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Fertility is one of the basic processes of the population that has an important effect on the dynamics
and change of population structure. The declining burden is a global phenomenon; in the past decades,
developed countries and today many developing countries are experiencing it, and in Iran, the overall fer-
tility rate has reached less than the replacement level. Estimation of fertility rate in rural areas is mainly
affected by population size and space unit size. Therefore, estimating fertility rates and mapping them
in small and sparsely populated geographical areas is challenging. This study aims to accurately estimate
and identify spatial patterns of fertility in rural areas using spatial smoothing methods for 2016 and 2011.
Experimental Bayes and spatial Bayes smoothing methods were used to analyze the data. While the

Key words: © average GFR of 2011 and 2016 are 51.1 and 71.6 (children per 1000 women), respectively, the findings
Fertility rate, show that spatial smoothing methods, especially the experimental spatial Bayesian method, have good
Spatial smoothing, efficiency in estimating fertility in small areas. Adjusting the fertility rate in densely populated areas is less
Spatial Empiri- :and in sparsely populated areas it makes a significant adjustment. The results also show the occurrence
cal Bayes, Spatial of high rural fertility in less developed border areas (southeast, east and south) and the spread of low
autocorrelation, rural fertility from north to south and then the central and western villages. The persistence of low fertil-
Rural areas ¢ ity in most of the rural areas is causing serious challenges in the economic, social and political spheres.
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Extended Abstract the population. Fertility decline is a global phenomenon;
in the past decades, developed countries and today many

1. Introduction developing countries are experiencing it. In Iran, the total
fertility rate (TFR) has fallen below the replacement level.

ertility is one of the basic processes of However, the fertility gap between urban and rural areas
a population that has an important im- in the country has been minimized and the convergence

pact on the dynamics and structure of of fertility behaviors in urban and rural areas in the coun-
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try is remarkable. Mapping and estimating fertility rates
in small and sparsely populated geographical areas is
challenging because estimating fertility rates in rural areas
is mainly affected by population size and space unit size.
One way to improve the quality of estimates in such cases
is to use spatial smoothing techniques. The main purpose
of this study is to identify and explore local spatial pat-
terns of fertility, as well as accurate estimation of fertility
in rural areas. To calculate the instability of fertility rate in
small areas, the methods of empirical Bayes and spatial
empirical Bayes are applied to the general fertility rate
and the results are compared.

2. Methodology

The present study is applied in terms of purpose and ex-
ploratory-descriptive in terms of method. In this research,
the data related to the results of the census of population
and housing were used.

The period is from 2011 to 2016; the spatial scale in
the analysis is the county. There are various measures
to assess fertility at the micro-level (normal population
growth, crude birth rate, general fertility rate, age-specific
fertility rate, total fertility rate). Due to the importance of
the general fertility rate (GFR) and its study for socio-
economic policies, this index has been used in this study
and the formula for calculating it is as follows:

GFR= %1000

B
P (15-49)
B is the number of annual births and P_F (15-49) is
the average number of women of childbearing age in that
community (women 15-49) in that year.

To perform and extract maps related to spatial smooth-
ing, empirical Bayes and spatial empirical Bayes methods
have been used. The mentioned models are performed in
ArcGIS, GeoDa and the maps are prepared in Illustrator.

3. Results

The results of the general fertility rate for 2011 show
obvious differences. The mean and median values have
increased significantly, they have increased from 51.1 and
48.6 in 2011 to 71.6 and 69.9 in 2016, respectively.

The smoothed maps show that after adjusting the rates,
the intensity of spatial changes in the general fertility rate
has somewhat decreased. Therefore, generating maps us-
ing the same data set but different smoothing methods can
lead to different spatial patterns. The Moran method was
used to compare the raw rate and the smoothed rate and
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also to investigate the effect of Empirical Bayes and Spa-
tial Empirical Bayes methods. The comparison of global
Moran results shows that the Moran index in the Spatial
Empirical Bayes method has increased, compared to the
raw rate and the Empirical Bayes. Therefore, it can be said
that after the implementation of smoothing, the degree of
spatial dependence and similarity of GFR values in adja-
cent rural areas has also increased. Also, maps smoothed
by the Spatial Empirical Bayes method provide a better
understanding of the spatial pattern of the general fertility
rate and eliminate the effect of demographic differences.
The results show that mainly border rural areas, especially
the southeast, east, northeast, south and southwest have
higher general fertility rates and can be considered as hot
spots.

4. Discussion

Spatial smoothing methods, especially the Spatial Em-
pirical Bayes method, are effective in estimating fertility
in small areas. Most sparsely populated areas provide an
extreme estimate of the fertility rate, which causes spatial
heterogeneity at fertility levels to be poorly demonstrated.
Therefore, the use of smoothing methods can provide
an accurate estimate of fertility rates in rural areas. The
smoothed fertility map also provides a more accurate vi-
sual representation of the spatial fertility pattern and thus
identifies areas that need intervention. The results of spa-
tial smoothing methods showed that the rate of fertility
adjustment was lower in densely populated areas while
it makes significant adjustments in sparsely populated ar-
eas.

5. Conclusion

The findings of this study show that large parts of rural
areas are experiencing low fertility. The continuation of
such a trend, which leads to an aging population, can be a
serious challenge to the sustainability of rural areas. One
of the prominent features of fertility in rural areas is the
prevalence of high fertility in less developed marginal and
border rural areas (especially southeast, east and south).
Also, the low fertility trend of the village has spread more
from north to south than the central and western counties.
What has been done in this research provides a suitable
scientific and accurate basis for further fundamental re-
search in the field of rural fertility and development.
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