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IN LARGE CITIES
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SUPPGSE wé have a large city which possess-

e3 a certain number of employment
exchanges serving different parts of it. - If each
exchange registers all unemployed persons,
then the total number unemployed in the city
would be completely known. However, as they
do not always geek the assistance of exchanges,
the numbers registered by exchanges do not re-
present all the unemployed. Now, how may
this information be used, as supplementary in-
formation, to estimate the total number unem-
ployed? "Since the problem is also closely link-
cd with the estimation of the proportion of
persons unemployed, and, ¢f that number, the
proportion using the exchanges, they may as
well Le discussed together.

Assume that a plan of the city showing na-
tural boundaries (streets, lanes, walls, etc) 18
available It may be dwided up along natural
boundaries into very small areas (grids, in
Mahslanobis’ terminology) for the following
reagons.

(1) Small size grids are more convenieni to
handle than large ones

(2) The sampling theory will require the
number of grids to be as large as possible.
Hence the sizes of grids should be as small as
bossible.

Suppose the total areg of the city has been
divided up into N grids without paying careftil
attention to the numbers included in each grid.
At the moment of time, to which the survey
refers, let z; be the total number of persons
inhabiting the ith grid, ¥; the number unem-
ployed 1n the same grid and of this number let
x; be the number who have registeied them-
selves as unemployed at an exchange;
t1=1, 2, . . . N) Experience shows that the
number unhemployed is generally more in poor
than 1t relatively well-to-do localities, and also
persons 1n indigent circumstances depend more
on the services of exchanges than persons In
more faveurable circumstances. Hence we may
assume that a, y and z are mutually indepen-
dent Let ¢, 7,%and v be the variances of £, ¥

N
and z respectively. X=‘E x;, which is known
=1

exactly, is the total number of unemployed per-

N
sons on the books of exchanges, Y= i_E_ly,; wil]

g —

be the total number of unemployed persons in

N
the city, Z= 2 z; will be the population of

=1
the city, and generally, this figure cannot be
expected to be known with precision except if
an up-to-date and accurate census figure is
avallable, Assuming that no person enters or
leaves the city, at the period of time when the
survey 18 conducted, X, Y and Z wil be fixed
rumbers. (Obviously X <« Y < Z). We are at-

tempting to estimate Y and the ratios %andg

It will be shown that the estimating equations
of these statistics involve ratios and on this
account it will not be possible to obtain accu-
rate and exact expressions for their standard
errors, However, it is possible to obtain their
confidence limits by an application of a theo-
rem, first stated by Fieller (1948), to the spe-
cial case for large samples in the way described
below.

l.et n grids be chosen at randorn, each grid
being assigned an equal probability of selec-
tion. Let the quantities x, ¥ and 2, as defined
above, be observed in each grid. Then

A Fi It
=% xin,y= L yilmand z = Z z;jn
i=1 {d==1 i=1

will be unbiassed estimates of the average num-
ber of registrations for employment, of the
number unemployed, and of the number in-
habiting each grid respectively, Consider the
function

_ = X - .

Its expectation can be shown to be zero, ie,
E(d) = 0, so that an estimate ¥’ of ¥ or (%)
X

of S can be obtained by putting d=0 in (1)
and this vields two estimating equations
=¥ X and Xy« (2),
Y z X ar (Y) -

which are ratio estimates, which one could
have obtained intuitively. The variance of d,
V(d), can be shown to be
7% 1x2 Uy? . N:j}
v(d)ﬁ(n Y2 n/ N-1
assuming that x and y are independent. When
N is infinite, or for all practical purposes when

it is effectively large, then
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_ 1y 2, X2,
Vid) = n (“m +Y'—?_ Oy ) (3)
Further in large-scale sampling (i.e., when

n>150), * and y will be almost normally dis-
tributed, so thaf for all practical purposes d
will be normally distributed with zero mean
and standard deviation yy(d). Hence, under
the conditions stated above,

= "-....X ‘g / ;1_ P Xf 2 %

w (:r: E"E'y)/ in(ﬁ*‘*YE Ty )} (4)
will be distributed normally with zero mean
and unit variance. It follows that if we wish

to obtain confidence limits of Y, or A corres-

Y
P
100°
only to substifute the appropriate normal de-
viate for u corresponding to the p% significance
level, and solve the above quadratic equation

ponding ito the confidence level we need

for Y, or X When re-

Y
arranged as a quadratic in Y, (4) aprears as

2.+ 2 2 2
2 fr2_UT8" o-- o fra_ U Ty
Y (x a o 22y XY +X (y - ) 0 (3),

the roots of which are

X (niytuv/'n (T80, + 520, —ulo.’, ")/

(nX? —ula ) (6)
the root with the positive sign before u giving
the upper confidence limit and that with the
negative sign before u giving the lower con-
fidence limit of Y. Similarly the upper and

X

lower confidence limits of y may be obtained

as the case may be,

by the solution of equation (3), treating }é as

the unknownm.

The same arguments apply for the estimation
- ,

of 'Z.

fidence limits could be obtained in a similar

Its estimate would be *;éf-, and, its con-

manner as for %( If Z is accurately known, a

second estimate of ¥, which would be %’ Z could

serve as an independent check on the first.
However, too much reliance cannot be placed on
this estimate, except if Z is a recent census
figcure. For, if Z is in error by A Z, then the

estimate of Y will also be in error by g Oz, It

is precisely for this reason that the estimation
of Y is recommended by the method first de-
scribed rather than by this method.

The confidence limits discussed abOve pre-
suppose that ¢,%, ¢, and o,* are known. In prac-
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tice, they are not at all likely to be known.
However, in large samples, their estimates may
be substituted without serious danger of error
or loss in accuracy, Also, it may be possible
to control ¢,% but it will not be possible to con-
trol s,2and o2 since for any system of fixed
grids, the number of unemployved cannot be
expected t0 remain constant in each grid and
therefore ¥ and y will be varying throughout
time. If every grid contained the same num-
ber of persons then ¢.°*=0; however, this can-
not he realised in practice. But it may be pos-
sible to demarcate the grids so that they hold
approximately the same number of persons, if
some prior knowledge about the distribution of
houses or population is available. Under such
circumstances, , ? would assume a lower value
than if grids had been demarcated ctherwise
The above suggestion has a bearing on the
guestion of obtaining the shortest possible con-
fidence intervals, under the conditiong stated,
given of course the confidence coefficient. An
inspection of (6) will show that the lengih of
the confidence interval of Y is
2uX ‘\/‘H (;i':ﬁﬂ'y” E}Eﬂ'mz)_ugﬂ'tzguiff(ﬂiﬂ_’uﬂﬂta)
the only way to narrow it down

and

(and for that matter, also that of %) would be

by increasing the sample size. For the con-

fidence interval of E! the width of the interval

s

2uN R(E oy i+ togt) —UPe, e, (nE 2 - uls,?)
and, it is clear from this formiula, that the nar-
rowness of width, besides depending on n, de-
pends also on how low the wvalue of g;° is5, and
therefore, it may be narrowed down further by

demarcating the grids in the way already sug-
gesfed.

To sum up, ratio estimates have been sug-
gested for three unemployment statistics, name-
vy, (2) the {otal number unemployed, (b) the
proportion using employment exchanges, (c)
the proportion in the city unemployed, the first
named depending on supplementary informsg-
tion for its estimation. Their confidence limits
have also been derived on the basis of large
sarrple theory, and on the assumption that the
number of grids is very large. For the statis-
tic representing the proportion unemployed, a
method of reducing the width of its confidence
interval is proposed,
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