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SUMMARY. 
The literature dealing with climatic classification is re·viewed) and the P/ E ratio 

;used as a method of measuring effective rainfall. 

The seasonal incidence of eff ecti-ve rainfall is calculated for bi-1nonthl31 periods, 
and zonation is undertaken on the basis of its reliabilit31. 

Suninier and winter P / E differences) niean minimum winter and niean 11ia.'l:imi1m 
summer temperatures are considered and the broad infiitence of climatic 
factors on the growth and distribittion of plants and on sheep husbandry is 
discussed. ' 

INTRODUCTION. 

The study of climate is of pararnolmt importance in a primary producing 
country where the production of ·wool, meat and milk depends' largely upon 
natural vegetation. Diff ere,nt cli1;natic zones produce \regetation specific to 
themselves and thus the type of primary production best suited to any given 
regi,on depends largely upon its climate. 

In a pastoral zone methods of animal husbandry often make the difference 
between succ·ess and failure. This is especially true in the raising of Merino 
sheep. Wool is expensive to produce and it i.s important that the utmost 
efficiency be attained in its production. To do this it is essential that the 
i:1fluence of environment be thoroughly understood. It is essential, also, to 
know hovir far results obtained from different methods of husbandry in one 
district can be applied to others, a:ad to determine the limits of economic wool 
production and economic sheep-breeding. 

The results of a study which has been made of the climatic data from 
the semi-arid region of Queensland are pres~mted in this paper. It is obvious 
that considerable differences exist in the climate of various parts of the main 
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sheep grazing areas of the State, and it is thought that these diffe1·ences may 
be correlated with natural vegetation, which in turn governs the growth and 
reproduction .of sheep as ·well as wool production. 

LITERATURE. 
Various criteria have been used for the classification of climate and the 

different methods have. been revievved by MOTeau (1938) and Prescott (1934), 
who indicate the limitations and applications of the classifications offered by a 
number of writers, including those of Koppen, Thornthwaite, de Martonne, 
Emberger, Meyer, Lang, Prescott, Davidson and Trumble. 

Koppen (see Moreau, 1938, and Lavffence, 1937) divided the world into 
clinuitic zones using temperatmll'e, rainfall and rainfall distribution. Thorn
thwaite (1931, 1933; see also Moreau, 1938, and Presc:ott, 1934) obtained his 
''precipitation efficiency index'' as a complicated function of rainfall and tem
perature, but took no account of relative humidity. Both of these methods are 
useful over large areas, but are not suitable for application to a particular 
region, such as the pastoral areas of Queensland. 

Andrews and Maze ( 1933) used a modification of de Martonne 's ''Index 

of Aridity'' ( __ P_,._where P =precipitation in ems., T = °C.) in Australia 
T + 10 

with some success. '!'heir method was to classify climat~s on the basis of the 
number of dry months in the year, the criterion of a dry month being an index 
of le.ss than 1. Ag;ain, humidity -vvas not taken into account. It seems that, 
vvhere wet and dry bulb readings are available, the humidity should be con
sidered, its controlling effect on evaporation being obvious. 

Davidson (1933, 1935) and Prescott (1934, 1936) investig·ated the Meyer 

Ratio ~ (where P = precipitation; S.D. = saturation 'deficit, vvhich is the 
S.D. 

difference bet-ween the saturation vapour pressure of vrnter at a given tempera-
tlue and the partial pressure of water vapour actually present in the environ
ment at that temperature). Davidson ( 1934, 1935) applied the supposition 
that evaporatio::.1- from a free vrnter surface is proportional to saturation deficit, 
provided all other factors are constant. Actually wind velocity, atmospheric 
pre.ssure, insolation, turbulence, exposure, and nature of land surface have an 
effect on evaporation. Prescott's investigation of 144 monthly values at a 
selected ra:age of 12 Australian stations ( 1938) shovrnd a corr.elation coefficient 
of ·972 between evaporation and saturation deficit. Davidson (1933) slmwecl 
that for South Australia mean monthly values of S.D. could be expressed in 
terms of evaporation by referring to data for a free water surface at Adelaide 

and he formulated the equatio:a ~ = m _SP (where mis a constant). Prescott 
E .D. - · 

(1938) worked with this conversion factor, using the formula E = 21.2 S.D. 
for a month of 30 days. The same numerical relationship w~s used· by La'N
rence ( 1941) in an analysis of the climate of tropical Australia. 

Prescott (1934; see also Moreau, 1938) noted the weakness of using 
maximum and minimum temperatures for the calculation of saturation deficit 
and stated that the minimum is less·important than the dew point. In semi-arid 
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regions this is true to some extent but it is not as important as in more humid 
areas, since on a very large number of days during' the year minimum tempera
tures do not fall below the de-\v point. This applies particularly to Queensland, 
where the air masses in winter are mostly of the dry continental type. 

Prescott ( 1942, 1943) also pointed out the existence of a difference in 
phase between temperature and evaporation. This difference shows a 
maximum of 21 days at the ocean coast and falls off rapidly to values of the 
order of seven days within 150 miles of the coast. The only data avail
able are on a monthly basis so it was not found practicable by the authors to 
apply any correction for phase lag, and it was assumed that monthly evapora
tion is a function of the temperature and humidity recorded for the same 
month. 

Prescott (1938) concluded that, to find some expression for the climatic 
conditions of a given environment, temperature, rainfall and humidity must 
be linked with soil moisture conditions, and the P /E Transeau ratio appeared 
to be a practical measure of effective soil moisture, E being calculated fron~ 
temperature and humidity. Trumble (1939) considered a value of P /E = ;3 
(computed from total rainfall and evaporation for a:ay one month) as being· 
effective for producing plant grmvth in South Australia. The difference in 
values required for South Australia. and tropical Australia viTere noted by 
I.imvrence (1941). In her study of climate in the latter part of the continent 
she used P /E = ·25 as the minimum ratio limiting a month of effective rainfall. 

Szymkievviez ( 1925) suggested the substitution of S.D. X 
273 + T for 

273 

S.D. in Prescott's equation, given abovB, thus taking' into consideration the 
greater diffusivity of water vapour at higher temperatures. It was considered 
by the present authors that the accuracy of the data did not wa.rrant the appli
cation of such a detailed method for their studies. 

Apart from its effect on evaporation, temperature itself has a profound 
influence on plant grmvth and on the gro-wth and reproduction of animals. No 
experimental work on the temperature requirements of the plants constituting 
the vegetativ€ cover of the sheep-raising areas of Queensland is known. Klages 
( 1942), discussing· temperature efficiencies in relation to crop distribution, 
quotes a number of authorities giving a general ''zero of vital temperature 
point" as 40°F. or 4·4°0. Forster (1941) gives 42°F. as the lowest limit for 
flax growth. 

Lee and his co-workers ( 194 7) found adult sheep to be remarkably 
tolerant of high temperatures, but plane, of nutrition had· a marked effect on 
their reactions. Gunn and his co--workers ( 1942) studied the effects of high 
temperatures on the morphology, i'notility and longevity of spermatozoa pro
duced by rams enjoying normal sexual health. They found that animals sub
jected to daily maximum temperatures of over 95°F., under conditions .of low 
humidity, for a period of. 28 days became comparatively infertile. RBcovery, 
as judged by the seminal picture, took place in about 2i months if the rams 
1vere adequately fed and if the weather was cool. 
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LATE SPRING. 

Station, October-November. 

P. T. S.D. E. P/E. P. ----------------------

Burketown .. .. l·Sl S2·9 ·63 20·16 ·09 12·51 
Cl on curry .. .. 1·6S S3·S ·79 25·2S ·07 7·03 
Croydon .. .. 2·26 S6·9 ·74 23·6S ·10 13·14 
Donor's Hill .. 2·24 S5·0 ·76 24·32 ·09 11·55 
Normanton .. .. 2·22 S5·7 ·62 19·S4 ·11 16·77 
Georgetown .. .. 2·4S S3·1 ·65 20·96 ·12 13·90 
Hughenden .. .. 2·07 SO·S ·67 21·44 ·10 7·12 
Mount Surprise .. 2·57 79·2 ·50 16·00 ·16 12·60 
Richmond .. .. l·SO S2·4 ·73 23·52 ·OS 6·Sl 

Atherton .. .. 3·39 70·S ·2S 9·12 ·37 19·13 
Cairns .. .. 5·9S 77'9 ·32 10·24 ·5S 25·23 
Cooktown .. .. 3·53 SO·l ·32 10·24 ·34 21·00 
Herberton .. .. 3·57 70·4 ·27 S·SO ·41 15·31 
Port Douglas .. 5·92 77·2 ·29 9·2S ·64 24·2S 
Cardwell .. .. 6·19 75·2 ·26 S·32 ·74 25·07 
Innis fail .. .. 9·59 75·2 ·21 6·72 1·43 31·74 
Townsville .. .. 3·20 7S·2 ·36 11·6S ·2S 16·32 
Ayr .. .. .. 2·70 76·6 ·36 ll-6S ·23 15·16 
Bmven .. .. 2·27 77·4 ·34 11·04 ·21 14·2S 
Mackay .. .. 4·S2 75·0 ·29 9·2S ·52 20·99 
St. I,awrence .. 4·20 74·S ·33 10·72 ·39 13·94 
Charters Towers .. 2·17 7S·5 ·42 13·60 ·16 S·67 

Blackall .. .. 2·S7 7S·5 ·59 19·04 ·15 5·36 
Clermont .. .. 3·39 77'3 ·46 14·72 ·23 S·63 
Emerald .. .. 3·64 77'1 ·44 14·0S ·26 7-42 
Springsure .. .. 4·07 75·7 ·43 13·92 ·29 7·41 
'Tambo .. .. 3·12 75·2 ·50 16·16 ·19 5·49 

Barcaldine .. .. 2·53 7S·2 ·5S 1S·56 ·14 5·3S 
Isis ford .. .. 2·35 79·2 ·60 19·36 ·12 4·33 
Longreach .. .. 2·09 79·7 ·61 19·6S ·11 4·09 

Camooweal .. .. 1·74 S3·1 ·77 24·SO ·07 5·73 
Kynuna .. .. 1·7S S1·7 ·67 21·60 ·OS 5·49 
Urandangie .. .. 1·23 S1·3 ·S4 26·SS ·05 3·53 
West Leichhardt .. 2·33 S1·4 ·73 23·52 ·10 6·75 
Winton .. .. 1·92 81·5 ·71 22·S8 ·OS 4·96 
Boulia .. .. 1'4.0 Sl·O ·7S 25·12 ·06 2·94 
'Windorah .. .. 1·53 7S·7 ·70 22·56 ·07 2·72 

Bundaberg .. .. 4·Sl 72·3 ·29 9·44 ·51 13·63 
Childers .. .. 5·50 72·7 ·2S 9·12 ·60 12·9S 
Gayndah .. .. 5·37 72·9 ·35 11·20 ·48 S·76 
Gladstone .. .. 4·72 73·S ·31 9·92 ·4S ·12·37 
Mount Morgan .. 4·32 74·4 ·31 9·92 ·44 9·97 
Rockhampton .. 4·22 76·4 ·37 ll·S4 ·36 12·39 
Vifestwoocl .. .. 4·01 73·S ·32 10·24 ·39 S·SO 

Gympie .. .. 6·02 72·0 ·2S S·96 ·67 11·97 
Ipswich .. .. 5·33 72·7 ·35 11·36 ·47 S·29 
l\Iaryborough .. 5·97 72·7 ·31 9·92 ·60 12·10 

P = mean rainfall in inches. 

T = mean maximum + mean minimum temperature °F. 
2 

S.D. = saturation deficit in inches. 

EARLY SUMMER. 

December-January. 

T. S.D. E. ------
S5·5 ·4S 15·36 
S7·6 ·76 24·4S 
S6·6 ·51 16·32 
S6·S ·61 19·52 
S6·3 ·42 13·60 
S3·S ·4S 15·52 
S4·6 ·60 19·20 
S1·2 ·41 13·2S 
S6·1 ·6S 21·76 

74·4 ·23 7·36 
SM ·31 9·92 
S2·1 ·27 S·64 
73'5 ·23 7'52 
S0·4 ·2S S·96 
79·5 ·25 S·l6 
79·4 ·22 7·04 
Sl'·3 ·33 10·56 
SO·S ·34 11·04 
S1·2 ·32 10·40 
79·5 ·29 9·2S 
79·6 ·33 10·56 
Sl·9 ·41 13·2S 

S4·9 ·67 21·60 
Sl·9 ·45 14·56 
S2·1 ·44 14·24 
S·07 ·44 14·0S 
S1·4 ·57 1S·24 

S4·0 ·61 19·6S 
S5·4 ·65 '20·SO 
S5·5 ·67 21·44 

S6·9 ·74 23·6S 
S6·3 ·6S 21·76 
S7'5 ·91 29·2S 
S5·6 ·70 22·40 
S6·9 ·75 24·00 
SM ·SS 2S·16 
S6·3 ·S6 27'52 

77'4 ·32 10·24 
77'1 ·2S 9·12 
7S·l ·36 11·52 
7S·3 ·30 9·76 
7S·3 ·30 9·76 
S0·6 ·36 11'52 
7S·5 ·32 10·40 

77'1 ·27 S·SO 
7S·l ·37 12·00 
77'5 ·32 10·40 

Table 

Values :for various factors 

LATE SUJIIMER. 

February-March. 

P/E. P. T. S.D. E. P/E. -------------

·Sl ll-3S S3·7 ·40 12·SO ·S9 
·29 6·65 S4·9 ·63 20·32 ·33 
·Sl lO·SO S4·5 ·42 13·60 ·79 
·59 9·32 S4·1 ·47 15·20 :61 

1·23 15·93 S4·6 ·33 10·56 1·51 
·90 12·45 S1·6 ·40 12·96 ·96 
·37 6·04 S1·5 ·45 14·56 ·41 
·95 11·61 7S·2 ·31 9·92 1'17 
·31 6·42 S3·1 ·53 16·96 ·3S 

2·60 19·41 72·4 ·14 4·64 4·1S 
2·54 33·Sl S0·7 ·24 7·S4 4·31 
2·43 29·02 Sl·l ·22 7·04 4·12 
2·04 15·72 72·1 ·15 4·SO 3·2S 
2·71 32·35 79·6 ·24 7·6S 4·21 
3·07 32·S7 7S·9 ·19 6·0S 5·41 
4·51 49·3S 7S·6 ·14 4·64 10·64 
1·55 18·3S S0·7 ·30 9·76 l·SS 
1·37 15·60 79·7 ·2S 9·12 1'71 
1'37 14·52 S0·5 ·27 S·SO 1·65 
2·26 23·S5 7S·3 ·21 6·SS 3·47 
1·32 12·96 7S·7 ·27 S·64 1·50 

·65 S·20 79·5 ·33 10·72 ·76 

·25 5·91 S2·3 ·53 16·96 ·35 
·59 7'35 7S·7 ·34 11·04 ·67 
·52 6·25 79·S ·36 11·52 ·54 
·53 6·64 7S·5 ·3S 12·16 ·55 
·30 5·46 79·0 ·44 14·24 ·3S 

·27 5·52 S1·4 ·50 16·00 ·34 
·21 5·50 S2·S ·53 17·12 ·32 
·19 5·S7 S2·S ·52 16·64 ·35 

·24 5·4S S4·1 ·5S 1S·72 ·29 
·25 5·56 S3·1 ·53 17·12 ·32 
·12 3·97 S4·4 ·73 23·52 ·17 
·30 5·69 S2·0 ·57 18·40 ·31 
·21 5·3S S4·0 ·5S 1S·72 ·29 
·10 3·50 S5·4 ·74 23·6S ·15 
·10 3·26 S3·9 ·74 23·6S ·14 

1·33 11·71 76·5 ·26 S·32 1·41 
1·42 11·34 76·0 ·23 7-36 Hi4 

·76 7·20 76·3 ·31 9·92 ·73 
1·27 12·06 77'6 ·27 S·64 1·40 
1·02 S·63 76·6 ·26 S·48 1·02 
l·OS 12·11 79·2 ·29 9·44 1·2S 

·S5 7'50 76·6 ·2S 9·12 ·S2 

1'36 12·9S 75·5 ·21 6·SS l·S9 
·69 S·4S 76·1 ·31 lO·OS ·S4 

1·17 12·67 76·3 ·24 7'84 1·62 
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for 65 Queensland stations. 

AUTUMN. WINTER. EARLY SPRING. 

April-May. June-July. August-September. P/E. 
Diff. 

P. T. S.D. E. P/E. P. T. S.D. E. P/E. P. T. S.D. E. P/E. 
---------------------___._ -----------

1·22 77'1 ·51 16·48 ·07 ·32 6~·0 ·41 13·12 ·02 ·11 73·4 ·52 16·80 ·01 + ·87 
1·17 75·0 ·54 17·44 ·07 ·96 64·9 ·35 11·36 ·08 ·42 71'4 ·54 17'28 ·02 + ·25 
1·34 79·2 ·51 16·48 ·08 ·49 71·4 ·40 12·80 ·04 ·32 77'3 ·56 18·08 ·02 + ·75 
1~40 76·1 ·53 16·96 ·08 ·70 67·7 ·40 12·80 ·05 ·30 73·9 ·56 18·08 ·02 + ·56 
1·93 79·6 ·47 15·04 ·13 ·56 72·1 ·35 11·36 ·05 ·16 77'1 ·49 15·68 ·01 + 1·46 
1·56 75·3 ·43 13·76 ·11 ·74 68·2 ·34 11·04 ·07 ·54 73·2 ·47 15·04 ·04 + ·90 
1,55 71'7 ·37 12·00 ·14 1·38 62·6 ·24 7'68 ·18 ·71 69·1 ·40 12·96 ·05 + ·23 
1·96 71'3 ·30 9·76 ·20 ·99 64·3 ·22 7'20 ·14 ·38 69·1 ·34 11·04 ·03 + 1·03 
1·41 73·2 ·44 14·08 ·10 1·13 63·7 ·29 9·44 ·12 ·37 70·3 ·48 15·36 ·02 + ·26 

6·50 66·1 ·12 3·84 1·69 2·74 61·0 ·10 3·20 ·86 1·62 63·3 ·17 5·44 ·30 + 3·32 
15·80 75·5 ·19 6·24 2·53 4·43 70·4 ·18 5·92 ·75 3·40 72·0 ·24 7·68 ·44 + 3·56 
11·58 77·5 ·22 7·04 1·64 2·95 73·1 ·19 6·08 ·49 1-76 74·9 ·24 7·84 ·22 + 3·64 
5·51 66·1 ·12 4·00 1·38 2·02 60·4 ·09 3·04 ·66 1·19 63·0 ·18 5·76 ·21 + 2·61 

11·96 75'1 ·22 7·04 MO 3·03 69·8 ·19 6·24 ·49 2·23 71'3 ·24 7·68 ·29 + 3·72 
12·37 73·0 ·16 5·12 2·42 3·39 66·1 ·13 4·32 ·78 2·78 68·1 ·16 5·28 ·53 + 3·32 
32·37 73·2 ·11 3·68 8·79 11·98 67·2 ·10 3·20 3·74 8·43 68·9 ·13 4·16 2·02 + 6·90 

4·60 75·3 ·32 10·40 ·44 1·98 68·7 ·26 8·48 ·23 1·24 71-5 ·30 9·76 ·13 + 1·65 
3·56 73·7 ·27 8·80 ·40 2·15 66·2 ·21 6·72 ·32 1·85 68·9 ·26 8·32 ·22 + 1·39 
3·95 74·0 ·24 7·68 ·51 2·57 66·7 ·20 6·56 ·39 1·43 69·7 ·25 8·00 ·18 + 1·26 
9·88 70·9 ·17 5·60 1-76 4·40 63·1 ·13 4·32 1·02 2·68 66·1 ·19 6·08 ·44 + 2·45 
4·51 71'2 ·23 7'52 ·60 3·88 63·4 ·16 5·28 ·73 2·04 66·5 ·22 7·20 ·28 + ·77 
2·26 72·2 ·30 9·60 ·24 1·96 64·5 ·21 6·88 ·28 1·31 69·2 ·29 9·28 ·14 + ·48 

2·71 68·5 ·33 10·72 ·25 2·32 57'9 ·18 5·92 ·39 1·40 64·4 ·23 10·56 ·13 - ·14 
2·90 68·1 ·26 8·48 ·34 2·74 58·7 ·16 5·12 ·54 1·64 64·5 ·27 8·64 ·19 + ·13 
2·43 68·9 ·27 8·64 ·28 2·80 59·4 ·17 5·44 ·51 1·91 64·7 ·27 8·64 ·22 + ·03 

2·76 67·5 ·30 9·60 ·29 2·94 57'7 ·19 6·24 ·47 2·19 63·5 ·29 9·28 ·24 + ·08 

2·72 65·7 ·29 9·28 ·29 2·45 55·7 ·15 4·96 ·49 1·60 61·8 ·29 9·44 ·17 - ·11 

2·53 69·4 ·34 10·88 ·23 2·15 59·4 ·20 6·56 ·33 1·23 65·2 ·35 11·20 ·11 + ·01 
2·29 69·2 ·35 11·20 ·20 1·96 58·9 ·21 6·88 ·28 1·15 65·3 ·35 11·20 ·10 + ·04 

1·78 70·0 ·36 11·68 ·15 1·68 59·6 ·21 5,72 ·25 ·82 65·9 ·36 11·68 ·07 + ·10 

·79 73·4 ·51 16·48 ·05 ·92 63·3 ·33 10·72 ·09 ·33 70·5 ·51 16·48 ·02 + ·20 

1·22 72·4 ·42 13'44 ·09 1·25 61·9 ·24 7'68 ·16 ·44 68·7 ·41 13·12 ·03 + ·16 

·86 71·2 ·53 16·96 ·05 ·81 60·7 ·32 10·40 ·08 ·35 67'7 ·51 16·32 ·02 + ·09 

·98 72·4 ·47 15·04 ·07 ·77 62·6 ·32 10·40 ·08 ·41 68·3 ·46 14·72 ·03 + ·24 

1'37 72·2 ·43 13·76 ·10 1·46 61·6 ·26 8·32 ·18 ·61 68·2 ·43 13·92 ·04 + ·11 

·97 70·9 ·47 15·04 ·06 ·85 60·0 ·26 8·32 ·10 ·52 67·1 ·44 14·24 ·04 + ·05 

1·55 68·3 ·40 12·80 ·12 1·31 57'1 ·21 6·72 ·19 ·84 64·2 ·39 12·64 ·07 - ·05 

5·82 68·9 ·20 6·56 ·89 4·69 61·1 ·15 4·80 ·98 2·84 64·1 ·20 6·40 ·44 + ·43 

4·89 68·6 ·19 6·24 ·78 4·15 61·1 ·16 5·12 ·81 2·98 64·3 ·21 6·72 ·62 + ·73 

2·98 66·3 ·23 7·36 ·40 3·28 57'5 ·15 4·96 ·66 2·70 61·7 ·23 7'36 ·37 + ·07 

4·30 70·6 ·25 8·00 ·54 4·49 63·0 ·17 5·44 ·83 2·21 65·9 ·23 7·36 ·30 + ·57 

3·39 68·1 ·21 6·88 ·49 3·80 59·7 ·14 4·48 ·85 2·01 64·6 ·21 6·88 ·29 + ·17 

4·12 71·6 ·24 7·84 ·53 4·34 62·9 ·17 5·44 ·80 2·10 67·3 ·24 7·68 ·27 + ·48 

3·46 66·9 ·22 7-20 ·48 3·60 58·8 ·14 4·64 ·78 2·13 63·3 ·21 6·88 ·31 + ·04 

6·21 66·7 ·15 4·80 1·29 4·75 58·1 ·11 3·68 1·29 3·80 61·8 ·16 5·12 ·74 + ·60 

4·31 63·5 ·19 6·08 ·71 3·68 57'5 ·14 4·64 ·79 3·13 61·7 ·22 7·04 ·44 + ·05 

6·82 68·2 ·19 6·08 1·12 4·92 60·4 ·13 4·32 1·14 3·57 63·4 ·20 6·56 ·54 + ·48 

E = evaporation (calculated from saturation deficit) in inches. 

P /E = ratio of precipitation to evaporation. 

PIE Diff. = P /E for Jannuary-Februar~r-1\farch-P /E for June-July. 
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LATE SPRING. 

Station. October-November. 

P . T. S.D. E. P/E. P. 
.--------.--------------

Dalby .. .. 4·99 71·0 ·37 11-84 ·42 6·86 
Gooncliwincli .. .. 3·95 72·3 ·39 12·48 ·31 5·90 
Pittsworth .. .. 4·97 68·3 ·31 10·08 ·49 7'57 
Stanthorpe .. .. 5·22 63·0 ·24 7·84 ·67 7·22 
Wallangarra .. 5·60 62·1 ·22 7-04 ·80 7·81 
Warwick .. .. 4·95 67'6 ·28 9·12 ·54 7·14 
Miles .. .. .. 4'57 72·6 ·38 12·32 ·37 6·99 

Mitchell .. .. 3·66 72·0 ·46 14·72 ·25 5·79 
Roma .. .. 3·85 73·7 ·45 14·40 ·27 5·69 
St. George .. .. 2·94 73·8 ·44 14·08 ·21 4·68 
Surat .. .. 3·53 73·2 ·38 12·32 ·29 5·55 
Yuleba .. .. 4·35 72·8 ·40 12·80 ·34 5·91 

Ballon .. .. 2·65 74·2 ·44 14·24 ·19 4·50 
Charle ville .. .. 2·87 75·5 ·54 17·28 ·17 4·82 
Cunnamulla .. .. 1'87 74'7 ·55 17'76 ·11 3·03 

Aclavale .. .. 2·13 77-0 ·63 20·16 ·11 3·95 
Tlmrnomindah 1·65 76·1 ·64 20·64 ·OS 2·74 

P = mean rainfall in inches. • 

T = mean maximum+ mean mi.nimum temperature °F. 
2 

S.D. = saturation deficit in inches. 

EARLY SUMMER. 

December-January. 

T. S.D. E. 
------

76·6 ·39 12·64 
79'5 ·48 15·36 
73·5 ·32 10·24 
69·4 ·28 8·96 
68·0 ·28 9·12 
73·7 ·33 10·56 
78·7 ·42 13·60 

79·2 ·53 16·96 
80·2 ·51 16·32 
81·8 ·56 17·92 
80·5 ·47 15·20 -
78·6 ·43 13·76 

82·1 ·55 17-CiO 
82·7 ·65 20·64 
82·7 ·67 21·60 

84·6 ·76 24·48 
84·5 ·83 26·56 

Table 1 

LATE SmmER. 

February-1\farch. 

P/E. P. T. S.D. E. P/E. 
--· -----------

·54 5·53 74·5 ·34 10·88 ·51 
·38 4·90 77·2 ·39 12-48 ·39 
·74 5·48 71'9 ·29 9·28 ·59 
·81 5·68 67'7 ·22 7·20 ·79 
·86 5:57 66·8 ·24 7·84 ·71 
·68 5·64 71·8 ·27 8·80 ·64 
·51 5·42 76·6 ·34 10-88 ·50 

·34 5·56 76·5 ·42 13·44 ·41 
·35 5·47 78·0 ·42 13·60 ·40 
·26 4·39 78·9 ·45 14·40 ·30 
·37 5·30 78·1 ·39 12·48 ·42 
·43 5·74 76·7 ·37 11·84 ·48 

·26 3·59 79·7 ·45 14·40 ·25 
·23 4·80 80·3 ·53 16·96 ·28 
·14 3·30, 80·1 ·55 17·60 ·19 

·16 3·82 82·5 ·65 20·96 ·18 
·10 2·14 82·3 ·71 22·72 ·09 
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-continued. 

AUTUMN. WINTER. EARLY SPRING. 

April-1\fay. June-July. August-September. P/E. 
Diff. 

P. T. S.D. E. P/E. P. T. S.D. E. P/E. P. T. S.D. E. P/E. 
--------------------------------------

2·65 63·1 ·21 '6·88 ·39 3·33 53·6 ·12 3·84 ·87 2·78 58·7 ·22 7·04 ·39 - ·36 
3·04 63·7 ·21 6·88 ·44 3·43 53·5 ·11 3·52 ·97 2·68 59·0 ·20 6·56 ·41 - ·58 
2·98 61·2 ·20 6·56 ·45 3·52 52·1 ·12 3·84 ·92 2·76 57·0 ·19 6·08 ·45 - ·33 
3·42 56·0 ·13 4·16 ·82 3·92 46·7 ·08 2·56 1·53 3·97 51·0 ·14 4·48 ·88 - ·74 
2·96 56·2 ·15 4·96 ·60 4·22 47·4 ·09 3·04 1·39 3·40 51·0 ·16 5·12 ·66 - ·68 
3·06 60·7 ·16 5·28 ·58 3·48 51·3 ·09 2·88 1·21 3·21 55·5 ·16 5·12 ·63 - ·57 
2·89 63·6 ·21 6·88 ·42 3·26 53·4 ·12 '4·09 ·82 2·42 59·2 ·22 7-20 ·34 - ·31 

2·56 62·3 ·22 7·20 ·36 2·98 52·4 ·11 3·68 ·81 2·13 58·1 ·24 7-68 ·28 - ·40 
2·68 64-1 ·24 7·84 ·34 2·94 53·9 ·12 3·84 ·77 2·26 60·1 ·23 7·52 ·30 - ·36 
2·66 64·6 ·28 8·32 ·29 2·70 53·8 ·12 4·00 ·68 1·97 59·8 ·23 7·36 ·27 - ·37 
2·50 64·5 ·23 7·52 ·33 3·38 53·9 ·11 3·68 ·97 2·26 59·9 ·21 6·88 ·33 - ·50 
2·73 62·9 ·22 7·20 ·38 3·22 52·9 ·12 4·00 ·81 2·20 58·8 ·22 7·20 ·31 - ·33 

2·24 64·4 ·23 7·52 ·30 2·42 53·4 ·11 3·68 ·66 1·91 59·5 ·22 7·04 ·27 - ·40 
2·52 65·6 ·30 9·60 ·26 2·51 54·7 ·14 4·64 ·54 1·60 61·0 ·29 9·44 ·17 - ·26 
2·12 65·0 ·29 9·44 ·22 2·01 54·3 ·14 4·64 ·43 1·48 60·8 ·29 9·28 ·16 - ·25 

2·01 66·8 ·34 10·88 ·18 2·17 55·6 ·18 5·76 ·38 1·13 62·3 ·33 10·72 ·11 - ·20 
1·58 66·0 ·35 11·20 ·14 1·25 54·7 ·17 5·60 ·22 ·99 61·5 ·34 10·88 ·09 - ·13 

E =evaporation (calculated from saturation deficit) in inches. 

P /E = ratio of precipitation to· evaporation. 

P /E Diff. = P /E for January-February-March-P /E for June-July. 



28 FARMER, EVERIST AND MOULE. 

DATA AVAILABLE. 

Limited clata were available and these consisted of : 

( i.) Mo:::ithly rainfall totals for periods of 50 years and over for 65 
Queensland stations. The mean was calculated and is set dffwn with other data 
used in Table 1. 

(ii.) The mean monthly maximum and minimum dry bulb readings and 
humidities for 65 stations for a period of from 20 to 30 years. Saturation 
deficits calculated from these figures are set out in Table 1. 

Monthly maximum and minimum temperntures and humidities for 
individual years for Charleville, Cloncurry and Longreach. 

(iii.) Records of evaporation from a free -water surface from five stations, 
viz., Winton, Blackall, St. George, Charleville and Warwick. These are given 
in Table 2. 

Table 2. 

Relationship between saturation deficit and measured evaporntion for five 
Queensland stations. 

Station. Value. Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. 
----- --------------------

Winton .. .. S.D. ·72 ·61 ·56 ·50 ·36 ·26 ·26 ·36 ·51 ·67 ·76 
E. 12·14 9·22 9·29 7'38 5·74 4·06 4·28 5·96 8·02 10·17 10·96 
k 16·9 15·1 16·6 16·7 16·0 15·6 16·5 16·5 15·7 15·2 14·4 

l3lackall .. .. S.D. ·67 ·57 ·49 ·41 ·26 ·18 ·19 ·27 ·39 ·56 ·63 
E. 10·85 8·55 8·12 6·17 4·35 2·96 3·12 4·51 6·36 8·85 9·81 
k 16·2 15·0 16·6 15·0 16'7 16·5 16·4 16·7 16·3 15·8 15·6 

Charleville .. .. S.D. ·65 ·58 ·48 ·37 ·23 ·14 ·15 ·24 ·35 ·49 ·59 
E. lo-70 8·80 8·18 6·13 4·19 . 2·65 2·71 4·00 5·89 7·99 9·21 
k 16·5 15·2 17'1 16·6 18·2 18·8 18·1 16·7 16·8 16·3 15·6 

St. George .. .. S.D. ·61 ·50 ·40 ·31 ·21 ·13 ·12 ·19 ·27 ·40 ·48 
E. 10·29 8·79 8·02 5·35 3·52 2·33 2·34 3·46 5·46 7·90 8·93 
k 16·9 17'5 20·0 17·2 16'7 17'9 19·5 18·2 20·2 19·7 18·6 

Warwick .. .. S.D. ·32 ·29 ·26 ·19 ·14 ·09 ·09 ·13 ·19 ·27 ·30 
E. 7·22 5·97 5·75 4·05 2·89 1·98 1·99 2·69 3·98 5·60 6·41 
k 22·5 20·6 22'1 21·3 20·6 22·0 22·0 2D-7 20·9 20·7 21·3 

Dec. 
--

·78 
12·14 
15·6 

·68 
10·88 
16·0 

·64 
10·2? 
16·1 

·51 
9·94 

19·5 

·34 
7·21 

21·2 

S.D. -Saturation Deficit. E. -Measured Evaporation in inches. k-constant (in equation E = k x S.D.). 

METHODS. 

Temperature. 

Mean minimum temperatures for June-July -were plotted for all stations 
and isolines drawn (Figure 1). Mean monthly maximum temperatures for 
January-February -were treated similarly. 

The number of months having an average maximmn temperature of more 
than 95°F. vvas calculated for each station for which data were rncorded and 
the results were plotted on the map shovm in Figure 2. 
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Rainfall Distributions. 
Histograms showing the frequency distribution of monthly rainfalls were 

compiled with class intervals of 0·25 inch. Coefficients of variations for mean 
monthly rainfalls of a number of stations were calculated. 

P/E Ratios. 
The lack of data, particulaTly of daily or vYeekly rainfalls, made it 

necessary to ·work on a monthly basis. With evaporation records so few and 
so ·widely distributed it was impossible to attempt ·any detailed mapping on 
the basis of recorded evaporation and some method of calculating or estimating 
evaporation from available data had to be evolved. Davidson's (1935) method 
of conversion expressed as the formula E = k: X S.D. was used and, to find a 
value for K (mean monthly), evaporation :figures for five stations were compared 
with values for saturation deficits calculated from records of temperature and 

Max + Min. 
relative humidity. In these calculations temperatures used were --· ----

2 
and relative humidities those at 9 a.m. 

Table 2 gives a comparison of monthly evaporations a:ad calculated 
saturation deficits for the five inland stations in Queensland. Values of k 
range from 14.9 to 21, but most of them are about 16 (coastal about 22). It 
·was considered that in a preliminary study such as this the use of a single 
value of k is justified. Accordingly :figures for sah1Tation deficit were con-: 
verted to evaporation figures by multiplying by 16. The chief reason for 

p 
converting saturation deficit to evaporation instead of using Meyer ratio 

S.D. 
was to have both precipitation and evaporation in the same unit, namely, 
inches. 

l\fonthly evaporation :figures for the 65 stations ·were computed from the 
calculated values for saturation deficit. Examination of the frequency distribu
tion charts of mean monthly rainfall as well as evaporation figures showed that 
the months could be grouped in pairs beginning \·vith October-November, thus 
dividing the year into six periods, each of two months. Bi-monthly P /E ratios 
virere then calculated and maps for each t\vo-monthly "season" are given as 
Figures 3-8. ""' 

* Marghial Errors.-In drawing charts o:f' a limited area, especially one ·with arbitrary 
boundaries such as Queensland, there is always the possibility o:f' marginal error. Such error 
can be minimized by plotting relevant data on stations out~ide the region being studied. 
Without such data the correct diTection o:f' isolines at and near the margins cannot be 
determined with certainty. 

In order to reduce marginal el'l'or, data were plotted for coastal stations using the 
same values o:f' k as for the inland stations. It must be emphasized that the coastal data 
are not exhaustive and the isolines shown on the maps do not represent the complete 
picture. Further detailed study is needed in the agricultural regions o:f' the coastal belt . 
.Although they are outside the scope of the present paper, the small amount o:f' work 
which has been done indicates that the methods outlined hme should yielcl useful results 
if applied to the dense network o:f' stations o:f' the coastal regions. 

Along the western and southern borders the possibility o:f' marginal error is greater. 
Detailed reports from stations in New South Wales, South Australia and Northern Tenitory 
were not available. The dhection o:f' isolines along these margins is only approximate. 
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P /E Differences. 

A review of the frequency distribution charts of m~an monthly rainfall 
slmwed that h1 semi-arid Queensland rainfall occurs in two vvell-rnarked seasons: 

(1) Summer season (Ja:auary, February and March); 

(2) Winter season (June and July). 

Rainfall in the summer season is far greater tha:::1 in ·winter. Falls do occur 
in other months-notably October, November and December~but these are 
usually storms of erratic distribution and rarely represent general rain. It is 
generally believed that winter rainfall is more reliable in the south and becomes 
negligible tmvards the north. 

In an attempt to fix the northern limits of effective winter rainfall 
the differences between January-February-J\!Iarch P /E and June-July P /E 
ratios were plotted and isolines drawn at intervals of 0.1 (Figure 9). 

South of the zero line, P /E for winter exceeds P /E for summer; north of 
the line summer P /E is the greater. Maps vvere also drmvn sho,ving the 
djfferences between the following groups of months: 

( 1) Fe bruary-March-J l111:e-J u,ly. 

( 2) Dec ember-Jan uary-J une-J uly. 

In these, the lines followed the same general pattern as in Figure 4 and the 
position of the zero line was approximately the same. 

In order to test the consistency of the general pattern for different 
seasons over individual years, 11-year and 23-year averages of the summer 
minus vvinter P /E values were calculated for the three centres for which these 
data were available. 

Seasonal Distribution and Reliability of Effective Rainfall. 

Examination of Queensland data in the light of known conditions in 
the field indicated that for summer months Trumble 's (1939) figure of 0.3 
(for a: P /E value) as being indicative of "a period of influential rain" is too 
high, because good growth of pastures may take place when monthly P /E 
values are less. than 0·3. Trumble ( 1939) defined ''a period of influentia.l rain
fall'' as one in which average P /E is equal to or greater than 0.3, while for 
tropical Australia Lawrence (1941) used the lovirer value of 0.25. It was con
sidered that for summer months both of these figures are too high ; good 
growth of pastures can take place during months in which average P /E is less 
than 0.3 or 0·25. In addition, as Trumble (1939) pointed out, Queensland 
rainfall is more variable than that of southern States, where the period of 
minimum evaporation coincides with the period of maximum precipitation. In 
Queensland, precipitation and evaporation figures tend to run parallel and 
evaporation is high during the month of maximum precipitation. ·Under such 
conditions, .a lower value for P /E ratio might be adopted as the criterion of a 
''period of influential rain.'' Tentative tests of lower values indicated that foe 
su~1mer a wet month-i.e., month of effective rainfall-could be defined as 
one with a P /E equal to or greater than 0·.2. Accordingly this value was used 
for the period October to March. In winter the figure of 0·3 was found to agree 
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fairly well with observed field conditions, and this -vvas used fw the months 
from April to September. It must be emphasized that this lower figure is purely 
arbitrary and has not been reached as the result of any experimental work on 
rate of loss of moisture from soils, bu,t field observations indicate that it approxi~ 
mates the P /E value which will initiate and sustain growth of natural vegeta-. 
ti on. 

Except for Cloncurry, Longreach and Charleville, data for saturation 
deficit ·were available only in the form of monthly means for the whole period 
on record. This made it impossible to calculate individually the actual P /E 
ratio for each month. It was believed that, as variability of evaporation was 
small compared ,,vith that of rainfall, it might be possible to use ~verage values 
for evaporation combined with individual figures for rainfall ·without intro
ducing any very great error. 

To test this, the number of -vvet months y\ras determined for the thr8c 
stations, using (1) ratio of precipitation to evaporation, the latter being obtained 
by calculation from actual values for satu,ration deficit for each month; and 
(2) ratio of precipitation to evaporation, in which evaporation figures were 
calculated from mean values of saturation deficit for the ,,vhole period on reeord. 

Table 3. 
Compal'ison of two methods of computing P /E. 

PERCENTAGE OF YEARS IN WHICH MONTHS RECEIVE AN EFFECTIVE RAINFALL. 

Oct.-Nov. Dec.-Jan. Feb.-:M:ar. Apr.-:M:ay. June-July. Aug.-Sept. 

Station. 
Ind. Av. Ind. Av. Ind. Av. Ind. Av. Ind. Av. Ind. Av. 
E.* E.t E. E. E. E. E. E. E. E. E. E. 

------------------------------~ -----· 

Cl on.curry .. . . 16 8 50 54 66 66 12 4 20 12 0 0 

Longreach . . .. 21 19 47 41 52 55 27 18 42 42 6 6 

Charle ville . . .. 38 41 60 63 51 51 25 25 70 70 28 28 

-
*Ind. E. - Percentage of years in which months receive an effective rainfall, taking evaporations for individual 

years. 
t Av. E. - Percentage of years in which months receive an effective rainfall, taking a mean evaporation figu;re 

for all years. 

The comparison is set out in Table 3. It shows that the mean saturation deficit 
may be used for computing evaporation -vvithout materially affecting the results. 

Zona.tion. 
Zonation vrns based on the three factors virhich were considered to be 

most important in the study of a pastoral environment, viz :-(1) effective rain
fall; ( 2) distribution of rainfall; ( 3) reliability of rainfall. In addition it was 
felt that where necessary consideration could be given to the· mean annual 
rainfall. 

From the distribution and reliability studies Figures 10, 11 and 12, show
ing the number of viret months in summer and winter in 50, 66 and 75 per cent. 
respectively of all years recorded, were drawn. 
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Figure 1. 

Map showing mean minimum temperatlues for the months of .June and .July. 
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Areas having 6, 4, 2 or 0 wet summer months in 50 per cent. of the years 

are given the indices A, B, £and E, while for winter a, b, c, and d, are used 
50 50 50 50 . 

in a similar manner. An area receivi11g effective rain in six summer months 
and six ·winter months (though not necessarily in the same year) in 50 per cent. 

of years studied is denoted by ~~· A zone' having four months of effective rain 

in the summer and two months of effective rain during the \vinter in 50 per 
Be 

cent. of the years is denoted by 
50 

Likevvise, on the map sho,ving the conditions for 66 per cent. and 75 per 
cent. of the years, the index used for an area having six summer and four 

winter months during which effective rain fell is classified as ~6~ or Ab. 
. 6 75 

At the same time consideration has been given, where necessary, to the 
mean annual rainfall, by prefixing this figu.re to the index classification. For 

example, Camooweal and Isisford are both in the zone ~~' but the mean annual 

rainfall at the former is 14.89 inches and at the latter 17 .85 inches. These 

centres can be differentiated as 15 ~ for Camooweal and 18 Cd_ for Isisford. 
66 66 

Table 4 shows, for each of the stations considered, the zonation index 
for each order of reliability, as \Vell as mean annual rainfall, mean maximum 
summer and minimum \Vinter temperatures, and number of months having a 
mean maximum tem1Jerature equal to or greater than 95°F. 

RESULTS. 

T'emperaiture. 

The map showing mean minimum temperatures for June and July 
(Figure 1) is characterized by isolines which, in the inland area, run more or 
less east-vvest. In the east they are modified by ranges and proximity of the 
sea. Around Mitchell, Yuleba and Surat is a peculiar cold closed zone within 
the 40°F. isotherm. 

It is considered that Queensland maximm11 summer temperatures are 
not at any time high enough to inhibit appreciably the grmvth of plants and 
consequently the map sho,ving these isolines is not published. 

Figure 2, shmving the number of months having a mean maximum tem
perature of more than 95°F., exhibits a closed area around Kynuna, Richmond 
and Winton in which six months exceed the above value. The zone vvhich has 
five hot months is of somevvhat greater dimensions, extending from Croydon 
in tlrn north to a point west of Longreach in the south, and including Donor's 
Hill, Cloncurry, Camooweal, Urandangie, and Boulia. 

The line forming the boundary of the zone, which has fou.r hot months, 
runs more or less east from the border north of Camooweal, turning south near 
Croydon, and again assuming an east-west direction from Blackall to the South 
Australian border. It includes the districts of Hughenden, Longreach, Isisford, 
Blackall and Windorah. 
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Figure 2. 

Map showing the mean number of months with mean maximum temperature 95°F. or 
greater. 

The western limits of the 6-months line are somewhat indefinite. Camooweal, 
Cloncurry ancl Uranclangie have a sixth month in which the mean maximum temperatures are 
94·8°, 94·6° ancl 94·7° respectively. 
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The lines bounding the other zones follow approximately the same 
pattern with a progressively decreasing tendency to run east-1vest in the 
southern districts. 

The area in which the mean maximum temperature does not exceed 95°F. 
in any month extends as far west as Mt. Surprise and Chartexs Towers in the 
north, while towards the south it includes the Springsure, Mitchell, Surat and 
Goondiwindi districts. 

R.ainfall Distribution. 

The coefficients of variations for the mean monthly rainfalls were of the 
order of Q.g and accordingly \7\rere considered unsatisfactory. The histograms 
are not reproduced here but they ·were studied in detail before commencing 
work on the seasonal distribution and reliability of effective rainfall. 

Table 4. 
Zonation indices and other data for 65 Queensland stations. 

Mean Jan.-Feb. June-July No. of 
Months Station. Ind. 50% Ind. 66% Ind. 75% Annual Mean Mean with Mean 

* t :j: Rainfall. Max. Min. Max.T. Inches. Temp. °F. Temp, °F. > 95° F. 
--------

Burketown . . .. Bd Bd Bd 27·61 92·9 56·3 1 
Cloncurry . . .. Cd Cd Cd 17·96 97·8 52·8 5 
Croydon . . .. Bd Bd Bd 28·75 95·7 58·0 5 
Donor's Hill . . .. Bd Bq Bd 25·49 96·2 53·7 5 
Normanton . . .. Bd Bd Bd 37·87 93·8 59·7 3 
Georgetown . . .. Bd Bd Bd 31·74 92·8 54·3 3 
Hughenden . . .. Bel Bel Cd 19·05 . 96·2 48·0 4 
Mount Surprise .. Bel Bel Bel 30·28 90·7 49·7 0 
Richmond . . .. Bd Cd Cd 18·08 97·6 48·6 6 

Atherton . . .. Aa Bb Bb 53·75 83·2 50·8 0 
Herberton . . .. Ab Ab Ab 43·80 81·6 50·2 0 
Cairns . . .. Aa Ab ,Ab 88·75 89·5 62·4 0 
Cooktown . . .. Ab Bb Bb 69·32 88·6 67·0 0 
Port Douglas .. Ab Ab Ab 79·66 86·2 63·4 0 
Cardwell . . .. Aa Ab Ab 82·38 87·7 56·0 0 
Innisfail . . .. Aa Aa Aa 143·78 874 58·5 0 
Townsville . . .. Be Be Bel 45·72 87·1 60·8 0 
Ayr . . . . .. Be Be Be 41·54 89·2 54·7 0 
Bowen . . .. Be Be Be 39·30 87·8 58·0 0 
Mackay . . .. Ab Ab Bb 66·91 85·7 54·7 0 
St. Lawrence .. Ab Ab Ac 41·11 87·9 52·5 0 
Charters Towers .. Be Bd Bd 24·64 91·7 52·8 0 

Blacka.11 . . .. Be Cc Cd 20·77 98·1 44·6 4 
Clermont . . .. Ac Be Be 26·97 92·5 44·4 1 
F.meralcl . . .. Be Be Be 24·61 93·6 45;7 1 
Springsure . . .. Ac Be Be 26·19 92·3 44·3 0 
Tambo . . .. Be Be Cc 21·00 95·0 40·5 1 

Bare al dine .. . . Be Cc Cd 19·70 95·4 46·5 2 
Isisforcl . . .. Cc Cd Cd 17·73. 98·2 45·4 4 
Longreach . . .. Cc Cd Cd 16·52 98·3 45·4 4 
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Table 4-continued. 
Zonation indices and other data for 65 Queensland stations-oontin·iiec-Z. 

Mean Jan.-Feb. .Tune-July No. of 
Months 

Station. Iud. 50% Ind. 66% Ind. 75% Annual Mean Mean withMea Rainfall. Max. Min. 
* t t Inches. Temp. °F. Temp. °F. Max.T. 

> 95° F. 

n 

Camooweal .. . . Cd Cd Cd 14·96 9M 48·9 5 
Kynuna . . .. Cd Cd Cd 15·71 99·1 46·9 6 
Urandangie .. . . Dd Dd Dd 10·64 100·1 46·4 5 
'\iVinton . . .. Cd Cd Cd 15·90 99·4 47·2 6 
Boulia .. . . Dd Dd Dd 10·34 100·7 46·8 5 
Windorah . . .. Dd Dd Dd 11·26 99·7 44:·2 4 

Bunda berg . . .. Aa Ab Ab 43·47 85·8 50·3 0 
Childers .. . . Aa Ab Ab 41·78 87·1 51·0 0 
Gayndah . . .. Ab Ab Ac 30·44 89·8 43·0 0 
Gladstone . . .. Ab Ab Ac 39·98 85·3 53·7 0 
Mount Morgan .. Ab Ab Ac 32·19 87·6 48·7 0 
Rockhampton .. Ab Ac Ac 38·95 88·8 52·1 0 
vVestwood .. . . Ab Ac Ac 29·32 89·2 45·6 0 

Brisbane .. . . Aa Aa Aa 44·72 84·9 50·0 0 
Gym pie . . .. Aa Aa Ab 45·42 87·7 44·6 0 
Ipswich .. . . Ab Ab Ab 33·07 89·3 45·1 0 
Mary borough .. Aa Ab Ab 45·63 86·8 49·1 0 

Dalby . . .. Ab Ab Ab 26·12 89·0 40·8 0 
Goondiwindi .. Bb Bb Bb 24·05 92·8 42·1 0 
Pittsworth .. . . Ab Ab Ab 27·22 85·3 42·2 0 
Stanthorpe . . .. Aa Aa Aa 29·52 81·0 34·9 0 
\i\T allangarra .. . . Aa Aa Aa 29·48 79·3 37·6 0 
Warwick . . .. Aa Ab Ab 27·49 85·2 38·9 0 
Killarney .. . . Aa Aa Aa 28·55 84·1 37·0 0 

Miles . . . . .. Ab Bb Be 25·63 91·5 39·6 0 
Mitchell .. . . Bb Be Be 23·00 91·9 38·6 0 
Roma .. . . Bb Be Be 23·08 93·3 40·2 0 
St. George .. . . Bb Be Cc 19·65 95·2 41·6 1 
Surat .. . . .. Bb Bb Be 22·69 93·9 40·7 0 
Yuleba .. . . Ab Bb Be 24·47 92·1 37·0 0 

Boll on . . .. Cc Cc Cc 17·62 95·6 40·8 2 
Charle ville .. . . Bb Cc Cc 19·38 96·2 41·2 3 
Cunnamulla . . .. Cc De De 14·11 96·1 42·9 2 

Ada vale .. . . Cc Dd Dd 15·38 98·0 42·5 3 
Thargomindah .. Dd Dd Dd 10·56 97·1 43·7 3 

*Ind. 50% - Zone in which station is situated on map showing the number of wet months in 50% of years on 
record. 

i' Ind. 66% - Zone in which station is situated on map showing the number of wet months in 66% of years on 
record. 

t Ind. 75 % - Zone in which station is situated on map showing the number of w'et months i.n 75% of years on 
r,ecord. 
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Precipitation-Evaporation Ratios. 

Figures 3-8, drawn from the rainfall evaporation ratios for the six 
two-monthly seasons, presented the follo-wing features:-

October-November: The late spring is normally a dry season, so the 
isolines are few and well spaced. They trend roughly north-soli.th. 

December-January: Early summer shows a marked change in both 
il.umber and direction of the isolines. In this season the isolines are roughly 
parallel to the coastline. 

February-IVfarch: The isolines in. the main summer rainfall season are 
very similar to those of December-January, except that the lines are further 
towards the south-west. 

April-May: The autumn season shows another marked change in the 
configuration of the lines. The lines are few and well spaced. A curious 
feature is the dry tongue which extends into the Lockyer and Fassifern Valleys 
(west of Brisbane) from the north-west. The general trend of the lines is 
north-sou,th. 

June-July: The isolines in the virinter map are more numerous and more 
closely spaced. This is a reflection of the higher rainfall normally experienced 
in this season. The dry tongue apparent on the April-May map is ·well 
developed and is accentuated b'y a moist area further ·west. This extends from 
Warwick to Mitchell. A study of the synoptic weather charts for several yea.rs 
indira.tes that during winter cold fronts are frequently retarded east of Charle
ville. This area of retardation coincides very closely with the position of the 
moist tongue shovm on the June-July P /E map. The general trend of the lines 
is north-south. 

August-September: In early spring the pattern of lines is simihr to 
that of October-November. Some evidence remains of the dry tongue noted on 
the two previous maps but almost all the lines trend north-south. 

P /E Difference Map. 

The zero line on the summer-winter P /E map extends through Isisford 
tovrnrds Barcaldine, then east almost to .. Emerald. From Emerald it dips 
sharply soutlnvard to about latitude 25.5° S., then swings eastward to Taroom. 
From Taroom it extends in a south-easterly direction to about Ipsvvich. 

North and east of the zero line, P /E for summer is greater than P /E for 
winter; south and west of the line the reverse applies. 

The moist tongue in southern Queensland noted in the June-July P /E 
map is reflected in the P /E difference map. 

B 
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Map showing isolines of P /E values for the two-monthly 
period October-November. 
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Figure 4. 

Map showing isolines of P /E values for the two-monthly 
period December-January. 
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Figure 5. 

Map showing :i.solines of P /E v0Jue~ fo~· the two· monthly 
-period February-Mai·ch. 
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Figure 6. 

· Map showing isolines of P /E values for the twq-:i;i;iq11tl:,i.l:y 
period April-May. - -
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Figure 7. 

Map showing isolines 0£ P /E values £or the two-monthly 
period .Jun~ ·Inly. 
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Figure 8. 

Map showing isolines 0£ P /E values £or the two-monthly 
p erio cl August-September. 
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A.s might be expected, the low rainfall reliability did not permit the 
isolines shown in Figure 9 to apply to each individual year; in fact, in some 
years a marked departure was shown. The 11:..year iiieans showed closer agree
ment and the 23-year means gave a reasonably close correlation. 

For Charleville, Longreach and Cloncurry, for instance, 1~rhere the mean 
summer-winter P /E values are - ·29, + ·07 and+ ·26 respectively, the number 
of 23-year periods with various mean values are as shovm below:-

0HARI.EV1LLE. LONGREACH. CWNCURRY. 

Mean Value. No. of Periods. Mean Value. No. of Periods. Mean Value. No. of Period,i. 

-·23 2 +·04 1 +·23 1 
-·27 2 +·05 I +·24 4 
-·28 1 +·06 3 +·25 2 
-·29 (mean) 4 +·07 (mean) 1 +·26 (mean) 4 
-·30 I +·08 l +29 l 
-·31 1 +·09 l 
-·32 2 +·10 l 
-·35 I +·11 l 
-·37 I +·13 3 

SEASONAL DISTRIBUTION AND RELIABILITY OF EFFE,CT'.IVE 
RAINFALL. 

Fr1om a study of seasonal distribution and reliability of periods of 
effective rain it was found possible to divide pastoral Queensland into a 
number of zones. These are shown in Figures 10, 11 and 12. Rainfall of at least 
66 per cent. reliability i8 considered to be a minimum requirement for produc
tion from sheep under pastoral conditions. 

rrhe boundaries of all zones are approximate. Where a boundary line 
passes betvveen two recording stations it is possible to place the line anywhere 
between them. In some cases-for example, in the eastern boundary of zone 
"Del "--this may introduce a possible error of -+- 100 miles. Although boun
daries are shown on the maps as lines they are actually broad transition strips. 

Zone Dd. 

The reliability of the effective rain for any of the two-monthly periods 

into which the year was divided is less than 66 per cent. for the zone Dd. The 
66 

eastern boundary of the zone extends from south of Camooweal through Boulia1 

Jundah and .Adavale districts into northern Nevv Sou.th Wales. 

The eastern boundaries of these zones ·when considered on the 75 per cent. 
and · 50 per cent. reliability levels follovv approximately the same course 

Dd as 
66 
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Figure 10. 

J\.l ap showing zonation based on the number of wet summer and winter months in 50 % 
of the years on record. 

A and a indicate 6 wet summer and 6 wet winter months respectively. 
B and b indicate 4 wet summer and 4 wet winter months respectiv~ly. 

0 and c indicate 2 wet summer and 2 wet winter months respectively. 
D an cl cl indicate 0 wet summer an cl 0 'vet winter months respectively. 
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Figure 11. 

Map showing zonation based on the number of wet summer and winter months in 66% 
of the years on record. For legend see Figure 10. 
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of the yeaTS on record. For legend see Figure 10. 
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Zone De. 

Zone ~:, which extends from the Cunnamulla district northwards towards 

Adavale, is an area remarkable in that it is the only zone in Queensland where 
the period of effective 'Winter rains is more reliable than the period of effective 
summer rains. 

When considered on a basis of 75 per cent. reliability it is seen that the 
apex of this triangle retre_ats to the south, but on a 50 per cent. reliability the 
importance of the summer rains increases and some of the area is included in 

Cc 
the zone 

50
. 

Zone Cd; 

Zone ~~ includes Camoovrnal, Cloncurry, Richmond, Kynuna, Winton, 

Longreach, Isisford, and part of the Adavale districts. 

When considered on a 75 per cent. basis this zone extends eastwards to 
include Hughenden, Barcalcline and Blackall. On a basis of 50 per cent. 
reliability the zone is narrower and includes only Camomveal, Cloncurry, 
Kynuna and \Vinton districts. 

Zone Cd runs almost parallel to the coastline. South-east of about Bar
caldine-Isisford it merges into Zone Cc. 

Zone Cc. 
Cc 

Zone 
66 

is long' and naiTffW and continues in a direction parallel to the 

coastline. It includes the B!ackall-Barcaldine districts and extends southwards 
to Charleville and Ballon. 

This zone is still important when considered on a basis of 75 per cent. 
reliability; it commences further south, betvveen Blackall and Tambo, and 
extends further east to St. George; On a basis of 50 per cent. reliability it 
includes Longreach, Adava.le and Cunnamulla. 

Zone Bd. 

Zone Bd is broad in the north, where it extends from Burketown to Mt. 
66 

Surprise. It narrows soutlnva.rd, but includes Hughenden and Charters Tovvers 
and extends on to the Alice 'l'ableland and Lake Galilee. The whole of this zone 
lies north of the Tropi~ of Capricorn. 

On a basis of 7 5 per cent. reliability this zone extends from the ·Gulf of 
Carpentaria to the east coast of Townsville and then narrows southwards to a 
point west of Emerald. On a basis of 50 per cent. reliability the zone includes 
the ·whole of the area around the Gulf of Carpentaria, extends in a south
easterly direction to include Richmond and Hughenden, and narrow.s to a point 
about Aramac ( 42 miles north of Barcaldine). 
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Zone Be. 
Be . 

Zone 
66 

extends southwards from the coast in the Townsville-Bowen 

area. It includes Clermont, Emerald and Springsure, the greater part of the 

Dwwson Valley, and the towns of Mitchell, Roma, Surat and St. George. V\Then 

considered on a basis. of 75 per cent. reliability this zone is narrovver in the 
latitude of Springsure, but it broadens to the south to include Roma, Yuleba 

and lVIiles. South of Surat it nanows again as it approaches the New Sou.th 

\'Vales border. Taken at the 50 per cent. reliability level, the zone includes 

country as far west as, and to the north of, Charters T01Jirers. To the east it 
extends to the coast in the Ayr-Bowen districts, then southvrnrds and westwards 
to Barcaldine, Blackall and Tambo; it excludes Clermont and Springsure 

but ineluch:s Emerald. South of Tambo it merges into zone Bb 
. 66 

Zone Bb. 
Bb . 

Zone 66 extends southwards from a narrow peak about Mount Morgan, 

and broadens to include Yuleba, Surat, Miles and Goondiwindi. When judged 

on a basis of 75 per cent. reliability, this zone incJudes only a small area of 

the south-western Darling Downs and another isolated small area about Mackay. 

vVhen considered on a basis of 50 per cent. effective rainfall reliability the zone 

includes St. George, Mitchell, Roma and Charleville. 

Zone Ac. 
Ac 

Zone - embraces only a small area from R.ockhampton 'westward. 
66 

When considered from the point of view of 75 per cent. reliability this area 

extends from St. Lawrence almost to Dalby and includes Rockhampton, West

vrnod and Gayndah. When judged on a basis of 50 per cent. reliability the Ac 
zone is located further west and embraces most of the Clermont and Spring.sure 

chstrjcts. 

Zone Ab. 

Zone Ab covers most of the agricultural regions of the south-eastern 
66 

portion of the State, and extends vvestward to Dalby, Pittsworth and V\T arwick. 

A small isolated area ab'out Mackay and St. La1vrence is also included in this 

category. 

This zone, when considered on a basis of 75 per cent. reliability, is 
smaller and more restricted, but still includes Dalby and Pittsworth, while 

for 50 per cent. reliability it extends further west and embraces Yuleba and 

Miles. 
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Figure 13. 

Duricrust-capped sandstone hi Ifs and table
lands. 

hf<\'~m Rocky hills with pakhes of reddish sandy 
or loamy soils. 

II1JIIlI Black earths. 

~ Grey, non-gravelly soils .. 

~ Brown, gravelly soils. 

1:·;·:·;:1./ The Simpson Sand Desert. 

W'·!.'.'-:::d 

~~~~·J 

Semi-desert soi Is. 

Lateritic rnnd plain. 

Oth2r oredominantly sandy soi Is mostly 
lateritic in nature, though podzolised 
soils occur in the N.E. and probably also 
in the N. 

Soil map of western Queensland, after Blake (1988). 
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DISCUSSION. 

Soils and Vegetation in Relation to Clima;tic Factors Studied. 

Prescott (1931) · considered that "in Australia, there is abundant 
evidence that the seasonal rain factor is important in determining the soil type, 
characteristic soils being developed in summer and winter rainfall zon€s . . . '' 
He also states that ''in Queensland, the coastal plain soils developed under 
conditions of high rainfall, \·vith readily permeable soils, are podsolic in 
character, except ··where red loams are developed under tropical rain forests
proceeding inland, black soils under savannah woodlands or open savannah 
are developed, while in the semi-arid zone browns and grey soils carrying 
open grassland or shrub steppe association, alternating with mulga, is to be 
observed reaching to the desert sandhills in the extreme ·west.'' Prescott also 
points out ''that so far as Eastern Austr.alia is concerned, most of the effect 
0£ a rise in temperature can be explained in terms of increased evaporation.'' 

In the region to which these climatological studies apply, a close correla
tion between detailed soil type and climate is not obvious (see Figs. 13 and 14). 
Specific types appear to be determined largely by parent rock and subsoil 
drainage. 

The accompanying vegetation map (Figure 14) is based on that of Blake 
( 1938) with modifications from some of his unpublished data. The general 
pattern of vegetation types (grassland, -vvoocUand, &c.) ·depends primarily 
upon soil differences, though climate influences the floristic composition of 
the major plant formations. The distribution of individual species in relation 
to climate is also of int·erest. Mitchell grasses are dominant over large areas 
of brown gravelly and grey non-gravelly soils, the main species in some areas 
being curly Mitchell, grass (Asfreblrt Za1Jpacea) and in others barley Mitchell 
grass ( Astrebla. pectinata). At present, the reasons for the differences in 
dominance of the two species of Astrebla. are not clear. In general, barley 
Mitchell grass is more plentiful in the more arid regions but di:ff.erences in 
soil also appear to play. a part. The main Mitchell grass associations are to 

be found in climatic zone ~~. Other important Mitchell grass areas do occur, 

. 1 1 D' b :.i· • Bb 1 particu ar y at irran anm m zone - , ancL on the old flood plain of the 
66 

Warr ego River extending southwards from W yandra (in climatic zone~= ) . 

Climatic influence appears ·to be responsible for the gradual diminution 
in area and stature of the giclyea (Aoacia. canibagei) scrubs towc..rds the 
western boundary of the Mitchell grassland. In the eastern part, such as 
around Blackall, gidyea occupies more land than Mitchell grass; in the western 
part, Mitchell grassland carries only scattered patches of gidyea. This species 

. 1 . l . l Ocl l Cc 
gTO\VS marn y wit nn tie zone - and t J:e northern part of zone - Elsewhere 

66 66' 
jt occurs in small communities, chiefly in depressions. and along vrntercourses. 
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Regions in which alternes occur. 
Areas in which occur scattered 

patches. 
Regions in which occur a 

fluctuating climax. 

Eastern limit of the marginal 
country. 

Towns. 

Figme 14. 

~ 
[~~J 

/Rm 
~~ 
:~ 

tt.~5':~i 

i:::t-~};! 

Open forest formation. 

Closed forest formation. 

Gidyea scrub. 

Mulga scrub. 

Triodia association. 

Desert sandstone association 

Spinifsx sandplain. 

Blue grass association. 

ITQ;IJ Mitchell grass association. 

Bii Herb steppe association. 

li\liillBI Channel country formation. 

[=1 Shrub steppe formation. 

li<z.1.'41 Simpson Sand Desert. 

Sturt Stony Desert. 

Map of Queensland showing the western plant formations and major associations, from 
Blake (1938), with modifications from one of his unpublished maps. 



CLIMATOLOGY OF SEMI-ARID AREAS. 

Dense scrubs, somewhat similar to those in which gidyea occurs, are 
also formed by other Acacias, notably brigalow (A. harpophylla). Brigalow 
and gidyea overlap in many areas, but there seems to be a climatic check on 
the spread of the former towards the north-·west and of the latter towards 

the south-east. Outside the zones !: , ~~, and ~:, brigalow does not form 

dense scrubs, but occurs in patches, usually associated with gidyea. It thrives 
only in zones with at least two months' effective winter rainfall and reaches 
i.ts maximum development in the zones vvith four months' effective winter 
rainfall. The distribution of this species is shown in Figure 15. 

Despite the existence of suitable soils in the area now occupied by open 
eucalyptus forest, there is little development of mulga (Acacia aneura) east 

Cc 
and north of zone -. The main areas of mulga in Queensland lie within 

66 
Dd De d Cc I Dd 't tl 1 1·. ·t · t 1 · · i zones 66, 66, an 

66
. n zone 66 i s nor nvarn mu approxnna e y c01nc1CLes 

with the zero line on the P /E difference map. This indicates that, though 
nmlga is extremely drought resistant, some winter rain is necessary for its best 
development. The distribution of mulga is given in Figure 16 ; while this species 

is shown in zone ~~, it occurs there only in sn~all communities or as scattered 

individuals. 

Two other Acacias-myall (A. penclitla) and boree (A. ca.na )--are of 
particular interest. They grow in the same kind of soil and earh occurs 
mainly as a fringe a.long the margins of scrub formations. The present known 
distribution of these trees in Queensland is sho-wn in Figure 17. Myall 
extends as far to the north-west as Blackall and occurs in zones 

. Cc De Be Bb . 
-, - , - and - . It does not extend north of the zero lme on the P /E 
66 66 66 66 
difference map (Figure 9). Apparently it must have at least tvvo months' 
effective rainfall in winter. Boree, on the other hand, grows mainly in the 

- Cd 
zone --'- to the north and west of Blackall. It extends into the northernmost 

66 ' 

portion of Cc and a narrow tongue runs soutlnvard along the eastern edge of 
66 

the zone Dd' but many of the trees in this zone are stunted. The meeting of 
66 

these two· species bn the zero line of the P /E difference map appears to be 
significant. 

Another interestjng plant whose distribution appears to be influenced 
largely by climatic conditions is limebush (Ereniocifrus 117cmca), heavy stands 

. De Cc Be d Bb . 
of which occur m zones 66, 

66
, 66 an 

66 
(Figure 18). Three small 

isolated patches are known in zone Cd. and it is reported that these consist of 
66' 

stunted shrubs, which rarely produce fruit. In zone !~ the plant js spreading 

so rapidly that it is rega'rded as a pest 0£ pastoral lands. 
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HUGHEN DEN a 

--------..., 
' I I BOLLON " 

Figure 15. 

Map showing the distribution of brigalow (Acacia harpophylla) forests. Outside 
the shaded area brigalow occurs as isolated clumps, usually in depressions or mixed 
with other species. 

11BARCALDINE / 

.... -· -·-s: 

~ Mulga, sometimes with Box (Eucalyvtus vovnUfolia). 

S-:::.:;j Mainly Box with patches of Mulga. 

Figure 16. 

Map showing the distribution of mulga (Acacia aneiura). 
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.:M:ap showing the distribution of myall (Acacia penc711.la) and borne (A. cana). 
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Figure 18. 

Map showing the distribution of limebush (Erenwc-itrits glauca). 
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Seasonal distribution of rainfall obviously controls plant growth during 
the year, and from field observations it is known that certain plants grow 
in particular seasons and that different years produce a characteristic pattern_ 
of herb'ag·e. Unfortunately, there are no data on the temperature required 
to initiate or inhibit growth in any of the plant species native to the area 
under consideration, but it has been stated freqirnntly by pastoralists in the 
Roma district that there the plants respond poorly to winter rains. In view 
of the suggestions of Klages ( 1942) and Forster ( 1941) this may be explained 
by the closed area shown on Figure 1, in which the average minimum winter 
temperatures fall below 40°F'. This is probably low enough to restrict the: 
growth of most plants. · 

Besides its effect on the natural flora of semi-arid Queensland, climate 
also appears to influence the spread of the fauna. The zero line on the P /E 
difference map (Figme 9) is approximately as far north as rabbits have 
spread, and it appears that they are unlikely to invade those regions where 
no reliable winter rains occur, despite the occuuence of soil suitable for their 
burrows. 

These observations focus attention on the significance of the zero line 
on the P /E difference maps. 

Animal Husbandry in Relation to Climatic Factors Studied. 

A review of the pastoral industry in Queensland shows that sheep-raising-
. . l t . h l' t' Dd De Cd Cc Bd Be d Bb E is carriec ou 111 t e c ima IC zones M' 66, 

66
, 

66
, 66, 66, an 

66
. xcept 

for the Boulia district, the eastern boundaries of the zone ~: represent 

the -vvestern boundary to which sheep-grazing has extended. The presence 
of sheep in the Boulia area is of considerable interest, as their maintenance 
is largely dependent upon the channel associations of the braided courses of 
the Burke and Hamilton Rivers. In the south-west the Bulloo and Paroo 
Rivers play a similar, though not so important, role to the northern streams. 
Studies in climatology such as those described in this paper cannot take account 
of the effects in certain areas of what are virtually immense natural irrigation 
systems. It is also well known that topography, particularly the occurrence 
of mountain ranges, influ,ences sheep distribution. 

The northern and eastern boundaries of sheep-raising are not so clearly 
marked. Figures 11 and 19 indicate that sheep do not extend into the north-

western part of zone ~~ nor into the northern, north-eastern and eastern part 

of zone !: . The sheep which are depastured in zone !; are confined to the 

Clermont-Emerald-Springsure area and south of an east-west line runnirig 
about 60 miles north of Roma. This line extends eastward into 

zone!:. The eastern margin of the zone !: approximates the eastern boundary 

of sheep-raising· under pastoral conditions, except for the Stanthorpe area, 
where the topography and soil type render large areas unsuitable for agriculture. 
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Map showing the distribution of sheep in Queensland. Each c1ot represents 10,000 sheep •. 
The figures are. calculated on a mean maximum sheep population of a little ov'er· 
20 million. 
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A detailed examination of the methods of sheep husbandry practised 
reveals some degree of stratification within the industry. Certain districts 
are used for the running of dry sheep while others are utilized essentially as 
breeding areas. Several factors have been of importance in influencing the 
way in vvhich the various districts are being utilized. They may be enumerated 
as follows :-

( 1) Climatic factors, which include total rainfall, its distribution and 
reliability, and extremes of temperature. 

(2) Pasture types, ··which include type and extent of vegetation and 
the occurrence of poisonous plants or of ''seed'' or burrs likely to be harmful 
to wool. 

(3) Topography of the country, which influences the ease ·with ·which 
dog-proof fences can be erected and water facilities arranged. 

Obviously climate has an indirect influence on pasture .types and soil 
formation. The components of climate, in eonjunction with pasture and soil 
types, control the plane of nutrition of the sheep. This is probably the most 
important single factor to consider in sheep husbandry, as it influences wool 
production 1as well as lambing percentages. 

A survey of the Queensland clip shows the occurrence of several different 
wool types, which are produced largely as the result of environmental differ
C'nces and their effect on the plane of nutrition. While it is considered that 
these might be studied more fully, it is worth recording that there is a line 
of demarcation between different zones, classified on wool type, 1vhich follo-v{S 
fairly closely along the zero line of the P /E difference maps. 

Average lambing percentages recorded for the vvhole of Queensland 
have never been spectacularly high. Dissection on a district basis, however, 
sho-vvs that there are wide variations between seasons and from district to 
district. Generally speaking, lambing percentag·es, judged on lambs marked 
to ewes 'joined, are poorer in the north-west, and are particularly bad in the 
Richmond-Winton-Kynuna area. 

Several factors are probably of importance in influencing the low repro
ductive rate -of J\iferino sheep in Queensland, vvhich incidentally has a 
considerable influence on the efficiency 1vith which wool is produced. 

In the north-west the lo-\v reliability of the summer rains and the non
existence of any reliable vvinter rains make is desirable to join the rams only 
after the summer rains have fallen. This means mating at a time virhen 
the majority of rams have been subjected to a prolonged deficiency of both 
vitamin A and protein, and when the temperatures have been hig·h enough 

10 render the rams comparatively infertile. Accordingly, though the majority 
of ewes may have come on heat during the mating- period, the chances of 
conception would have been low. At the same time those eVi'es which did 
conceive would be la1~1bing· on a falling plane of nutrition and at a time 1vhen 
rnrface water vrns failing. These conditions are not optimum for the survival 
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of young lambs or their mothers. On the other hand, mating in expectation of 
summer rains to give the ewes a high plane of nutrition during the terminal 
stages of their pregnancy means gambling on the occurrence of rains known 
to be unreliable and joining at a time when the majority of ewes are not 
likely to experience oestrus. 

A detailed study of the effects of heat on· baby lambs has not been 
undertaken. · From field observations it is clear that the chances of survival 
are slender for lambs dropped during mid-summer, whei1 conditions are hot 
and water and feed are so scarce as to necessitate the ewes travelling long 
distances in an area vvhere shade trees are virtually non-existent. There is 
'.no doubt that pregna~y toxaemia causes heavy losses of p'regpant ewes 
subjected to such conditions. There is also evidence to suggest that weak ewes 

. are more likely to suffer from dystokia. 

The closed pocket in the Winton-Richmond-Kymma area (Figure 2), 
:in which six months of each year have a mean maximum temperature of over 

95°F., is within the zone ~: and these factors make it particularly difficult 

to achieve continued success in the breeding of sheep. A study of this map 
shows that an area which has five months with a mean maximum monthly 
temperature of over 95°F. includes Boulia, Urandangie and Donor's Hill, and 
extends between Richmond and H ughenden and between Longreach and 
Winton. High lambing percentages are not recorded consistently from the 
districts enclosed within this line. The close proximity of the 5-, 4-, and 
3-month isolines near Longreach indicates some improvement in conditions 
for lambing to the east of that centre. Consideration of the area to the south 
of the zero line in the P /E difference map (Figure 9) reveals the better 
lambing country in Queensland. With the equitable distribution of rainfall 
<md moderate temperatlu·es, this area is in a more favoured position. 

On the other hand, in some of these districts, particularly those included 
· Bd · d Bo h . . f h f d . 1 . m zones 66 an 66 w ose vegetat10n is o t e type Olm mam y m or on 

Cc 
open forest grazing country, and the broad transitional strip between 

66 

and Be, into which vegetation of this type ext~nds, the rate of replacement 
66 

of ewes from. natural incr~ase is insufficient to meet the normal losses. In the 
Clermont, Emerald and Springsure districts, which are located in zone 

:: , a similar position exists. In these districts the losses as the result of worm 

infestation are considerably higher than those in the more arid areas of 

zone De, Cd, and the pastures do not ensure a uniformly high plane of 
66 66 

nutrition for the sheep. 

The effect of climate on the distribution and seasonal incidence of 
worms has been studied by Gordon (1947), who has extended his observations 
to include Queensland. It has been established clearly that amount and 
distribution of rainfall as well as temperature influence the species, extent 
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and· seasonal occu'erence of parasitic worms affecting sheep. It is also estab
lished that young sheep are mor~ susceptible than older animals and losses 
:are heavier and more frequent in the younger age group. The heavier loss 
"tin· this group is sufficient to have an adverse effect on the rate at which the 
.breeding portion of the flocks is likely to be replaced. 

No attempt has been made to study drought, though it is considered 
·:that the methods employed in this work may be applicable to this problem. 

ACKNOWLEDGEMENTS. 

The authors are indebted to Mr. S. T. Blake for permission to use some 
od: his unpublished work, to the Commomvealth Meteorological Bureau for 
furnishing· fundamental data, and to all others who so willingly made sug
gestions and lent their assistance in carrying out this work. 

REFERENCES. 
ANDREWS, J., and MAZE, 'vV. H. 

appli<iation to Australia. 

1933. Some climatological aspects of aridity in their 
Proc. Linn. Soc. N.S.W. 58: 105-120 . 

.BLAKE, S. T. 1938. The plant communities of western Queensland and their relationship, 
with special reference to the grazing industry. Proc. Roy. Soc. Qld. XLIX: 
156-204. 

J)AVIDSON, J. 1933. The distribution of Smynthitrits v·irfr1is L. 
Australia based 011 rainfall, evaporation and tempernture. 
Med. Sci. XI: 59-66. 

( Collembola) in South 
Aust. J. Exptl. Biol. 

1934. The monthly precipitation-evaporation ratio in Australia, as deter
mined by saturation deficit. Trans. Proc. Roy. Soc. S.Aust. L VIII: 33-36. 

1935. Climate in relation to insect ecology in Austrnlia. 2. Mean monthly 
temperatures and precipitation: evaporation ratio. Trnns. Proc. Roy. Soc. S.Aust. 
LIX: 107-112. 

:FORSTER, H. , C. 1941. The use of climatic graphs in determining suitable areas for flax 
prod1rntion. J. Dept. Agric. Vic. XXXIX: 515-524, 

GoR.DON, H. McL. 1947. The epidemiology of parasitic diseases, with special referenec 
to studies with nematode parasites of sheep. Aust. Vet. Ass. 24th Ann. Conf. 
(Unpublished). 

GUNN, R M. C. 1942. Studies in fertility in sheep. (2) Seminal changes affecting 
fertility in rams. Counc. Sci. Industr. Res. (Aust.) Bull. 148 . 

. KLAGES, K. H. W. 1942. Ecological Crop Geography. New York: MacMillan and Co . 

. LAWRENCE, E. F. 1937. A climatic analysis of New South Wales. Aust. Geogr. III: 1-23. 

1941. Climatic regions in tropical Australia. Aust. Geogr. IV: 20-26. 

LEE, D. K. H., and ROBINSON, K. W. 1941. Reactions of the sheep to hot atmosphe1·es. 
Proc. Roy. Soc. Qld. LIII: 189-200. 

1947. The effect of the nutritional plane upon 
the reactions of animals to heat. J. Ani. Sci. 6: 182-194. 

'.MOREAU, R. E. 1938. Climatic classification from the sta'nclpoint of East African biology. 
J. Ecol. XXVI: 



CLIMATOLOGY OF SEMI-ARID AREAS. \)9 

PRESCOTT, .J. A. 1931. The soils of Australia i:n relation to vegetation and climate. 
Counc. Sci. Industr. Res. (Aust.) Bull. 52. 

1934. Single value climatic factors. Trans. Proc. Roy. Soc. S.Aust. 
L VIII: 48-60. 

1936. The climatic control of the Australian deserts. Trans. Proc. 
Roy. Soc. S.Aust. LX: 93-95. 

1938. Indic1es fo agricnltural climatology. .J. Aust. Inst. Agric. 
Sci. 4: 33-40. 

1942. The phase and amplitude . of the Australian mean monthly 
temperatures. Trans. Proc. Roy. Soc. S.Aust. LXVI: 46-49. 

1943. A relationship between evaporation and temperature. Trans. 
Proc. Roy. Soc .. S.Aust. LXVII: 1-6. 

SzYMKIEWIEZ, D. 1925. In Acta' Societatis Botanicorum Poloniae II: 239. 

THORNTHWAITE, C. WARREN. 1931. The climates of Nort11 America according to a new 
classification. Geo gr. Rev. 633-655. 

'TRUMBLE, H. c. 
Australia. 

1933. The climates of the earth. Geogr. Rev. 433-440. 

1939. Climatic factors in relation to the agricultural region of· southern 
Trans. Proc. Roy. Soc. S.Aust. LXIII: 36-43. 


