and species constitution varies with drainage and fire

frequency.

3. Low Heath. Low heath, from 10 cm. to 1 metre in heighb

comprises predominantly Bellendena montana, Grevillea australis,

Beackea gunniana, Oxylobium ellipticum, Richea acerosa, Richea sprengelio

8ccurrence is generally on sites with summer water stress, although a

complex pattern is evident.

Le Microshrubbery: This consists of a mat of prostrate

vegetation in exposed habitats. On freely drained sites dominant



planbs are ronotoca cmpetrifolian, Exocarpus humifusum, Cyathodes dealbata

ond Fentzchondra vumila. On poorer sites with restricted drainage

Pornebtvn boamanics becomes common and the association grades into bog

and bolster wmoor vegetatlion.

5. Bolster Moor. Bolster moor vegetation consists of extremely

densely pecked aggregations of shrubbery, with a uniform surface, forming
a compact cushion a few centimeters above ground levela Many species
within the cushions are morphologically very similar, although frequently
from different families. The bolster community inhabits the most poorly
dreined arcas of the plateau, and actively grows towards sites of water
movement, with the result that it further impedes drainage and censtantly

changes the direction of movement of small streams.

=P g, S

forsterioides, Pterveopzpous lawrencii, Donatia novae—-zelandize and

Draconhvllum minimun.

6. Bog. Bog vegetation intergrades with the Bolster moor
comnunities in areas of impeded drainage. Species are dominated by

hAstelia alpina, Restio australis, Caloropbus lateriflorus, Crecbolus

pumila, Celmisia lonrifolia, Helichrysum pumilum and Ewartia spp.
7. Grassland. Grassland occurs in moderately well drained

soils, esvecially in frost hollows. Poa labillardieri is the dominant
species, forming tall tussocks in the absence of fire. Poa gunnii,

Ranuanculus nanus, Celmisia longifolia and a number of other herbs occupy

the inter tussock spaces,
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tral Platsau water catchments.
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¥isher River at lave Yackanzie
‘C;-l.lsc fver av Lake jugusta.
xive River a% Pips Tier l.agoon

. b ’ .
Dersent River st Lake St. Clair.



The Central Plateau lakes comprise the hsadwalbers

of four of the Stale's major river systems - the Derwent, Mersey, Ouse .
and Jive., For tne purpose of this stuey, distinct catcrnments are
recognised, each being defined by the area sampled by streamilov

recorders operated by the Hydro Electric Coamission (H.E.C.).

isner River catchaent is
located in the north western corner of the Plateau., Its essential

characteristics are as follows @

Area: 78 s, ¥m. (30 sc. ml.)

Altitude: 1443 m. - 1080 m. (47221 ~ 346001),
Cover: lioodland 1%, toorland 937, ater 6:.
frea Burnb: 703

Anaval Stre=mflow: 175 an k65.9%)

Hydrological Eecerds: High accurscy streamfiow recorder sinc

1955,

Lons period reingnuge at Lele liackencie

since 1955. Site changed in 1968.

v

Yescrintion: The Fisher Tiver Cetcrment is the highest on
the mlatesu and experiences thz most extreme climete. Tihe nighest
portions are in the gouth znd east, where a range of hills ahove the
generzl plateau surface, runs from Mt. Ironstone in the porbi-eagt, to
Turrene Heights in the south-west corners Tyo orominent pro
Blue Pecks and Forty Lokes Peas w0 me.res and comprise the
nain bre-xs in the gradual decline in alti4ude to the north-est, vhare
the gencing station on the Fizher River ig instqlled baloy, Lake

Hackenzie.



5 Ouse River Cabchuaens. The Ouae Rivar geuging stavion is
-

located at Lisvenee, where the Liamwense  Caral diverts water from the

Ouse River into Great Lake. Escential charascteristics:

Area: 236 sg. km. (110 sq. ml.)

Altitngde: 1440 m. - 1080 m. (4,700!' ~ 3,600').
Cover: Voodland 5%, Yater 9%, Moorland 86%.
Area Burnt: 4%

tnal Streamflov: 110 cam. (43.2").

Hydrelegical lecords: Streemgauge with high accuracy rating
since 1922. Lake fugusts dam comnleted 1953. Lisvenee rainfall
records intermititent -« 1919 -« 1929, 1955 ~ 1971, Rainfall at L. juzuste
West from 1966. Rainfz2ll at L. Aususts East since 1966. FEvaporation

pan (imericeza Class &) installed at Liawenee in 1969,

Bescription: The southern boundary of the Fisher
Eiver catchrent limits the northern margin of the Ouse watershed, which
continues eastwards along ea chain of mountains from t. Ironstone to
¥ild Dog Tier. To the south, drsinage is more indeterminste, and the
border metween the @use catchment snd the Wive catchment 1s obscure

in plzces.

Lake Augucta, covering apnroximetely 12 sao. km., is the largest
lz2ke vitain the catcament and consists of two 2rms, of which the
ezstern extension is artificial.  The L. lugusta dam regulates water
into the Ouse which is tarnmed 6 km. sovnstream by the Liaveace canal.
Lake fnzusts nas 2n effective stors e ecuivalent to 7.6 en (3") ron-

of f from the cabtcnmrent snd ths Liavense conel ass g capacity emivalent

to 0.6 em (.25") run~off from the catcnment per day.



Pillans Lake ol 3 sa. km. and a ramification czlled Julian

o . c 9
Acea, of apuroximately L sq. km,, 2Te the only other large Lakes

=

within the catchment, although hundreds of lewsaw Lzlees gaed ponds

are present in thz western halfl.

3. Hive Hive ab. The Nive catehment is ke most

extensive on the Plateau, draining into Pine Ticr Lagoon:

Essential characteristics:

LArca: 733 sg9. km. (283 s3. ml.)

Altitude: 1440 m. = 660 m, (L700! - 2200!).
Cover: Forest 705, Meorland 284, Watzr 2%.
Lrea Burnt: 28%

Lnnual Streamflow: 79.2 cm. (31.21),

Hydrologicel Records: Streamflow records since 1953 -~
high eccuracy recorder. (Streemflow records zlsc available for Wive
at Gowan Brae since 1964 and for the Li.tle Pine River ovelow Lake Hay
since 1958. Lltnouzh constituting separate catchments, these staticns
have insafficincnt periods of record Tor the purpose of this study). o
raingauze stations exist within the cestchment vith more then 10 years

reccord.

Beseription: The xive catchment ranzes from the
exposed moorlnnd, north of i, Jerusalem where it joins the Quse
headviaters, throuzh open woodland ia Lhe intermediete zones, to dense
forest ncar fine Tier Lagoon. The itlive orizinntes in Lake Malbeens
2t 1,330 n. but a numver o2 tributsries droin other laZ%ss to the
north end south. Tasse include tne Pins Piver from Leke Bell near
Mt. Jeruszlem; the Little Fiver f{rom Three Arm Lake, and the Little

dive Fiver frem Lake In-z.



The calchiment contains inmuczraele small lalkes, especially in the
highest msorland, as well es 5 lokes with sn area exceedinz L 8. ke -

Laxe Olive, lake Malbeens, Lake Lenoae, Lake Horman and lele Ina,
b 2 2

e Travellors Fesh Catchrmont: This is a siall, meinly

foreated catchment srea in the southwestern corner ol bthe Platenil.
Water drning tiwrough the Travellers Kest L2ke into the Travellors Rest

River, which in turn flows into Lake King William.

Essentisl characteristics:

srea: 4644 sne kme (18 s2. ml).

Altitude: 1200 m, - 930 m. (4000¢ ~ 3100!),
Cover: Fovest 40%, Moorland 54%, liater 6.
Area Burnt: 324 (80% Forest and 203 loorlsnd)

Annval Streamflov: 161 em. (63.5%)
Hydrolozical Records: Higan accuracy strsamgauge recorder
since 1949. Lon3z period resingauge, rated on Lake St. Cleir

rainfall for montaly data since 1849,

Description: The northera section of the Travellors
kest catcament constibtutes part of the gemeral upper mlatezu surface,
characfierised Wy nwnerous lakes and tarns with moorland vegetetion.
This ranidly cnanges, as the altitude drops avproximately 600 m. to
the Travellors itest Lake, a large kidney shaped leize of 245 S 4ne
area. Vegetationbeccimes much taller, and dease evcalypt forest

predominates nzer toe lalke.,

The northern end of the leke has been glacially overdesieaad,

and a namoer ol moraines and an outwash plain lead ty 2 second



small lake at the southern end, which is appropriately called ''The
Park". The Travellors Rest gauging station is situated imnediately
below this, where the river begins its turbulent run through an incised

river course to Lake King killiam,

5. Leke St. Clair Catchment: This Catchment is only partly

included in a strict definition of the Central Plateau, but drains a
section of the Cradle Mt., - Lake St. Clair National Park that is

similar in most respects to the Plateau.

Bssentizl characteristics:

Area: 249 sq. Km. (96 se. miles)

Altitude: 1500 m - 720 m. (5000! = 2400!')
Covers: Forest 61%, Moorland 27%, Vater 12%.
Area Burnt: Nil

Annual Streamflow: 182.6 cm. (71.9")

Hydrological Records: High accuracy streamflow records since
1937. Rainfall records at Lake St. Clair since 1938. Evaporation pan
at Lake St. Clair since 1960, Originally an Australian Sunken Pan but
changed in 1964 to an American Class A pan. Sunshine hours, maximum and

minimum temperatures and humidity are also recorded at Lake St. Clair,

Description: The north-eastern section of this Catchment
drains from the Mountains of Jupiter on the Central Plateau. The
northern and western extremities are defined by the range of mountains

constituting the Du Cane Range - Falling Mt., Mt. Mossif, Walled Mt.,

The Parthenon, The Guardians and lt. Gould. Mt. Manfred
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PLATE 2. Ouse River Catchment. Dead Pencil Pine west of Pillerns Lake.



PLATE 3. Ouse Kiver Catchment. CSecond Bar Lake from fild Dog Tier.



Dead Eucalypts wast of Lake Faany.

Nive River Catchment.

PLATE 4.



Lake Ball near IMt. Jeruselem.

Nive River Catchment.

PLATE S,



PLATE 6. Nive River Catchment. View from ILayatinna Hill looking west.



PLATE 7. Nive River Catchment. Unnamed lake west of Lake VA



PLATE B. Fisher River Catchment. Lake Lucy Long looking east towsxd

Mt. Ironstone.



PLATE 9., Fisher River Catchment. FExplorer Creek below loke Fxplorey,
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PLATE 11, Travellors Rest Catchment. Travellors Rest Lake from the

northrrn end,



PLATE 12,

Travellors gest Cal.chment,

aourng

Iravallors



Cuviar and !ib. Olymnus zre nlso inecluded in tids catchnent,
which is steevly dissected in the wvestera nnlf, Vegetation changes
rarddliy from 2lei-e mporlond, two dease fumest, deypending on albitude

«nd exXniIsure.

Dreinare via ¢ mocber of riwors 3s dloto Ltee o6, Glair, the
lergest glacial lake in Tesmanis. Leke &t. Clair is a niedmont
leke covering ampravimately 27 so. km., and ie over 200 m. (7001)
deev. The Der:ent Fiver legzves the lqne from a basin in the south-

eastern caracr, vhere the gaugzing station is sited. The lake has

been raised by en i E.C. dsm at tie Dervrent Fiver outlet.

Climate: The elimate of th2 western plateau is rigerous, with

precipitetion ia exeeca of 230 enm. (901) nanr the rim of th=2 Grant
VWestern Tiers in the north, end abvove tne fsult scarps in the west.

=

4 stroni precipitation gredient exists acrose th

6]

rletesn, with

the lower southern 2nd eastern pzrts receiving less thane 64 cin.
(25") wer snnum. Hheinfall is meinly determined by the domdinant
westerly airstrenrn aover the stnte, resnltiny in 2 winter meximaum.
The noartteastesn margin of the vlatewuw cormenly receives rzin in
summzr ond autwen, that is missed by the normally wetter western
regions beesuse of susteined wind flow from the northeast (Langford,
1965). Snowfzll,in vinter and ezrly soring, can sccouant far 20 - 30
of tetal sreeigitetion, altnouzh smow nemaly lies lear, and
aeccvmulates in the nighest, most exposed areass, where drifts mey ner—
sict for uo to 6 mentks. In the absence of a porm-ncnt winter cover

severe Drost ncaving ceuses nmuach damzge to plant scedliass

estzoliched over the comerztively mild summel months.

Ty tfﬂ':t noeve
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Temveratures throughoul, the year on the plateaun aversge hetween
) = &y A . o :
L-T7¢C (40 - 15 r), raacing from a mesn moximim of anproximalely
AO O-'n . un b o o s T 1 »
10 - 13°C (50 = 55°%) in Februzry 0 0 ~ 3°C (32 -~ 37 F) in July, the

coldest month, Frosts may occur in any month.

Hours of sunshire on tre platesu ere recorded only et Lake It,
Cleir at 740 m., wiere rainfall aversges 150 cm (501), Tha sver: e
througheut the yerr for 9 years of record is 17.9.4 hours, ranging
from 2,3 hours per day in Juoe, to 7.% hours per day in Januery.

Thi.s compares with 2104.& nours per yesr ot Fobart and 2374.4 ot

Launceston.,

No wind speed records are wvailable for the Central Plateau,
although it 1ls probnblz that average wind smeed 1s in eixcess of

16 kn/br. (10 aftx) (C£.11.7 xb/br. or 7.3 miles/hr. at Fobort),

Eveporetion from gn imerican Class 4 pan ie recorded daily at
L. St. Clair end liavenee, but koth pans are poorly sited sz that
advection effects, and loes of watexr frem the gezuges due to netive

birds and marsuipial.s, effectively nuestioa their vglidity.

The regisn has 2 general lack of relisbls clirstolspical

records. ‘11 availzble data is recorded on Tables 1 - 4.



2.

ITABLE 1. Mecan Rainfall (inches) on Central Plateau Stations.

Station Yeaers J F M A M J§ J A 8 0 W

L. Mockenzie  56=70 2.22 4.81 3.62 7.18 7.82 7.12 8.71 9.53 6.20 5.37 4.39
L. Kug. West  66-TO 1.€0 1.45 2.11 2.93 3.50 2.24 3.85 4£.93 2.75 2.49 3.17
Liavenee 5570 1.64 2.73 1,95 3.88 4.02 3.32 4.13 5.20 3.21 3.30 3,07
Waddamena 2572 1,75 2,05 2,04 2.88 2,72 2.85 3.05 3.31 2.82 3.05 2.860
Shannon 28-72 1.83 2.17 1494 3.12 2.93 2.97 3.29 3.54 2.95 3.05 2.79
L. St. Cleir  38-72 2.95 3.27 3.18 4.£8 5.26 5.79 6.24 6.39 6.04 5.61 5.03

Butlers Gorge 41-72 3.58 3.52 3.88 541 644 666 7.03 7.04 633 6.14 5.85

Bronte Park 2076 150 1.92 1.85 267 8.5 813 52 38H 2t 319 33

Travellors Rest S4-70 2.76 3:05 8.08 5.18 5.88 5.54 518 64203 '5.17 5.14 343

Miena

2,07 1,98 M 2,67 2,81 8.6 3,72 5.38 B.06 .80 2.4

Additional records have been collected from a number of localities
for short periods during temporary occupation and are listed by

Niolls and Aves (1961). A representation of these follows :

Calc., 4v.=

Breona 34000 1921 - 56 75.0 7S
"Allenvale" 17 - 22 51.3 53
"Cider Park" 3400! 23 - 27 51.8 51
Split Rock 17 = 28 45.3 38
Stone Hut & -~ 31 27.9 g
Gowan Brae 34 - 38  40.1 -

Pine Tier 2200 43 - 50 36.3 46

®# (Calculated average has been determined by correlation duvring years

of record with nearby stations with long period records.

D

4.15
2.73
2.69
2.58
2,165
440
4.77
2.57
3.96
2.49

Yearly

il 12
33.15
38.99
31.90
3215
59.05
67.15
3443
562
3%.31
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Economic Importance of the Central Plateau:

The prime value of the Central Plateau is as a water catcnmrent
for hydro electric power generation. The income derived from water
on the plateau is proportional to the suantity of electricity that
can be generated from ity and the unit value of the electricity pro-
duced. For the purpose of this study, water in Great Lake is taken
as a standard for the westera part of the plateau, since it is at a
representative altitude for the plateau (1020 m), and is the largest
catchment on the plateau (draining 942 sq.Xm.; 364 sq. miles), in-

cluding the Ouse and Arthurs Lake catchments).

The power generated from Great Lake water after passing through
the Poatina and Trevallyn turbines is approximately 230 Kw. per cusec
(HeE.C.y 1965) and the average income from the sale of electricity in
Tasmania in 1971 ~ 1972 was 0.897 c/unit. The average income derived
from water in Great Lake in 1971 = 1972, then, was $0502/meter3 (¢2.05
per acre inch). Although the income to the H.E.C. from water generated
electricity is offset by costs incurred as interest on capital invested,
transmission costs, distribution costs and miscellaneous charges, the
cost structure is such that most expenses are constant from year to
year, and do not depend to any significant extent on water yield. It
would be a viable economic proposition then, to spend almost %2 per
hectare per year on catchment management for every centimeter depth
of runoff that could be produced in excess of the present day figure.
Alternatively, it would be economical to invest almost $30 per hectare
to earn 7% on invested capital if average streamflow could be increase
by 1 ¢cn per yeare The income from land on the Central Plateau, via hy-
droelectricity production, varies from over $400 per hectare in the

Fisher River catchment, to {;100 per hectares in the Artimirs Lakes catch-



ment. The return from water on the platcau is higher than the income

from agricultural produce on most farmlands.

Approximately two thirds of the power gencrated in Tasmania is used
by industry. A rough analysis of the profits of the five major electricity
consumers in the State has revealed that the company tax paid by the com-
panies is equivalent to about the same value in Great Lake water equiva-
lents, as the income of the H.E.C. In periods of power rationings; the
State is very dependant on water from the Central Plateau, and the water
value escallates to many times its average value, The value of water
is increasing at a compound rate of approximately 5% per year, reflecting

the general rise in costs of power generated.

Grazing on the plateau has been conducted on a transhumant basis
since the 1820!'se. Sheep are driven to the highland native psstures for
approximately 6 months, from December unbtil May. Stocking rates vary {rom
1 sheep to 3 acres, to one sheep per 10 - 20 acres on the poorer moorland.
Reports by Scott (1958) and Shepherd (1972) indicate that returns vary from
a few cents per hectare to a msximum of avproximately &4 per hectare per
yeare In 1971 -~ 72, 88,000 sheep and 2,500 cattle were moved to the
plateau. Shepherd (1972) showed return on capital to vary widely between

graziers, from 3 = 20% for wool prices of 79c¢/Kilo (36c/1b.).

Dramatic increases in wool prices have taken place since this survey
was conducted, so that summer grazing is almost certainly a profitable
proposition for graziers, taking into account present day minimal lease

rentals and minimal control of stock strayinz onto Crown Land.



Other forms of land use on the Central Plateau include rabbit trap~-
pinz, wallaby and rabbit shooting, fishing and bushwalkinge Econonic
returns from these uses are small compared to water yield and grazing.
Forestry is important in lower sections of the plateau but no tree

harvesting takes place in the high westerin nlateau.
p [ A



Managemsnt Policies: At the present time there is no clearly defined

nanagemant policy toward the Central Plateau - and no single authority
in charge of the ares. Responsibility for the area is shared between
freenolders, the Lands Department, the Hydro Zlectric Commission, and
the Forestry Commission. The management policies adopted by each of
these custodians is listed below. It is noted that no firm managemant

policy exists, but rather guidelines are adhered to loosely.

1. Lands Department: The Lands Department controls most of the
leasenold land and Crown Land in the State. On the Central Plateau,
vest of Great Lake, most of the land is in this category. The Lands
Department Las recently decided to renew 14 year grazing leases on an
annual basis only, as an lnterim measure. Temporary leases carry no
guarantee that the lessee will receilve compensation for improvements
in the manner of fenciag, buildings and pasture improvement, as did 14
year leases. The present policy then, discourages the holder of a
temporary lease from improving his land, and eacourages overgrazing and

burning for an immediate flnaaclal gain.

Although Crown Land 1s controlled by the Lands Departmsnt, there is
no active mznagement by thls Governmental body, or any other body using
it. The sale of timber from Crown Land is controlled by the Forestry
Commnission, and the control of fire is under the authority of the
Forastry Comnission and the Rural Fires Boarde The 4.Z.C. is also in-

volved in the use of Crown Land.

2. Hydro Electric Commission: The H.E.C. has conitrol of



approximately 14,000 hectares west of CGreat Lake, most of which is in
the Loke Nockenzie area. It also has no poliey of active menagement

of land vested in it, apart from th= banning of fires from lst Deceisher
to 3lst Kerch, which it also apnlies to Crowm fand anl leasehold land

controlled by the Lcnds Departinent.

The H.Z.C. has 2 periranent men stationed at Liawenee acd at
Lake Mackenzie, whose duties include a careful watch of illegal uncon-
trolled wurning operations during surummer months. The Conmission sub-

leases swall areas near CGrest Lzke and Penstock Liegoon to praziers,

Since the H.&.C. has tne only real finencial interest in the creg,
it is the oanly body wita the resocurces to control an active mancgement
poliey in ta® areas 4Jpert from 4 poliey om fire lighting im sumpay
months nowever, it does nothing toward monsging its land. It has no
revegetation team to recolonice areas disturted by its works and hos
a woor renutnation for interest in conservation of the area. Despite
the fact that it receives bhe equivalent of over 4200 per nectare per
year from wcter off the land, it nas no research team conducting experi-

ments with the aim of man2ging water yield.

3. Forestry Commission: The Forestry Cormission hes no
interect in the most extrese climestic zonss of tine platecu although
sections of tne plateau are iacluded in "Timber Lecerve" areas vested

in the Forestry Commiczions This a-rears to ve the result of drawine

a straisht lins on a mep betweea tunm points vhicn aczidentally incluies

v
v

port of Lhe pleutenu,

The Forestry Commission 2lso sub-le portisns of its land to

()
o)
(¢7)
Q
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grovders in the lower, eazstern parts of the platesza,

= F 5 : S & P- £ )24 .,
b Nationul Parks anc Wildlife Board: Part of the Cradle Ut.
Lalke St. Clair dotional Park extends inte the west.ern portion of tne

plateau, near Trovellors FRest Lake.

Llthough a spzll seetion of this wes burat in ths 1960 - 61 fire,
there is little pressure on the land from grazing or buraing sorzally,
because the area is lsolated and rarely visited,

A number of proposels have neen me.de to inclucde further arees in
the Cradle #t. - Lele St. Clair Havicnal Park, especielly an abtrective
area nezar the 'alls of Jerusnlem, Altaough such a pronosal has meris,
the higaland areas ol Tasmanla ere compsaratively well eadowed -ith

Nationzl Parks, and it is felt that a number of lower sites should have

priority as newv Gational Parks.

Yanagement policles in Tesmanian Hatlonal Parks fo date have z2imed
at meximum uszge {mainly by wvelkers) for minimum exgonse. Grezing is
banned in latisnal. “arkk, altinousk fisting is permitted. Sinees moct
of Tasizania's resmerves do not have heavy populations of wallsbies or
rebbits, tmere hes heen libttle aged Tor mancgememt of grazimg in the
nzeb. If the western section of the Central Platezu was declared a
park, heirever, it would probsbly Feguire ac bive .mesns to sontral

wellaby nambers,

5. Freetnld Land: i2ct of the 12rd nesr Orest Tske ie fyco-

held. Owaers brin:

stcep =nd catble to thzir land {or senroximatelv
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THE EFFZCT OF VEGATATICH O WARE:
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Sumnary: The erfect of vegatabion in inlercepiing snall dlareter
vater droplets Lhab ariflt with alr currsnbs, wether thaa fall more or

less verbically, as does valin, has been siudisd. Twa approaci:s have

(1) Gauges Lo collect fog“varticies bui exciude rain, have bheen
districuted thioughous the Flaleoan. Resnlts bsve indicated thiul tn=
potential input from vegetation straining oub the foz droplats, is
negligible below 900 m. (3000!), ef doubtful significance from 900 =
1050 me (3000! = 3333!), and of potentially greal i-portance sbove
1200 mo {4000!'), The volane of water colleeted in a cylindrical. wire
gauze, 17.8 cm. (7") high x 12.4 em. (7.25") disncher has been measured
on a monthly basis for two yearss. Monthly deposils averaged =n»yroxi-~
mately 10 ml. at ®00 m., 607 ml. at 1110 m., and o007) nl. at 1200 i1

Deposits were strongly correlated with ceason of year ond with rzinfall,

(2) Fun-off plobts have bzen constructed up to 390 sq. metres in
ared. Small plots 20 sg. met.res in area have nobt produced concluslive
results, bubt a large plot at Lake Augusta has establisned a tentative
conversien ratio Ifrox fog gauge to ran~off which czn be attributed to
small diameter fog droplets of' 1 ¢ 1 under conditions of eyusl exmosure.
It has not beeun possiblz to directly exirazpolate this data W a
complete calciment bscause of differcnces in exposura, vegevaiion tyope

end altitude, bul even il veseilabion was 1/10 zs efficient ovor



lavee avens ns the fog gouges, then the run~off attr riruiable to fog,
mist end cloud at 1100 n (Loke iususte) would avarage 2.5 cm per

year, and ab 1200 m (Pine lake) 18 cm per gear.

Introdaction: Precinitation may venca Lhe sround in 2 vwaristy
of forma, each »f vhich iz inllusnced to a maried derres by the vege-
tation it has to pass throush, The petb elfect of projaening

.

oliage, may be an increase, or a decrense, in water reachins tha ground,

4
ol

depending mainly on altitude, vegetation type, snd orecipit~tion form,
all of which are invesr-related. In hign a]tlbudks, imekaidiel ok 4T
the Ceatral Plateau of Tasnnala, bhe wrecipibation is mostly in forms

that sre suronsly influenced by projzeting folisge., This is nob so ab

lower altitudes.,

Follouing is a brizf litersture wreview, givias a geners] under-

standing, of the role of alpinz wesebnotion, in intercepting water.

1. The effect of vegstabtion on rainf-ll reaching the ground:

Since some falling rainfall is retaiaed in aay vegebablon
canopy, the balance bebueen svaporation from web foliage (hotn durin

end afber rain storms) and the ssving in transsiration loss (wnich is

at least reduced during tne perisd vhen leaves ere wet) is eriticel

to en undarstzadicy of the nelt interception

The nmount of water intercepted is geasrally

a parcense e of tne incident reiaf'sll, ltkorrh

»

rough ansproximation, since the percentsge variss witn differing

raiafall totals. lithnods of measarias interception are discussed by



-5 = L
Rewn '!-j:- F:_- Lch‘t,';[] (!(_}',‘} ',."]!1 ('n'..‘).\'

L hant
d

- Y +3

Bpookeas (1952} nna Fennaa (4933), :
i z 1 : o 5™ ¢ = Lmees o boamrm b B
moazared from stainlard raiageuzes in elsavings, or shove Lha2 cenony,

< . . -2 r o T oy - o
and throushfall is mzasured fron stalisnady or Ioving resaguuges, ov

- b 3aM v P Iy ) e e R Jmpymamayal = oy Tvcy
Daon collweiad by waficws ~Yoruass asumonzlrsbling a2 o

e y 2 5 5 gl TESEFE S s
1935}, Sl-tyay (195Ah), Ieamsn (71943) ead Mewlett (i3%7). In geasrsl

: g Ll Fivns Tl - . - e
lt 18 2ctspeeq thzy SVyandrasntog S, 1I20oTdehewel Vanat o 15t

duriag dxy neriods, intereception will praduce ae nebtloss

el S

2. The effnci of wegatatiosn on snwr reasching the crzand

Snovw infarceptiosa Ly vegelation iz onantitats

s 3

-

- . n oin - { - . PRy = o
seme 22 Yor rala, (Eoe & Headvix, 1051;

Tnarhasyr

tul the eff'seh, ot wind is muen rave pronoiuesd

A8
& - fr

S Ak L. .o - ' P " .
rnia iabereegtions Uind bobh 214 wg the satliern 7 guoul




woodland, compared b3 open pluing, reoresant 2 nett gain to a cateiment,
or whethnr the incrense in one locality is compensated far hy a dacrecse
iyl @ @fdroent silie. Projncting foliage near a calchment boandnvy

however, cerbalnly increaces run-off by collecting snow that woulld

othervvise l=zave the cabehment.

Snow me2lt undezr trees and poor snow fences is slower bthan more

open arces, bzcaonase of the increased snow deptn, and becsuse of the saelte

ald
- <

position of thza anew. This nas desirabls effects on rate and timing

of run-»ff {Costin eb al 19561, Yartinelli 1957, Moliconov 1953).

3. The elfect of vepetation on interception »f liquid co=ted

droplets of dismeter 20 -~ 50 microns.

Smzll diameter droplets of size 20 - 50 p oredoninnte
in fog, wist and cloud (Houghbon & Radford 193R, Eldridee 1966). ‘The
moverient of trese dronlets, is almost completely determined hy eir
currente, since they fall extiremrly slowly, even in a horizoabtzl lsgminar
alr stream of low spesd (Wazel, 19358), The presence of vegebation
projecting into the atmogghere can cause these droplets to caslesca

under foggy conditions until tne large drops resulting resch sufficiene

o

weight to overcome the surfeace Sension of leaves snd tridgs, and thay

fall te Sre sreund,

Historicel Jeserintion: Harloth (1304) was probably the first to
repert the poteatial isportaznce of smell diameter water drovplets.

He ottnined an incrence  in casunn

vann some grass vas insertod

1n 2 reingeage during cloady conlitions waea a nesrby s3sadard radn-

gauge recorded nothiaz.  Diecxionn (1931) atbached gauge cylinder



on top of a raingauge and collected asprecieble cuenbibies oI fog.
Griaow {1952) standardised a fog gauge after tne psinciple of a

dust collector. The height (20ci)was twice the dianeter and the
vertical cross - sectional area (200 sn.ckm) was ezl to toe catehing
area of the raingzuge to wnich it wss atbached. The wires had =
diameter of 0.25 mm and mesh width wes 1.5 gm. 1t thereby oeczue
conveanienl for Grunow to measure Loz as the differeace in caten
between = sbandsrd ralagauses;aad ons with a gzuze atbfached, with srea

in any direction ejqual to thet of the raincouge.

In Austrelia, fog h~ms oeen messured wita gsure wibh similar
dimensions to that of Grunow hy Twomey - (1957) and Zllis (1%58)

and Jackson {Unpublished).

Standzrd meteorolsgical methois of determinin;: small dizmeter
droplets inelude impaction of droplets on slides impregnated with
0il, magnssium or carbon (Houghton and Fadford, 1938), Spectral

transmission throuvgh fog with tne oil of ¥ie transwission theory

(Zldridze 1966), and passaze of fog tarough a series of screens.

Gauge z7ficiency: The efficiency of the Grunow type ganve

peit]

vas examined by lagel (1956). He showed that 295 of the surfoce

was covered with wiires and 71% fr=e for passage of =2ir when flat

el ¢ g1 -~ . 3
and norr2l  to the wind. Because of the circular @esign less

particles could pass throuch near the verinhery. The caleulabed

average saoved bthat a-pr ately 163 of cloud particles could rans

— 3

throuzh the gauze BeTied > i .
e gauze. Sfficiency was reduced by ¢d3ies 2t bhe pau-e



5

vhen wind grecd exceederd nyproximately 10 n/h, and by water drops
forming on the gauze, mainly on the windward sice, by coalescence with
neu'l_y ;n'x‘ivin,;: dw\oplet‘” Na__‘?f@l estinated thatv lezs than 1Cg of the
cloud drovlebs that viere bloun agzinst the fog-c-tcher could pass
bhrough it. Larger gauze ensbled more particles to pess throush, znd
smaller resh size resulted in nove deflection off the sides of the
cylinder. The effective collectine awen thep vas less than the rein-

gaure, and HNagel exvected that about 255 deficisncy would occur in a

wind speed of /4 m/h incressing for hizher soeeds.

For the Grunow type pgonse, water would enter st an angle of vo to
0 . : ; .
8 from verticel belore nltering the cateh (fron zeomebricel. tneoretical
T

considerations). For rain enterins at a grecter angle thourh, oni for

sére olfer gauce types wheare ths reule 1S more the periphery of the

raiagsuge benestn it, raln shovlé inerease the catch. lacel's 1956
paper included & graph representing tne angle of fall of weber droplets

in a norizoatal laminar air flow, This indicated that in a 30 m/ar
vind, common in hishland arcas, rzindrops of 1 mm diameter wouvla fell

5 . o} ks :
at an angle from the vertical of 707, anc® drops of lesser dizmeter at

2 geremter anglc s Yor @ gunze mrgjecling inke en air slrecom {flowing =t

high velocilby whan rein wes fzlling, then, the catch shovld be sicnifi-
cantly increased. Grunow (1952) hovever, Tound taat ir the absence <f

fog, the rzingasuge with tne gauze collected sabout the sasne amount of

rain as the sbandard reirgauge over e periocd ol aprrsximaiely one yesr,

though cingle comparisons showsd apprecicbls differences. fagel con=~

sidered it nececsery to eliminate cntches from neaguring

~
2 -~

rain wos present; since the conditions for Grunew's exnariment esilé s



universally exist,

The elffect of snow on tue Grunow type gauge was considerable.
Grunews (1958) found exnerimentally that in the absence of fog, a gavee
s £
£illed with a gauze caught 30% more snow than an ordinary raingiuge.
He subtracted this amount when enos wes falling, th arreive et =a ecti-
mate of the foz deposits. The efficiency of zay geuge in collecting

snow, hovevar, must be expocted to vary with the condition of tne saowv

and with wind speed, so that Susvralizn conditions mey vary widely from

this amount. Snovw on the gance closes the mesh 2nd alters the zeve-
dynamical behawviour of the sir stream arounld the mesh. Climatie con-
ditions uader whicw saow is deposited are also frequertly asseeiated
with undercoosled cloud dronlets wiich are deposited as rime waea they
strike eny orojecting odject.  Rime is a granular €eposit which
builds into the wind, verying in compzctness from soft to hard and
ranging in density ron 0.2 - 0.6 g/of (Gary 1972).  Grunow sussested
that rime deposits be removed for uniforiities saxe at the time of the
daily raipfall obhservsiions, althouzn this is clearly impossible where

isolatad recondiac; stztions osccur, so that rime and snowr accumnlations

are coften teaswred as leg.

Fagnitude of Danosits: Spectacvlar guaatities of water have fre-
quently beea reported as dus to small diameter water droplets. Grunow
(1952) undertook extearive {og drip measurenents at different places

and he2isghts in Zermzny. He fsund cztch dependance upon height, proxi-
mity to sea, inclination of surface, and se2s90.  Ipgoot varied “rorn

notainz to 737 above raiag-vze czicn.

Hagel (1956) on Table ¥t ., South Africa, parforred exwmorimonts on

the



ingz : : » yweor. He calen-
tgable—cloth! cloud enveloping the area for over half the waor. He C

lated that a theovetical meximum of 47 mm per hour could be expacted at
1 G./m3 fog density and 13 m/s wind speed. Lfter eliminabing roin periads,

he caursht 3.75 mp/hr, esvivalent to over 10 m per year.

Konler (1923, 1937) instzlled fog eaiges on mountains in fswmeay snd

found thet a 10907 increase over raingzuge precinitation uag cormon,

The above exazples are renresenbative of moay obimer exveriments cooaducted

with cylindrical pgauze siiailer to the Gruaow gaure,

The role of vegshetion in intercepting fog has becn investiiznted by
a number of workers, and e varishy of terminolnzy hzs spriag up te describke
the water collected from wist, rime znd fog. The most common berms are
occult rrecipitation, impinzement precipitation, end horizontsl nrixcina-
tion. The following table is & sunmary of available d2ta documanting

the increase in water reachinz the ground compzred to reinfall.

Increasse at wsdge Incresse
Author of Forest Inside Fore.ab Iocasion
Linke (1921) 50 25
hubreville (1942) 12 Belpian Conzo
Isaac (1946) 25
Ceballos & Ortuns (1946) 200 Cznary Isl=ads
Grunow (1935) 50 20 Germony
Brookss (1950) 16 Yictoria

Hori (1953) messured 1 m/kr at the edze of a iorest exnozed Lo =

3

Japanese cea fo7 in the absence of rein, wnich commared uith 0.3 nn/or sone

distance inside the forest.



Overlander (1956) in the Oregon fog belt, recorded betweon 2% and
59" during one measuring period, although his sampling technique was

inadequate to determine a valid estimate.

Kittredge (1954) measured fog drip of 0.1 mm per day at Berkeley,

California.

In general it is not possible to extrapolate from overseas work to
local conditions, nor from a swall plot to a complete catclunent. The
amount of variability even within s siagle catchment, and the difficulties
in interprcting edge effects, mean that extreme care must be taken in

extrapolating results.

Rime: Wnen air temperaturss are below zero, and suitsbles initia-
tion nuclei are absent, fog droplets do not freeze and may reach up to
~40°C before ice is formed. Under these conditions, the particles
immediately freeze upon strixing any projecting object. ime &eposits
result which grow on the windward side of tree foliage, fence wirss and

buildings.

Measuring devices for rime are difficult to standardise because as
the surface area of the measuring device increases, the deposit per
unit area decreases. lMeasuring devices usually record less then, as
the deposits increase in thickness (Albrecht 1931, Gary 1972). Rime

deposits also depend on the material on which the ice is depositied.

Meteorological instruwmnents used to measure rime are usually

based on a vertical plate mountiag. (Tolskii, 1926; Rinx, 1933). Kohler



(1923) usedcopper spheres of 10 and 20 rim diameter.

/s

The magnitude of deposits on meuntain tops wmay e measured by
weighing vlant matarial after fommation of rime &nd agsin follouing
= b3
meliing, or by meas.ring throasbfall after the deposits have maloed.
Since rime is commoaly associnted with snow the lether method is
auently impractical, Large dey i Lo ool e 28
frequently impractical Larze deposits on mounterin tops have beea

obzerved by Rink (1933), riochler (1937), Poolenca (1937, 38) and

cary (1972).

Large Cloud Particles: Yhen clouds ere deeyp, water dronlets
exlst in sizes ransing f{rom less than 20 micions in diametsr to oves 500
microns diameter. & 200 micron diaseber dronlet will fall at anproxi-
mately 70° from vertical ia a 10 mph wind and 80° in a 30 npn wind,

: 3 : - v}
vihereas a 50 microa diameter droplet falls at apnroximately 85 ~ Q0

in all winds with laminar air flow {¥agle 195&).

The efficiency of collection of water droplsts intersediate
in size betucen fog and rain, in gauges prinarily designed to measure

fog dronlets, is uvninova. It is probable that much of the water

k3

collected in so called Top gaunges is atbrikutzble to these particlaa,

ilethodology: In order to datermine ths goin over a cornleotn

catenment in precivitation from a conbinaticn of elinud, rime end anow
there are tvo oevisus 2lterastive procedures, The first is
Ts W) . T ~ 8 & . Y =

the physical -agnitude of each trecivibotion form vit. seientlilice

insirunents end relate this Yo Lo



the sccond is to mewsure the effect of vegetstion direcbly by colleciing
; . m e A
water bhnt drics threugh the follage to the ground. The forwer mci:od
offers the potential advantefes of precicion in measuring ercn of the
companent precipitation forns, azguming relisble iastrurents ere avelila-
ble, whereas the exbtrapolavion to water colleceted by vegebation will be
diiTicult to subsbantiste. The latter method resvires ronof{ vlals
over e rsuresentstive semple ol the catelwsnt cover,  he diffienlidies
inherent in each method are brielly pressnted below:
ks mentioned eanirdier, scieatbtific instrincnts for measwring eacn of
the cpecificcomponents of water reaching tire ground are unsatisfecehory.
it best boe instrumeats sarple the Torm of waber that schually reaches
thern so tnrt the interpretaticn o what is collected is noi simrle
as with rzinfall, but assures nme-~ning only when ounlified for exyporare,
wind speed and other microclimstic factors. For examnle, rimme decposits
are determined to a spectacular degree by the nature and size of the
collecting dsvice (Gory, 1972). The tobel cuantity of water in the air
can only be gualifizd by a wroduct of concentration of droplets =ad
travel distznee in a given time, but even this depends laygely on
exposure, as expressed througze wind speed. Fursher, since movemant is
predominantly hori.zoatal, any intercepting surface depletes the air
dovnwind from the surface of potential deposits until that spsce is
repleniened dy bturpulent air movevent. Toics edge effect is g0 imoorisat
in interwreting the magnitude of deposits that it is surnrisiagz that tie
traditional ghilosophy of comprring raingeuge

recordings with thoze in

reingauge wibtn a gauze cylinder rovated ansove it, still persists. ZFven

vhougn the czuze nay heve a2 surface area, fecing eny horizontzl direciion
eszel o bthe collecting area (Z-cing verticelly) of a raingsu

o o L L 1 19 T [} L3 i % - L fal L}
gauze dosg not Indiczte =nyinins af all zbsub the macnitude of wind



Ll

devendant water droplebs that could be expected to fall over an e ivelent
horizontul area of ground. Liiea rein falls during strong winds, the
raingauge witn suuve cylinder shove it may Zive an incresse or a

decreagse ir measured input compsred with o neorby s tenderd ralngavpe,
depending on the anzle of fell of tre raindrops sud the guealily of water

diops the:t are blown off the gaurze before £alling into the uwnderlying

1

container. [hls will hopoen ever in the abseace of fog or rileb, and is

primarily a funclion of wind spzed, which epsin dapende on gliitnce

and exposure, Thus it io resningless to asczume that in en
altitudinsl survey of fog, the srrors associated +ith rain fallinz ot

an angle will be coasteont in all sites.

By thz same argument, the catch belev & soliteory bush connot be

expected to give much indication of the magonitude over a large acea,
When rein is falling ot the same time as cloud is being intercepled,

or vhen show is falling st the seme time as rime is being interceptedy
then vhe measuremczat beaeath iandividual bushes is especiolly mislesding
tecause of the iacrease in rsin (saow) collected by the foliage for

purely geonctrical reacons.

Vihen measurinz invut from vegetlstion projecting into the environ-

nent, the obvious mothod is to collect throughfell witn come tyre of cantzin

as i€ precticed to deterrine the intercectisn from rzia drops. I tne

1s to be coaducted during periods wvhen rain sr sro are ol

(probatly most of tre time) then & saitable distance suay from thc

bushes alsos nzeds

te e sermled to determine tne edge effect of incerdng

.

rein Talliaz non vertieally, ead to ellowv for changing vingd Girect?

D2

Llternatively, homogenzovs vegetstion cover aceds to he present



. ; n. 80 that a decreasz ia wanter
both inzide and outiide the gompled eren, = Ay g

Foli a dovavind side wi comoensate an ineronse
collected oy Toliage na bhe2 dovovind side will comr

j inr roin st ; seisted with starong viads.
on the windward side during roiln Suorias asegacioted %

i . s 4 %
Experimentel Procedure: The orocedure adonted ia an sbbemnit wo
b L1 e PARSASAS, + -

4 : <7 ‘ Arine
debermine bobh the potenticl iasut from swall diamzter woter drarlets,
and the zctusl innut Trom projieting folinge, 1as casad on a coruwrnnise

between tho Swo basic rethods.

o

ngirurmenbe to sumle fog, misct ond ripmes

In order to mezsure differeacec in potentizl for deposition of

these particles oxn the Cenbral Plateau over large areas; gauges wers

-

constructed ss follows: (See Plates 13-15).

Roof Flat, Calvasised iron, 16 gauge with turned edzes,
465" diamcter (118 cm)., 65" (165 cm) abowe ground
level. Secured to suprort =rms by welded tuch

and to gauze framevork by lead washers and nuts.

Gouze: Cylindrical, Brass, mesh sevaration 07" (1.2 mm)
wide diameter .007" (.02 em). Supported by corper
fremework ond fuvanel. Cylinder dimensions 7"

(17.8 cm) diameter x 7.2" (18.3 cm) high (i.e. area =

&

5047 sg. ", tne zermc area as o standard &" rain
gauge ).  0.5" =t top and base of cylinder closed due
to frermeuvoric for attecament of mesh.

Mannel : Cogxper, B,2" (27.%£ cn) diarebter, attacned Lo maap



PLATE 13. Gauge used to determine the potential

tne .









PLATE 16. Wet road beneath tree in heavy mist. Leke Highway

south of Miena.



framevory. by adjurtoble thread 2o thattop of funiel is

level witih base oil megh.

Supsort Arma: 0.8 dlameter galveanised tubing, iith flanse ab bzoe,
lensth BL on (33"), Attached to rool by screw thresa
ard to AL w=)lon conbainer by sliding over 0.4" cdimmsher

steel rod weloed to dyun.

Yater Collec- Plagtic tubing leading fram funnel, throush steel tveing
tion: G
to either 22 1 (5 g=llon) or 9 1 (2 galleon) nlasbic

conbriners inside protective 200 1 ( Je: galloi) dxtin.
Pretective 200 1 (L4 5ollon) steel eylinder, 58 em (23%) dismster

contidler:
x 86 em (34") high. Einged door with loclk: welded on

one side.

Support: Gelvanised wire stays, 13 geuge, attrched from Lhe ton

Lia )

and h=ce of supvort zrme to steel rods driven into

zground.

¢

Gauze Rzbionnle: In order to meesure derosits and s~fely atbribut

them to zm2ll disreter uster droolete thst ere dependsiit on wind move-

B o S 2 - . .
ments, it is na2censs #slcer,since, es nointegd

is
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out previously, ite nrecence can lead to en incresse or » decraase in
T1ater d ~3 A oo . : . . ; ;
water dropolng oi' 2 geuse cylinder, depending on vind cpeed. 4 hori-

L . [ -
zontal roof was cnosen g0 Lkt interference with nir Llov throv~h =rd

£ leewnr? edpe, euay fronm

the =zsuze.



The gauze cylinder used was installed with the top 6 mn. from the
roof, so that only a 6 mm. air gap was present. It is apparent that
the roof must interfere with the air flow near the top of the mauze
more than near the base. Turbulent flow of air is produced from the
legs, the roof, and the 200 1. steel comtvainer which houses the col-
lected water, as well as from the gauze itself's Near the cenire of
the gauze, where the mesk is normal to the wind, the area occupied by
mesh wire facing the direction of wind movement, is less than near the
perimeter. The gauze is then; for the purpose of measuring input of
small diameter water droplets, non uniform both horizontally and ver-
tically. It is not an instrument designed to measure the absolute maxi-
mwn potential from wiad dependant precipitation, but rather to indicate

relative changes from site differences.

The efficiency of the gauge is expected to differ according to the
size and nature of the precipitation forms. For instance, rime quickly
closes the mesh so that all air is deflected around the edge and ef-
ficiency of collectiion is less than it would be if the meshes were more
widely separatede Small cloud droplets coalesce on the gauze, feraing
large drops that close the mesh at that position until the weigni of
water in a droplet is sufficienc to overcome surface tension oi the mesh,
and the drop runs down the gauze to the funnel, collecting other drops
as it falls. During cloudy conditions then, part of the gauze is closed
with drops (See Plate 14) and part is closed because of wires. The prop-
ortion tnat is closed with drops varies with the surface tension of mesh
material, with the size of the water droplets comprisin,: the fog, and with

the wind speed. Strong winds blow drops from the gauze which are largely



collected by the funnel when blown from the leading edge, bub are lost
when blown from the trailing side. Efficiency of collection of liguid
droplets wvould preswnably be increased by reducing tne mesh separation
during strong winds and by increasing it duriag still conditions and
when the particle size in the cloud was large. The efficiency of catch
of liguid droplets, tnen, depends on the wind speed and particle size,
so that it varies from day to day, and the gaugzes constructed represent
a compromlse for average conditions. It is important to bear in mind
that the water collected by the gauges should be looked at in a rela-
tive sense only, and that the relationship with water caught by project-

ing vegetation may vary widely.

The assumptions inherent in comparisons between gauge readings at

different sites are that:

(a) The efficiency of collection of all forms of wind dependant
precipitation - fog, rime and all droplet sizes between apvroximately
20 and 200/p,diameter - are of the same order of magnitude, or else the

proportion of all precipitation forms at different sites is the same.

(b) Efficiency of collection is in the same order of magnitude
over a wide range of wind speeds or else wind speeds are the same at

all sites.

Although these assumptions have not been quantitatively verified,
a number of subjective observations have shosn them to be broadly

justified for a difference of an order of magnitude.
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installation sitas numbered according




qites of Cance Installation: (tauges nave been instelled at

the sites indicated in Fig. 2. zltituce verird from 900a - 1200,
it #ine Leke (1200m). five ganres were seb up within 1000n of ezch
other to demonstrate differences Aduz to microclirate (primsrily
exposure). One geuge hed the geuze removed to act as a conbrol

. . N ., & oy 3 R & R
to deterrine the input f{rom rain and snow thet vns independsnt ol The

pduce cylindger.

Yeaaonremankb The volume of waber collected by eoch gavre wves
measured ezeh month for voct gauges, In 1solcoted localities such
es Lake l‘ackenrie and ‘leslcns Creck, meastremant vas less fresucsnt,
varyine from 1 month ta 6 ronths, according ta convenience. Reedinzs
not taien at the :n3 of each month were converted o 2 monttly eshirete
by assuadng e. consuent d=ily cabch bebeen readinis. Iadividuel
monthly totzls given in the resulis vy boerefore not be sirichly
correct, althouzn they wwil) e sthen averaged over 3 number of monthg.
all cases, gaares have been read witnin bthree days of each other

pilfe}

"3

any single month and for any block of gauvrmes b2ing moasured for
that moath. Readincs are ot 21l bimes compareble, theorsfore. o
evanoation robardent feorvyater within contpinces wes uped siace saace
petween the conbeiner onening srd the inlet tubs wasamll and little

ootenbial exicted Zor eveporstion, even in the wmrrzst months.

feapurement during dare vhen waber witnin conbriners wos frouen tios

deterrined by depuh o ice wrica was removed ot ¢ later dote o ter
tha-iinz. Slirnt inacoamcies of meosarenent dus to in=ccursie

calibratioa wiith volume mey have occurred in these instonces.

- 3 . - 1
= 2} ¥ oy ~asT 3
9°rL03E vere gelected vwhen woter woulid
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Pun-off ®loks to lesgvre In-us rom Tei, Tize ond Glond:

Tn order Lo examins uater collected by “elinge from wind depens .ry
srecivitation forms, anx ile comperability wifin the ohysicol gauges

installed, a maunber of run-»f7 plots tere inctelled os Tollovie:

1. 56 5g. metre run-~off plots:

Location: ILcke fucusts (1125m) snd Fine T=xe (1200m).

Dimensions: 7.5m X Te5m (25% x 25').

Fecordiaz Tipping Bucket Gause (See spvendix I) with
Hecnznism:

bucitet volume 1.2 litres. Couniing via llengstier
500 Electronic, pattery opsrated, 6 digit
counter.

Fal

Cont.rol: Bere plot of ecual dimencions.

Construction: Plots were covere
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sheebing, 006" gauge atbached to 7.£ x 2.5¢n
(3" x 1M} tirbar sround the edre. Sites wers

selected so Lhebh webtar woulad d-ain 6o ooe
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corner where ths recorde
Taree busiss of Crites acieularis were uprooted

and stacked to the centre of one nlot ah eacn

site as snown in plase 17.



PLATE 17. Small run-off plot at Lake Augusta,



PLATE 18, Large run-off plot at Pine Lake,
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490 sa, mobre run-off olot:

Location: Pinc Lake
Pocaciona: 2020 30 5.5 (o 4 sl) ,

Reciondany Tipning Bueket zauge vith bucket volume 12 1itr
Yackhani ma:

3]

(Zee Lprendix I}, eguivelent o.anes (,00] )

4

depth over the plol. rilecorsiing vie pen recorde

and 2 wve=zk chart.

Control: Pluviosreph and Doofed smell dismeter nrecipita’

+

genge with identical pen recorders.

Construction: Flot covered with bloc:i polyethylens shesting
consisting of 2, 9. m.(30') sheets welded
together by heat sealing and attached £o timber
round the edge o5 with the cmzller 56 sn.m.
plots. Site selected for absence of projecting
rocks snd slope draining to one corner. aite
prepored for rplestic oy removing sbieks, stones
and protuding bushes, and by digzing drainase

channels vhare Toll we

“

as

considered ins:fliclient.
10 gruse wire framewory constructed in » arid
for atktachient ef buches es shown in pi-te 18

Artificial forest of Zueolyntus coceifern branch

cut doun ond A thicknasces of househosld cor

ol

ot

nailed to thes hase to prevent tesring of vlast

e

C-
Braneches; stood on nlastic and tied to frameuork,
lazving 6 motres round Lhs perineter of 4ae

1ot brra,

©
]
4]
-y
£
cr
}-I
iz
o

Thif eiecrivcntfslded di% 0= sonbimalion OF

faetors after snarscima’cly onz monin e recordi
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302 sn. molre run-cf i nlot:

Logakddns Lake Alurmats

. Lo 7
Dimeneions: 19.8 mebtreg scuare (60' x 601),

Becordines Tivrine-bucket govre with tipvine velurme 12 1,
Yectonien

egrivalent o031 mm depth (L00M2%) over tke
ovlot. Xecording via pen rocorder and 2 weex
tima chart.

Control: Fluviosranh, 5 rainconren and Loofed foe pouse

with similar recorder to nluviozrmnh,

Constrmetion: Plot wae sslected in an area of continuous
dolerite reek ceverin: asvera) hectayes that
had been exnosed durins H.E.C. orcrations on the
Lake Lvzucta dame Valls of conerste, 2 cm. in
heigint, were constructed to define tae rlot
and drainsre was vie 13 metres of 7.6 cru
diemeter (3") plestic pive, to bthe recordin-

tipvinz buezet ravge. Holes in tha doloribe
vere drilled with a ynoumatic roeck drill, on
a grid of 2 metres x 2 metres, opproximalely
10 e, fezps  Stesl poghs with 1V pedafprcdng
steel welded to the end were inserted in Lie

noles b9 aet as support for Lhe artificial “arest

of Eueclirtina ecnecifera brenches which w-o

tied to Lhe nosts. (3eec nlzte 19 ).

{u

1 . Lo - o > T PO T
Pol yetyrene foam ingul ation, 2 onm. Ghick weg

mIued to the reeardin- gaugze and n kerpsane

heater inzt~11led henesth the sau-e to nreovent



Construction: f!'eeZiﬁg of’ WZ,‘tGT' T.':j.t;llin t‘le ‘DuCthSo

(Contad.)

Oneration: Conslruction was comuloted in ALpril 1973 »nd

operetion continucd under Octoter 19273.

Ratipnale Beuind Run-0Fff Plotpe:

Vost Tagmanian alpine spacies avrs mliistermmed, with branches
arising necr or below ground lsvel., It is nob poasible Lo monsirs
throuzhfrll by usliaz numbars of containers similar to thoge uped in

thrruznfall stadias of trees bzcsuse of this muliinle bronching and

the many drip poiats thot concentrate throuzphfell necer tha ceatre of

the bushes, sc thet very lorge eontaiasers would de nscessarr even 4o
cope with drip from a single rzinstora. Sizes it wus nectsscry o

leave plots unattended for weeks at a time, it wes also neceszary to

eliminate edre effecis from rain, which meant thoat larre arens hzd to

be sarvled wita consenuent lsrze volumes of woter,

After some trial and errsr, larje tipming bucket gauges were
desizned and builb to measure dischorce from plote desperibed above.
This enabled large avess to be camplad without the necessity of using
lerge nombers of individual eonbtainers.  The thesry, constrebion ~nd

operation of these gauges is diseursed in Apps

Py

L pralinincoy attempt to seal the base »f a bush of Jnites

aciculerig (the maia shrab abt mosh olsine sites) with concreie 433 nob

prove cuccessfal, rrimerily bec~uza 2% Lhe difTienlhy of gesling all the
oam P " s ’
sters arizine Trom benanth bLhe sround, Tt was conseauenble Aas il ta

vproot ounnes 2ged in the trials, and to sob ther on ton of the nlastis

LR P



used as an impervious ground cover.  Crites acicularis leaves are

needle shaped and extremnsly xeromorphic, with the result thet leaves
change colour and shape very little even efter long periods of dotach-
ment from a root system, especially in winter months when rains are an
almost daily occurance., 1AG same is true to a lesser extent with tne
eucalypts, which retain their leaf shape and colour right through the
winter when branches are cubl from a trez. A4lthough considered undesirat
the practice of debtachment of branches from thelr roots enabled sirulate
natural conditions for as long as 6 months witiout undue loss of leaves,
and without the complication of transpirational loss that would have re-
sulted from using living bushes in pots. Direct uptake of water by

leaves was coasidered negligible for all trials.

Polythene sheeting used to ensure complete impermeability of the
ground was of .006 gauge and 9 m. (30!) wide. This proved satisfactory
in the smaller % sg. metre ploits, but was plagued by troubles in tae
large plot (490 sg. metres) at Pine Lake. This was partly caused by
the lateness of installation of the plot (October 1972) and dry weather
in spring dried up several pools of water holding down the pelythene
and wind was able to move the plastic up and down with a flapping motvion.
A second difficulty was caused by tearing of the plastic in a few stra-
tegic positions where water drained to the recording gauge. PRepairing
tape recommended by the manufacturers of the polythene proved unsatis-
factory in the extreme conditions of the site and makeshift measures were
only begimning to work when vandals tore the plastic into an irreparable
states Thne result of this important trial at Pine Lake was only approxi-
mately 1 month's record during which time nothing of any significance
could be detected from the charts comparing run-off, rainfall, and small

diameter particles in the roofed gauge.
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In early 1973 it was decided to transfer this trial to Lake Augusta
where a large slab of dolerite rock had been exposed by H.E.C. operatior:n
This rock was at a convenient slope of apvroximately 3% and covered over
2 hectares in area., Although the mist gauges had revealed that this
site had much less potential for collecting wind dependant precipitation
forms than Pine Laxe, the site was so ideal from other points of view,
notably the completely imparvious surface and location off the main road
away from most pobtential vandals, that the advantages were considered to

outweigh tne disadvantages.
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Pesults: Yonthly “op depnsits are presenbed in Tobl2z 5 to 9.

4 .-
Laan every

Cauces in isnl-ted sibtes thet wers mecsarel less frecueally

Fal

two months heve been calibinted =gainst a referxeacs stotion in order U9
obbrin on eclimate of the time disiribubion of collected walevs icn

peg]

the monunly esiimabe marked with nn B, Tha

3

cazss have afeoreiic»

atations are as follows:

Gaure Station Lefereace 3hation

{!estons Creelk Above Breona
Yimovave 3totion Liawenes Plains
Todds Corner Liavenee l=ing
Leke Mackenzie Engt Lake augusia Dasy
Lake Mackenzis lJest Laike Luegsia Zast

L

e B g also manked gppiingt estimotiss for Individuel recorids fo®
short periods when sither a gauge was damzced or tie coaSainer ned

been stolen. 1In btnese cases the estimabe is based on tne nacrest

: R
intact geuge.

The geuge at Lake Augusta Yest wags irrerarsbly demaced by vandal
in March 1972 and vns not reolaceds The Dud Ba7 goange wos rensved

in July 1972 for a different experiment., GCoumes at Lake lfackonzie

-

have not been read since Sertember 1977,

Figs. 3 = 9 present a summery of foz derocify, witn srzohg o7
the efTact of altidude, time, and reiafell, Tiz.3 den

variation in fo7 deposits vith tire “ar a renrezeniazive selzchi

]

of stalions (Pinc Lake Eust, Pine Lake soath, Liocwene: Plains,

Poatina turnoff).



TABLE 5.

Honthlv Fox Denosits, 1971 (ml).

QL A0

Car~e Statinn

Poatias Turnoff

Skittlehall. Plaiag

Dud Bay

Honpeelynta
Cand

Liavenee Plaing
Todds Corner
L. Mackenziza, lest
sbove Breona
icrowave ferisl
Westons Creek
L. Augusts, Zast
L. Augusta, lest
W " Sheltered
ibove Liawenee (1)
1] " (2)
L. Mackenzie, Bast

ring LaXke South

Pine Leire, Sneltered 4099

" " Cancl

] =
o Jact

t " 9.
westh

3000
32933

3500

3500
3500
3260

£,000
%025

4050

E =Estimated Value

30

126

435 662

2008

700 1900

1305 2r21

940 2100
1600”
19120 9319

4520 9907~

See P.50

£16.(ft) June Jaly _dug.

23

50

130
25

g

390

880
60

730

310

530

390

210

1520
5550

SIS0
4,200

0
265

10

385

490
108

I
1000~

790
140
780
1020
950
100
wio0

635
gO0™

3)

1719
5700

5600

7400

Sent. Oct. _

399

500

s

1220
6010
6539

5190

LOV

51.

17529
60
1275
929
1750
158

1190

7770

S7o.

4 (‘t_,

—grm— ~ - -

971
330
493
30
150
264

ko)

3207

|~
U
o~
W

!—l
\n
(VR
(@]

L3924

WES

@399



TLRLE 6. lonthly Poe enosit - 1972 (Janusry - June).

Caure 3tation Jan. Feb, _or. Apr.  _jay . June
Poatine Turaslf 0 0 o 0 5 15
siittleball Flaing 0o e 0 20 44 399
bud Ray 0 0 0 10 30 50
Honpeelyatw Canal 24 5 29 28 29 310
Pine Creek 30 30 oo 97 100 6%9
Licvenee Plains 0 0 ) 21 R2 585
Podds Corner SOE 1:’? 20E l9E 208 frUOE
L. iackenzie ‘iest 160° 200" 500% 200° 200" 500E
Above 3reons 218 178 164 .36 450 R
Microvrave Aerial 55 12 ) 27 28 55OE
llestons Creek 1276 L 585 314 325 520
L. fazusta, Dast 176 7L 170 21.9 26 N
. . llest 517 350

y " Sheltered 0 0 1jo 20 21 70
ibove Linvense (1) 0 0 45 L3 05 1094
n " (2) 151 86 46 162 168 1094
Ly MeelEnzie, Sast 90° 120° 1207 150" 180" 150"
Pine Lske South 502, pug sy 750 736 Sz
Pine La<e, Snaltered  500° 553 554 892 921 1913
. " Caanl 2261 2198 2177 2”18 2911 2,921
! " Bast 4042 3552 3.17 1279 452l 5058
" est 1254 1579 1498 2007 207, gy



Pootina Turnoeff
Skittleball Plains
Jud Zay
Honneelyata Canrl
Pine Creex
Liavenee Plainz
Todds Corner
L. lackenzie “est
Luvove BEreona
Microwave lerial
Yesvons Creek
L. Augusta, East

" il Vest

b * Sheltered
Lbove Liawenee (1)

i u (2)
L. Maciienzie, ZJash
Pins Lelie Sonth
Fine Leoke, Shelber

Czanal

Pine Lalzz Test
Vitn Gauze Pemoved

650
1051

897

g50
1300°

936

s

600

5

900

1201

30
793

400
1400
1475
1300
2675
3800

10000

11109

9000

220

30
820

700

=]

L

700°
1050
11390
3400

3720

260

10

20

=

300

129

=

20

¥50™

340

30

40

50
260°
300
470
800

1100

w
o

80
200
150

159

329

160™

)

=

303

390

20
150

200

550
619
230

3439

290

90

70
115
180

170

650

1907

&

600

235

50
185

310

1

hY)



Poatinz turnoff
Skittleb2ll Plains
Dud 3ay
ionpeelyata Canal
Pinz Creex
Liawenee Plains
Todds Corner
L. llacienzie West
Above Breona
dcrowave fLerial
“lestons Creek
L. dvgusta, Bast

f v West

& " Sheltered
aAbove Liaweaee (1)

" it (2)
L, ¥aclenzie, iiast
Pine Lake South
Pine Lake, Sheltered

moon Canal.

oo Zast

f n f]est
{il0 Gruze)

dam,

20

40
215

2L79

33

270

Hfonbhly Foz Jeossit Jumiavy = June, 1973.

_Feb. lap, A0 ey Sune
° o o° 107 20°
[0 o 97 202 15/,
30 20 80 1.0 162
205 305 950 1127 1279
75 39 20 4D 565
¢ &1 W (0"
563 606 699 9330 73™
3 B 3 ) 3
80 35 25 Ly sug”
5607 &no° 700° g0 e0"
75 70 120 27) dc
20 20 40 128 G
4 90 105 208 248
211 93 114 101 -0
785 6. 1034 232 729
1093 6L. 277 3189 3507
3325 270 9330 10198 95,
5395 3195 9700 10000° a5y
AD8 G 1525 1650 ol



PERLS. O Monthly Toz fevorit Julvy =~ luwusht, 1973.

Poatina turnoff
Skittleball Plains
Dud Ray
doapeelyeta Sanal
Pinc Creek
Liavence Plaing
Todds Corier

L. Maclienzie Vest
Ahove Breona
»Herowave ierizl

Llestons Creek

i " Sheltered
~.bove Lizwvenee (1)
n 1" (2)
L. ilackenzie Zast

Pine ILake South

Pine Lzke Sheltzsred

- irest (no
Cruze)

July

30

710

12007

1638

350
2840

2750

A,

20

350

200
1630

1326

1150

3350
8230

12200

2000

Mesn Monbhly

Jure 71 = Auz 73, (fnorex.)

10

204

755
23
91
e
17,6
5150
7287

4618

Heonn Beinlsll

33
gi
35
35
50
36

36

LCe

90
90
%0
90



MONTHLY FDGE DERPDSIT C[ML.]

1 1 828,

1 EBEE.,

B3ZA.

aEas,

78B4,

BB,

SEEC.

HUE 2,

2873,

AT,

1 254d.

.

Pl 0.

L]

I/ ~PFine Lake East

/\ Plr-e Lake South
2 Lal:e Auguste
ﬁ—g\ /\\ﬁ
\ ==

\% \"\mawenee ¥iai
'1——-3.5:

% sHa, 539, F3F. =2

TIME. EalliiNE 71 = BilEy 778

Monthly fog deposits for representative Central Pleteau Stations {June 71 - August 73).
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Table 10 vresents dota at Lexe Augaste for counericon baiween
A . .
run-off from & bars plot, 56 sa1. m. {835 s=. £t. ) in arem. and an
identicnl nlot with threee Qrites scieularis nushac in the ceatire of

the plot (Plate 17).

Thase plote vere plagund vith break-dours vhen Tirst inctzlled,
nrinarily duae to feilure of tae tinning-bucikel gauges used to resgvre
run-of ¥,  During tue course of the trial other comnarisaons were lost
becaugse of either batbery failvure, blockace of the owtlet with sediment,
tearing of plastic or further tipping bucket troudle. Bince it ves
anly necessapy fpr izilure in oue copaoumat of omg plot bp imyeslidete
a comnarison between bere ond forested vlob, tee resuliing vrlid

comparisons are ndt cs aAwnePous as vas initielly hopaa for.

Table 11 presents dabta for similar plots at Pine Lake, Tae zame

comments anply here as Tor Lake .umsta.
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T-BLT 10. Fun-off from Loke Lususta exnerimental uvlots, one leare

and the other uvith three Oriles acicularis bushes attached

above a plastic ground cover,

Run-of'f (inch=s) % increase (of

artificizslly vesctated

Date Bore Rughes _blot over brre 2labh.
Qet. 1971 a9 614 ~20
Jec. 1971 0.43 OrBlL -30
Dee. 1971 2,62 1.97' =20
Aug. 1972 2.26 2415 -5
sug. 1972 2.29 Buf27 13
tove 1972 Le23 LJ5% 2/
Dec. 1972 2.12 2.12 0
lar. 1973 1.75 1.96 fisl
Aore 1973 1.70 1.40 -18
Yay 1973 328 4402 2
June 1973 2oPE, 2% 32 h

Total 59487 27,18 =2



JU.

TABLE 11. Run-ofi” from Pine Lrlkeexperimental plots, one bare 2nd

the otner with three Orites scicularis bunaes att=ched

above a plestic ground cover,

Run-9t2 _(inghas) ;> increasce
Ccte 1971 1,15 «90 ~22
Dec. 1971 5454 649 26
Fewy 21972 5.02 6.02 0
Vere 1ET2 1.02 0.29 -4
Mar. 1972 3.60 LT3 31
June 1972 hell 15 B
JOE g 1A 2 3,64 60
HBugs 19H2 8.70 WY 3

Total 3245 38.87 20



TeBLE 12. Hydrological éata for take Aupusta run-off plot {rom

July - September, 1973.

i ¥
mte el Ubes | Ghdes  BeR ok
inches
July 10,11,12 0.88 0.52 0.20 0.36 0.6
14,15 0.84 0.83 0.40 0.01 40.0
15,16 2.30 2.20 0032 0.10 3.2
1% 0.31 0.26 0.09 0.05 1:8
19,20,21,22 0,90 oLZ6 IS 025 Ol 0.6
25,26 0.55 0.51 0.20 0.04 50
31 0.09 0.04 0.14 0.05 2,8
Ang. 1 0.85 0.76 0,10 0.09 0.9
1,2 0y} 0.14 0 - 0.01 Q
o 0.26 0.27 S 0.13 = 0.01 0
4 0.07 0.07 0.01 0 -
5,6 2.21 1.92 0.88 0.29 =~ 5.0
7,8 0.24 0.26 0.08 - 0.02 ~ 4.0
9,10 0.04 0.04 0 Q -
11,12 0.40 0.31 0.08 0.09 Vf8
18 0.09 0.05 0 0.04 0
19 0.11 7.05 0.02 0.06 0.3
20 0.04 0.04 Q ] -
Sept.19, 20, 21 Tl 9,79 8 0.08 0.56 0.1
26,27 0.89 0315 S 0.14 0.34 Oed
Total A 9.15 2.00 2t 1.15 2.19
Total B 12.55 10,07 8.2 2.48 1.26

Total A is total for periods during which snow was absent.
Total B is total for all periocds, including days with snowfall..

S = signifies period which includes some snowfall.




TABLE 13. Hydroloeical dat.a for 2 week veriods at Ishke Aususte

run~off olot, July - Sentember 1973.

Tire Periocd Plot Rain (rO) Fog LO-R Fog
= run-off (RO) (R) ( R) Ru-F
(inches)  (inches)

4 - 15 July .72 1.35 g 0.80 01 %17) 2,16
15 - 17 July 2.30 2420 1.05 Os82 0.10 3.20
17 - 30 July 1.77 102 (Shr VT2 0.60 .75 0.80
30 July-1 Aug. 0.94 0.80 1.18 0.25 0.14 1.79
1 - 14 Aug. 3RS 2.8 (7 A 1efild 0.41 2.68
5.~ 2F Septs 2.2, TeJ0 \ED MLET 0.22 0.90 0.2/
Total A 8.21 7.19 1.14 2,47 1.02 2,44
Total B 12.22 9.55 1.28 3.29 2600 1.23

Total A is total for all periods during which snow Was absent.

Total B is total for all periods, including periods with snowfall.

S -~ signifies period which included some snowfall.
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1. st Gouzes: [Vtaowgn these genges kave obvisus dravhecks

as srecice inctriwents for messuring el] orell dismeler Jdronlals, thar
heve provides 2 usefml gaide Lo the notesiinl iaput of oz, izt =nd

rime to nigh sltitule sites hy wirlue »f projecting folisge.

Units of ‘isoruremant: Traditional methods ol messariag valer

collected benecth “or geuges hove vsed units of depth, ac wibth reinfell,

The megh crea facinz eny horirzontsl dirvsction nas comaeonly beea cor-
structed the gome as the avez =f a veinzamge facine vertically, anc

comprrisans between o5 ~ad rein have been nade on Lhe rescliin~ dz
moasurarents. .is printed ont on pare 37, thiz ic coasidered invaiid
by the outhor aed quile miclending since bhe waber ccllceted b = wire

gmze, even in the skseace »f rainf2ll, is unlizely to renresant any-

thing 1i%: the depth of vater tnak wanld resch She groand over en cauive-

lent aree of horizonbel craund surface.

In this theels, olthogh the nres of mesh Tacing ~ny horizsntel
. 7 Borinspnte
distsnce is the seme =25 the erec of an 2" diemater rzingreuse, vater is

oresenved =s 2 valume, not 2 depth. Since roin i- eynluded foor vhe o~

geuges by n flad, horizontrl roof, tno volume of +maizr messares

is sen-
cidered cuite independent of roin, 2nd esinot be comrared itk rein
1atil a converszion facbor eon be esteblisthed.
(2) The effact of tas z-uze, a eontrol sxrariment nt Fine Ton

bo determine the effect o the zauges an water dasssitian in the rhaavse

b i ot <
of k= cyliador of irire moca wme bzpan da Jertamher 2072, | a jpitiel




calibration of' this smise vibh 2 nearby gauvge tezide the uifley #iver
diversion canal estaoblisbas a conversien feebor of 1.11 fror Lbe Fine
Leke Canal gavnse to the Pine Lake lest gauge. after removingz the g-uze
from the latter gauge Lhe sverzge converpion factor dropned fo 0.1E for

an 17 month period. The effect of ranoving the wire mash then, wes o

I=
[

E‘C": nea ”'-'Ll 2T cg; |ﬁct.ﬁ-1 b.} \‘:1 .7;,;- si felals] ‘:’nn j t n ._:- rem: 1 W P O{‘ t”‘?

framework =zfber roroval of tne gpeuze zbtill conciitvbed a sciieble

L

surface {or derosition of saor ~nd rinme, there is litilz drudt that the

gsuzes 2lmast exclucively wmessured vind derendent nrecinritction,

\

Sigce caw

7

es ot e2ltitudes belov 35230 feeb recoried very lithle
vreci ritation, even in moathe of high summar roinfall, iS5 is -pozrent

F ein vap glmost tobtslly excluded.
that rzin wa Imoet Totslly excliuded

(B) Tom elvecd of AR Tebles 5 to 9 and figse 35, 5 2nd 6
shou spectaculer increzcec in deposits amsove 32071, Pig., 6 2
loz for denmpsits on sltisude, dndie~tee tho
is exnenential vithin the rene of sites tested. Sinee tha lz2c-tions of
zauces insbelled oa tha Centrsl Flatosn cover an exteasive ron e of rsin-
fall regines cad oltitudes, tn~ uniformity of rog deposibts «within one

altitude zone is striking.  TFor examnle, in the zltitude aon= from

1100 m. ~ 1140 m. (3700' to 2%09!), ganges sre sgerarsted by un to 30

riles, yet, sverase batwsen 603 ml sad 900 ml ner month.

it siles balow 1050 m. (2,5001)

ot

oy

o
2

Tanrosg rhc-()-n-l '!‘fnrﬂ- 'I-| ;—'je

water end iS must be coacluded that trere is no cobteatisl for rlanss
to gein wmier from gmall dismectar drcolets of crecivibation helou 930 1,

(3000'),  The rreganss o Ton ob theze sites is corroaly Lhe presul T

-
_—— e a

redictive cooling »%f pi-ht nnd the reculting Znps ars glow muving end



couposed of very smnll dlencter perticies. The pateatizl for depociuion
of water by foliage ir these conditions is much less Shon in the fozh
moving low cloud formations movipy over the hizghcr eitec.
slthouzn water deposited in ths guuges is labellnd fog, it is inpar-
. : . R S
tant to benr in mimd thab vater depszited is in moch caces tne resalt o:

lou eloud forrations viih a reage of dronlet zimes from less tran 20

micrnns diameter to over 20) nicroaz. The terms fog, mist end cloud ore
nsed interchanczably in hhere veres as geaersl terrs to deseribe the con-

ditinns under vhich small disrster vins dependont particlzs ere preredt,
(c) The elfect of “xsosure. Mozt of the gzaurze instzllatinac
hove bszeeo on eyposed siles in order that denmosito will not denend oa
wingd direction. In snowe comes th2n, the sites are not revressntatbive of
large areas, (for ex=rnle, the genze 2t Pins Loke Basgt, sns the Tirst
geuz= above Lisuenese). Tn geaexal, hovever, thece grazas bove recorisd

s —- AN

very littls Jdifference romleoss exvosed auges.

sffect of wind spead oa water derosited ia the contrinerc is

b
o
)

cori-lex. =slbhougt the nnbeabial devosits cre clearly nrovortional to

cloud density ~ad +inl speed, the ectus]l relatinachip derends on th= tur-

bulence and surf-ce teacicn of water drens on the rruze. In wing sueeds
-1

above aperroximetely 20-30 tm br., drcos sre blown from the gouze and mey

ries the eollecting Tunnsl. st g2 wind specds taen, bhe dermsits e

generslly aisrnar than =t 19v wind gpeeds, but the efficicney of colleciicn
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nt lover sites, lespite tre kigher rzinfrll =l thoze lecelitizc,.

The proportica of #or deposits and reinfrll at dlrferent senanag
of the year is oressntad in Pig.9 for the aversge of all zoures ovar
the msaths of operazion., Ths regression hos a probsbility of aruraxi-
mately 0.032, iriicatiag that fog por vnib of reiafell is more importent

in viicter than in scnrer.

2., Fon-07f Plaka: Roth the sneldl rmn-off plots (8 n. x 2 m.)

inetalled =2t lexe sogugta 2ad =2t ¥ine Lexs vere harpared by insipuzoanel
feilure in the erriy strses of tre experimonts. Sinee rousurcsazal wag
only posszible once n monthk, the resultinz number of ecrrarigon~ bei-ecn
bhare =zad veget~ted rlols was iagulficient for resslving statirfical 31.0-

“n

ferences. The [alle sumusts trisl racosrded 21 ovar-ll Jecrerse ia roa-

o

ff in the vegetaled plot (compered to an adjacent bare plot) 7 27,

i

and b Pine La¥e a2 overzll ipersase of 20

Bt

veg rmezgnred (Tokles 10 en

Q2

19 ). The resilis vwere ron-si-ni~icent ith a orobebility (that the
resulte ropresent no resl chaaze) of 0,2 at Loks ‘u-usks ond 0.1 at Sne
Leice.  Iadivides) comnarizons were coaverted to o percentsve Aifferance

ia ordar to steorlrrlize dria Osr ta2 sta
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over long pericds, &g in the sbove triels, it is inherently difliculbt to
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are svarged oy nich srester f211c of rsia ~rd znovw,
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m. £~11 over ~a crea 2 metres goumre in Lpe conbre of tho plek, aaky

(=

i

« 2 . FA e : e ek e ngT ¥
174 of the plot is coversd wite folisge asrd rein cen 21l ab 51 nngye upho

70° from verhical bafore increasing run-off in tke plot £2r purely reo-
metrical reassas. This ig the ancle at which 1 mn diameter droplete fFell

in 32 mm/br vinds (Hagle, 1956).

The plois also have the drawback that snow deposition in bthe vieility

Las

of any orojsctiaz foliare ic greater thea in th2 open. During winter
memtits Lhen, wi®n Jecporits Trem fagy mist 2ad rive are efpected ko be al

a maxizum, 1% ig probable bthef mach of fhe increase in vegebtated nlots 1is

C3

due to local increwses in saow dewstition.

The lerpe run-off plots at Pine Loke (490 sgum.) and at Lske
Auzusta (392 sc.n.) were construsted in sn attemos: to overcome the
difficulties which are inhereat in sixall plots, In order bec increrze iLhe
size of ©lrts to this siee it wes neceasscry o devize z2nd construct an
instrument for measuring the large volumes of water involwed, tnab could
resdily be coaverted e a tire ehsrt, and which was ihin hne fineqeinl
budget sllocsted to the exporiment, The large (12 1) ticning backet
zavpe described in the enclosed vsper wes designad and built for thig

purpose,

g descriwed previously, the plot at Zine Lzke prodiced ns relisble

results =al the trial wzs moved to Lake fususte in 1973 whare a laree
area of dolerite was expased. Resulis of taig site are preren’ed in

Tables 12 and 13,

Feinf2ll at tas 8ite woe detcrmined 3y five 15 cm dianchpr by Li.e om



deep cylindrical raingauges, with kerosene added to prevent evaporation
and consumption by native animals. These were measured approximately
every two weeks, Daily rainfall was measured from a pluviograph and
from the H.E.C.!'s standard " gauge approximately 40 metres away. Daily

fog deposits were recorded on a pluviograph chart beneath a roofed fog

gauge.,

Data is presented in Tables 12 and 13. Table 12 presents daily in-
formation from time charts attached to the run-off plot, the fog gauge,
and the pluviograph; and from the H.E.C. daily read raingauge. Rain-

fall is presented as the mean of the two gauges.

In Table 13, rainfall is calculated from the average of the five
15 cm. diameter gauges, plus the pluviograph and H.E.C., gauge. The ac-
curacy of single raingauges is widely acknowledged to be low, so that
the second table is considered most accurate and is believed to adequately

sample the area for rainfall totals over a two week period.

The first table, however, has the advantage of recording single run-
off events, so that short period run-off during prevailing foggy periods
can be separated from the average rainfall plus f{og, measured over a two
week period. After allowing for up bto 207 variation in actual rainfall

from the measured amount then, it is apparent that:

1« Run-off from the artificially vegetated plot increases dramatic-
ally after snow has fallen. The effect of vegetation in increasing local
snow deposition is well known. It 1s difficult to extrapolate local depo-

sition demonstrated here to large areas.

2. At certain periods the run-off in the plot (compared to rainfall)




in visunlly dacumonbed heavy rimi, is f'a1r in excess of 2.y pocsibla
errors in estimating roinfrll, Snen n time was 3lut Joly vhen
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where F = Fog D2pocit ia rcofed gauges
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leasurod differen~e batween run-off and raicfall.
avernrred from 7 seugzes

ic weea to vary from 1.9 to 3.2., with az avorcge of 2.5.
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ot on ancle of 60 from verticnl without inereszin: rua-of? tocwnze a®

edge effscte.
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70.

not normally sampled in raingauges, are of considerable imporlance above
1100 m. on the Central Plateau. The wire mesh oI the fog gauges and vege-
tation foliage are roughly equal in efricieircy in causing droonlets to
coalesce and fall to the ground, under exposed conditions. It is not
possible to extrapolate these results to large areas becazuse of differ-
ences in exposure, vegetation type and altitude, but the results nave
indicated that the kighest sites may receive water from tais source

equivalent to several incnes each year.



based on enpiri

van evaooration,

.

CRIFED 3.

I

TN TATE S S-—~ SPTA]

ia lchaid L SEL S g

Zvopotrangoiration losses of wrter from the Ceatrsl
pzen eslenlsrtad usins - number of methods. oatimotes
el Pormulee relstldar svapotzecvizaticn e Serysrature,

ond nob redi~tion have beea gho'mr o he miglepdinag,

2intionghin betvesn evapotreasvirstion ond alitibtuds iz complex

=

relipole hydrolojieel oad neteorologiccl deta orohibits

b

zhes or lozses on tha Cenbral Plste=u, & ernde saalyz’s

~

ke veter budzet on thc Cenbral Flatesu catehmeante suprorte a

ct

ieal expeoctation of epproxirately 75 cr (30M) morn evoro-

7



Intraduciion: vebter loss tharsush evenotroacpiretion has 2a

important beariasg 92 bhe net sain to be exprelrd £rom lovw elond ~nd
pime. Tais iz beer.wn ol the norpible divect relotinnchin betvera

water gnin Zrom projectiag folinge (thet ic euitablz Tor chreining

satayr iranlels) omd tycas-izrtion loce, C'or exarnly

[»]
=
»
b
'
73
1
-
'3
=
b
=i
.ll
4

hofare eacoura-ine Lree ~r>-th on ta2 plate-u S5 increcze ron-oif
“rom clond 023 rime, arc would vant to be crafifent that sach na

incraszse would ot be con enseted lor by an iacrecse in evepobraagriraficon

over thz cotement,

dvapotraaspiraticn cta be cntirrted by ¢ nvmder of methods, asae

of mnich ~re expected o bte hi—hly ~ccorate Tar the Centirnl :lateaun

liniting meteorslaciceal dota ~n

e

drving ovt of goll Auring

ths summer ronvhs.

Tne f£olloving oriaf azalysis of nethods suitable for eatsreting

evapoirens~ir«tion oa taz Centre

-

Flatacu hac been conducted o zoin
2 nrobzdle order ol nrraltnde Tor lecres from the nletesu. Thiq vwig
d2a2 bto el-rif vas eflect of vesebotion densit.’ ~nd type o traspniwaiion,

“nd to aid tns ~1~iysic of Tire r~ndA stresrflov ia the ncxb en--tes.

Ths Tffac®: A" lNav-rinn naq Tgorare ting,
S PO G 00 STET

In Eqﬂ?rﬂl Lhﬂ G.'f‘r'ﬂct 31-:‘

timade oa evizarntiog ilen heen vrannly parrogicted - it ins been

razrumzd to2b bocarre it -ele eslder vith iac cre~ciaz 2ltitnie, evepave=ion

)
cecot2c lecs,

n_ 7 i P " %
E 1r\ (]?P” n=s .‘t-l;}:;:n_'!iﬂ_\: - b Lok o] e alt f‘ n- ::-1- !‘Q"I "'iﬂt'\"l""“

."‘b - o e Lo i § . ".r .
Ceteen nzat~tve medvesien oeirted ibh wltitgia ang evanAs-tioa,



He demonstrated that in a Mediterranean climate with a lapse rate of
0012° ¢ m-1, a rise of 1000 mstres can increase potential transpira-
tion by 7%, compared to sea level, assuming equal solar radiation and
wind speeds., This rose to an increase of 18% in transpiration loss
under iso-thermal conditions. When the increase in radiation with
altitude was also considered, potential transpiration increased dra-
matically with altitude for the sites considered. Gale compared
Jerusalem at 830 metres with Tel Aviv at sea level and calculated that
midday rates were 50 - 60 higher in Jerusalem than on the coast.

In Tasmania the average lapse rate is approximately 0.0018O C m'1
which would correspond to approximately 6% increase in potential trans-
piration per 1000 metres for egual radiation (assuming 50% sea level
hunidity, wind speed 500 cm sec_1 and 1.2 cale cm BL leaf absorbed ra-

diation). (Extrapolated from date by Gale, 1972).

Although no radiation data is available for Tasmanian highlandss
it must be assumed that under cloudless conditions, evapotranspiration
losses are greatly in excess of those at lower altitudes bccause of the
general increase in radiation with altitude. Pan evaporation data from
Lake St. Clair and Liawenee support this, although, as previously pointed

out, their reliability and validity is suspect.

lethods of Analysis of Evapobransniration:

1. Temperature and “vavoration. Fig, 10 presents the relationship

between temperature and evaporation from an American Class A Pan for all
the months of the year at Hobart, Lake St. Clair, Lalce Eucumbene ia :I.3.%,

and Hursery nill in New Zealands It is imnediately apparent that
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The formula of Blaney & Criddle is -

where

u=Ktp (1174 - h)

u is monthly censumptive use (inches)

K is a crop constant (K = 0.7 has been assumed)

t 1s mean monthly air temperature (°F)

p is monthly percentage of daytime hours in the year.

h is the mean monthly relative humidity (%)

The formula of Thornthwaite 1s -

FE=FE¢ ., h , U
W2 30

where PE* = 1.6 [IQE]a

L

where T is mean monthly air temperature (OC)

h is mean number of daytime hours per month.

N is number of days per monto.

I is a heat index, which is the sum of 12 monthly indices,

iy g¥ven by

5 :[3]1.514
5

a is a function of I.

Both a and I can be found from tables (Tnornthwaite and Mather, 1953),

of PZ* can be obtained from a log - log plot of PE* wv's T where a

straight line passes through (PE* = 1.5, T= I/10) and (PE¥ = 43,5, T = 26.3).

P2* is an adjusted value of potential evapotranspiration based on a

12 hour day and a 30 day month (cm/month) .

PZ is monthly potential evapotranspiration (cm/month).
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3. Empiricnl formulse hosad on theoveticel nhycics.

Formulae derived by reaman (1948, 49, 1956 (=}, 1956 (v), Sl:byer
and JeTlror. (1961), Ven Bavel (1966), tbateibh (1965) hare hoen coolied &y
=3 Tid Ay s L b
Slatyer (1960), Trnner znd Felton (19860), Fitzgereld and Idehnxd (1930},

Stannill (1961), -reseoth (1958) snd obthers.

The Penman method is the most videly nsed of there ~ni eovbines on

agrodrnaric end elersy balence arprooch.  Althou h more compliccted tao:
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7.

where RA 1s the theoretical maximum solarmadiation that could reach
the site in the absence of the earth's atmosphere (obtainable from

standard tables).

% is the ratio of actual to possible hours of bright sunshine.

IA

T is the theoretical black-body radiation at mean temperature T

(obtainable from standard tables).

ed is the mean vapour pressure of the atmosphere (mm He.) derived

from routine humidity observations.

Ea = 0.35 (0.5 + u ) (ea - ed) wmm/day.
1

00
where u = wind speed at a height of 2 metres in miles/day.
ea = saturation vapour pressure at mean air temperature
(obtainable from standard tebles).
ed = is as above, so ea -~ ed is the saturstion defecit of the

atmosphere at screen helght.

Ho is the appropriate heat budget for open water. For a green crop
Penman found empirically that the radio Et varied from 0.€ - 0.8, with

daylength the dominant controlling facto%?

Solutions to the Penmar equation have been greatly simplified oy
electronic computer (e.g. Chidley and Pike, 1970) and by graphicel sol-
utions (e.g. Purvis, 1961, and Kohler et al 1959). Measurememts of air

temperature, sunshine percentace, relative humidity and wind speed are

required.
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In Tasmania, evanobrenspiratisn data from Peanmen's ejuation O3s

al areaas

« - A e peymhan n? jrmprionbt zericuliar 5
peen caleulated since 1965 for 2 muwmber of importent sgrienle g

1 3 ey Y ] R Gr 1
by the Buresu of lieteowslogy. The oririnel srachs by Puirvis (1951) uare
. o A o . 5
modifiad inizielly “or a reflechion coefiicieal of 235, out vere
(as used by Pennca) in 1948, The leteoroloyical Burecu

fouad tant the followins subatibtutisns provided wvhat thoy considernd nare

-ires for Tasmenin and Vizborina.

(0.13 + 0.55 n) rewlaced by (0.25 + 0.50 n}
1 H

(0.5 +0.91 n ) redsae? by (1 + 0.01 w)

e

(1-1r) =095 repicoed by L - = 0.77

Lltnor-h no measiarenants heova b2en made on the Cenbral Flatesu becaune

wind speed, hwaidity and sunsaiae rscoric are l-ocking, the follouing com-

parisons with Clase 4 Pan evaporatica ot Hob=rt nave bee1 caleilsted ror
later discuszion of ths relstive rerits of Peanan's forrul:.
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£ iz wogaible 52 esbimate the evapotrsngnirction of e tehmans

el

]
cr
W
: S
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hl
}_r.
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3
L.
3
o
b
da
2
L
N
=
2
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tha diffarence b2luoer

~
.

short pericds becauase 27 ths ¢ifviealsy in adaounbely gamnling reinfall
A S - L8

over g lerse aree, and bescsuse of the posriklity of lackeye tren Lo

[

catehmens barousn poomeabls bedroclk.

=

In the hirhlaads of Tasmenia, reiaf2ll is only messared in a Zev

geuzes and these certeinly do not reprezeat tne svercre precinitobion

in any cateanent. Ry averscing 3¢ia over 2 numtor of yasrs horeover
and maitins a number of essurntionsg, it is pog=oible to apzly tre uzter

-

budzet mzthod to the Cealral FPlateaun.

This methzd essentinslly estnblisiacs the relationshiv bebussa roian-
ge mreciribction and catehmant praeipitszsion ia vinbder monkizz by

122

agsumlng an averace evapobroacoirction loss. Sinee evamirenspiractioa

ot
s
]

ig slmast certeinly belween 2.5" wnd 1.5% ner month in winter, 3

possible o eolcalate the rontnly eatehmeat rreei-itation »a:

E

wnore Fa o= .yerase cobeavzab roinf-11 ia wianter ronths

ax = “ercured run-off convarted to depth
= — Focin 1 - - e
n o= Avesobrancairenion which is petussn 0.5 snd 1.5 incesc

vor moabh,



Then Fo = Rc.X.

-

where Rg = raingoute precipitabtion ot eny site

K = consbtznt to convert repingauge precipitabtion to cuateiment

precipitation, (See page 84).

Using this spproach it is pocaible bo determine the relationehin
hetueen rainrauge nrecinitztion et any site, 2ad avers=re coicirent
orecioitation during vinter months, and Lo exprapolste this relation-

ship bto the remainder of the year.

Although the validity of meay of ths assumptions innereal in tiis
aanclysis are open bo guestica, it is liksly thzt they ore le:zs suspsct
than many of the assumptions in estimations of evanctracspiration using
empirical Zormulee. That is, vails the estimstas of moatnly cevcnr2as
rainfsll ars oaly anproximale; tnsy 4o enable a civect mespire of bthe

evepobronspiration of a catenmeat. The mathod conscousabtly beltes inbo

account soll water limitalions in sumumer, stomatal closing uader siress

-

coaditions, ndvaction, z2d bhe numerons micro-savironmentzl factors

importznt in deberrnining averarse ualer loss Tron z catenment.

o

A discussion of the assumpbions inherent in bhe snalysic, as waz
apolied here, follows :-
(&) Sveporabion is very louw im wviater and ckle Lo bhe esfi-

L relntionship
telieen rriacane records -

v P e et 1 LIy L by (R MU s |
W /Vern AT coveanrtal reiafzll iz Jelernined

in winbter months, and exbranolated to cummer goabhs.



(8) 15 large delays in run~off occur. Scil is iavarishly =t fieid

capecity by the end of ihy, oub the waber fable con fluc Luate over Lre

winter months snd falling reia mey toze aays and veeke ia lsrge catetvents

before peing measured as sbtreamflov, i.e., some reia fallings in sy wil]

” ia Jun2, and aome rein f2lliag in Sechenbher 111 pcdar

avpeal as run-of’!

as run-oi'f in Notober. Sines JJertember reiunfeoll is, on ocvarsye, sporaxi-
mutely the same ze May rein¥cll, errors due ©n deleys ia rrr=s?® ghonla

In tais stody, wiater manths Man=s, July, usvct ond Santerher nove

1
[

L_x
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o

ntal evazotiranspiration providic

el HAT

best fit with expected evaracrenspiration {rom month to moath,

Ny g i i
(2} Tedugsage shet

(2%
S)
o
"4
D
Q
e
H
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J

ere direcily rroporticazi to gversoe

catchmeat r~in{-1] when gveras2d over a namber of vears,
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e
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"
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o
<

alid trea, “hen comerine run-off fro~ cstehwenbs Shet ~»e

situsted a2 loagz vy from reinzsoce ctntions.

(D) Fziagovze errars ara conchend and tha szme in vinker as dn A,

e L

s oon: 2 o .
The effTieioacy »f = rainzsiise in mernsurins srow i lesn then -+an

resscriac raia, en tast thkis
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1~

cancel this ersor, rlthouch the overell veriatioa 1n crecirvitation

messusenent ervficizacy throu thout the reor ig not inova,
T~ errors jaherent in this essvrmbion, hovever, are likaly &o

be slisit comered to tha previnsusly ronbticnsd factors. Veristioane

in to2 erount of mish ond other wind dewnadeat wrecivitetion forme,

as a2 proportion of asrral rainf<ll, may nlso induce minor errors.
fegnlhe: Tables 17 to 32 owrecent the resulin of talc nnnlyecis.
It is essured that the r-iangeuge stntion records may be multi-lied by

e constent to errive ab t5E cabcluasnt rainfcll fer o gear pevi-d, and

that the consctent is meesured oz -~

_ - e
I} - i I
St O NS, 4

gol}
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vhere K = L4verege annuzl rainfall ot reingruge stziion
e = 4 " run-off at catechment under study
E = azsumed usl everobrensviration

Jontnly evenotraaspiraiion is determined for each moath a5 -

te)
=
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wkeXe Zo = monbthly evezolrengnirction

) = ; - B 5

A = moataly reinTell ot roinssice shation
o= $ikim

o E ruc~-of " (in dersh vaits) <b strenmmive
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PART Y N4 Manthle avanabran-nirebion in bhe Mehay Hivar Catelyroantg
= a'ed damdurk . ol sl tt . - e S~ e g SR ity

for pn zversse sippal ewvesotronsslrstion of 234,

eferencs Foinrouse Station

Rronts Prrlk Bntlers Gorge Liave noe L. taceengic
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g 3253 K 3.0é 2 Ay
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i Y 2.35 1 457 2,53
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TLELE 26. Hoabhly evunotronseivation ia the live “ivexr Usbeinment
Tor an snnuznl total of 29N,

Reference Trincruze Stetiom

Bronte_ Park Butlors Gorsa. smrense

7 7.8 2.11 1.5
? .59 1.85 3.08

X 2.56 .57 245

TABLE 27. :bnthly ey vobronsrirstisa in the ive Ejvor ca2tohment

an _aanuel totsl of 2.1,

- . —

Bragts rig Butle

- —

J 1499

2
¥ 2.83 2.04 336
o 2.79 280 2.35
A 3.83 341 B.5l

3 26
5 0.97 0.45 1.02
3 30 3 u58 2.23
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TABLE 29. Monthl y evapobranspiration ia the Deiwent Liver C-tebmant

for ol evomotruighir-liasa of 200,

Reference Rainz~iize 3tation

L. St, Clair Bronte rarl: 3utlers Corre
J 2.08 1.98 2.

i 3.03 Bl 2.

e
xu s

O~

.9 2.94 3.01
A 3.09 3.78 b )
M gl 1.07 1.67
] 0.0 0.90 0.65
) 0.8 0.62 0.62
.68 1.15 0.43
S -0.09 ~0.64 ~0.29
0 i, B2 1.18 0.80
i 2101 1.96 2.08

D 24.35 244, 2:.45

TiBRLS 30, ifonthly everatransniration in tag Derert 2ivar Gntchmant
£or annual avyrnobraagmiyatian o UM
— v s e L

L. 3t, Clai Eronte Pra’c Zutliore Coraa

—— e Ly i e

4 2.2 2.1 2.93

g
W
0
w
W
~)
(2]

3.12
2.89 3.15 3,22
3 4.21 3.52
3 1.72 ) >, 0a
& 9.99 0.36 L.
! 118 9.99 1.00

fi
- 1e e 1.59 3.85



TAiRLE 31. Montklv evanobraasnirsiion in Lhe Derent Fiver Cotehmenat

for spaun). evepotronoviretion of DRM,

Heference Foincoure 3trtion

L, St. Cleir Bronte Paric Ritkone, Cagoa

0 2.07 1.93 13550

-

i 2,99 2.73 2



TARLE 33,

Mean Yinter evarobroasnivaobion fe

Travellors
fest

Fisher

Hive
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* Bt = Zvapotranspiration
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T.803 33, Porcentace of annmusl reinf=l). f2lline in winter months

(% per month).

Vodidamena Q,75
Yiena - S

lialze Mackenrie 11.08



Discussion: dvapotranspirstion lessces are the most fundemeatnr] rensan

for tas difference betueen nreciritetion ingmt end streamflo:, »ad ars

besic to 21 understonding of the hyirslojicsl cyele. The literature

deslin: with evanotransnirpoion i35 voluminoue aad tiern are rroy clierar-

tive mataolds of mensurerent, Ievizws of mars:rement tochri-uea nre -iven
‘3

by Lincers (1943}, Penran (1963), “lsrd (1972), dustralian uter Ternireas

Conncil (1979n ond 1970b), U.3.2.3. (1981).

The .usbralinan ' ater Tegourcas Counzil (19792) cnacluded that Lie

4y

only metind soltrble for the moagurencatb 95 evanaration from most trooe

I’ 1land surfoces, wnrc bosed nn 75 evelustion of the surface onaesr brlsnea,
Thig mabhod esseabi~lly consisis of mensuring nat radiction, seasi®le hoak
transfer te 5oil nnd »ir, nad the rrogortion of rodi~tion portisisn:
into latent heat. Seasors cre ploced ot tio h

rogsible to Lhe erop surfaece,to moasure terporature asndi hnisity gradfashe

over tha aerme hel-ht lovel, The ratis of tha two “luxes, ta: Paven

Totio, doterriacs iz partitioning of the rodiart enerzy inko acizibla
rnd latent nent, o:d mereirements of net radi-tion ard sraund sest,
8 o

Lrensfer enntle svenorstion rete 49 be deber—3insd

-

ke Gl el Pt sl ke Ve T : D
1o 1s eppareny Lnst even uibh (22 rogt esshicticsted a- epabug

inzorporatinz aomroxiretely 39, 200 worth nciellation snd dnba wro-

Na . - oA g 3 \Yl"’ . : 2 2
CeRSANG @2l imene (“ L 197Q ) nlus 2 sunervieiazg tgcpsic1nn’ 270N

| auiret a~ s % :
breaspiretion can 9nly he detar iast ot a 20intb lszabirn tite 2 yeacan-

22l? degree »f rrecirzion,



the ra~~e n” climates i~ ccontiavous £rom the nrost exposed, to wild and

sheltereld sites; end tac roinfall vith associabad clovd caver, is

marked ceross the clatexu, ooth Trom sovth to nrxth ead frem enst to

vest. Ground ccver ronres from water Lo pare rocir, and various vege-

tetion forma, wnich mact hsve a sigaificcat inflivence on baln the re-

"

flectinn coefficiony of incoming radintiony and the avedlaeility of sail

g4 ]

moisture for evaporction, particularly in summer months.

In oxder to esdecaately samnlz evspobtrazenirstion oa tic Centrel
Platecu cctehrents thon, it wonuld be necessary tn ingtall sn extensive
netvork of rndiotioa ianstruments, sufiiecjo r dence Yo entble a repn-
reseatative ennpling of vegeletica typer kaving different slhedo,

differ=nat Boven ratios, r£ad Aifferent edvection effects.

.nv-— r-el L. -\.a'l

of deterrining evapourenspiration e»n nt hash -ive e rough indie-tion

agh
if cempling is inadequnte, an wsotier now sccurate the method ot the

site of resgurenant.

Ths formula of Peam~a's, ns applied to Teeraniza condit!a ons,

emphagises the difficultien in esiimrtine evapotraagriration, even -rusre

meteoralnrical records are 37 » relisble natare. The Aare far Hobart

.

s shown in Table 18, sver-ces 757 of evaroretisa “ror ra .merican Clzaa

14

. ) - Ly [} .
& 920, whsrenc Pearen (1963) expected Shis reasias “o» omar vakter eve awa-

tion, ond 2a aversre of - anorozimately 527 o nan eveporatisn Tor a erau

surirce,

Tre uze of the Ianman e-wetion o0a Sne Centrel Platean je nat n

rromising line of approsch “or the follovine pers

sone:



Tha effoct of wreasure on evanarcbisn, 2ale (1972},

rointed out th-t not naly tac paychrometriz constent, kut slner teras

nc well, ~re pregenr dopendnnl in many senl-emoiricel forrnlar foi apti-

pating eropotrinsairtvion from meb=orelo;ictl data,
2 Zverobtr-aspivetion ie not medntednsd Al Lhe foateatisit

rote throuzhont suzcer moathe in the enstern catehments bacrupe of moil
moistare lizitationz, In other ereas waers bare <raini 703 pack ~re ex~
pored, edvection iy licely tn be impart-st. Maly in Lh~ wetter veckown
catchmeals iz u~ler erpoctied to ne lort At the notential rate Saring
averaze cuwver conditiosne, and evea hare umisorlly dry seasons vonlA

nresant complientiong,

3. svaporation From et leaves ig 1ivelr to he rora afficisany
than Srenoniration that would anreclly be suppreceed vhile froe woter is

evayaytins.

ameles e ~y ~ e y h s 4
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Conclusions:

Evapotranspiration losses of water from the Central Plateau have
been estimated from a number of methods. Estimates based on empirical

formulae, relating evapotranspiration to -

(a)  temperature,
(b) pan evaporation, and
(c) physical principles of evsporation,

have been calculated for the Central Plateau,

All empirical methods of estimating evspotranspiration from poten-
tial evaporation formulae have been considered at best unreliatle for
a heterogeneous unit such as the Central Plateau, and at worst very

misleading. The main reasons for their breakdown are :

17¢ The complex relationships between pressure and evsporation
leading to greater evaporation at high altitudes for unit temperatuie

and radiation data, compared to lower altitudes.

2. The greater efficiency of evaporation from wet foliage compared

to transpiration from dry foliage.

3. The complex pattern of vegetation cover with varying albedo and
soil moisture retention, leading to a complex relationship between ad-

vection, wind speed, and evaporation, which varies greatly with locality.

L. The difficulty in measuring evspotranspiration even at a single

locality due to a lack of reliable meteorological data.

It is considered that the best method of estimating actual catchment
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In winbter montias moisture is alusys freely aveilevl> for evepora-
tion at the poteatici rate, .lthough winter femperatnres are, on average,
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108.

CHAFPTZR 4.

THE EXFECT OF A SZVARZ FIRE ON STREAFLOW

SUMMARY :

A severe fire in the summer of 1960 - 61 burnt 310 sq. Km. (120
sq. miles) in the highest and most exposed western portion of the
Central Plateau. The fire burnt 70% of the 78 sq. Km. (30 sq. miles)
Fisher River Catchment, 34% of the 286 sq. Km. (110 sq. miles) Ouse
River catchment, 28% of the 733 sq. Km. (283 sq. miles) Nive River
catchment, and 32% of the 47 sq. Km. (18 sq. miles) Travellors Rest

catchment,

Hydrological records for the 10 year period before and after the
fire have been analysed to detect changes in streamflow pattern. Evi-~
dence is presented to show that run~off in the post fire decade has
been reduced in tke Ouse, Nive and Fisher catchments by 4.3 inches,

2.3" and 2.7" per year respectively. In the lower Travellors Rest Catch-
ment a slight increase of 0.3" per year has been recorded after the fire.
The reduction was significant in the Ouse River Catchment (P=0.02),
almost significant in the Nive River Catchbment (P=0.08) and non signifi-

cant in the Fisher and Travellors Rest Catclurents.

The change in run-off co~inciding with the fire is attributed to
destruction of vegetation by the fire, which razed the highest portions
of the catchments. It appears that the ability of highland vegetation

to increase snow depocition, intercept rime deposits, and to strain out
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fine water droplets in mist, low cloud and {og, has been reduced by burn-
ing. The net loss in catchment run-off occurred despite a probable

decrease in evapotranspiration in the post fire period.

IRTRODUCTION

A number of fires in the supmer of 1960-61 burnt an extensive area
on the western side of the Central Plateaw. The area burnt had not been
documented, although Mitchell (1962) referred to an area estimated at
over 500 sq. miles (1295 sq. Km.) that had been burnt. This study has
documented the true area burnt as approximstely 310 sq. Km. (110 sq.
miles). (See page 111). The fires were severe and generally razed the
vegetation on the highest parts of the plateau, including Eucalypt wood-
land, Arthrotaxis coniferous forest, proteaceous shrubland, and peat bog.

Burning continued for at least 6 months from October until April.

Sporadic burning of grazing leases has been practiced for many years
in lower sections of the plateau, but this was the first fire that had
touched the western catchments for decades at least, and possibly

centuries. Arthrotaxis cupressioides (Pencil Pine) is an extremely

slow growing conifer common on the western side of the Central Flateau

and 1s a sensitive indicator of fire, since it has no adaptive mechanism
to survive burning, as have the Eucalypts. The presence of extensive
numbers of these trees which now remain as dead trunks (plate 7) is strong
evidence that the western side of the plateau had not been severely burnt

for a long time before the 1960-61 conflagration.

H.E.C. water catchments that were burnt or partially burnt in this

fire are listed on page 10, Streamflow records for at least 6 years
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before the fire and 10 years after the fire are available f{or three
catchments that were severly burnt (Ouse, Nive and Travellors Rest).
The Fisher River catchment has records extending back to 1956, and

the Lake St. Clair catchment, which was untouched by the fire, has
records from 1937. HKainfall records are also aveilable from most areas

burnt.

The availability of hydrologicel data both before and after 1960-61,
then, has provided a unique opportunity to determine the effect of a

severe fire on run-off in an alpine region.

Mapping of the Fire Boundary. The total area burnt was mepped from

a number of ground reconnaisance trips. These basically comprised:

a. 4-day trip from Lake Mackenzie to Lake St. Clair.

be 3-day trip from Lake Augusta to Clarence Lagoon.

¢. 2-day trip from Lake Mackenzie to Lake Augusta.via
Forty Lakes Pesk and ¥ild Dog Tier.

de 5-day trip from Leke Augusta to lMt. Jerusalem via
Great Pine Tier and return to Lake Augusta via Pillans
Lake.

es 2-day trip to Julian Lakes via Stumps Lake and return

via The Throne and Little Split Rock.

Fig.15 depicts the area traversed during mapping.

The fire edge is still clear in most places on the western plateau,

10 years after the fire. Near Pillans Lake the pattern is less distinct

and a number of smaller fires have created a mosaic pattern, with small
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unburnt areas intermingled with burnt patches.

The fire burnt a total area of approximately 310 sq.Km. (120 sq.nm),
most of which included the highest, most exposed portions of the plateau.
Approximately 307 of the burnt section was above 1200 m. (4000') and 90%
above 1050 m. (3500'). Fig, 15 shows the areas burnt in each catchment,

and the percentages are listed in description of catchments on page 10.

The plant associations burnt include all those listed on page 7.
Recovery since 1960 varies with vegetation type and with altitude. A

summary is given below.

1. Artbrotaxis cupressioides open forest. Most of the original
stands of Arthrotaxis have been killed and regrowth in all areas is nil.
Stands killed include a comparatively large forest of approximately 60
hectares (150 acres) near a long, unamed lake, east of Mt. Jerusalem, and
several small areas of O.1 to 1 hectare in extent. Many isolated living
trees remain fringing the shores of lakes and tarns, and in sheltered
sites, on islands, that have missed the main onslaught of the fire. These
remaining trees should act as a source of seed for regeneration, but no
recolonisation is evident 12 years after the fire, It is probable that
seedling establishment is hampered by frost heaving in winter and by

browsing.

2. Bucalyptus coccifera open woodland. Eucalyptus coccifera is the

main tree in the highest parts of the plateau, occuring extensively

over the freely drained, rocky hill tops west of Lake Augusta. Since

Eucalyptus coccifera stands dominate in the most exposed locations, tney

- A
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have suffered heavy damage from the fire over large areas. Regrowth Lrom
seedlings and lignotubers has occurred but in many localities subsequent
insect damage (plate 10) has killed the foliage. Regrowth from
lignotubers is less than 20% in many sites and seedlings are sparse in
the most extreme climatic zones. Height of lignotuber regrowth above
1200 m. altitude is less than 1 metre, 12 years after the fire. Near
Lake Norman, regrowth is approximately 3 metres high in sheltered aspects

while on the slopes above Travellors Rest Lake, it reaches 6 - 7 metres.

3% Heath, Extensive stands of QOrites acicularis - QOrites
revoluta tall heath have been burnt, but regrowth is evident in most
areas although it is less than 30 cm. high after 12 years. Many of the

associated species such as Richea acerosa, Zpacris gunnii, Grevillea

australis and Cyathodes dealbata shew a similar rate of recovery but

large areas of bare ground still remain between the recolonising bushes.

Helichrysum hockeri, Oleariz zlgida snd QOlearia ledifolia have cclonised

extensively after the fire and moss covers large areas.

Le  Sedge. Sedgeland communities of Restio australig, Carcha

alpina, Astelia alpina, Leoidosperma filiformee, Richae sceoparia,

Richea gunnii, Gleicrenia gircinnata and associated minor species, have
suffered to a varying degree accorsing to the severity of the fire and
species compesition.  Many peat bogs have been destroyed to the base
of the peat layer, while other sites show almost complete recovery.
Presumably the sites with a water table near ground level at the time
of the fire have been able to recover, while slightly drier sites have
been severly burnt where the fire was able to penetrate through the

peaty root system.
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Assumotions Lnherent in Statisticsl Analysis Technicues:

Classical experiments on the effect of a treabment, such as clearing
or burning, on a catchment have used palred catchments. Extrapolaition of
the relationship between the streamflow from the two watersheds before
the fire, to a period after the fire, then enables the difference
between obserwved and calculated run-off to be attributed to the treatment

(e.g. Bates and Henry, 1928).

The paired catchment method can give misleading results if cliiatic
conditions before and after the treatment vary, and can detect only large
differences without refined analysis to allov for fluctuations in rajnfeil

and evaporation, both in space and in time.

There is no generally accepted method of analysing the cffect of a
treatment on streamflow. In many cases run-off is merely presented doth
before and after treatment, with any obviosus differences being ascribhed
to the treatment, (e.2. Maruyama and Inose, 1956; Hoyt and Trwuizell, 193/}
Rowe and Colman, 1951). Most of the experiments on catchiment areas
reviewed by Penman (1963) are of this nature. Rainfall is samplad w“ith a
minimum number of raingauges and ruan-off subtracted to estimate the water
loss through evapotranspiration. A change in calculated evapotranspiratien
coinciding with the date of treatment is subsequently attributed to the
treatment without rigid statistical verification., Although in some
sitnations statistical methods of analysig may be unnecessary, there are
many cases where non~random patterns of rainfall, and rare events of
extreme amounts of rainfall could accouni for differences in calculated

evapotranspiration from year fo year.

Statistical metnods of approach have basically used regression anslysis,

although multi~variate analysis has been proposed by some workers. Befors
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outlining the procedures normally adopted using regression analysis, the
assunptions tacit in such statistics will be briefly reviewed, in order
to demonstrate the difficulties in fitting hydrological data to statisti-

cal analysis :-

1. Errors occur only in the dependent variables, and not in the
independent variables. That is, in the regression of y on x, the line of
best fit is such that the sum of the deviations squared (of observed y
values from expected y values) is minimal, and all x values are measured
exactly. Alternatively, the regression of x on y asswies y values to be

measured correctly.

The presence of error is obvious in all hydrological data involving
measurements of rainfall, run-off, temperature and other climatic para-
meters. Time is the only truly independent parameter for many regression
equations. Where error exists in both the x and y variates, the under-
lying relationship is unideatifiable and lies somewhere betuween the re-
gression line of y on x and that of x on y. This difficulty is irrelevant
if the relationship is desired purely for prediction. For example, the
regression of run~-off on rainfall is a valid estimate for predicting run-

off from rainfall but not rainfall from run-off (Bulmer, 1967).

In a simple bi-variate case such as tihis, the methods of multi-
variate analysis are considered by Snyder (1962) to be preferable to

regression. Where the error variance of x and y are equal:
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slope of resression.

2. The variance of the dependent variables does not depend on the

values of the independent variables (Sharp et al, 1960).

This assumption is violated where the parameters rainfall or run~off
are used as "independent! variables. The size of the variance in most
hydrological data is proportional to the size of the event, and the size
of individual eveats in the dependent variable influences the size of the
independent variable. For example, small values of precipitation are
associated with low values (and variance) of run~-off, but high precipi-
tation results in high values of Tun-ofr with associatad large variaace.
Similarly, run-off in one catchuiment tends to be associated with run-off
in an adjaceat catchment because both catchments are controlled by

incident precipitation, which is strongly correlated in adjaceat catch-

ments.

3. The observed values of the dependent variables are uncorrelated
random events (Riggs, 1968).

This assumption does not hold for many hydrological parameters
because the occurance at any time influences the occurance of the same

parameter for successive periods of time. Both run-off and to a lesser
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extent, rainfall may be influenced by previous occursnces. For instance,
if streamflow 1s high in one month, then because of saturatsd soils and

a high water table, there is a high probability that run-off in the next
month will also be high. Sharp et al (1960) give a correlation coefficisnt
of 0.516 for run-off in the Deloware River for June and July, which com-

pared with 0.412 for precipitation,

Long period cycles in weather patterns may also occur, and can cor-
respond to a catclinent treatment such as clearing or burning. However
stringent the precautions taken, the risk of changing conditions coincid-

ing with application of a treatment, remains.

In addition to the danger due to weather cycles, is the possibility
of measuring appareat cnange in a hydrological parameter (which is in fact,
due to a calbiration change in the measuring device). In this respect ths
risk is h%gh in determining changes due to fire, because fire frequently
destroys raingauges and stream recording devices, or at least alters the
exposure of raingauges by destroying nearby vegetatiosn. Rain gauge replace-
ment invariably changes the measured rainfall, because of the sensitivity
of raingauge input to exposure as expressed through height of installation,
shielding from vegetation, and gauge type. Streamflov gauges may be
influenced by fire (which may sufficiently alter the relationship between
measured discharge and stage level), by sedimentation in the vicinity of
welrs, by incresased peak flows which cannot be calibrated accurately, or

by replacement of the measuring unit.

Le The population of the dependent variablz is normally distributed

about the regression line for any fixed level of the independent variables
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under consideration., (Sharp et al, 1960). Since the period of record in
any hydrological analysis is usually limited, it is difficult to prove
that this assumption holds. The presence of one or two extrame events
have a disoroportionate effect on regression slopes and correlation co-
efficients, and may give misleading significance levels. The magnitude
of this effect increases as rainfall decreases, so that in arid regions
most of the run-off can result from extreme rainfall and storms. On the
Central Platesu, rainfall is relatively high with an even distribution

so that skewness of this nature is unlikely to be important.

An importont source of skewacss however, can arise from erroneous
values that have been included in meteorological records. For example,
evaporation from an Australian Sunken Pan at Lake St. Clair for 1962 is
listed in records as 40.72" which includes 2.7% in August and 2.1% in
July. This data is unrealistically high and presumably occurred because
of a leakdge, or water consumption from the pan by native animals., The
reliability of records for many of the isolated Tasmanian highland
localities is low and it is considered that all events differing markedly
from normal, (or from nearby stations recording the same parameter) should

be recognised as anomalies, rather than occasional extreme values expescted

from a normal distribution.

Brown (1970) pointed out that it is rare for all the above require-
ments to be fulfilled, but that minor departures will not affect the
validity of results. It is clear however, that all significance tests
applied to regression models must bear in mind the possible errors in
interpretation arising from extreme events, from possible changes in rajin-
gauge and run-off calibration due to gauge repl:acemert or removal ol

shielding vegetation, and from invalid assumptions of independeance of
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individual events.

Methods of Analysis:

In all experiments in which the effccts of a treatment on a catch=
ment are being observed, it is desirable to view changes over a number
of time intervals. This is done most simply by plotting a regression
of the depeandent ciharacter on time, or by a mass curve, in which the
sum of the dependent character on time is plotted. A mass curve provides
a convenient visual display of data, since a change in the mean of the
dependent character per unit time interval is represented by a slope
change in the regression. Extreme values are not given undue emphasis
in a line of best fit by the mesthod of least squares in a mass curve,
and year to year fluctuations resulting from delays in run-off and
changes in storage, are evened oub. In a normal regression on the other
hand, the élope for any series of time intervals is largely determined
by extreme events, and a change in the mean values per unit time inter-

val is not readily depicted visually.

In this thesis, data is presented in the mass curve format for
most illustrations. It is important to bear in mind that statistical
tests of significance on the slope of a mass curve are invalid because

consecutive points on the graphs are not independent estimates of the

dependent variable.

Methods of analysis adopted by various workers are described below:

1« IMultiple Regression Analysis. Regression analysis with a

numper of dependent variables is valid for purposes of prediction, and
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regression analysis has commonly been adopted, using as many variables
as can be obtained that are correlated with the variable under study.
Significance tests are limited by the validity of the assumptions pre-
viously mentioned. The procedure has been adopted by many workers
including Wicht (1968), Sharp et al (1960), Brown (1970, 1972), Wilm
(1943, 1949), Brakensiek and Amerman (1960), Anderson and Hobba (1959)

and Johnson and XKovner (1956).

The procedure outlined by Brown (1970) using electronic computer

is basically as follows:

a. Partial and multiple correlation coefrficients and regression
equations are obtained for both linear and logarithmic relationships
with increasing number of indepeadent variables from the simple two
variable case until the addition of a further independent variable does
not yield any significant improvement.

b. The adopted regression equation is used to calculate estimates
of the dependent variable. Departures of calculated from observed
values for the period used in the derivation of the equation (before the

treatment) and a nominated period afier the treatment are determined.

ce Deviations of the values predicted by the equations from the
recorded values for both the pre-~treatment and post-treatment periods

are plotted in chronological order, and obvious differences are attri-

buted to the treatment.

The methods of analysis adopted by Brakensiek and Amerman (1950)
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and by Wicht (1967) were designed to remove variations in observed run-
off due to year to year fluctuations. This was done by using an index

watershed to docwment uncontrolled climatic factors. The basic procedure

is as follows:

1, A control catchment, known to have suffered no major vegetation
changes for a number of years, is chosen as an index watershed, The lin-
ear regression of run-off on time is plotted by standard methods, and the

deviation of observed {rom expected run-ofr for each year is calculated.

2. Deviations from expected run-off in the index watershed are
added to the observed run~off in the treated catchments, enabling an
"adjusted™ streamflow figure to be calculated for each year, which is

independent of year-to-year variations in precipitation.

3. A linear regression of adjusted run-off on time in the treated
catchments then enables a statistical test on the slope of the regression

to detect long term changes which are attributed to the treatment.

Brakensiek and Amerman (1960) believed that significance tests
could be made on the regression co-efficients "by the usual procedures’i.
Wicht, on the other hand recognised that valid estimates of sigaificance
had yet to be evolved, although he believed that general trends could
be detected in the procedure outlined above. The whole procedure is
considered invalid by this writer because the regression equation of
best fit for the index watershed is rarely significant in itszlf,

being altered in a major manner by one or two of the extreme sets of

data.



121.

Since the adjusted run-off regression in the treated catchment is
determined by the deviation of the data on the index watershed from
expected values on the regression line, the final adjusted catchment rup-
off trend is, in effect, determined by one or two extreme values in the

index catchment. This can be illustratsd by an example:

Using the Lake St. Clair Catchment as an index watershed in
Tasmania, and the Ouse Catchment as a treated catchment, the relevant
unaltered data for Lake St. Clair is presented on Fig. 16. The
calculated adjusted regression for the QOuse River catchment run-oftT on
time is shown in Fig. 17. The procedure adopted by Brakensiek and
Amerman has been slightly amended by reducing Lake St. Clair data by a
constant percentage to bring the average run-off of 133 cm.down to the
same as the Ouse Catchment (110 . ). In Fig. 18 the index water-
shed regression has been recalculated with data for 1950 and 1968 omitted.
The Ouse Catchment adjusted time trend is seen to have changed markedly
so that it is in fact *significant" of the 5% level. The significance
is clearly meaningless since the basis of the significance test has been

violabed in calculating the adjusted valuess from the index watershed.

Multivariate Analvsis: c

Multivariate analysis allows association of error with more than one
variable in a guantitative manner. For the simple mean and variance of
a single variable, there is substituted the concept of a vector of means
and a matrix of covariances of several variables. In hydrological data
analysis there is an obvious need for estimates of the independent effect

of various factors and multivariate analysis techniques. Snyder (1962)
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described some pessibilities of multivariate anslysis for a aimple twe
variable relationship eand compared multivariate onalysis wiih multiple
regression analysis in estawlisiing a relationship between rainfall and

run-off.,

A general review of multivariete techbniques is given by Xendall
(195%), including comporent analysis, factor aneslysis, and discriminatory
anzlysis. Snyder (1962) concluded Lkat further developmznt of numerical
solutions to mulhtivariate analysis, as applied to bhydrology, was necessary.
Riggs (1968) believed that wultiple regression anslysis was preferable
to multivariate analysis fer determining causc~and--effect relationships

in hydrology. Matzlos and Pecher (1967) concluded that factor anslysis

is questionable in its applicabllityto hydrological date.

Methodology Adouvted:

In tkis thesis two methods of aralysing the effecl of the 196C-61

fire on run~off have heen edopted:

1. The first method involves standard multiple regressicn analyeis
in which run-off ir each burnt catcheient is correlated with z number of
independent charscters before the fire, and then the relationchip is ex-
trapolated to determine expected run-off after the fire., Observed run-
off is then cempared wilh exypectsd run-off and obvious differecaces at~

tributed to tke fire. The method i1s desecribed on page 119,

2. The sccond approsch has been developed in an abteinpt to reduce

two irherent difficulties in reas.rm.ag xun~-or'l criwnges due bto a Legai-

ment. Firstly, the year to year varienility irn run~off causeod by
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variability of precipitation, and secondly, the variability in the
relationship between run-off in any one year in adjacent catchments

of differing average precipitation. For example, catchment A with
average annual run-off{ of 125 cm (50") will average approximately 200 cm
(80") of precipitation, while an adjacent catchment B may average 90 cm
(35%) run~off from precipitation of 165 cm (65%), assuming that evapo-
transpiration in bol:h catchments averages 76 cm (30"). In a year of belew
average reinfall then, for example, vhen rainfall is reduced in both
catchments by 308, the run~off in catchment A is reduced by L8% and in
catchment B by 5%, again assuming 76 cm evapotranspiration per year.

In practice, further complications arise because evapotranspiration is
normally less in a dry year because of limited soil watexr: availsbility
in summer. This does not necessarily occuy, especially where rainfall
has a winter meximum and where summer rainfall is adequate to maintain

soils near field capacity, as in the wetter mountain catchments of

Tasmania.

The method measures changes in evapotranspiration from yesr to
year, thereby reducing a major source of variability due to changes in
precipitation. This is because evapotranspiration is relatively con-
stant from year to year, and is, in fact, the parameter that is ulti-

mately required as the causative agent in any change in run-off due

to the fire.

Basically, the analysis procedure is as follows:

1. Measured discharge is converted to depth over the catchment
and an approximate constant value for evapotrsnspirastion (for example,

between 50 and 75 cm per year) is added to enable determination of
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of average catchment rainfall.

2. Measured rainfall in all nearby precipitation stations is
assuned to be proportional, for any complete year, to the average
catchment precipitation. The conversion constant (K) for meen
measured precipitation (R) at any raingauge station to average catch~-
ment recipitation (R0 + E) is calculated from the average of all years
of record as K = Eﬁ:g:i Actual calculabted catchment precipitation

R
for any single year is then determined by multiplying the measured

rainfall at the raingauge site by the constant.

3. [Evapotranspiration in each year is calculated as -

E=R.K. - RO, where RO is depth of run-off.

R 1is rairfall at rzingauge station.

4o Mean evapotranspiration before and after the fire is tested for
o
significant differences with a & test, and a regression of sum evapo-
transpiration on time is plotted to visually determine obvious progres~

sive efftcbs in bhe first few years atter the fire.

5. Independent checks on evspotranspiration changes with time
are calculated from 2ll available temperszture, wind - speed, humidity

and radiation data.

The assumptions inherent in the method are as follows:

and
1.  PRaingauge run-off gauge characteristics do not chznge co~

incidentally with the treatment. This can be tested in the case of
raingauge stations by cross correlating all gauges after convertircg an-

nual rainfall to a percentage of normal. With streamflow gauges it is
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difficult to eliminate the possibility that measured changes are duec to
a gauge calibration change, especially 1f a gauge has been replaced after
a fire., No streamflow gauges on the Central Plateau were destroyed dur-
ing the 1960 - 61 fires although the possibility remains that unrelisble
peak flow calibrations with stage level may have led to measured run~off

which would be attributed to the fire.

2. Raingauge station records are proporticnal to catchment rain-
fall., This assumption is obviously violated for short periods of time
because rainfall is variable over short distances. Vhen averaged over
periods as long as a year, however, the correlation between the rain-

gauge station and the annual catchment rainfall should be high.

3. Evapotranspiration can be estimated.

This assumption does not need to be highly accurate, so long
as an order of magnitude for annual water losses can be determired. For
instance, by assuming 50 cm (20") evapotranspiration per year, the
variability induced in calculating catchment rainfall is not greatly

different from that from an assumption of 76 cm (30"), (See Page 1400

The assumption of constant annual evapotranspiration is certainly
not strictly valid. It does, nevertheless, enable estimates of depart-
ures from the assumed constant annual evazpotranspiration each year so
that a regression of measured Evapotranspiration on time shows the
effect of the treatment. The assumed evapotranspiretion figure is only
used in determining tke average catchment precipitation, and conseguently
departures of assumed from actual annual evapotranspiration only increase

the variability of the precipitation estimate.



Results:

i Preliminary analysis of rainfall psbhtern before and after the

Since a change in raingauge site, type, or exposure, comronly
results in a significant change in measured rainfall, a preliminary
analysis of rainfall records before and after the fire was undertaken
to detect any obvious discrepancies. Rainfall at all stations was con-
verted to percentage of mean rainfall for all periods included in the
analysis (1950 - 1970, where possible), and change was determined from
mass curves where a change in mean rainfall is measured as a slope
change, Rainfall data at all stations on the Central Plateau west of
Great Lake was checked against at least one other station, and more
than one where a change ce-inciding with the fire was apparent. The

following mass curves were constructeds:

Bronte Park x Butlers Gorge

Y L x Liawenee

. & x Shannon

¥ L x Waddamana

¢ " x Lake Mackenzie

B e x Lake St. Clair
Lake sSt. Clair x Shannon
Liavenee x Lake St. Clair
Lake Mackenzie x Lake St. Clair
Butlers Gorge x Lake St. Clair
Liawenee x Lake Mackenzie

. x Travelldrs Rest



127,

Figs. 11,12,13 and 14 show a sample of the graphs obtained, The
magaitude of the change between any two stations for the 10 year
pericll hefore the fise comparec te a 10 year ‘period after the fixe, wes

determined by a standard t test for two regressions:

£t = b By where b = slope of regression

,} Vb, + Vb, Vb = variance of slope

Although the significance of the t obtained is not strictly valid
because the mass curve does not independently measure each data peint,
for the purpose of the analysis, a significant t difference was taken
to indicate a suspicious raingauge station, whose data should not be
used in future analysis, Lake St. Clair emerged as such a station.
Comparisons with all other stations revealed that rainfall as recorded
at Lake St. Clair has increased markedly for the period 1960 - 70
compared with 1950 - €0, It seems likely thal this change was not real,
but an anomoly due to the sampling technique, such as removal of a
shielding tree, or renewal of the gauge at a different location. The
analysis also revealed a reduction in rainfall at both Shannon and
Waddemana in the post fire period, although the significance was marginal.
It is likely that this reduction was due to a real rainfall reduction
in this part of the plateau, since both stations measured a similar

reduction.

Table 34 presents overall percentzge cianges in rainfall for the

post fire period compared to the pre~treatment period.
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TaBlil 34, Paveantome chience in vaipfell for cost fire period comvi:red

to pre firc neriod.

Butlers Gorge 0.26 Reduction

Bronte Park 0.70 Increase

Lake St. Clair 7.20 Increase

Lake Mackenaie 12.10 Reduction (only 5

years of record before fire)
Shannon 8.60 Reductlon

Waddamana 4 .20 Reducticn

2. Multiple Regression Analysig:

Multiple regression equations were wuilt up for the burned

catchments using as independent variables -

X1 = Dervent Kiver run-off at Lake St. Clair
x2 = Butlers Gorge Feinfall
x3 = Bronte Park Rainfall

411 other rainfell station recordsc were discarded wecause of insuf-
ficient length of record mefore the fire (Lake Mackenzie, Liawenee),
suspected unreliable measuring technigue (Lake St.Clair) or non random

rainfall change co-incidimg with the year of the fire (Shannon, Waddamezna).
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£11 comperisons were talken from the period 1950 - 1960 exrept the Nive River
catchment, where records start in 1954. All values of X and y are expressed
in inches depth per avnume. The derived equation with the best multiple
correlation coefficient for each surnt. catchrent has been extrapolated to
the post fire decade, by assuming the same relationship with the independent
variables al'ter the fire, as before. Deviations of calculated run~off from
measured run-off have been determined and a t test for differences in mean

deviation for pre and post fire periods has been applied:

A, Ouse River Catciuneat:

Table 35 presents correlation coefficients and equations for

linear regressions up to 4 variable.

Deviations from observed run-off are plobted in Fig. 19. The regres-
sion lines drawn represent the statistical lines of best fit from tne

method of least squaress.

A t test for differences in mean deviations of observed from calcu-

lated values in pre and post fire perlods is shown in Table 42.

TABLE 35. Correlation Coefficlents and multinle regression equations

e i P il ety I Ll et it o

Independent Variableg Mult. Corr. Coeff, Mult. Keg, Eon.
(x)
Nive RO (54-60) 0,91
Travellors Rest RO Oisf87
Dervient RO 0,01
Butlers Gorge R ® 3758
Dervieat RO, Butlers Gorge R 0,766 y = =17.231 - e&§2x1 + 1.&13x2
Derwent RO, Bronte Park R 0.803 Y= 4407 = A06x, o+ 1a364x3
Bronte Park R, Butlers Gorge R 0,801 EE 6T % .040x2 + 1.222x3

Derwent RO, Bronte Park R,
Butlers Gorge, R. 0,807 y = 6,566 + .264x1 - «327x, +1.175¢

Where R = rainfall, RO = run-off.
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Maltiple regression equaticns have also been derived for monthly
run-of data in the Ouse Catchment, using Travellors Rest run-off and
Derwvent run-off at Lake St. Clair as independent variables. Both linear
and logaritbmic relationships were calculated. EKesults are given in

Table 36,

TABLE 36. Correlation coefficicants and multiple regression equabiong

for monthly run-off in the OQuse Catchment.

r Mult. Reg. Eane.
Sl 0] y = 0.244 x 0.333):l # 0.692X2
0816 y = "'A..OBO i 00848 X‘] By Ou582 X2
where x, = Travellors Rest run-off (cusecs)
X, = Derwent River run-off (cusecs)
y = Ouse River run-off (cusecs)

Period of comparison = 1954 - 1960.

Fig. 20 shows observed - expected run~off from the linear equation
for monthly data during the period from which the equation was derived

(1954 - 60) and the post fire decade assuming the same relationship.

A / variable multiple regression equation for run-off in the Ouse
Catchment in terms of rainfall at Bronte Park, Butlers Gorge and Liawenee
was calculated for annual data from 1955 - 60. The resulting eauation,

with all data expressed in inches depth/annum is shown in Table 37.
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TABLE 137. Hultiple Lesression ecuation for run~-off in the Ouse

Catchment,,

e = “26- 263 -~ 0.325)(,] + 0, 2763(2“‘ 1-630)(3
r = 0,987

where x1 = Bronte Park Rainfall

2

x3 Ligwenee Rainfall

Butlers Gorge Rainfall

y Ouse Kiver runw-off

Period = 1955 = 1940,

B. Nive River C b
Date for the Nive River Catchment is preseated in Tables 38 and 42

and in Fig. 21.

TABLE 38. Correlation coefficients and multiple recression cquetions for

annual run-off in the ilive Catchment (1954 - 60).

Independent Mult. Cexrr. Coeff
Variables (r) Mult. heg. Fan.
QOuse RO 0=91
Travellors Rest RO 0.289
Derwent RO 0.858
Butlers Gorge R 0.900
Bronte Park R 0.848
Demvent RO, Butlers Gorge R 0.907 y = ~19,089 - .412 X * 1.238 %
Derwent RO, Bronte Park R 0.892 y = -6.828 - .661 X, + .19 )
Bronte Pari R, Butlers GorgeR 0.901 y = <14.844 + 641 X, * olDE Xq
Dervent kO, Bronte Fark R, 0.907 y = -19.958 ~ .449 X, * 14330 Xy = 0.063 x

Butlers Gorge

Dersent Kiver run~off (inches)

1l

YWhere X

X, Butlers Gorge run-o2f (incnes)
X3 = Bronte Park run-off (inches)

y = live River run-off (inches)



C. Travellors hest Cabchiment:

Data for the Travellors iest Catclment is shown in Tables 39 - 42

and in Tipe, 2 = 25,

TA3LE 39, Correlation coefficients and Muliliple megression ecuations

for Annuel Run-off in ths Travellors riest Catcluent (1950~60)

Indepencent Mult. Corr, Coeff. Mult. Feg. Egn.
Variables

Ouse RO @487

Hive FO 0.89

Derwent RO 0.996

Butlers Gorge R .980

Bronte Park R 921

Dervent RO, Bronte Park R +997 y= Lo0F6 # #5813 xq ¥ J1EL %,
Dervient %0, Butlers Gorge R .997 y = =3.070+ ,719 ot «259 %,
Butlers Gorge R, Broate Par? 980 y = ~l6.819+l.l97x2 + 080 g

Dervent KO, Bronte Park R,
Butlers Gorge R 997 y = ~1..992 + .721)(1

-+

184 x2 + O.lO'?x3

Multiple regression equations have also been calculated on monthly
data for Travellors Rest run-off (y), on Butlers Gorge rainfall (X1>,
dive River run-off (XZ) and Ouse River run-off (XB)’ for both logarithmic
and arithmetic relationships from 1954 - 1960. Data is presented in Table
40  togetner with eguivalent ecuations and correlation co-efficients for

annual data. £11 del.a is expressed in cusecs except Butlers Gorge rainfzll

winicn is in points.

Monthly arithmetic and logarithric relationships for Travellors Rest

Catchment established in the pre fire period have been used to calculate
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expected values in the post fire period. Data is presented in fig. 24
in the format of a sum observed and sum expected graph. A change in the
relationships after the {ire would be expressed as a slope difference.

Fig. 25 presents data Yor toe moatnly logaritamic expression.

: — Ea el
TARLE 40. Monthly end annual Mltiole Revression _relabionsaips Tor

2 . sa Fal 1
Travellnrs Rest Cabtchment based on Bullers Gorze Rainfall,

Nive River Run-off and Quge Ziver un=of{f,

e ——

o
.-] X2
Monthly  0.914 y = = 0577 x 0,073 X 0.866 = x - 0054

Monthly 0.764 vy

35*545 = 0.020);1 + 0.101)(2 = 00019

Anaual 0.995 y - 239 + O.lll.x] + 0.01.7)c2 - 0'053)c3

1 X e
w 0,914 x 0.319 x 0,994 ° x -0.222

Anqual 0.997 y

A 4 variable multiple regrsssion analysis is preseated in Table

41, vhers :
x1 = Derwent bonthly rmun-off (cusecs)
i 3 " " u
Xy Nive
X = O S it U i
3 use
y = Travellors Rest Monthly run-off (cusecs)
Period = 1954 - 60.
TABLE A1. Monthly multiple regression analysis for the Travellors Hest

e e =T e e e e

Catehnant from 1954-1960.
r Mult. Fep. Hog.

0,932 y =~ 0,585 x 0.302%1 % 0.567°2 x -0,07173

0.7 ¥y 23.876 x 0.054)(1 X0.00sz- O.OOSX3
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after 1960 fire, reoresent no change in Run-of £ patteri.

—_—

Mean Decrease in Run-
t off After Fire (jnches) Probability

Ouse RO 105/4» 3»84 001 - 002
Nive RO 1.37 292 0.1 = 0.2
Travellors Rest RO 0,40 0,37

TABLE A3. Mean Maximun temperatures in ore and post fire periosds

(deg. F. 1950~70)

Deg.
Statisn 1950-60 1960-70 Difference L Frecdon Prob.
Bronte Park 53,30 £06.58 0,72 1% 19 063
Shannon 520,20 52.58 - .30 o 97 13 0.4,
Iaucg Bhe Blafe S3%73 53.90 - 17 +32 16 0.7

(52-70)

T4ABLE 44. Mean summer rainfall (J, F, M, A, ¥, D) in pre and post

fire verisds (inches).

Deg.
Station 1950-60  1960-70 Difference t Freedom  Prob.
Bronte Park Low T 14.59 0.58 «39 19 o7

Butlers Gorge 29,32 26.65 2.57 1.09 19 e



3. KainTall - Run-9orff

Ang §i§:

1350

Catchment rainfall has been estimated as outlined on wage 124

from all available raianfall stations and streamflow recorders.

ave presented in Tables 45 - 50. and Figs. 26 - 37.

TABLE AS.

Results

Mean Annupl Kainfall - Run-off before and after the fire

for the Ouse River Catchment, based on averaze evapobrans-

piratisn of 30" per annum (760 ma).

-

Reference 3tation

Bronte Park Rainfall
Butlers Gorge "
Liawenee (55-70)

Lake Mackenzie (56-70)
Travellors mest
Derwent River run-off

Nive River rua off
(54=70)

Fisher River run off

{(56-70)
Travellors Rest tl
Bronte Parkx rainfall,

Butiers Gorge
& Derwent ¥ run-off

1950-60° 196070
27.80  32.42
28,14 32.04
28.10  31.14
30.95  30.34
241 33.91
27.98 32,22
28.97  30.76
29.97  30.02
27.83  32.39
27.98  32.28

Difference

_(inches) &

Au62
3.90

BoOA
0.61

9.50
424

1.35

.05
4.56

4430

1.32
Lod®
126

.20
2.72

1.28

*93

1.49

2.30

Deg.
Freedon

12
152
1
11
15
18

15

13

1%

61

Proh.

0.2
0.25
0.3
0.8
0.02

0.2

0.3

0.95
OBl5

0.02
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TABLE 46. Mean annual rainfall - yrun-off before and after the five lor

the llive Hiver Cat

piration of 30" (760 mn).

Reference Station 1954-60 1960-70 Difference & Ffiéi;g Fron.
Bronte Park Rainfall 28.86 30.80 ~ 1.94 0.7 a5 0.5
Butlers Gorge M 28.40 31.08 - 2,62 1.14 15 Ve
Liagvenee rainfall

(55-70) 29475 30.15 - 0.40 0.13 L4 0.9
Ouse Kun-off B0 29.1% L.94 0.96 15 0.4
Derwent 28.69  30.92  -2.23 112 15 +30

Travellors Xest
Run-off 26.17 32.68 - 6-51 3055 15 QOOS

Bronte Park Rainfall,

Butlers Gorge " and 28.65 30.93 - 2.28 1.76 49 0.08
Derwent run-off

TABLE 47. Mean annual rainfall - run-off in pre and nost fire periods

——

piration of 30" (760 ma).

Reference 3tation 1956-60 1960-70  Difference & &‘,J;.Z%QJ Prob.

Butlers Gorge Kainfall 26,88 3156 ~ 4,68 0480 13 0.4

Bronte Park " 29.93 30.04 ~ 0.11 «02 13 095
Liavenee u 27.08 31.46 - 4.38 <95 18 e 35
Lake Mackenzie " 28, 80 304,59 ~ 1.79 o45 i3 .6

Butlers Gorge & Bronte

Park Rainfall 23.41 30.80 ~ 2.39 63 28 «50

Butlers Gorge, Bronte
Park, Liawenee and
Lake Mackenzie Rainfall 28,17 30.91 R 7 P 58 025
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The overall pattern in evapobtranspiration that has emerged from ths

enalysis is presented in Table 50:

TABLE 50. Overall change in cevapotransniration in 10 years followias a

severe fire commared to pre fire period.

Evapotranspiration Change

Catchment (inches / year) = Prob.

Ouse .3 decrease 0.02

Nive 2.3 decrease 0.08

Fisher 2.7 decrease 0.25

Travellors Resi 0.3 increase 0.8
Discussion:

1+ Reipfall - Run-off Analvysis.

Data presented in Tables 45 ~ 49 1s calculated from almost all
raingauge and run-off stations on the Central Plateaun west of Great Laice,
and includes stations previously shown (Page 127) to be invalid. This
was due to unreliability of raingauge records (Lake Ste. Clair) or to a
change in rainfall co-inciding with the fire (Shannon and Waddamana).
Other gauges, such as at Leke Mackenzie and Liawenee, have only been in

operation since 1956 and 1955 respecuively.

The final t test (Table 50) on all independent estimates of rainfall -
run-off wefore the fire, compared with the period after the fire, has not
used these stations.s It was based on rainfall at Bronte Park and Sublers
Gorge, and on run-off in the Derwent River at Lake St. Clair (for the Ouse,
Hive and Travellors Rest catchments). For the shorter period of record

in the Fisher River catchment, the reference stations used were rainfall
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at Butlers Gorge, Bronite Park, Liawenee and Ilake Mackenzie,

The use of run-off stations to estimate catchment rainfall has
assuned 76 ci. evapotranspiration per year, which has been added to the
relevant catcaonent run-off to determine percentage catchment rainfall

for any year, as was dircetly done for rainfall (see page 124).

The overall results have clearly indicated that the effect of the
fire was to increase what is measured as rainfall-run-off, (and normally
~ attributed to evapotranspiration) in the highest catchments. The sections
of the Ouse, Nive and Fisher River catchments that were burnt are all over
1160 m. (3500') in altitude, while the altitude of the Travellers Rest
catchment, which showed a slight increase in mn-off attributable to the

fire, is only approximately 950 m. (3000') in altitude.

Run-off records for the Fisher River catchment were only availawle
since 1956, and although the general trend is the same as the Ouse and
Nive catchments, the increase of 2 inches in evapotranspiration per year

after the fire was not significant.

In the lower Travella:cs Kest catchment, the effect of the fire has
followed that normally expected in a low altitude catchment where inputs
from snow, rime and low cloud were not expected. The fire here has
reduced the vegetation cowver, and hence its ability to transpire water.

This should resalt in an increase in run-~off and this in fact did ocaiie

although it was non-significant.

The implication from tnese results is that in tihe highest catcanrents
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the fire has resulted in less run-off per unit rainfall, because the
vegetation has been destroyed, i.e., because the ability of vegetaotlion
to increase snow deposition, collect rime deposits, and to strain out
fine water droplets, has been drestically impaired. In lower catchments
straining out of fine water droplets is noi imnortant and run~off{ may

be expected to increase because of reduced traaspiration.

The results confirm the results of the plot run-off exveriments
described in Chapter 2, in which run-off was increased when foliage
projected into the atmosphere during conditions conduciwve to deposition
from mist, rime and snow at high albitudés (above approximately 1130 m.

(3700%) ).

Tables 48 and 49 show that the basic average evapotranspiration
figure of 76 cm. (30") results in very slight differences in calculated
values of observed-expected evapotranspiration compared to an asswaption
of 51 cm. (20") per year. Since anmual losses through evapotranspiration
most probably lie between these figures, the assumption of an annuel

evapo transpiration loss of 30" does not appear unreasonable.

The possibility that evapotranspiration would have increased (in
the years 1960 - 70 compared to 1950 - 60) had the fire not occurred was
briefly examined from available temperature and swamer rainfall data on
the Plateau. Temperature and summer rainfall are extremely crude para-
meters on wvhich to estimate evapotranspiration but were used because
there 1is a general lack of other climatic parameters which control
evapotranspiration, (See Chapter 3). Tables 43 and 44 indicate that
there is no evidence to suggest that the measured changes in evapo-

transpiration co-inciding with the fire were not caused by it.
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2. Multiple Regression Analysis.

Multiple regression analysis provides the best method of
correlating several factors for the purpose of nredicting run-off{ in
any single year. For example, a multiple regression equation linking
rainfall and run-off at several stations with the dependent variabl
under study, gives an accurate model for predicting run—~off in the

dependent variable in terma of the other so called independent variables.

In doing so however, a number of possible independent estimates
are lost, and consequently, the number of degrees of freedom for tests
of significance is limited. Tnis ls demonstirated in all the multiple
regression equations calculated. Even by using characters witia a
high correlation coefficient, the resulting deviations of calculated
from observed results were too high for a significant difference (Table

42), although a trend was indicated.

Multiple regression analysis using monthly data, both in arith-
metic and logarithmic form, has revealed no advantage over annusl data.
In general the logarithmic eguation is superior to the aritiometic re-
lationship when monthly data isfgggd, but the lncrease in precision
is not very great. Figs. 19 %to 22 show that the deviations of

observed from calculated values are too great for any change due to the

fire to be detected,

Multiple regression equations were constructed for up to 4
variables. Generally speaxing, the best independent variables for all

comparisons were rainfall at Bronte Park and Butlers Gorge, and run-oif

in the Derwent River at Lake St. Clair. It may be noted that although
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a rainfall of x cm. in any year results in approximately x - 76 cm.
run-off, the correlation coefficient is the same between rainfall and
run-off, as between rainfall and run-off + 76, since constant additions

or subtractions make no difference to the correlation co-efficientse.

Data from the multiple regression equations has been presented in
two formats. The first is a graph of sum observed against sum expected
run-off and the second is a graph of deviations from observed and
calculated values against time., Tne first graph shows any change in
pattern due to the fire as a slope change, and the second shows actual
changes from year to year ise., the slope in the first graph corres-
ponds to mean values in the latter. The sum graph has advantages in
visual display, because it smooths out year to year fluctuations,
especially where reduced or increased run-off in one year is compensated
for in the subsequent year. Since each point on the sum graph has
not been independently estimated, the slope on the sum graph may not

exactly correlate with the mean in the deviation against time graph.

Conclusions:

The effects of the 1960 -~ 61 fire on streamflow are difficult
to analyse accurately because of large variations, both in space and
time, in the basic hydrological parameters rainfall, run-off, and
evapotranspiration. Tne magnitude of any measured change in run-off
depends to a large degree on the methods of analysis, especially on

the reference stations used as independent controls.

Tnis study has shown tnat the water budget method can be used
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to follow changes in the difference between rainfall and run-off
following the fire. The method is preferable to multiple regressi.on
analysis because it estimates directly the parameter ultimately
required, i.e. the difference between rainfall v run-off, which is
normally evapotransgpiration, but in alpine areas includes input from
mist, rime and snow, Th=zse are not measured very efiiciently in rain-
gauges and are very dependent oun vegetation for their collection.
Since the year to year variability in evapotranspiration and fog de-
posits, are much less than the wvariability in run-off, the method can
detect much smaller mean changes than any method that measured changes
in run-off. The other advaniage of the method is that it allows in~
dependent comparisons from a number of reference stations, thereby
increasing the number of degrees of freedom for a significance test of

changes due to the fire.

The method does, however, make a number of assumptions concern-
ing the uniformity of a catchirent. The most important assumption is
that for periods as long as a year (or more), records from a raingauge
station are proportional to catchment rainfall, This assvmption is
certainly not correct to a number of decimal places, but has proved
a workable assumption in this study. Departures from the assumption
only increase the variability in the rainfall-runof{ estimate, and do

not introduce bias or skewness into the results,

The tests of significance applied to the overall results of the
analysis have demonstrated a reduction in run~off after the fire in

the hignest catchuents, although not in the Lower Travelloa's Rest

catchment. The higher catcaments contrast with the normal expected
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pattern of low altitude catchments were evapotranspiration is reduced
for the first few years following a fire until a vegetation cover is
again established., In the area burnt on the Central Plateau there is
still very little recovery of vegetation 12 years after the fire. The
results are most logically explained as being caused by the fire
destroying the most alpine vegetation, which can no longer strain out
the small diameter droplets of water in rime and mist, that drift with

air currents, and require a projecting object for their deposition.

The multiple regression analysis has measured approximately the
same quantitative charge in run-off in the post fire decade, as the

water budget method, but the results were non-significant.



PLATZ 20. Viev looking weet frmm above Plllang iake showriag the 3imi e
recovery of vegetation, 12 yrars sfter burning.
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APPeLIDIK T. Hote on Computing Facilitbiesg

A1 celculations of regression equations, rainfall -
runoff analysis, and tests of significance, were conducted with a
Hewlett-Paclierd liodel 104 programmable calculator. The calculator
had a capacity of 500 programme steps and 52 memory registers, and

was equipped with an Alpha Printer,

Graphs were drawn using a Hewlett-Packard Plotter linked

with the calculator.

Programmes for most of the analyses and plotting were
compiled by the writer. Programmes for standard calculations, such
as t tests, were taken from a catalogue of programmes supplied by
Hewlett Packard. Programmes involving more than 500 steps, such
as the multiple regression eguations, were modified from the catalogue

to enable the calculator to compute the data in a number of stages.
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ABSTRACT

Tipping bucket gauges for directly measuring run-off from
small cabchment areas are described. Theoretical and experimental design
considerations and sources of error are discussed for bucket capacities
up to 12 litres. The principal errors are attributed to variable entry
rates of water whilst the buckets are tipping and flow turbulence witnin
the bucket. Surface tension effects are the major source of error in
very small tipping bucket gauges. Tne most important design considerations
on large capacity gauges are tipping time and the collision impulse of the
buckets on tipping. Practical solutions to these design consi:ierations

are given,



INTRODUGTION

We are interested in the measurement of discharge rates and
volumes from small catchment arcas, usually less than 5 ha. The
conventional methods of flow measurement in small plot work may be

sumnarized as follows:

(a) measurcment of depth of flow through calibrated structures
such as orifices, weirs snd flumes and integration with time.

(b) measurement of volwme increment in a container of knoun
dimensions.

Less convent.icnal methods which have been applied in specizal

circumstances are:

(¢) mass measurement.
(d) estimation of velocity in a flow path of known dimension,

e.g. magnetic flow meters.

The common methods involve serious problens at very low flow
rates and very high flow rates, and so dividers or flow splifiters are
often introduced and/or cascades of metering devices (ANONYOUS, 1959;
TROSKOLAISKI, 1960; TOZBES and OURYVAEV, 1970). The less conventional
methods usually require a high input of energy ane technology, and oftean
neither energy or large sums of money are available at hydrological sites.
The tipping bucket offers a robust and relatively cheap form of mass rate
measurement, It also produces a digital output wnich lends itself to

simple on site integration or transmission to event recorders.

It is appropriate here to examine the problems and accuracy

of the conventional stream flow measuring devices, particularly at low



flow rates. A 22.5 degree V nolch weir is quoted By 'TOEBES and

OURYVAIV (1970) as having a minimum flow capacity of 0.6 litres per
second wihich corresponds with a head of & cme Actual discharge relabion-
ships welow this rate are subject to changes in calibration with time

and uncertainty as to the magnitude of surface tension effects

(K16, 1964: B2ENTZ and AMERMAN, 1968). It is therefore not realistic

to use notched weirs for run-off areas smaller than 2000 m2 (vihere 0.6

% sec._'1 corresponds to 1 mm. hr?1, or 24 mm. per day run-oif rate fron

the catchment) except of course for high rate surface run-off events.

The Greiw multislot divider was designed to simplify measure-
ment of large volumes of water sy separating run-off into a number of
aliguots, one of which is diverted into a volumetric sampler (WILTSHIRE,
1947). HUDSON (1947) reported drawbacks with this device because of
sediment wlockage, and difficulty in devising a satisfactory method of
installing the multi-divider plate so that it could be accurately leveled
and then fixed rigidly. He improved the design by using a flat stainless
steel plate with horizontal and vertical rows of holes, let into the side
of a tank. The water passing through the central row of holes was
measured. TOEBES and OURTVAEV (1970) concluded that the most accurate
method of measuring low flows was to use such orifices in a tank, pro-

viding adeguate head (approximately 1.2 m) is available.

It is therefore concluded that there is a need for a simple
and reasonawly accurate device for measuriag sustalned but low rates of
run-off, from areas of less than 1000 sq. metres, and requiring limited

head loss. It is ®elieved that the tipping wuckst fulfils these

requirements.
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THE TIFPING BUCKRET PRINCIPLE

The tipping bucket or self-emptying bucket is widely used in
rain gauges (W.M.0., 1961). It is also used in mechanical engineering to
monitor small flows (TROSKOL:A{SKI 1960) for example, discharge from a
solar still (PHUGTOR, 1973). PLLSBURY et al. (1962) reported
the use ol large tipping bucket devices on run-off plots at 3an Dimas,
California, and MONKE et al. (1967) described their use to measure flows
from tile drain experiments. BEWTZ and AMERMA (1968) used a 450 ml.
tipping bucket to measure low flows from a 0.8 HS flune, whilst WHITE
and RHODES (1970) described a bucket of capacity 100 ml. used in stem
flow studies. Fig. 1 is a generalized drawing of a tipping bucket device.
The basic instrmunent consists of two chambers, symmetrical about a central
walls It is pivoted about an axis on the line of symmetry and rests in
either of two stable positions on appropriate stops. Since the centre of
gravity is above the pivot there is also a metastable position when the

centxe of gravity lies on the vertical through tae pivot.

If fluid is allowed to enter through a nozzle on the vertical
axis, the uppermost chamber fills with water. At any level, L_I etc., the
appropriate position of the centre of gravity, of the buckets plus fluid,
is indicated as BH etce As the bucket fills, the centre of gravity
approaches the vertical axis and at a critical level, Lc’ the mechanism
becomes metastable and any further increase in fluid level makes it
unstable, and it tilts into the other stable configuration. In doing so
the full bucket discharges the fluid and presents an empty bucket for

fluid inflow.
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Fig, 1. A generalized drawing of a tipping bucket device. Mo’ LH etc.,
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During the tipoing process, fluid continues to discharge

into the full bucket until the dividing wall on the axis of symmetry
passes the vertical position. The actual volume discharged eaca tip

is therefore a function of the inflow rate and the time, tc’ which 1t
takes for the dividing wall to rotate to the vertical position. The
time to tip, tc, is a funct.ion of the geometry of the mechanism, as

are various other important gavge characteristics., Below is set out an
appro:cimate analysis of a simplified mechaanism which highlights the
scaling problems associated with the design and construction of a graded

set of bucket sizes.

APPROXIMATE ARALYSIS OF A TIPPING BUCKST

Consider a 90 degree isosceles triangular bucket of negligible
vieight and on friction-less bearings (Fig. 2.). This rests in the
metastable position and is filled witik vater and then giwven a slight
displacement into an unstable position. The mechanism now rotates
threugh 90 degrees to come to rest on the alternative stop. The time to
tip, tc, as previously defined represents the time to sweep out the first
L5 degrees. The time to stop, t s represents the time to sweep through

90 degrees.

If ve definec the length of the bucket base as d, and the

distance to the centre of gravity of the fluid as h, then an avproximete

analysis is as follovs.

Change in potential energy during roation is egual to Mgh
where M is mass of fluid and g is the gravitational constant. This
also represents the xinetic energy to be absorbed in the stop weich may
also be expressed in terms of the rotational motion

4 2
Mgh - 0.5 I (1)
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Fig. 2. A right-zngled isosceles triangle tipping bucket., h is
height of centre of mess of fluid in a full bucket of base
length d.
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. . . 2 . .
ere the rotational inertia, eauals ¥MA°/d, and w is ter:inal anfular
vihere 1, y €4 5

velocily
(f—
Now h = "% d
hence )
v= (2.2 g/d)* (2a)

(2b)

where & 1s the angle turned tnrough.

Initially the accelerating couple on the overturning mechanism
is Mgh sing , or ( 2 Yed sin 6)/3. The overturning mass is a [{luid
and is therefore uastable. The sngle turned through to time, ts’ is also
large, being 90 degrees in the case under considerations. Therefore a not

unreasonable avproximation to the motion is rotation with constant angular

acceleration.

The general case for time to reach stop, ts’ is then

ts = 0/(g eos © ¢ Jﬁa)ﬁ ~(3)

This means as the size of the bucket increases, the tipping
time increases, as does the energy at impact., If we consider a bucket
of width egual to side length, d, then doubling the volwne increases

dimension d, by 26%, the tipoing time by 122 and impact energy by 1527.

It is also interesting to note the relationship betiicen the
periodic time, T, of the bucket considered as a compound peandulun ang,

E..
8

=
i

)
@

|

2
|

(4)



This relalionsnip provides a simple method for determining
approxinate tipping time of alternative bucket configurations using

rigid models suspended as compound penduluns,

CHARACTZKISTICS OF iwAL TIPPING BUCAET GAUGLS

In the special case used in the approximate analysis the
bucket is in a metastable position during the whole of the filling p=riod.
This is of course undesirable in a real gauge since any stray impulse such
as the turbulence of entering fluid can trigger a tip. Real gauges are
therefore constructed in a number of possible ways so that the centre
of mass of the added water is clearly on the unstable side of the pivot.
This ensures that the centre of mass of the whole instrument, as water
is added, approaches the vertical axis by an orthogonal path or as

nearly so as possible,

(i) An elongated right angled bucket shape with fixed counter-
weignt. This is the most common method of construction, the counterweight
being built into the dividing wall and the bucxet walls. ¥ine adjustment
of tipping capacity is made with additional adjustable weights above the
dividing wall but still on the axis of symmetry, or by adjustment of the
bucket stops (Fig. 3). The elonpgated shape has the apparent advantage
of reducing the critical tilt angle, Oc, from the 45 degrees of the
isosceles shapes It should be nsted, however, that the simplified analysis
of eguation 3 no longer applies because the relationship between the
rotational inertia and the centre of mass distance from the pivot is

altered.

If a couaterweight is attached to the axis of symmstry as in

Fig. 1., then clearly its mass needs to be inversely proportional to its
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Fig. 3¢  General arrangement draving of 0.5 litre tivping bucxet
desisned to measure output from a solar still (see

Proctor 1973).



horizontal distance from the pivot. For equal counter-balance effect,
however, a gauge with a heavy weight near the pivot has less rotational
inertia and will accelerate f{aster than one with a lighter weight a long
way from the pivot, although the collision impulse of the bucket assembly

on striking the stop will be the same.

(ii) An elongated rightangled bucket with sliding or liquid
counterweight. As an alternative to the fixed counterweignt a sliding
counterweight, or a tube partially filled with a fluid, as in Fig. 4,

may be attached near the plane of the bottom of the bucketse.

By appropriate bucket modifications a counterweight can
alternatively be provided by part of the incoming liquid. In each of these
cases, in contrast to the fixed counterweight, some of the potential
energy of the counferveight does not pass the verticsl axis until some
time after the initial impact of a bucket against the stop. For a given
tipping time then, this type of counterweighted bucket strikes the resting
stop with less collision impulse than does to a bucket with fixed counter-

welght.

(iii) An acute angled bucket shapes The use of acute angled
buckets offers some advantages with respect to reduced amount of inercvia
and more effective positioning of the empty centre of masse Here the
angle between the dividing wall and the bucket base is less than 90
degrees and the stops can be positioned so that the base of the resting
bucket is nearly horizontal. Even this restriction on tipping angle could
be removed by the incorporation of a siphon emntying device, with the engle
turned through being only that necessary to prime the siphon. The
inertia and impact relations vary with the exact configuration adopiad

but are generally more desirable than the 90 degree situation.



(iv) Pivot points part-way along the axis of symmetry. This
is another modification which reduces the rotational inertia, both of the
enpty buckebs, and of the water in a full bucket, compared to an alterna-
tive with pivot at the normsl position. Impact energy releations, tipping
time and counterweight recuirements vary with bucket configuration and the
proportions of the total rotational inertis in the water and the buclets
but a substantial reduction in collision impulse should occur over most
alternative designs with the pivet at the angle between the buclel base

and the dividing wall.

Rain gauges

Here the ceunterweight is effectively the material in the
sidewalls and the dividing wall, on the axis of symmetry. Fine adjustment

is mede by altering the tilting stops. The energy dissipation requires

no speciel treatment.

The real problem in smell gauges i1s to ensure proper emptying
due to surface tension effects, and the impact shock helps. The buckets
are often gold or nickel plated and may carry a drip tip to encourage

complete emptylng. An example incorporating these and other features is

%
the RIMCO gauge .

Gauges of capszcity 0.5 = 2.0 litres capacity

Bucket drainage is mo longer a problem once bucket capacity
exceeds ebout 0.2 litres, but impact energy becomes increasingly irportznt.

The design used by PRCCTOR (1973) and illustrated in Fig, 3 incorporates

¥anufactiured by RIMCO, 12 onomeeth Drive, Mitcham, Vice. Aust.
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counterweights on the axis of symmetry and uses no damper or encrgy
absorbing stops. 4 1.2 litre design developed by the senior authon/bitb
buckiet shape approximating a right-angled isosceles trienge did n;;
require counterweights and had an excellent calibration to guite high
flov rates. A 1.0 litre design developed in New Zealand (J. Patterson

privete communicat.ion) incorporates a single, double-acting damper,

which operates over the last part of the tipping action.

Gauges above 2 litre capaci.ty

The senior authors) have constructed a gauge of capacity 12
litres, (see Plate 1). The features of this design are shown in Fig.
4 and incorporete a fluid counterweight, svrging beffles and a combined
airdamper and adjusteble stop. These features have allowed successful

operation at inflow rates high enough to fill the bucket in 10 seconds.

MONKE et al. (1967) reported an ingenious design of bucket
capacity about 5 litres but arranged to fit within a 24 inch (60 cn)
diemeter observation well. The paper infers tipping rates as high as
ten tips per minutes. Huggins (private communication) has indicated that
considerable effort was expended on calibration but no special modifications

incorporated to improve the non-=linear nature of the calibration.

Al though the authors have only had experience with buckets
pivoted at the base of the dividing wall and with right-angled triangle
shapes, the analysis presented above suggests that very large gauges
could benefit from construction with raised pivotsy licuid counterweight
provided by parh of the entering fluid and buckets shaped to minimize

rotational inertia, collision impulge and time of tipping.



Plate 1 A 12 litre tipping buckeb{ with cover and inlet pipes removeds. The recorder is adapted
from a tipping bucket raingauge and the pipe chembex for the fluid covnberweicht is

elesrly visitle.
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Fige 4 Croas-cection of the 12 litre tipping bucket illustrated in Plate 1.



OPSFATTON AND CALIPRATION OF TILTIHG BUCKET CAUGLE

Iln the above seclicns it bas been apumicat that oane of the
N Y

major problems in the ealibration of tilting buckel gauges je the

charecberiatic of continued inTlow inko the discharging huckel af ber

tipping nas cormmenced. This metns that the volume metered in 2 sinzle
tip is « function of iaflow rate, and tends to increase with ivereasing

inflow rate.

The turbulence inberent in high inflow retes acts in the
ovposite sense ank tends to inciezse the chence of rwematuie bipping
altnough it also increases bthe veristion in volure ab icitiation of
tipping., Fig. 5, vhich is the celibrstien graph for a 12 litre gevge

Snovs

(51 Increasing errow 3a.th increasing flow rates

(15 Increasinge scabtor with increasing flow rate.

If the operations of tiltineg bucket gauges are recorded againstk
tire, on a chart or data logger, then tbe mz2an inflow rate for each tip
can te used to correct the nominal velue of inflow znd an e xtremely accurats
record cen be obtained, although the instantancous {low at tipping is the
critical factor. Of course at very high inflow rates the randor error
increases significentlys, Howvever if the operations are merely asccumulabed
on a counter (XHEDLLEDS, 1G70), thea an average tipving volume has to be
assumed and errors in indl.visduve). events cea be cuite larpe.

One soluticn, which has proven rost effective in rain gougss

is to inbreoduce #n intermediate store of zha

v

.

b Udnce ouarbeprs books

capzeily betweer the source end Lo geugee. If this store is enmntied ab

constant outflov retes ecu=l to maximum desipned inflow rate then the
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Fig. 5, Galibration graph for the 12 litre tipping bucket shewn in Fig, 4 and Flate 1.
Exrror percentage ecuals percentage by which birped volume exceeds static calibrabdion
volume. HRate of flow fer 500 sn. me cnbehment area (1 mm per br. = & 1./min,)
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inflov condition into the buckel is constant and sn is the ealibration.
Tiis has been incorporzted in the RIiirCO tilting bucket, vain gruge, in

the form of a sirhon device.

In large capacily buckebs, e€.g. 12 litres, it is eprarent
from Fig, 5 that turbulence effects at maxismun flow rates would make
triis solutbtion undesireble. However z constent inflow rate of 50 litres

per minute would appear to offer real imvrevexent in accuracy and gange

behaviour over the whole range of ruaoff intensities.

Uneer low temperature conditions the fluid in the buckets
can freeze and the empty bucket may freeze to the stop. These probicms
are no worse then those associated with iece in any other rmeasuring
systems and are rather more easily overc.ore by the provision of heaters
than for many other gaugir.g methods. In all gauges it is important to
minimize the poseibility of adhesion of buckets to stops an& to minimise

friction at the pivot.

DISCUSSIC: £ND CONCLUSIONS

The tilting bucket principle can be readily extended to laxger
volumes than tipping bucket raingauges, and provides a simple digital
integrator of mass flow of flvid., As bucliet volume inereases, tipning
time increases and the variation in metered mass with inflow rate becomes
important. The collision impulse of the Falling bucket a2s it striles the
resting stop becomes tire over-riding design concideration when buchet
volume exceeds 2-5 litres. Solutions to these design prrobdlems nave teen
offered in the form of fluid counier-weighis, varying buckeb strpes,

alternative pivot positiong and alr danmperse.
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In buckets of raingauge size, surfe.ce tension effects cause
the most significant er ors. Any water left in the bucket after tipping
constitutes a variable counter-~weight and also reduces the mass required

to tip wvhen the nominally empty bucket returns for fillirg.

It is the experience of the authors that bucket cycle times
should not be reduced below about ten times the tipoing time. This
represents 2 seconds for raingauges which tip in approximately 0.2 seconds
and 12 seconds for 12 litre buckets tipping in 1.2 seconds. In raingauges
tre bucket volume is usuélly set at the minimum amount to be recorded
on a daily basis, which in Australia is usually 0.01 inches or 0.25 mn
over the catch orifice area. The World Meteorological Orgenization (I/.M.O.
1961) recommends 0.1 mm bucket volume. The maximum rainfall rate recommended

above, is 30 bucket volumes per minute or 1800 volumes per hour.

s catchments increase in area, bucket capacities eguivalent
to approximately 0,025 mm over the catchment are used by the authors as
a compromise betwieen the errors inherent at nigh flow rates and the
difficulties in constructing large gauges. This means thet peak measure-
ment retes of acceptable accuracy, measured in runoff depth, are

significantly less than that of the companion raingauges.

There are therefore limitations to the situations vhere single
bucket installations may be used. However it is believed that within
these limitations the tipping bucket gauge offer real advantages with

its simplicity and digital oubtput.
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