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ABSTRACT 

 

Biometric measures which are correlated to well being are of great use to 

economic historians.  Height data, in particular, have been successfully employed 

where other, more direct measures of economic progress such as GDP are 

unavailable.  Moreover, these data permit the development of different groups of 

individuals to be compared to the population as a whole.  Despite the success of 

anthropometric research, there are still some data constraints such as reliance 

on certain cohorts (eg soldiers, prisoners) and simple unavailability of data.  

Hence, it is useful to explore other alternative measures which may act as a 

supplement to height data as a measure of welfare. 

Trivers and Willard (T-W) (1973) propose a hypothesis that mothers in 

poor condition will be less likely to give birth to male children.  The rationale 

proceeds as follows: sons have greater success in reproduction but also greater 

uncertainty attached to outcomes.  Their success is more closely linked to their 

health at birth (which is a function of maternal health) than that of females.  

Hence, when conditions are unfavourable for maternal health, female offspring 

are relatively more successful in reproduction and the ratio of males to females 

born (the secondary sex ratio (SSR)) will fall. 

Maternal health is very likely, as in the case of heights, to be correlated 

with economic development.  T-W themselves identified differences in 

socioeconomic status as a likely determinant of this.  Since then, the biological 

literature has found empirical evidence to support this hypothesis by examining 

natural disasters, the relationship with GCP and toxicity.  At the same time, the 

use of the SSR in economics literature has been very limited.   Given the measure 

is widely available over long time periods and for many countries and regions, it 

is worthwhile examining its potential as a biometric indicator. 

This paper takes a first step towards assessing the capacity of the SSR to 

capture changes in living conditions and thus play a role in augmenting other 

biometric measures currently employed.  We use data from the colony of SA 



between 1861 and 1901, for all Australian colonies (states) from approximately 

1850-2000 (in progress) and for individual Melbourne suburbs for several years 

between 1874 and 1900.  These data for the SSR are assessed against measures 

of GDP, housing statistics, infant mortality and other socioeconomic data in an 

attempt to determine what relationship, if any, exist.  The results are at best 

tentative at this stage, however are suggestive of supporting the T-W hypothesis.  

We find that the SSR appears to be negatively correlated with overcrowding and 

infant mortality and positively correlated with GCP and housing stock.   

  



1. Introduction 

Debate surrounding the determinants of the sex ratio of newborns is not new.  In a 

now well known paragraph from The Descent of Man (1874), Charles Darwin noted: 

 

I formerly thought that when a tendency to produce the two sexes in equal 

numbers was advantageous to the species, it would follow from natural 

selection, but I now see that the whole problem is so intricate that it is safer to 

leave its solution for the future.
1
 

 

A large literature examining the ratio of newborn males to females (the secondary sex 

ratio (SSR)) has subsequently been generated in the biological sciences.  One of the 

most examined, but perhaps still controversial hypotheses originates in Trivers and 

Willard (T-W) (1973).   In its simple form, this hypothesis asserts that evolution 

favours the ability to deviate from a simple 1:1 SSR where one sex has a higher 

expected payoff in terms of sexual reproduction.  Specifically, adverse (good) 

condition of parents will generate greater production of the sex with least (most) 

variability in reproduction.  In human populations, this implies that parents in good 

condition are expected to yield a higher SSR than those in comparatively poor health.
2
   

The mechanisms by which this takes place have been suggested to relate to the greater 

relative in utero vulnerability of males to females from adverse health and 

environmental events (Petarka et al., 2007) or to unobserved differences in the 

primary sex ratio (Markle, 1974).
3
  Hence, when times are ‘bad’, ante-natal losses 

occur more among male fetuses or there are simply less males embryos produced. 

In healthy human populations, the SSR has been reported at a very stable level 

of around 1.05 males to females.  Deviations from this level have been ascribed to 

adverse environmental events and toxicity, nutrition, socio-economic status and a host 

of other variables.   

In economic history, the SSR represents a potentially under-exploited means 

by which to measure welfare.  If the general health and well-being of a population is 

                                                        
1 Cited in Osborne (1996, p1). 
2 Implicit in this are the assumptions of polygamy and hypergamy.  Males are associated with 

greater variability in reproduction and their probability of success is in turn partially determined 

by the well-being of parents at birth.  The notion of the role of competition for mates also implies 

that the current sex ratio of society (operational sex ratio (OSR))  will also partially determine 

the SSR.  This is discussed later in the paper. 
3 The primary sex ratio is defined as the number of males to females at fertilization. 



positively correlated with the SSR, it is likely that this measure provides some insight 

into macroeconomic conditions such as GDP.  In this context, it has the ability to 

complement other biological measures such as heights which are more entrenched in 

the economics literature.  Moreover, unlike some of these measures, population 

statistics on SSRs are quite readily available and generally for larger populations and 

longer time periods.
4
  This paper takes a first step at analyzing this using data from 

Australia.  Three separate series are employed.  The first is a time series of GDP, 

SSR, and population statistics for the colony of South Australia from 1862-1901.   A 

longer series for all states in then employed to try and capture long run and state 

specific factors.
5
 Finally, in an attempt to capture some of the possible environmental 

effects, particularly those associated with population density and housing quality, we 

use data at the suburb level for Melbourne for four periods between 1874 and 1899.  

The results are suggestive of support for T-W type influences, but the overall 

conclusion at this early stage is that more data and rigorous analysis are required. 

The remainder of this paper is organized as follows.  The following section 

provides a brief overview of the literature.  Section 3 discusses the data and some 

preliminary results and section 4 concludes. 

 

  

                                                        
4 Depending on the studies undertaken, height data for example may be only available for a sub-

set of the populations (such as prisoners).  This can actually be to a researcher’s advantage when 

isolating the effects on a particular group (for example indigenous inmates) and presents no 

problem for wider implication to the whole population provided the GDP-height relationship is 

uniform across different groups. 
5 This is work in progress and data are still being collated. 



2. Literature 

As noted, empirical evidence suggests that the SSR in health human populations is 

relatively steady at a value of around 105 males per 100 females born (Petarka et al., 

2007).   Explaining deviations from this in human populations has thus long been a 

topic of the biological science literature.   

 Two major developments are noteworthy in this literature.  The first is that of 

Fisher (1930), who noted that in terms of competing for mates,  a society in which 

there is (say) a high proportion of females to males will generate an advantage in 

mating for males as the rarer sex.
6
  Hence, it follows that there is an evolutionary 

advantage to a biased ratio of male to female births until such time as the imbalance is 

corrected.  The existing ratio of males to females (in particular of reproductive age) is 

referred to as the operational sex ratio (OSR).  Perhaps the most stark empirical 

evidence for the role of the OSR appears from empirical work evaluating the effect of 

large male casualty levels after armed conflict.  For example, Ellis and Bonin (2004) 

examine 12000 births in the US and Canada between 1940 1980 and show an increase 

during times of war, followed by subsequent decline.  A similar result has also been 

found for Bavaria after WW2 (Bethmann and Kvasnicka, 2009), and for Paraguay at 

the end of the nineteenth century (Sureau, 1999).  Trivers (1985) noted small rises in 

the SSR in all countries associated with conflict in WW2 and WW1.
7
 

 A second major stream in the literature relates to the T-W hypothesis of 

adaptive sex allocation.  This suggests that at least in part, the SSR is determined 

jointly by environmental factors and other measures of the well being of the mother.
8
  

Where these factors are unfavorable, there will be a bias to the production of females.   

The logic turns on the notion that congenitally weak males are at a large disadvantage 

in competing with healthy males for females.
9
  It is argued that congenitally weak 

females while having a disadvantage, are relatively less disadvantaged.  Hence, 

factors which might precipitate congenital weakness (as noted above) will favour a 

falling SSR.   The T-W hypothesis is thus a complement to the work done by Fisher 

                                                        
6 As shown by Kvasnicka and Bethmann (2009), this, through tough marriage market conditions 

for women may increase out of wedlock fertility and subsequently overall fertility.   
7 Some studies have also found no significant effect or indeed the reverse.  For example Ansari-

Lari and Saadat (2002) and Zorn et al., (2002) respectively find an increase in males after the 

Iran-Iraq war and the 10 day Slovenian War.  There are many hypothesized reasons for this, for 

example the shortness of conflict (in the Slovenia case), and the use of chemical weapons 

offsetting the effect of the OSR (Iran-Iraq).    
8 The two are of course related, particularly in the case of famine and sanitation.   
9 This is also sometimes termed a loss of fitness for the males. 



(1930) in the sense that it establishes a cause (mothers well being) for the relative 

ability of males to be able to compete. 

 This theory is not without controversy, but there is some emerging evidence 

which provides it with some empirical backing.  Studies relating to insects and mites 

have demonstrated strong support for T-W (Wrensch and Ebbert, 1993).    As 

reported in Lummaa et al (1997), the number of studies in which empirical evidence 

has been found to support the T-W hypothesis in human populations has also been 

mounting. 

 A key question is what sort of adverse events or conditions might be 

considered as a trigger for changes to the SSR?  There are many possibilities, and 

indeed, T-W themselves noted that one possibility was socioeconomic status (p 91).  

With some exceptions, however, much of the literature in this area has focused around 

environmental events.  For example, Peterka et al., (2007) document a fall in the SSR 

following the Chernobyl disaster in 1986.  They suggest there results to be 

sufficiently robust to suggest that the SSR be adopted as a standard tool for the 

evaluation of reproductive quality (p295).  Using Finnish data from 21 parishes 

between 1769-1850, Lummaa et al., (1998) found the SSR varied according to season, 

with the most inclement season (winter) resulting in a lower SSR.  In a separate study 

(Lummaa et al., 1998b), they find support for the role of the OSR over the same 

period, but that there are large unexplained variances which they attribute as being 

most likely caused by environmental factors.  Sanders and Stoeckel (2011) use data 

between 1968 and 1972 and use the SSR as a proxy for fetal health.  Their results 

suggest that the Clean Air Act Amendments of 1970 may have saved between 21000-

134000 fetal deaths in 1972.  Fukuda etal., (1998) found that the SSR (and fertility in 

general) followed a lagged decline after the Kobe earthquake and suggested stress as a 

trigger.  Similar work accounting for stress has also been conducted by Catalano et 

al., (2006), suggesting the SSR fell in California following the September 11 attacks 

in New York.  Mocarelli et al (1996) have linked a falling SSR to exposure to dioxin.  

Finally, Lyster (1974) examines the effects of the London smog in 1952 and Brisbane 

floods of 1965 and shows that these events had a dampening effect on the SSR. 

 Related to these environmental stressors but worthy of separate discussion is 

the level of nutrition.  Presumably, this should be an important determinant of 

maternal health and as such, events such as famine should reveal a fall in the SSR.  



Indeed, such a result has been found by Almond et al., (2007) for the Chinese famine 

of 1959-1961.  O’Grada  (2009) finds no evidence for Leningrad in 1941. 

 The focus of this study is an examination of the relationship between 

economic conditions and the SSR.  Having said that, there seems to be an obvious 

relationship between these conditions and environmental ones.  For example, in the 

nineteenth century, cities were developing and various areas had different levels of 

sanitation.  A lack of infrastructure such as sewerage can be thought of (and indeed is 

often the result of) similar to conditions brought about by natural disaster.  Empirical 

work on the environmental Kuznet’s Curve might also suggest that pollutants fall 

with economic development.  Similarly, nutritional status is likely to be effected by 

economic well-being.   

 There are some studies which have attempted to measure the impact of socio-

economic conditions on the SSR.  Catalano and Bruckner (2005) and Catalano (2003) 

find a positive relationship between levels of consumption and the SSR for Sweden 

between 1862-1991 and in comparing East and West Germany.  Similarly, Zadzinska 

et al (2011) found there to be a (four quarter lagged) fall in the SSR in Poland after 

periods of economic stress.  Catalano et al., (2010) found the SSR to decline after 

mass layoffs and argued that ‘human adaptation to stresses in the economic 

environment deserve scrutiny from a wider array of scientists than it currently 

receives’ (p396).   Fernandez et al., (2011) examine a prolonged period of economic 

decline in Cuba and find no evidence for T-W type influences. 

 Related studies have also examined other social indicators.  Koshy et al., 

(2010) found an increase in cigarette smoking among mothers increased the SSR.
10

  

Manguson, Bodin and Montgomery (2007) reveal the SSR to be generally higher 

(Sweden) when the father’s occupation is more prestigious. 

 

3.1  Data and results 

The aim of this paper is to explore some of the above relationships between 

environment, economic and social conditions with the SSR for Australia.    There are 

three broad areas for which data have been collated.  The first is for the colony of 

                                                        
10 The authors also determine there to be a dose-response relationship which probably isolates 

the toxic effects of cigarettes versus other related socio economic determinants of smoking. 



South Australia between 1861 and 1901.
11

  These data include the SSR (male/female 

births), populations statistics and gross colonial product (GCP) on an annual basis.  

 Second, we analyse SSR data for all colonies/states from the mid 1850s 

through to 2000.
12

 These data are combined information relating to GCP/GSP. 

Information relating to the number of citizens under the ages of 40, 30 and total are 

available from decennial census records from 1861-1971, then annually.   

 The final set of data are taken from the Victorian Parliamentary Papers and 

decennial census data for the SSR, population per acre, death rates among infants, 

housing stock, and the OSR.  One possible hypothesis is that a determinant of the SSR 

was the quality of housing and possible overcrowding.  For the colony of Victoria, 

these are disaggregated by Melbourne suburbs for the years 1874, 1884, 1894, 1899.   

As a first look, we explore some of the relationships between the OSR (proxied by 

m/f ratio of population), housing, infant mortality, and over-crowing with the SSR. 

 

3.2 Results 

Figure 1 provides a simple descriptive graph of changes in the SSR with changes in 

level of GCP per capita for SA from 1861 to 1901.  While both series exhibit some 

degree of volatility, there is a positive correlation (ρ=0.44) between the series.  This 

implies that where economic activity was higher, so too was the SSR.  Of course, 

such a relationship may be spurious in the sense that some common underlying factor 

may have been driving both series.
13

  Zadzinska et al (2011) have previously 

discovered a lagged effect between GDP and the SSR.  Some preliminary regressions 

were run using differenced lags for logged GCP per capita on logged differenced 

SSR.  The results are obviously restricted given the small sample yet reveal there to 

be no significant lagged effects (see Table 6).  One possible reason for this might 

have been that conditions deteriorated in terms of living standards relatively quickly 

and are captured by GCP with a lag.   This project is currently developing a much 

larger data set over the long run for all states and territories.  It is not possible to say 

that the SA results are particularly robust, however they are consistent with the 

predictions of the T-W hypothesis. 

                                                        
11 Source: South Australian Parliamentary Papers (various years). 
12 Data for NSW go back to 1798.  Analysis is ongoing and incomplete at this point in time. 
13 Zivot Andrews and Dickey Fuller tests jointly reveal each index series to be stationary.  Further 

tests were conducted using lagged values of GCP per capita (differenced).  The results appear in 

Table 6. 



 One conjecture of this paper is that perhaps one of the most volatile periods 

for the SSR in Australia was pre-Federation.  For example, Taylor and Lewis (1998) 

note that there was a marked fall in mortality in Australia after Federation, much of 

which could be ascribed to improvements in both public health and public sanitation.  

Figures 2-5 detail the overall trend for the SSR for NSW, Victoria, and SA.  For NSW 

(in particular) and Victoria, there seems to be some degree of upward trend in the 

SSR from around 1850 until it hits a more generally accepted level of 1.05 around 

1900.  There is certainly more volatility in these data in the pre-1900 series, which is 

potentially evidence of greater vulnerability from disease and other environmental 

events, or possibly a result of fewer overall births or measurement error.  The latter is 

particularly of concern for this type of study, though it is useful to note that reporting 

of births was mandatory in all Australian colonies.  South Australian data reveal 

increased volatility during the early (pre-federation) period.  There is some evidence 

of a lower SSR between around 1880-1900. 

 Tables 1-4 reveal summary statistics for the suburbs of Melbourne for each of 

1874, 1884, 1894, and 1899.  There is significant variation between suburbs but also 

some variation of suburbs themselves through time.  Again, measurement error 

associated with small numbers is one possible problem.
14

  Overall SSR averages 

1.035 throughout the sample, however, in part this seems partly reliant on 1894 as 

somewhat of an outlier.  Mean for the SSR for periods excluding this year approach 

1.05.  There are also generalized improvements in dwellings per capita, with a 26.5% 

increase in dwellings per capita between 1899 and 1874.   

 Table 5 investigates some of these relationships further by presenting a very 

simple  fixed effects model.   Several independent variables are considered.  The first 

is the OSR, which is expected by Fisher (1930) to vary inversely with the SSR.  Infant 

mortality is included as a measure of living conditions and general health.
15

  As 

infants often are most vulnerable to adverse conditions, a measure of infant mortality 

would be expected to be inversely related to the SSR.  Overall birth rates (births per 

                                                        
14 More data are required and collection is ongoing.  An effort to remove some outlier suburbs 

has been undertaken.  Northcote has been removed from the series.  Data for Melbourne City 

were broken into several boroughs, however for the purpose of this analysis were aggregated as 

births in some were small.  One part of the ongoing research is to examine the geographic 

proximity of these boroughs and create 3-4 divisions for the central city. 
15 This is defined as the ratio of the number of deaths of individuals to total deaths.  Other 

measures such as the ratio of infant deaths under 5 to total population were also considered and 

yield similar results.  



1000 population) were included to proxy for the fertility and average population age 

of the suburb.  Some previous studies have made links between these factors (age and 

hormonal balance in particular) and the SSR, though the evidence appears more 

theoretical (James, 2010 is one exception).  To further measure living standards, the 

number of dwellings per person (ln) and population per acre (ln) are included.  It is 

hypothesized that more housing implies better living standards which should be 

positively correlated with SSR.  Over-crowding, on the other hand, is generally 

associated with poorer health conditions and hence would expected to have the 

reverse relationship.  Finally, in an attempt to proxy for the quality of dwellings, a 

measure of the proportion of dwellings constructed using brick was used.
16

 

 The results reveal signs in the expected direction however statistical 

significance is somewhat weak.  The coefficient of OSR is negative as expected with 

p<0.13).  Infant mortality and population per acre are significant and both of the 

expected sign.   Greater numbers of dwellings per capita appear to be positively 

related to the SSR as expected, but the quality of buildings appears to have no 

statistically significant relationship.  In part, this could be due to the period in 

question, where having any form of shelter was the most important variable.  More 

detailed analysis over a greater time period may pick up the quality effect. 

 

4. Conclusion 

The SSR is a potentially under-explored and under-utilized measure for economic 

historians.  It is readily available across regions and time periods and thus has the 

capacity to augment other biometric measures of wealth and well-being.  Moreover, 

given the interest in this issue from the biological sciences, contributions from 

economic historians are potentially of value in themselves. 

 The aim of this study was to test some basic relationships between the SSR 

and other socio-economic measures.  The results are at best suggestive, but there 

appears to be some evidence that the SSR does to some extent capture changes in 

well-being.  As such, there is potential for it to sit alongside other anthropometric 

measures.  That said, there is still work to be done in settling some of the econometric 

issues in assimilating a larger data set.  A further test would obviously be to use the 

                                                        
16 The default category was proportion wood and tents (predominantly comprised of wooden 

dwellings). 



measure in lieu of heights or similar data to replicate previously conducted studies.  

Similar results would obviously lend further support for its use.  
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Table 1 – Melbourne Suburbs 1874 

subdistrict SSR Pop 

Pop Per 

Acre 

Infant 

Mortality OSR 

Dwellings 

per captia 

Brighton 0.78 3796.00 1.15 0.48 0.89 0.16 

Brunswick 1.04 5181.00 1.90 0.43 1.06 0.08 

Collingwood 0.96 21193.00 18.61 0.57 0.94 0.20 

Emerald 0.94 21570.00 9.33 0.55 0.98 0.16 

Essendon 1.02 2615.00  0.56 1.00 0.17 

Fitzroy 1.06 17259.00 18.70 0.52 0.95 0.19 

Footscray 1.14 3860.00 1.26 0.68 1.17 0.13 

Hawthorn 1.16 3987.00 1.67 0.45 0.91 0.16 

Hotham 1.05 18189.00 32.19 0.47 1.01 0.15 

Kew 1.39 3129.00 0.88 0.13 0.89 0.15 

Melbourne 1.07 62475.00 12.45 0.35 1.03 0.17 

Prahran 1.10 16079.00 6.93 0.50 0.90 0.18 

Richmond 1.21 19175.00 13.41 0.52 0.99 0.19 

Sandridge 1.07 7376.00  0.54 1.07 0.20 

St. Kilda 0.93 9722.00 5.15 0.36 0.78 0.18 

Williamstown 1.05 7654.00 2.76 0.47 0.98 0.20 

Ave 1.06 13953.75 9.03 0.47 0.97 0.17 

 

Table 2 – Melbourne Suburbs 1884 

subdistrict SSR Pop 
Pop Per 

Acre 

Infant 

Mortality OSR 
Dwellings 

per captia 

Brighton 0.88 5353.00 1.63 0.48 0.85 0.16 

Brunswick 0.87 8396.00 3.08 0.65 1.01 0.15 

Collingwood 1.02 25631.00 22.50 0.58 0.91 0.20 

Essendon 1.17 5020.00 1.26 0.33 0.99 0.18 

Fitzroy 0.97 23400.00 25.35 0.53 0.93 0.20 

Flemington 1.03 4157.00 3.82 0.53   

Footscray 1.38 7780.00 2.53 0.58 1.05 0.15 

Hawthorn 1.04 7919.00 3.31 0.49 0.83 0.14 

Hotham 1.06 18750.00 33.19 0.53 1.00 0.18 

Kew 1.07 4888.00 1.38 0.41 0.94 0.12 

Melbourne 1.02 66507.00 13.25 0.42 0.99 0.18 

Port 1.04 9350.00 3.95 0.54 1.04 0.20 

Prahran 1.15 27000.00 11.64 0.46 0.82 0.16 

Richmond 1.08 26662.00 18.64 0.52 0.95 0.19 

South 

Melbourne 1.07 32500.00 14.06 0.56   

St. Kilda 1.03 14678.00 7.78 0.36 0.76 0.14 

Williamstown 1.09 9374.00 3.38 0.49 0.96 0.19 

Total 1.06 17492.06 10.04 0.50 0.93 0.17 

 

 



Table 3 – Melbourne Suburbs 1894 

subdistrict SSR Pop Pop Per Acre 

Infant 

Mortality OSR 

Dwellings 

per captia 

Boroondara 0.78 6475 0.78 0.38 0.90 0.22 

Brighton 0.98 9548 2.90 0.38 0.88 0.22 

Brunswick 0.95 19905 7.31 0.54 1.03 0.26 

Caulfield 0.97 8550 1.41 0.47 0.91 0.23 

Coburg 0.94 5418 1.13 0.46 1.33 0.24 

Collingwood 1.05 29919 26.27 0.44 0.97 0.26 

Essendon 0.93 13158 3.29 0.37 0.93 0.25 

Fitzroy 1.00 27790 30.11 0.41 1.01 0.24 

Flemington 0.84 9712 8.93 0.51 1.03 0.22 

Footscray 1.11 16841 6.54 0.45 1.09 0.24 

Hawthorn 1.06 19101 7.96 0.35 0.88 0.22 

Kew 1.10 6580 1.85 0.39 0.90 0.22 

Malvern 0.79 8790 2.20 0.31 0.91 0.21 

Melbourne 1.07 64186 10.69 0.30 1.17 0.21 

North Mel 1.02 19730 34.92 0.47 1.08 0.21 

Oakleigh 1.05 1098 0.50 0.55   

Port Mel 0.96 11991 5.07 0.53 1.11 0.23 

Prahran 0.94 36501 15.73 0.38 0.88 0.24 

Preston 0.88 3138 0.36 0.53 1.16 0.23 

Richmond 1.05 31613 22.11 0.41 1.01 0.28 

South Mel 1.03 33224 14.38 0.45 1.05 0.26 

St. Kilda 1.22 18767 9.17 0.33 0.82 0.22 

Williamstown 1.05 14489 5.22 0.31 1.04 0.23 

Average 0.99 18110 9.51 0.42 1.00 0.23 

 

  



Table 4- Melbourne Suburbs 1899 

subdistrict SSR Pop 

Pop Per 

Acre 

Infant 

Mortality OSR 

Dwellings 

per 
captia 

Boroondara 1.30 7500 0.90 0.44   

Brighton 1.07 9920 3.02 0.51 0.79 0.20 

Brunswick 1.14 23240 8.54 0.77 0.91 0.21 

Caufield 1.18 9450 1.55 0.58 0.84 0.20 

Coburg 1.03 6270 1.31 0.57   

Collingwood 0.95 32580 28.60 0.60 0.89 0.21 

Emerald 0.91 37660 16.30 0.51 0.92 0.21 

Essendon 1.19 15350 3.84 0.41 0.87 0.23 

Fitzroy 1.15 29880 32.37 0.47 0.88 0.21 

Flemington 1.01 10550 9.70 0.84 0.96 0.21 

Footscray 1.04 16830 6.53 0.77 0.99 0.21 

Hawthorn 1.02 20640 8.60 0.39 0.79 0.21 

Hotham 0.94 16950 30.00 0.66 0.96 0.21 

Kew 0.87 7670 2.16 0.24 0.85 0.21 

Malvern 1.17 10250 2.57 0.51 0.78 0.21 

Melbourne 1.02 68374 11.39 . 1.00 0.18 

Oakleigh 0.77 1320 0.61 1.00 0.93 0.21 

Prahran 0.96 36570 15.76 0.52 0.78 0.23 

Preston 1.04 3270 0.37 0.68   

Richmond 1.17 34380 24.04 0.62 0.92 0.23 

Sandridge 0.91 11130 4.70 0.97 0.97 0.22 

St Kilda 1.12 19820 9.69 0.36 0.75 0.20 

Williamstown 1.09 13540 4.88 0.54 0.94 0.22 

Average 1.05 19267 9.89 0.59 0.88 0.21 

 

  



Table 5 – Panel regression (Fixed Effect) results. 

 

N=51 (27 groups) 

R-sq (within)=0.3031 

 

 

 

 

 

Table 6 – Lagged Effect GCP SA 1861-1900 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. Robust standard errors reported 

2. Dependent variable ratio of male to female births (SSR) 

3. Dependent variable 1st differenced ln SSR. 

4. All Independent variables in ln form (1st differenced) 

5. p values in parentheses 

6. Robust standard errors reported. Zivot Andrews on residuals yields -6.57 against 1% CV -5.43. 

 

  

 Coef. SE t p>t CI (95%)  

OSR -0.952453 0.60838 -1.57 0.13 -2.202996 0.29809 

Infant mortality -0.5739546 0.1805468 -3.18 0.004 -0.9450739 -0.2028353 

Birth rate -0.0046588 0.0052012 -0.9 0.379 -0.01535 0.0060324 

Ln dwellings 

per capita 0.089655 0.0431123 2.08 0.048 0.0010364 0.1782736 

Ln Population 

per acre -0.1460619 0.0657096 -2.22 0.035 -0.28113 -0.0109939 

Prop brick -0.0686707 0.1300865 -0.53 0.602 -0.3360674 0.198726 

_cons 2.789697 0.8371521 3.33 0.003 1.068906 4.510488 

d.GCPcap t 

0.192 

(0.001) 

0.183 

(0.014) 

0.168 

(0.035) 

0.166 

(0.042) 

0.168 

(0.042) 

0.119 

(0.076) 

d.GCPcap t-1  

-0.017 

(-0.726) 

-0.104 

(0.146) 

-0.117 

(0.113) 

-0.113 

(0.154) 

-0.040 

(0.521) 

d.GCPcap t-2   

0.109 

(0.122) 

0.068 

(0.381) 

0.059 

(0.434) 

 

d.GCPcap t-3    

0.065 

(0.409) 

0.038 

(0.682) 

 

d.GCPcap t-4     

0.042 

(0.535) 

 

SSR t-1      

-0.409 

(0.031) 

Constant -0.001 0.071 -0.020 -0.063 -0.108 0.0002 

R squared 0.19 0.19 0.24 0.26 0.25 0.36 

n 38 38 38 37 36 37 



Figure 1 – GCP growth  and changes SSR (1864=100) 
 

 
 

 

 

Figure 2 – Long Run SSR NSW 
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Figure 3 – Long Run SSR Victoria 

 
 

 

Figure 3 – Long Run SSR SA 
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