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Figure S. Clustering of fertility in 1976 in the Menoufi a Governorate, Egypt . The dar ker circles 
indicate cluster ing of high fertility, whereas the lighter circles indicate clustering of low 
ferti lity. 

Were above 2, villages in low-fertility clusters were those who se normalized z scores for 
the Gt(d) statistic were below - 2, and those villages with normalized z scores between 
-2 and 2 were conside red not to be clustered. In 1976 the clusters of low ferti lity were 
found in the north and northeast. whereas the clus ters of high fert ility were concen­
trated in the south and sout hwest of the governorate. 

Although the pattern of cluster ing shown in figure 5 could be interpreted as being 
influenced by edge effects, the clustering in 1986. shown in figure 6 (over). seems to belie 
that explanation. In 1986 the clustering of low fertility bad moved toward the middle of 
the governorate, although still concentrated in the north, whereas the clustering of high 
fertility was more concentrated in the southern portion of the governorate. Although the 
southern portion of Menoufia is closest to Cairo, it is also the site of the Barrage-the 
dam that controls water from tbe Nile as it enters the Delta region. This is ricb 
agricultural land with centuries, if not millennia, of rural tradition that almost certainly 



Figure 6. Clustering of fertil ity in 1986 in lhc Menoufia Governorate, Egypt . The darker 
circ les indica te clust ering of high fertility, whereas the light er circles indicate clusterin g of low 
fer tility. 
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contributes to the maintenance of low levels of education, low levels offemale labor-force 
participat ion. and higher than average levels of fertility. 

The data in figure 7 illustrate the change in the pattern of clusteri ng between 1976 
and 1986. Villages were categorized according to the combinations of clustering in the 
two time periods. Thus the lightest shades of clustering in figure 7 are assigned to 
villages that were in low-fertility clusters in both 1976 and 1986, and the next lighter 
shade indicates villages that moved from not being clustered in 1976 to being in low­
fertility clusters in 1986. The data thus show the concentration of lower fertility in the 
north . and the diffusion of lower fertility in that region . At the other extreme. the 
darkest shading is assigned to villages that were in high-fertility clusters in both 1976 
and 1986 and the next darker shading reflects villages that went from not being 
clustered in 1976 to being in a high-fert ility clust er in 1986. These villages are concen­
trated in the southern portion of the region. In general the changes between 1976 and 
1986 shown in figure 7 exhibit a spatial diffusion effect, with a spread of higher than 
average fertility to contiguous villages, and a spread of lower than average fertility to 
contiguous villages. 



F1gufC 7. Change in the clustering of fertili ty between 1976 and 1986. The lighter shades indicate 
the maintenance of or shift toward the clustering of lower ferti lity, whereas the darker shades 
indicate the maintenance of or shift toward higher fertility clustering. 
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Qu.nttfylng the importance of sp.tial vari.bility 
It is clea r from figu res 5 throu gh 7 that spatial variability in fertility exists in Menoufia. It 
does matter where you are -lower fertility is clustered in the north. and higher fertility is 
clustered in the south. How important is this spat ial effect as a determinant of fertility 
levels? We used the technique of spatial filtering of variables in a regression model. as 
discussed above, to try to ans wer this question. First. we developed an OLS regression 
model that did not include a spatial component. echoing the typical model in demo­
graphic analysis. Second. we filte red the sta tistically significa nt predictor vari ables to 
assess the importance of the spatial effect. 

The basic nonspa tial mod el is that the fertility level in a village is a function of 
female illiteracy, co ntrolling for the sex ratio at the reproductive ages (as a control for 
the effect of out-migration), the percentage of adult women who are currently married 
(as a cont rol for the effect of marital status on the measure of fertil ity that we 
calcula ted), and for total po pu lation size (as a con trol for urbanness). 
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Table 3. Initial ord

Variable 

inary least-squares regressio

Unstandardized 

n for 1976. 

Standardized fJ Significance z(I) 

Dependent variabl

coefficient 

e, R D 
' 

of t 

6.82 
Female illiteracy 0.495 0.205 3.486 0.001 7.98 
Proportion married 1.965 0.446 7.362 0.000 7.89 
Sex ratio at 0.174 0.059 1.188 0.236 1.30 

reproductive ages 
Population size -0.00005 -0.138 -2.894 0.004 0.96 
R 0.629 
Adjusted R2 0.387 
z(I) for residuals 0.87 

Note: see text for an explanation of the variables. 

In 1976 three variables emerged as statistically significant predictors of fertility in 
Menoufia: female illiteracy (higher levels were associated with higher fertility), the 
percentage of adult women currently married (a higher percentage married being 
associated with higher fertility), and total population size (the larger the village, the 
lower the fertility). The R value was 0.629, with an adjusted R2 of 0.387, as shown in 
table 3. The residuals were not autocorrelated because much of the spatial variability 
was accounted for by the proportion married. Without that variable in the equation, 
the residuals were significantly autocorrelated, whereas the introduction of the variable 
proportion married into the equation removed the spatial autocorrelation from the 
residuals. 

Two of the predictor variables-female illiteracy and proportion married-have 
statistically significant levels of spatial autocorrelation, whereas the other two predictor 
variables do not. The two with spatial autocorrelation were then filtered to decompose 
the spatial component from the nonspatial (called the 'filtered') component by using the 
method described above. The results are shown in table 4, where it can be seen that 
although the R and adjusted R2 values are essentially unchanged from the unfiltered 
model, we are now able to assess the relative contribution of the spatial component to 
that explained variation. The data show that the filtered (nonspatial) component of the 

Table 4. Spatially filtered ordinary least-squares regression for 1976. 

Variable Unstandardized Standardized fJ Significance z(l) 
coefficient of t 

Dependent variable, R D 
' 6.82 

Filtered female illiteracy 0.417 0.149 2.699 0.007 -0.99 
Filtered proportion 1.724 0.329 5.907 0.000 0.48 

married 
Spatial female illiteracy 0.640 0.167 2.563 0.011 10.92 
Spatial proportion married 2.322 0.331 5.024 0.000 11.76 
Sex ratio at 0.178 0.060 1.223 0.222 1.30 

reproductive ages 
Population size -0.00005 -0.148 -3.111 0.002 0.96 
R 0.637 
Adjusted R2 0.393 
z(l) for residuals 0.67 

Note: see text for an explanation of the variables. 
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Table 5. Initial ord

Variable 

inary least-squares regressio

Unstandardized 

n for 1986. 

Standardized P Significance z(l) 

Dependent variabl

coefficient 

e, R D 
' 

of t 

5.50 
Female illiteracy 1.768 0.520 9.955 0.000 6.14 
Proportion married 1.443 0.256 5.038 0.000 5.00 
Sex ratio at 0.007 0.016 0.364 0.716 2.05 

reproductive ages 
Population size -0.000002 -0.055 -1.163 0.246 3.04 
R 0.694 
Adjusted If 0.482 
z(l) for residuals 3.15 

Note: see text for an explanation of the variables. 

proportion married has a standardized fJ coefficient that is virtually the same as the 
spatial component of that variable, indicating that the spatial component explains about 
half of that variable's relationship to fertility levels. The spatial component of female 
illiteracy is slightly more important than the filtered component, as can be seen in 
table 4. Summing the absolute values of the statistically significant standardized fJ 
coefficients, we can determine that the spatial component accounts for 33% of the 
explained variation in the net reproduction rate in 1976. 

The initial regression model for 1986 showed that a higher proportion of the 
variation in the net reproduction rate was explained than in 1976-with an R value 
of 0.694 and an adjusted If of 0.482, as can be seen in table S. In 1986 the female 
illiteracy variable was a more important predictor of fertility than was the percentage 
married, and neither the adult sex ratio nor the total population size was statistically 
significantly related. The spatial component was also more noticeable than in 1976 
because all four predictor variables exhibited spatial autocorrelation and the residuals 
were also spatially autocorrelated. 

Table 6. Spatially filtered ordinary least-squares regression for 1986. 

Variable Unstandardized Standardized p Significance z(l) 
coefficient of t 

Dependent variable, R D 
' 5.50 

Filtered female illiteracy 1.920 0.480 9.496 0.000 -0.64 
Filtered proportion 1.057 0.170 3.587 0.000 -0.36 

married 
Filtered sex ratio 0.002 0.006 0.136 0.892 -0.58 

at reproductive ages 
Filtered population size -0.00000008 -0.063 -0.379 0.705 0.03 
Spatial female illiteracy 0.913 0.157 2.716 0.007 26.80 
Spatial proportion 3.352 0.317 4.755 0.000 25.72 

married 
Spatial sex ratio 0.640 0.051 0.332 0.332 28.96 

at reproductive ages 
Spatial population size -0.00000004 -0.021 -0.131 0.896 0.22 
R 0.717 
Adjusted If 0.513 
z(l) for residuals 1.32 

Note: see text for an explanation of the variables. 
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All four predictor variables were filtered in 1986and the resulting regression model 
is shown in table 6. Filtering raised the explained variation from 0.482 to 0.513, 
although female illiteracy and the proportion of women married remained as the 
only statistically significant variables in the equation. In 1986 the most important 
predictor was the filtered (nonspatial) component of female illiteracy, followed by the 
spatial component of the proportion married, then the filtered component of the 
proportion married, and finally the spatial component of female illiteracy. If we once 
again sum the standardized f3 coefficients of the statistically significant variables we 
find that the spatial component accounts for 42% of the explained variation-a higher 
fraction than in 1976. 

Discussion and conclusion 
The period from 1976 to 1986 was a period of overall relative stability in fertility levels 
in rural Egypt and not until the 1996 census data become available at the village level 
will we be in a position to track significant changes in fertility over time. However, it is 
clear that at least by 1976 there were clear spatial patterns to fertility in Menoufia and 
our analysis suggests that these spatial patterns were even more definitive in 1986than 
they had been in 1976. This seems to suggest the existence of some momentum for 
change, which we hypothesize will be observable when the 1996data become available. 
The southern portion of the governorate was more obviously the location of higher 
than average fertility in 1986 than had been true in 1976 and we would predict that the 
clustering of lower fertility will have exhibited a southward drift or diffusion by 1996. 
The results from our spatial filtering procedure suggest that some of this effect will be 
due solely to where villages are located, regardless of any changes in female education. 
The analysis also suggests that improving levels of female education will have been the 
most important human capital influence on fertility between 1986 and 1996. By iden­
tification of those areas in which low fertility is already clustered, government policy 
can potentially be efficiently employed to focus family activities in those areas, to 
ensure the maintenance of declining fertility which, our analysis suggests, will have a 
tendency to spread to nearby villages. 

Our interpretation of results could have been influenced by our choice of a cell size 
of 1 km for the raster grid produced by the classification of satellite images into built or 
nonbuilt land cover. This cell size had the advantage of minimizing the total number of 
cells, thus easing the burden of calculation, but it had the disadvantage of eliminating a 
few villages from the analysis because of their overlap in a cell with another village, 
reducing the number of villages in the spatial analysis from the original 312down to 283. 
However, experimentation with alternate cell sizes suggested that these results were not 
very sensitive to the choice of cell size: the pattern of results was identical with grid cells 
of size 500 m and 250 m. Furthermore we determined that the nonspatial regression 
results were virtually identical for the villages (cells) used in the spatial analysis as for 
the entire set of villages. 

In conclusion we have shown that the use of remotely sensed images can allow us 
to locate more accurately the population in a rural area and, by incorporating the 
results of the classification of that image into a GIS, we are able to create a raster 
grid that allows us to build the spatial component into OLS regression and, in effect, 
decompose the explained variation into that which is explained by spatial (such 
as diffusion or culture) factors and that which is explained by nonspatial (such as 
human capital) factors. In the rural governorate of Menoufia, Egypt in both 1976 and 
1986 the variability in fertility seemed to be explained independently by both factors. 
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