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_____________________________________________________________________________ 

Abstract: In this contribution, we present a quantitative analysis of agroecosystem energy flows in the 
course of industrialization on both sides of the Atlantic. An energetic perspective on socio-ecological 
metabolism of agriculture allows for the comparison of different energy profiles, providing information 
on energetic efficiency of agriculture which can be compared across space and time: From being the 
main energetic resource, biomass turned to just one among many (particularly fossil) fuels used in 
industrialized societies. The study covers regional case studies in Austria, Spain, Canada and the United 
States and two to six time points between the early 19th and the early 21st century. The application of a 
consistent methodological framework across space and time enables us to systematically compare the 
energy profiles of our case studies. We identify specific trajectories of land-use change and key 
socioecological features explaining them, as well as common megatrends, including intensification and 
regional specialization of agriculture in the old and new worlds. 
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1. Introduction 

For the past 10,000 years, farms were society’s principal supplier of energy and raw materials 
(e.g. Simmons 2008, Smil 2008). These “traditional agricultural systems” provided human 
nourishment, draught animals for land transportation,  building materials, and fuel for heating, 
cooking, and light. Farmers harvested more energy from the land than they put into it, and 
that surplus sustained populations, subsidized urban centres, and defined the economy’s 
upper limits. 

In the transition from traditional to industrial agriculture, a process described as socio-
ecological transition (Fischer-Kowalski and Haberl 2007), production and profits expanded at 
the cost of increasing energetic inputs, threatening long-term sustainability. Farmers equipped 
with inexpensive fossil fuels now put more energy onto the land than they harvest, reversing 
their age-old role from energy producer to energy consumer and creating new challenges for 

sustainability. We analyse this transformation through a "socio-ecological metabolism" 
method, an approach that measures flows of energy through agroecosystems.  

The aim of this current study is, for the first time, to compare agroecosystem energy flows 
between regions of various environmental endowment and cultural conditions from the 19th 
through the late 20th century. We investigate the effect of specialization and globalization on 
different agro-ecosystems and shed little light on which are the key elements that explain the 
past and current tendencies on the energetic efficiency among agro-ecosystems. 

2. Methodological considerations 

To understand the evolution of historical agro-ecosystems we follow a quantitative and 
biophysical approach. We develop bio-physical and socioeconomic datasets including detailed 
information on population, labour, farm structure, land use and land cover, crop production 
and yield, livestock types and numbers, fertilization practices, and energy use. These basic 
components allow reconstruction of energy flows through ecological and socio-economic 
subsystems, and creation of energy efficiency indicators. A detailed description of the adopted 
methodology can be found in Tello et al. (2015). 

As displayed in Figure 1, our methodology defines major energy “funds” (following the 
definition of Georgescu-Roegen (1971)) and energy flows occurring between these funds. We 
take a farmer standpoint to define the agro-ecosystem boundary that allows us to infer which 
fluxes can be considered as internal reuses or energetic inputs from outside. 
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Figure 1: energy flow accounting scheme applied in this study, see Tello et al. (2015). The broken line represents 
the agroecosystem boundary; the orange lines the energy flows between funds; the green boxes are energy funds 
or converters. 

 
Using this frameworke quantitatively investigate the relation between final produce derived 
from agroecosystems (food, fibres, wood) and the amount of energy spent to generate this 
produce. We distinguish between internal energy inputs (“biomass reused”) and external 
inputs (EI, including “Labour” of the local community and “Agroecosystem Societal Inputs”, i.e. 
all inputs from outside the local community, such as “imported” feed and seeds, or industrial 
inputs such as mineral fertilizers, fossil fuels, electricity, etc.). This differenciation 
acknowledges the fact that energy flows in agroecosystems are non-linear, and that the origin 
of energy inputs into agroecosystems has effects on the type of sustainability problems faced 
by an agroecosystem (Marull et al. 2015).  

The differentiation of energy inputs into agroecosystems allows us to distinguish different 
types of energetic efficiencies or energy returns on investment. The most traditional energy 
return on investment (“external final EROI”, efEROI) compares final produce (FP) to external 
input (EI): 

efEROI = FP/EI 

We argue that a significant amount of biomass is recycled within the agroecosystem (seeFigure 
1), including feed and litter used by livestock, biomass ploughed into the soil, or seeds 
withdrawn from harvest to be used on next year’s cropland. These flows represent important 
additional inputs into the agroecosystem, which were of particular importance before 
transportation became inexpensive and inputs could easily be bought from markets. In order 
to account for the energy efficiency of these recycled biomass flows (“biomass reused”), we 
establish a different EROI, the “internal final EROI” (ifEROI): 

ifEROI = FP/BR 
 
Finally, the total energy return on investment (“Final EROI”, fEROI) is the ratio between final 
produce and total inputs consumed (TIC), i.e.: 
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fEROI = FP/TIC = FP/(EI+BR)  
 
We assess these energy flows and the derived energy returns of investment for four case study 
regions in Europe (two in Spain and two in Austria) and two in North America (one in the USA 
and one in Canada), making use of local and regional sources, and the region-specific 
knowledge of the collaborators. Table 1 presents general information of the case study regions 
investigated. Most of the regions have been studied in previous analyses, and descriptions of 
data sources and agricultural structure can be found in the literature referred to in Table 1. 
 
Table 1: case study regions 

 Santa Fe Vallès Sankt 
Florian 

Grünburg Nemaha Queens 
County 

Province 
and 
country 

Andalusia, 
Spain 

Catalonia, 
Spain 

Upper 
Austria, 
Austria 

Upper 
Austria, 
Austria 

Kansas, 
USA 

Prince 
Edward 
Island, 
Canada 

Time 
period  

1904-1997 1860-1999 1830-2000 1830-2000 1880-1997 1880-1996 

Number of 
time 
points 
analized 

3 2 5 5 4 4 

Area 
extent 
[km²] 

39 120-124 52-86 62-115 923-1,690 1,758-
1,103 

Annual 
rainfall 
[mm/yr] 

390 600-800 832 958 863 890 

Previous 
work on 
the region 

(Guzmán 
and 
González 
de Molina 
2015) 

(Tello et al. 
2015) 

(Gingrich 
et al. 
2013) 

(Gingrich 
et al. 
2013) 

(Sylvester 
et al. 2002; 
Cunfer and 
Krausmann 
2016) 

n.a. 

 
For each of the case studies, we compile data from local and regional agricultural censuses and 
cadastral surveys in the 19th and 20th centuries, such as land use, yields, livestock numbers, 
agricultural population and machinery, etc.. Flows missing from the reports, such as grazed 
biomass or biomass used as bedding in livestock management were modelled based on region-
specific literature or archival information. The primary data on inputs to and outputs from the 
agroecosystems were converted into energy values, using their specific energy content (Haberl 
1995, Guzman et al. 2014). For industrial inputs such as mineral fertilizers or pesticides, 
embodied energy values were used. A general overview of how the major energy flows were 
assessed is provided in Table 2. 

 
Table 2: Energy flows considered in the analysis and their respective components 

Name of flow Components Data source / Assessment procedure 

Final Produce Agricultural and forest harvest for 

human use (cereals, fruits, 

Crop and wood yields derived mostly 

from specific source and land-use 
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vegetables, oil crops, straw for 

material use, firewood, timber), 

as well as final produce of animal 

origin (meat, dairy, eggs).  

For the analysis, we distinguish 

final produce from cropland, final 

produce from woodland, and final 

produce from livestock. 

data.  

Livestock produce based on livestock 

numbers (sources) plus generic 

information on contemporary 

milk/dairy production per animal, 

plus slaughter rates, slaughter weight, 

and meat production.  

Labour Energy required to sustain human 

labour 

Labour based on land-use data, land-

use specific labour requirements and 

corresponding required energy 

intake, or on number of agricultural 

workers, typical labour time and 

corresponding energy requirements. 

Agroecosystem 

Societal Inputs 

Fuels for agricultural and forestry 

machinery, the embodied energy 

of those machines, energy 

embodied in mineral fertilizers, 

seed „imports“, feed and litter 

„imports“ 

Fuels for agricultural machinery based 

on number of tractors and typical fuel 

requirements, plus the energy 

consumed in machinery manufacture 

and transport. Energy embodied in 

fertilizers based on fertilizer output, 

typical embodied energy content of 

fertilizers. „Imports“ of biomass 

(seeds, feed, litter) assessed on the 

grounds of expert interviews. 

Biomass 

Reused 

Locally produced seed, locally 

produced feed and litter for 

livestock (fodder crops, crop 

residues used as feed and litter, 

grassland harvest, grazed 

biomass), straw reploughed into 

the soil 

Seed based on specific information of 

seed output (discounting amount of 

imported seeds, see „societal 

inputs“). 

Fodder production based on specific 

yields and land-use data. Grazed 

biomass based on „grazing gap“ 

approach. 

Residues (straw) based on time-

specific harvest indices, and/or straw 

yield data. 

 

3. Results: agroecosystem energy flows – variations between regions and time periods 

We structure the presentation of our empirical results into changes in agroecosystem 
productivity, changes in energy inputs, and a discussion of energy returns on investment and 
potential explanations of temporal and spatial variations. This being a comparative analysis, 
we can not discuss the individual case studies in detail, but describe temporal trends and 
discuss spatial variations between case studies. Given that the case studies vary greatly in area 
extent, we compare only relative values, usually referring to the agroecosystem area of each 
case study. 
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Changes in agroecosystem productivity 
Increasing the productivity of agroecosystems is (next to reducing the amount of labor) usually 
the aim of agricultural intensification. We define agroecosystem productivity here as the 
amount of final produce, that is plant and animal final products (in GJ gross calorific value) 
generated per area of the agroecosystem in a given year. Of course, investigating nutritional 
value or monetary value per area would yield different results.  

 

Figure 2: Agroecosystem productivity, i.e. final produce per agroecosystem area in the six case study regions, 
1830-2000.  

In the long run, agroecosystem productivity increased in all case studies between the late 19th 
and late 20th century. Values ranged between 10 (Nemaha County, 1880) and 24 GJ/ha/yr (St. 
Florian, 1864) in the 19th century, and reached between 22 (Nemaha County, 1997) and 113 
GJ/ha/yr (St. Florian, 2000) at the end of the 20th century. In all of the cases with only one 
exception, final produce from plant biomass made up the major share of final produce, while 
animal products contributed to final produce only between 1% and 25%. Only in Vallès County 
in 1999, final produce from livestock made up more than plant biomass (76%).  

The temporal trajectory of change was not linear. In St. Florian and Grünburg, the two case 
studies from Austria for which data are available at two points in time in the 19th century, we 
identify some productivity increase during the mid-19th century. Between the late 19th century 
and the mid-20th century, no or very little increase can be observed in any of the case studies 
(only for Vallès County we don’t have data for the mid-20th century yet).  

In three of the case studies, there was even a decline in productivity between the late 19th and 
the mid-20th century, albeit for different reasons. In Sankt Florian and Grünburg, this is the 
result of particularly low productivity directly after World War II caused by post-war cropland 
abandonment (Hoffmann 1974), rather than long-term declining yields. In Nemaha County on 
the other hand, the productivity data of 1930 (4.2 GJ/ha/yr) and 1954 (5.9 GJ/ha/yr) show that 
productivity declined over the early 20th century. The long-term decrease in land productivity 
in this region is explained by the particular case of frontier agriculture of the central Great 
Plains, where a previous overexploitation of agroecosystem resources such as soil nitrogen and 
carbon forced farmers to change their agricultural practices towards more diverse and lower-
yielding crops.  

The variation between productivities within our sample increased with time: in the late 20th 

century, there are two highly productive case studies (St. Florian in Austria and Santa Fe in 
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Andalusia, Spain), reaching productivity levels above 75 GJ/ha/yr, while all others range 

between 20 and 35 GJ/ha/yr. The case studies of St. Florian and Santa Fe differ in various ways, 

not just in climate (temperate vs. Mediterranean), but also in agricultural specialization. St. 

Florian specialized on cropland production, selling not only crops, but also straw, and reached 

the highest cropland productivity of all case studies, whereas Santa Fe reached particularly 

high productivity levels on woodlands, due to poplar cultivation on irrigated flood plains. On 

the other hand, the two case studies have the lowest livestock densities of our sample. 

Productivity levels in our sample thus do not coincide with particular climatic preconditions, 

but emerged in different agroecological zones where specific, high-yielding industrialized land-

use practices could be sustained, such as industrial crop or wood production. 

Changes in energy inputs 
In our accounting scheme, we define “Total Inputs Consumed” as the sum of inputs in the 
agroecosystems, including external inputs on the one hand (labor and agroecosystem societal 
inputs), and biomass reused on the other hand (comprising locally produced feed, litter, seeds 
and biomass ploughed back into the soil). Total inputs consumed increased in the long run in 
all case studies, but less significantly than agroecosystem productivity (Figure 3). 

 

Figure 3: Total inputs consumed, i.e. external inputs plus biomass reused divided by total agroecosystem area  in 
the six case study regions, 1830-2000. 

 

Biomass reused, which in traditional energy accounting is not considered an input into 
agroecosystems (as it often does not come with monetary flows), makes up for above 50% of 
all inputs in all cases investigated, with the exceptions of Vallès County in 1999, and Sankt 
Florian in 2000 which both, in addition to industrial agricultural inputs, relied heavily on feed 
imports for livestock (particularly pork and poultry) production. Still, it is important to note 
that biomass reused, if considered an energetic input into agroecosystems, dramatically 
changes the energetic efficiency calculations, particularly in non-industrialized 
agroecosystems.  

In all cases, local biomass reuse for livestock management (feed, bedding material) makes up 
the largest share of biomass reused. In relation to agroecosystem area, biomass reused 
followed no clear temporal trend in our sample. It declined in those case studies where 
livestock management depended more and more on external input, and remained high or 
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increased where cattle rearing remained or increased, using local biomass, e.g. through 
grazing.  

External inputs on the other hand increased dramatically in extent and diversity, particularly 
during the second half of the 20th century. In the 19th century, external inputs were greatly 
dominated by labor, and accounted for less than 5 GJ/ha/yr in all cases. At the end of the 20th 
century, biomass “imports” (particularly feed), as well as industrial inputs such as fertilizers, 
fossil fuels, electricity and pesticides added to this flow, raising it to between 10 (Queens 
County) and 135 (Vallès County) GJ/ha/yr. Moreover, labor decreased its contribution to total 
inputs from  

What explains the variations in energy returns of investment across space and time? 
Energy returns on investment are the ratios between the two variables discussed above in a 
given place and a given year (i.e., Final Produce divided by Total Inputs consumed, and their 
two contributors, respectively). Results of all EROI values are presented in the Annex. 

The “external final EROI” (efEROI, final produce per unit of external inputs) displays temporal 
trends very much in line with agricultural energy history: In the 19th century, much more 
energy was extracted from agroecosystems than society invested. efEROI values ranged 
between 11 (Vallès County, Spain, 1860) and 42 (Queens County, Canada, 1880), indicating 
that farmers harvested between 11 and 42 times as much energy than they invested. This ratio 
declined dramatically in all case studies until the late 20th century, and in particular after 1950, 
when external energy inputs to the agroecosystems increased. Around 2000, efEROI values 
ranged between 0.2 (Vallès County, 1999), and 2.9 (Queens County, 1996). Interestingly, in all 
cases except Vallès County and Grüburg, both livestock-rearing regions, efEROI values were 
above 1 in the late 20th century, indicating that productivity of agroecosystems was still higher 
than societal energy inputs. 

Internal final EROIs on the other hand, that is the ratio between biomass reused locally (feed, 
litter, ploughed-in biomass, and seeds) and final produce, show a less clear trend. In half of the 
case studies (Santa Fe, Grünburg and Queens County), ifEROIs even stayed remarkably stable 
over the entire period, indicating that the amount of biomass reused followed similar temporal 
trajectories as final produce. Here, increasing productivity was achieved at constant shares of 
energy reinvestments.  

In the other three case studies, final produce increased more strongly than biomass reused in 
the late 20th century, resulting in increasing ifEROIs. In those cases, agroecosystem productivity 
decoupled from the regional reuse of biomass. The omission of local biomass reuse is, 
according to our sample, not a general feature of agroecosystems, but seems to happen only 
in particular agroecosystems, as in high-input pork or poultry farming.  
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Figure 4: Final EROI in the six case studies, 1830-2000 

 

Finally, the ratio between final produce and total inputs consumed (the sum of external inputs 
and biomass reused) is the final EROI (fEROI, displayed in Figure 4). Again, there is no common 
temporal trend among the case studies. Some display declining, some increasing trajectories. 
In many of the case studies, the values remain remarkably stable over time, with highest and 
lowest values differing only by a factor of 2.5 or less. This means that, when accounting for 
energy inputs into agroecosystems as we do it, including not only external energy inputs, but 
also internal biomass reuse, we see that much of the change of energy returns on investment 
results from a shift in energy inputs from local to external sources, or, more commonly, an 
addition of external energy sources to local reuses. 

Only in two case studies do we see clear temporal trajectories: in Vallès County, fEROI 
decreased dramatically in the time period. Here, the high-input pork production which was 
practiced in the late 20th century was highly dependent on external inputs of energy (feed, 
electricity, etc.), and may be efficient in economic terms, but is energetically much less 
efficient than the multifunctional agriculture practiced in Vallès Couty in 1860. In St. Florian on 
the other hand, the great increase in agricultural productivity, as well as a shift towards 
cropland as opposed to grassland, and the opportunity to sell straw on markets, rather than 
reuse it locally, resulted in final produce values which increased much more than total inputs 
consumed. St. Florian was the only region which had a fEROI higher than 1 in the late 20th 
century. All other case studies therefore used more energy inputs than they yielded.  

4. Conclusions and outlook for future lines of research 

In this section, we discuss the findings described above, trying to identify the major drivers of 
change in agroecosystem energy flows, and suggesting a periodization. We conclude by 
outlining potential future lines of research. 
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Organic and industrial intensification: an energy transition in agriculture 
We propose to distinguish two distinct periods: First, pre-industrial agroecosystem 
management, which prevailed in the 19th and, to a great extent, still in the early 20th century, 
and then, starting in c. 1950, an industrial agroecosystem management. These periods are 
characterized by distinct patterns of energy flows.  

In pre-industrial agriculture, output increased gradually in our case studies (with the exception 
of Nemaha County, a particular frontier agroecosystem interpreted above). At the same time, 
inputs increased at a similar or higher pace, resulting in stable or declining fEROI. In this 
period, differences (and changes) in fEROI negatively correlate with livestock density: the more 
livestock an agroecosystem supported, the lower the energy return on investment was. Not 
only did livestock management require human labor, which usually added to land 
management activities, it also, and more importantly, used some (often high shares) of the 
land produce to convert it into livestock products. In agroecosystems which relied almost 
entirely on local feed and litter supply, conversion of local plant products into animal products 
necessarily entailed a significant reduction in agroecosystem final produce, compared to land 
produce. 

We need to keep in mind the role that livestock bioconversion played for the quality of 
biomass flows, i.e. increasing the amount of biomass reused in organic agriculture. Even when 
animal husbandry played a minor role in human consumption, it increased the turnover speed 
of soil nutrients, and established energy links between different land uses through the flows of 
livestock feeding, manuring arable land, and tilling it with animal draught power (Marull et al. 
2015).  

 

 

Figure 5: correlation between final EROI and livestock density (livestock units per km²) in pre-industrial 
agroecosystems 

 

While this thermodynamic relationship of course remains (the conversion of energy in 
livestock will always result in lower final product, due to losses of heat, faeces, etc.), after 1950 
different factors have added to explaining the variability of agroecosystem energy flows. In the 
cases after 1950, livestock density correlates with fEROI much less significantly (R²=0.15).  
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The variable best explaining differences in fEROI values of industrialized (and industrializing) 
agroecosystems is the share of animal products in final produce (Figure 6). This variable 
acknowledges two important facts characterizing industrialized agroecosystems: (1) Land 
productivity is particularly variable in industrialized agroecosystems: The share of animal 
products in final produce depends not only on the amount of animal products, but also on the 
amount of total final produce, including plant final products. This variable therefore indirectly 
describes land productivity. Land productivity increased in all case studies in the 20th century, 
but reached different levels, depending on the types of crops produced (forest productivity 
usually increased less than cropland productivity) and on their use (as biomass reuse or final 
produce). Santa Fe and St. Florian had the highest land productivity of all case studies, and 
both had a low share of livestock produce in final produce. (2) Livestock productivity in 
industrialized agroecosystems is much more variable than in pre-industrial systems, resulting, 
again, largely from specialization in different livestock production types (poultry and pork are 
more energy efficient to produce than beef, for example). This may explain why the share of 
livestock products in final produce correlates better to industrialized fEROIs than livestock 
density. 

 

Figure 6: correlation between final EROI and share of livestock produce in final produce in industrialized 
agroecosystems 

 

Generally, correlations are much weaker in our sample of industrializing and industrialized 
cases, hinting at two possible explanations: (1) industrialization of agroecosystems was a 
process which started in the mid-20th century (or before), and some of our 1950s cases 
therefore show features of pre-industrial and industrial agroecosystems (e.g. yields still similar 
to the 19th century, but already use of some fossil-fuel powered technology). By excluding the 
1950s cases of Nemaha, Queens County, St. Florian, and Grünburg, the correlation between 
share of livestock produce in final produce and fEROI increases a little (R²=0.53), but is still 
lower than the one found in the longer period of our “pre-industrial” sample. (2) More 
importantly, we argue that industrialized regional agroecosystems of the late 20th century 
specialized on particular production types, which then determined their energy profiles. 
Greater specialization entailed greater variability in energy flows and EROIs. 

Based on the evidence presented above and the proposed periodization in pre-industrial and 
industrial agroecosystems, we suggest the notion of an “energy transition in agriculture”. This 
transition can be observed in all our case studies in specific ways, and was in our view a global 
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trajectory with regional variations. Still, our data show temporal trends which are stronger 
than variations between individual case studies.  

Pre-industrial agriculture relied in very few external energy inputs aside from local labor and 
possibly some household manure. Despite this limitation, (modest) increase in final produce 
was achieved in many of our case studies, with the exception of the “frontier” case of Nemaha 
County in Kansas. Intensification with this constraint was achieved mainly by drawing from 
local resources, including improvements of livestock management (more stable keeping in 
order to generate more manure), the expansion of cropland areas, or the increased cultivation 
of productive (but labor-intensive) crops, such as potatoes. This process continued, according 
to our evidence, well into the 20th century.  

After World War II, agroecosystems in all our cases started to receive significant energy inputs 
from society, including non-locally produced feed for livestock, energy embodied in mineral 
fertilizers, and fossil fuels to drive tractors. With these inputs, regional agroecosystems 
completely restructured, generally specializing in particular production types (e.g. pork 
production in Vallès County, or crop production in St. Florian). These dominant production 
types then determined the energy flows in a region: regions with higher livestock productivity 
are less energy efficient than crop-producing regions. From a bird’s eye view, we could argue 
that the functions integrated within one region in pre-industrial agroecosystems, operating 
with the necessity to recycle energy flows as much as possible within one region, were more 
and more dispersed in individual agroecosystems towards the late 20th century, which had 
opened their energy flows to global markets and specialized in particular production types. 

Future lines of research: environmental impact assessment  
The work presented here is ongoing and far from finished. Much methodological and empirical 
debate has been performed, and large consensus has been achieved, but some issues still 
remain to be solved, both within the individual case studies, and in the comparative analysis. 
Very likely, the data we will present in Lisbon in January will be (slightly) different from the 
data presented here. We are also trying to incorporate more case studies into our analysis to 
learn about other (e.g. tropical) agroecosystems and other scales (national, crop scales). 

The energy analyses presented here allow for links towards agroecosystem sustainability, and 
in particular, ecological sustainability. One way of addressing this issue is to link the discussion 
of energy returns to agroecosystem energy flows, or actual agroecosystem productivity, as 
suggested recently for one of the case studies discussed here (Guzmán and González de 
Molina 2015). Secondly, we are also involved in linking results of our energy flow assessments 
to landscape metrics, investigating the effect of different types of agroecosystem management 
on landscape ecology (Marull et al. 2015). And finally, we are investigating nutrient flows in 
agroecosystems (Tello et al. 2012, Gingrich et al. 2015), following a similar quantitative 
approach as in energy flow accounting (Garcia-Ruiz et al. 2012). To link these results to our 
energy flow analyses, in order to identify the effects of particular energy flows on soil 
nutrients, is a natural next step. 
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Annex: 
Table 3: Values of Final EROI, External Final EROI, and Internal Final EROI for all case studies at all time points 

Case Study year Final EROI 
External 
Final EROI 

Internal 
Final EROI 

Vallès County 1860 1.03 11.23 1.13 

Vallès County 1999 0.22 0.25 2.20 

Santa Fe 1904 1.12 11.01 1.24 

Santa Fe 1934 0.88 8.60 0.98 

Santa Fe 1997 0.84 2.18 1.37 

Nemaha 
County 1880 0.26 11.93 0.26 

Nemaha 
County 1930 0.17 3.49 0.18 

Nemaha 
County 1954 0.20 1.16 0.24 

Nemaha 
County 1997 0.46 1.35 0.70 

Queens County 1880 0.76 41.88 0.77 

Queens County 1930 0.77 24.59 0.80 

Queens County 1950 0.70 10.26 0.75 

Queens County 1996 0.51 2.91 0.62 

St. Florian 1830 0.45 16.05 0.48 

St. Florian 1864 0.35 18.78 0.36 

St. Florian 1950 0.33 1.90 0.41 

St. Florian 1960 0.52 2.73 0.65 

St. Florian 2000 1.39 2.70 2.87 

Grünburg 1830 0.53 15.83 0.56 

Grünburg 1864 0.57 23.07 0.59 

Grünburg 1950 0.33 2.49 0.38 

Grünburg 1960 0.27 1.43 0.34 

Grünburg 2000 0.36 0.83 0.64 

 

 


