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FURTHER WORK ON MINIMUM TEMPERATURE PREDICTION
IN THE FRUIT-GROWING AREAS OF SOUTH AUSTRALIA
by L.G. Veitech
Division of Mathematical Statistics, C.S.I.R.0 Adelaide

(Manuscript received December 1959)

Abstract: Synoptic data from Renmark and Nuriootpa have been
analysed by using multiple linear regression, supplementing
earlier work on frost prediction for Nuriootpa (Veitch 1959).
It has been shown that the regression coefficients

associated with radiational heat loss are homogeneous between
years and between stations, but those associated with wind
effects are distinct between the two stations. The constant
terms of the regression equations aré heterogeneous between
stations and between years.

Using 1800 C.S.T. data, the percentage of variance
of minimum temperature explained by regressions is 70 at
Nuriootpa and 80 at Renmark. If mean cloud cover overnight is
used for Renmark regressions, the variance explained by
regression rises to 86 per cent providing direct evidence that
errors associated with variable cloud cover fundamentally
limit further progress.

1. INTRODUCTION

This extension of previous work (Veitch 1959) allows two
main points to be investigated.

The first concerns changes in regression coefficients and
constant terms,when the same physical and statistical model is
applied to data from two stations with different topography and
climate. Nuriootpa,900ft above M.S.L, is situated in the
Mt. Lofty ranges and has a mean annual rainfall of 20 inches, of which
12 inches fall between May 1 and September 30, while Renmark, 170" £t
above M.S.L, is located in plain country and has a mean annual
rainfall of 10 inches, of which 5 inches fall between May 1 and
September 30. The ayerage ranges in dry bulb temperature from August
to November are 20.8°F. for Nuriootpa and 24.0°F for Renmark.
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The second point is concerned with the effect which more
accurate cloud information may have on the percentages of variance
explained by regressions using Renmark data. Here synoptic observa-
tions are taken during the night (this is not the case at Nuriootpa),
so mean cloud data can be used instead of 1800 C.S,T. cloud data. The
use of mean cloud data instead of 1800 C.S.T. cloud data should give
better approximations to the overnight radiational heat loss.

The frost season generally covers the period September 1 to
Novemper 15 and the data which have been analysed in this study are
those of the 1957 and 1958 frost seasons from Renmark, and those of the
1958 season from Nuriootpa. The previous study used the data from the
1955 to 1957 frost seasons at Nuriootpa.

2. PHYSICAL AND STATISTICAL ASPECTS AND THE DATA

The physical and mathematical models are unchanged from those
described in the earlier paper except for one minor modification in the
variate covering variations in the radiational heat loss due to
variations in water vapour. This modification will be discussed here,
but for the other details the reader is referred to the earlier paper
(Veitch 1959).

(1) Brunt's formula for the radiation current and dew-point temperature

The relative humidity variate previously used for the
Nuriootpa data, frost seasons 1955 to 1957, did not behave linearly
when applied to Renmark data;so dew-point was used. The dew-point
variate behaved satisfactorily and was then substituted for the
relative humidity variate in the data from Nuriootpa so that direct
comparisons could be made between regressions based on Nuriootpa and
Renmark data.

The justification for the dew-point variate and its linear
'scaling follows from Brunt's formula, the fact that a linear relation-
ship exists between dew-point temperature (xD) and the square root of
the water vapour pressure (e) with good approximation in the ranges of
xn and e shown by the Nuriootpa and Renmark data, and that the
coefficients of variation (SD/mean) of the absolute temperature (T) and
xp are about 0.015 and 0.10 respectively. Brunt's formula states that

Ry = & T (a-b &) (1)

where :
Ry is the net outgoing radiation current

g~ is Stefan's constant
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a and b are empirically determined constants.

Substitute T=T+ AT, Jo=c +d (x, + Axy) in (1)
end expand T4 =T % (1 + AT )4 binomially. If terms
T .

in ééal and & XD of higher order than one are neglected,
T Xp

Brunt's formula transforms into

. RN = k1 (1 + k2 T + k3 XD) 000 coo (2)
where kq, ké and k4 are constants involving a, b, ¢, d,'f and §Bo
Hence dew-pdint is”linear with respect to Ry and thus

approximately to the temperature fall since Ry is proportional to the
temperature fall to a first order of approximation.

(2) The wind relationship at Renmark

If possible advection effects are ignored, the expected
relationship between wind and temperature fall is one of radial
symmetry about v = O, where v is Eﬁg wind strength. Along any
direction some function such as e , where k is some constant,
should approximate to the relationship. However, the parameter k
is difficult to estimate statistically, so polynomials in v were
used as in the earlier paper,

To determine the wind relationship, vectors of the 1800
C.S.T. surface wind, the mean surface wind overnight and the mean
gradient wind overnight were split into N-S and E-W compenents and
these components were plotted against residuals from regressions
covering variations in initial state and radiational heat loss.

(3) Mean data

At Renmark 1800 C.S.T., 2100 C.S.T., 0300 C.S.T. and 0600
C.S.T. synoptic reports are available. Here mean data are the
arithmetic means of the appropriate information from these reports.

(4) Representative data
A similar procedure to that in the earlier paper has

been adopted, and again about 30% of all nights became unrepresenta-
tive nights and were rejected from the analysis.
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The procedure for rejection is now objective and the
criteria are as follows:

rejection if

(i) the 1800 C.S.T. cloud function is different by more
than 2 from the mean cloud function,

(ii) a frontal passage occurs overnight.
(5) Terminology for variates used in multiple linear regression

¥y = ninimum dry bulb temperature subsequent to 1800 C.S.T.
on the night considered,

Y = estimated minimum dry buib temperature obtained from a
multiple linear regression relationship,

b'q 1800 C.S.T. dry bulb temperature,

1

\ X, = a function of the 1800 C.S.T. cloud observation and
temperature height distribution. Its value is obtained from Fig. 1
which has the appropriate directions in the legend,

1
Xy = mean of X2s

1000 /. /RH,where RH is the 1800 C.S.T. relative

oft
]

humidity,

= dew-point temperature at 1800 C.S.T.,

M
"

mean of xng

= (v - 12)? at Nuriootpa, where v is the 1800 C.S.T.
surface winé strength measured negative if from the north-eastern
half, positive if from the south-western half,

= (v - 8) at Renmark, where v is the 1800 C.S.T.
surface winé strength, negative if the direction lies within 300°"
through north to 110 ) p031t1ve if the direction lies within 120%
through south to 290°

X5 = (v - 10) at Renmark,

= (v - 10)2 at Remnmark,
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3. RESULTS
(1) Nuriootpa data, 1958 frost seasen

For the regressions of best fit the reader is referred to the
appropriate items in Tables 2 and 3., The regression coefficients
continue to be homogeneous.

There were 60 representative nights out of a possible 94, and
these allow a completely independent test to be made of the
regression,

Y =-0,67 +0.75 x; *+ 1,37x5 - 0,40x3 *+ 0.0085x; ... (3)

which was obtained from 1955 to 1957 Nuriootpa frost season data in
the earlier paper. Here the regression relationship (3) explained
70% of the variance of minimum temperature.

In this test the unit error variance for the independent
data was 14.0, and the percentage variance explained was 67. These
results are satisfactory, but there was bias in the predicted minima
such that they averaged 1.4°F low, which is significantly large.

The Nuriootpa data were therefore tested for homogeneity of the
constant term.

Details of this test are given in a worked example by
Quenouille (1952), and it is described for the case of two
regressions by Rao (1952).

The appropriate analysis of variance tables are given in
Table 1.

In both cases the regression coefficients are homogeneous
but there is significant heterogeneity at the 5% level with respect
to the !constant' term.

(2) The substitution of dew-point (xD) for relative humldlty (XB) at
Nuriootpa

These results are tabulated in Table 2 and for ease of
direct comparison, the earlier results with those of the 1958 seascn
are tabulated in Table 3. 3 symbol R is for the multiple
correlation coefficient and s is for the error variance.



19

£1eatqoadsex 4L°0 PUB %I ‘%S Jo sTeaeT 8oUBOTJTUSTS 04 puodseltoo =g pue ¥ ‘%

c6eE7°L6LS £Le TVI0L
COLE"LL  c8c8 %0ee 761 SUOTE66406d [BUPTATDUL
/ / WoXJ sTBNPISS /Amaowmmm.nma
.- R omp . . "~ sousTd uofsseadea) 1TBIRAO
JLT SOZ6TOE TI9L'T6 SLCEETIE € 60t g albid it Tons
[ g 8 oLloczL  L¥o7°LSL _ct _SqUSTOTJJS00 UOTSSaUZax N\A sTeuptTsSay
SN B _ nomzp.mn 800UBIBIITD (
wmeTC 92l Y19€°GETL . 9GyeLYLS T e . . . uotrsseifel TTeBIeA]
‘YA ‘S ‘s*s °F°P 03 enp UoT}BTJIBA
Ty pue Iy «Cx ¢lx gseqerars Sururmasqep ‘sdjootany g
€6E7°L6L8 €Le
gLeec Ll L667°L612 76l EUOTESaa30d Hwﬁc.nﬁ@ﬁw
/ / sm.n.w m.mwswwmm /Aqoammmnwmh
. . . . soueTd uoTssaadaa JOA0
LLO°E  sLeLYE  YSYE <opvwoom slve € vmom UoomMaq SoTUEIOLIT cw A ﬂw%&
gL £Los°Yi LGLO° LY (AN 8JUSTOTJFO00 UOTSSaIToT W\M sTenptssy
SN ueeM16q S90USIS9IIIP
Eﬂmﬁ.mm L oYég gl GaLG GLLS K4 uoTsseIfoa TTRISAQ
“¥°A °S°H °g°s *I'p AA,op onp UOT]BTIBA

k4 € 2. (L

! °'X pue X ‘X ¢ X seqBlJeA JuTuTmIejep ‘edjooTany i

S0TqB] ©OUBTIBA JO STSATBUY - | OTqBL



20

°Ateatjoedsex ¢j°Q pus %L °9gG Jo sTeAST ©OUBOEITUFTE 03 puodsesyos = pue =: °m

a5V b€ amfl b 894 *3°P 902 WO %
LL00°0¥ 260°0+  LL°0+  g£0°0+ @s ps1o0og
o o L'y 2 [ ] @ o = m
=z8°0  =OL°0  Po1L LLo0°0  91°0 G2 ¥9°0 96°G q
af’t  22°? m=b'Y  m=t'S *3°Pp 66 wo 3
2€00°0+ LL°0+¥  QL°0% 1g0° O+ as g%61
==298°0 =08 1°2L 190070 G20 90°) L9°0 Ly°6- ®q
22 g0 V9 el Ol *3°p 26 uo 3
L700°0+  LL°O¥  €2°0+  290°0+ as LG61L
8
w780 mbl°0 2°CL L£00°0  290°0-  6b°1L ¢9°0 GLeL q
mzo.m.u m%,oa mm_,ml aoomu “3°p 6¢ uo ¢
9¢€00°0+ VI°0+ y2°o+ 00l °0+ as 966!
2:08°0 z=89°0 7°Q vLoo°0  Lgo°0 48! 09°0 LLo- ®q
ﬁm.wlA ﬁm,ml mm.vl ﬁwmél *3'p gy wo 3
£€00°0+ GRO°0+ 22°0+ 680°0+ as G661
w980 x6L°0  0°LL G600°0  OE0 660 L9"0°  6erEi- ®q
8 1 2 i 0
¥ R . q O q a q

Sututmrege()

..A.ww pue Oz ¢ clx 821BTIBA
cedjootany 3® uorssexdel puta pue jutod-mep ‘pnoyo ‘eangeredwmeg - 2 ©1q®]



21

°f1eaT308dseT ¢L°0 pue $| ‘%G JO STeAe] SoUBOTJTUPTIS 0} PuodsolIod =EE pue =E ‘=

=m0V m6°C =2l el Gl °3*P 902 uo %
L1000+ @I100°0+  OL'0+¥  260°CF as petood
. i S
mm78°0  gm0L°0  G°1L 8l00°0 £50°0-  leTl 8L°0 €20 q
ot % g0’ 08 “3'P GG uo 3%
1€00°0+  6V0°0+  gL°OF  LL°O+ _ as gs61
. L] ° ° m
=80  metl’0 02l 8%00°0  €€L°0- 907! 26°0 Ly | q
% o0 md9  mmt"S "F°P 2§ uo %
1P00°0+ 800+  €2°0+  LL°O+ A as LS61
V80 mehl’0 - L°EL Lgoo*o  €£0°0 6v°1L 96°0 62°0- ®q
A e v *F°P 6¢ uo 3
9€00°0+ G0°O+  £2°0+  €L°O+ as 9564
wx8'0  289°0 P8 GLoo*0  okoto-  €b°L 69°0 2Lg ®q
w5 't mwmm.v w28 6 - tr'pghuwo g
€€00°0+  L20°0+  12°0+  0L°0+ as 6661
. o o ° ° . . L] * m
=:x98°0  l°0  O°LL 9600°0  €60°0-  G0°I v6°0 G6° ¢~ q
v, ¢ I b 0
¢ i S q q q q q

oAvN pue mH «Cx .FN mmwmﬂnwb mzﬂaﬂsnmuonv
Bdjootany 3B suorssexFed pula pue L£1Tprumy eAT}eTex ‘pnoro ‘eantexsdws] - € 81qQR]



2

There is no practical difference between the two tables.
This is only to be expected since relative humidity and dew-point are
both derived from the same measurements, and if both variates have
been scaled so they behave linearly then the same information is
being treated with equal efficiency.

The more variable behaviour of b, in Table 3 compared
with by in Table 2 is worth comment. It is due to the much higher
correlation between xq and x3 than that between x1 and xp. This is
specifically illustrated by the correlation matrices of the
determining variates which are as follows:

Temp. (x1) Cloud (x2) RH (x3) Wind (XA)
Xy g 1 -0.3133 0.7447 0.2144 g
X, 2 -0.3133 1 -0.4313 -0.0413 g
Xy g 0.7447 -0.4313 1 0.1427 ;
x, ( 0.2144 -0.0413 0.1427 1 )
Temp. (x1) Cloud (x2) dew pt. (xD) Wind (xA)
x, 2 1 -0.3133 0.1765 0.2144 ;
xp -0.3133 1 0.2839 ~0.0413 )
Xp g 0.1765 9.2839 1 0.0443 §
x, 0.2144 -0.0413 0.0443 1 )

(3) Renmark 1800 C.S.T. data
These results are tabulated in Table 4.

The regression coefficients are homogeneousbetween years but
the constant term is heterogeneous at the 0.1% level. The
appropriate value of the variance ratio is 11.64 on 1 and 146 degrees
of freedom,
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(4) Comparisons between Nuriootpa and Renmark 1800 C.S.T. data
regressions

Comparing the results in Tables 2 and 4 it is evident that
the values of the regression coefficients by, by and bp are very
simil%r, but appreciable differences exist in b,. If the variates X,
and x, are omitted from these regressions then it is found that the
regression coefficients by, b, and bp, i.e. those covering initial
state and radiational heat loss, are homogeneous between the two
stations. ‘

The percentage of variance explained by regression is
higher at Remmark than at Nuriootpa. This difference is due to the
different distributions of the determining variates at the two
stations, for if wind is ignored, the differences in the percentage
of variance explained for Nuriootpa data and Renmark data persist,
while the remaining regression coefficients are homogeneousbetween
sites. :

The changes in the percentage of variance explained bj
regression after the omission of the wind variate are falls from 70 -to
68 and 80 to 78 for Nuriootpa and Renmark data respectively..

Distinct differences in the wind variate are expected from
physical considerations associated with the topographical differences.
The relationships are 0,019 (v-8)<? at Remmark and 0.0077 (v-12)2 at
Nuriootpa, and the displacement 8 knots to the southwest of the
point of maximum temperature fall is probably an advection effect
common to both stations. The additional Z knots displacement to the
southwest at Nuriootpa may be attributed to the effect of valley winds
from the southwest in the late afternoon, and mountain winds from the
northeast late at night (see Fig. 2). .

(5) The wind relationship at Renmark

The form used above was determined empirically. From the.
various alternatives mentioned in Section 2 (2) the 1800 C.S.T. .
surface wind suggested slightly better results than the other forms, -
and the simple form indicated in Section 2 (5) taken to the
quadratic level was adequate. The variates x5 and xg gave values of
7.4 and 9.2 for the 'constant of locality'! in 1957 and 1958
respectively with 1800 C.S.T. data; with mean data the values were
6.7 and 8.6 respectively. :
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The results of the 1800 C.S.T. data regressions suggested that
the value 8 for the 'constant of locality! could be substituted for 7.4
and 9.2 obtained for the individual years without appreciable loss of
1nformat1?n. So the variates X5 and xg were replaced by the single
variate x4

(6) Renmark mean data regressions

In these, x, was replaced by X, y X, by x. and x s X. and
remained unchanged. 2 273 3 1 5. "

The regressions are given in Table 5.

The regression coefficients are homogeneous between years but
the constant term is heterogeneous at the 1% level. The value of the
variance ratio is 7.08 on 1 and 144 degrees of freedom.

For the pooled data the 'constant of locallty' for the wind
is 7.8 knots to the southwest. Hence the replacement of X; and xg by
xA will again be a simplification without appreciable loss of
information.

The relatively high percentage of variance explained by
regression suggested that it might be possible to demonstrate non-
additive effects which are expected from the physical godel. ,53
joint variates of the form XX x1xD, x1x ’ xsz, xng and xXpx; were
tested. These variates were a%l non-significant so it must be assumed
that the data are still too crude to show non-additive effects, the
most marked of which should be that between wind and radiation.

(7) Comparisons between Renmark mean data and 1800 C.S.T.
regressions

The improvement in the wvalue of R2 with mean data is due
almost entirely to the substltutlon of x2 for x5. If 2-variate
regressions using x4 and x and X9 and x5 as determining variates are
used, then the subslitution of x2 for x5 causes R2 to rise from 0.78 to
0.83. This increase is of the same order as that in the 5-variate
regressions viz. 0.80 to 0.85.

The changes in the regression coefficients observed in
Tables 4 and 5 are consistent with the suggestion that x2 has less
error than xj.






