Ootober 6, 1942

Dear Jackson,

In your last fﬁttur you wrote about the queation of the eatimatlon
of fly numbesrs from recapture figures, and especlsally about the pre-
olalon of such estlinates a2 oan be mads. This led me to try out on
the materlal publishad for your Kekcma aquare, Table 2, p. 352-35) of
your Annalas srticle, & falrly systsmatic method, using as few assumpi-
lons apg gesmed poselble.

Starting with the date hi%l!:]%fﬁur !t:atdtnt ulunnd collection
dabes of August 1938, I have triad making tnrla different estlmatea of
Yo which l1a, I think, lﬂ,ﬂﬂﬂ dividud by the number of flles in the
square, including a fringe due to amblts as we have dlscussed befors.

Tha thres satigates I make are:

X = '_gl_§?ﬁﬂﬂi or 1.82839;

2208 .+ 2248 ¢ 176 ¥ 114y gp 1.20815; end
Y " T301 % 2157 + 146 + .106 A iom % @
: o oeROL X oLIT e .l2R ¥ GO0 ¥ 021, or. 0. 76266 .

.192 + .203 + .104 + .0O78
Theae wera ocalculated for the 73 dates which your table makea paxxzh
posslible. The sum of aquares for esch of the varlates; x, Y -and g,

and the msum of products for each palr of these are found to bel



The

X Y £

x 7.98514  4.28193 4.18329
¥ 7.39631 2.85096
z 6.30300 .

tiow, 1f x, y and z are all unblassed eatimates of the same quantity,
all these pums of squares and producte will contailn as one component |
the true sum of squares of the quantity estimated. This 1s the ocom=
ponent due to real varlation in fly frequenoy, iE':-u‘l: y #nd z heve been

calculated from independent entries in your tahli;, Ii we may take 1t

that thelr errore are uncorrelated, or that the ocorrelation batwaan

thelr sampling errors 1s zero, then the gums of squares and produotes of

LhWeED
A X, a}.md % can be estimated by subtracting from each entry 2.85856, o

as to give ths table

X ¥ : z
x 513418  1.43097  1.33833
y 4.54535  O.
' 3.45204

Now, Lf x, y and z have these sumas of squares and products dus to
orror, one may ask what linear function Ax + AY +7v¥: = wshall
have the least poasible sampling varianoe when I?n,-w-dllfl.--n-l*'n- = 1, %What
comeéa of thlis is that

A = 13453
S = 37202
¥ = +39349 , . .
end the sum of squares of the compound w is 1.88346, giving, on
sampling
dividing by 70, .0269066 as the/variance of a-siagie-weighited

obaarvatieny the welghted mean, the values of which I gend_in the
enoloaed table.

Ae you suprosed in your letter, it seems to be inwvitable that



3
adjacent estimntes ghall be negatively correlated. I think thia

comes from the way in which the sams esntrpjacnenrg flrat in the
numerator &nd then ln the denomlnator of correspondlng fractlone.
For the 73 values glvun,tha gum of the squared differences la
5.45744, which, on dividing by 144 gives .0378589, larger than the
egtimated varicnee of a single observatiocn, which wee .02£9066, in
the ratio 1.40884, ghowing that adj)ecent estimates have & negative
correlation sa high se .40854.

I do net know that thia hurts anyone. It may, in fact, give scme
ancouragament to the prooceas of smoothlng the nﬁ;htnnﬂ ad Jacent velues;
for axample, the formula with coefflolents

-3 +12 +17 +12 =3 = 135

when applied to uncorrelsted perles reduces the variance in the ratic
il , or to Just less than cone half, but intrnduces A correlatlon + ﬁ
between successive terms. If it is applied to a geries llke the
eatimates w, having correlation .408535 between successlve terms,

I make the veriance of a single smoothed eatinmate only .2815, and the
correlation bstween sucosssive amoothe#d terms posltlive, but lower
than before, belng about «33.

Notice thet such a smoothing formula ad this doee not tend to
avan out emooth rieesg and hollows, 1.8., when applied to such & serles
AB 1 , b .9, 10 , 9+ 1% reproduces the middle GSerm,as & simple
moving avers;’e dosp not. When you have time I should like to know
how you féel avout the series of estimatea obtalned in thia way, in
particular ua to whether it sver swems to glve less rzliable reaults
than those you have previocusly besan using.

Sinesrsely yours,
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