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Summary

Small area statistics are usaful for local level planning.
(18 techmiques are being increasingly used in small area
cstimation. NS5O data on feus (villages within a district,
i.e,, S50 stratum) are ideal for this porpose. But, so
far, amempt has not been made o use G1S echniyue on
NSS0) data, One advantage of GIS method 15 that, unlike
traditional regression methud of estimation, no auxiliary
information is required.GIS method has been applicd in
this papes b obdain block level estinaates on the basis of
191 census data as an illustration. Tt was observed that
block level cetimales based on GIS twmed out 10 have
less ersor than estimates based on regression methd,

1. Introductipn

Smal avess for this study are emall peagraphic aveas, OF
several model-based techniques, I3 (Geographical
Information System} is being incressangly used for smeil
area estimation [Cai (2004}, Heady { 1998Y]. GIS models
egsentially assimme that nearer areas are more likely to be
similar Uvan arcas that are further apart. GIS does not
require information on any auxilisry vansblc,

With GI8, oce may gel estimates for all villapes (NSSC
fsu’s) within a district (WSSO steatum) using NSSO date
on seiected villages wilhin the disiricr; one may also
compute block level estimates for all blocks in the district.
NS8O data are ideal for small area estimation using GIS.
We firgt iltostrate the use of OIS for smali ares estimation.
Then we shall discuss GIS methodology.

A key component in using GES is the availability of a
digitized map of the boundaries of areas {e.g. NS5O fau's)
of interest within a peographical zooe (e.g., NSSO
straturm) of Interest.

Tor s if (GIS based estimates are any good, we abtained
a separate sel of estimates based on lineat regression
equations, a standand method of estimation when &n
auxiliary variable i available.

Algebraic compansans of standand crrors of smali arey
eslimates based on G5 and regression equations will ney
be atterapted here. Instead, we shall use knowg
populations for comparisons and validation,

2. Mustration

For illustration, we shall oblain block-level csrimates
within a dialvict; we have sclected Nadia district in the

State of West Bengal and digitized the 17 block Iundd:res
{gee Fig. 1L

FLE (Female Litcracy Rate) i.c., [{No. of Fermnale
Literaier / (Mo, of Female - No. of Female in the apge
group 0-G)1* 100] at the block lovel is taken us study
variable. FESCSTR {per cent SC/ST among femake
population in a block) is taken as an auxilisry variable,
1%%1 census dala from 1991 District Primary Census
Abslract™ are used to compute (sec Table 13 FLR and
FSCETR and taken a5 true valnes.
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Tabte 1: 1991 Cemsps Duta for 17 Blocks of Madia District im West Rengal
Na of Female No of Mo of Female Female
Biock No of i the age Fewale | Female | Noof Female | Literncy | SC/ST
Id No Female group Scheduled | Scheduled |  Literates | Teate Raite
{0-6) years Cast Tribes () [ Go )y
| @ 3 @ s | ™ @ L)
1 | Karlmpur-I 69141 12549 12511 1234 21148 37.33 19.90
2 | KanmpurIl 18716 L5776 13227 100% 17639 28.02 18.08
3 | Tehaial 89711 16083 31255 1051 28077 3813 3601 |
4 | Tehats -T0 55457 9364 0351 204 15660 34.37 16.85
5 | kaligan] 114758 22584 20351 786 23410 30.82 18.42
6 | Nakashipara | 131512 25473 3201 3016 32850 3110 | 2602
7 | Chapra L 110052 21583 20148 441 17806 3143 18.71
5 | Krishoagardl 51444 9184 9475 253 14638 34,53 19.69
9 | Krishnuganj 54505 9209 24534 2808 18612 41,566 30,07
10 | Krisknapard 107508 19506 38190 577 32611 36.93 40.23
1| Nabadwip SIS0 33y 7773 435 1 13044 34.36 16.29
2 | Homskhal; 104074 15761 S0RG7 2547 40709 A6.62 51.32
13 | Santiput #1184 14873 kLt | Sl 25469 3841 41 86
14 Runaghat-I S LLEY 14433 a5 s ATIER 44,95 11.76
15 | Ramaghat-ll  © L3ubid 23824 62725 5380 55783 49.00 49.84
16 | Chakdah . 145530 23713 63213 7751 58612 48.09 48.75
17 | Haringhaiz RE530) 14723 26052 4429 32213 4550 36.69

(Somrce : District Primary Census Alutrat, Nadis, West Bengal, 1997
* Female Literary Esbe = [No. af ¥emuale Literntes { { Mo, of Femple - Mo of Female ta the wge group (-61"108
** Femake 5C & ST Rale m [¢ No. of Feomle 3C + Nu. of Fiode ST ) No. of Femak: | *100

2.1 No auniliary information, GIS technigue

Tehie 1 : 10 Raodomly Selected Blocks

Block 1561 Cenaus
i No FLR FSCSTR
BT ) 131
3 JR13 36,1
4 3,37 1685
" 342 18.42
B 1d.63 14,69
g 41.66 007
10 36,93 4023
11 3,34 16.29

We sclected at random 10 of the 17 blocks {at least 10
data points are needed to appty GIS), copied the FLR
valnes for the 10 selected blocks from Table 1; Table 2.1
gives the Id of selected blocks in col (1) and FLR valucy
in col. {Z).

Wi now wish 10 estimate FLR values for the remaining 7
ok usitx GIS.

Table 22 gives the Id of the remeinang 7 blocks in col,
(1) and GIS predicted FLR in col. (2); GIS madel hased
standard ermors of GIS estimates are given in col. (3),
rue FLR are given in col. (4) {copied foom Table 1, col.
(&) and GIS residuals {difference between tn znd GIS
predicted) are given in col. (5). Average scpuared emor
(snm of squares of regidualz in col. {5) divided by 7) ig
24, Square 100t of the averages squared arpor, w24 = 4,90;
compares well with the GIS model-based standard sstors
im ¢ol, (3)
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Table 2.2 : Predicton of Female Literacy Rate for 7 Blocks using GIS

 — e e e e — e — .-

Feoiale Literacy Rate Observed
Block | GIS | Stasdert | Observed* | GIS | Femsle SUST | Repression | Regression
id Ko Predicted Error Heaiduals Raie Predicted Residunls
a0 @ | ) ) @i e T
£ FR ] L) | F3T33 o) 5 1aan 33.75 350 |
2 37.43 S68 R/ 41 1R0E 1315 513 ]
8 44 | 359 | M | 2k 02 | 3578 | 448
4 17,12 3.76 43 5.4 1871 13,35 192
4 43,82 3.4% 425 5,43 11.76 17.68 1157 |
15 46.61 305 49,00 2,39 19,54 1366 534
17 47.5% 443 4550 24b 30,60 39,31 6.1% ﬂ
Average Squored Earor 200§ 3793 J

* Ireated as unknown but vaed for cross validataon
Set No. 1: Id. po. of randorsly selected blocks @ 3,4.5849,10,11,12,13,16
Regression Equetion : FLR «27.16 + ( 1.3)) * FSUSTR

2.2 ‘With auxiliary infermation, Regresslon techobque

For the 10 szlected blocks as e sectiom 2.1, FSCSTR
valoes pre copied incol. (3) i Table 2.1 from Takle 1,col.
{9).

The Linear regression of FLR on FSCSTR. bascd on the

10 pairs of observations for the 10 selecied hlocks is:
FILR=27.16+0.33 * FESCS5TR (1}

The comrddetion coefhcient betaeen FLR and FSCSTR
is positive and G.87.

Using the regression equation, FLR is predicied ior the
remaining ¥ blochks

Table 22 gives true FSCSTR valoes in col. [0) {copied
froan Table 1), predicted FLR values, based on regression
equation (1), in col. (7) and cepreselon rsiduals (differsnce
betwern troe and regression predicted) in col. (8). The
average squated ammor (surp of sguares of residozls in col.
(8) dkvxled by T} 15 37.93,

23 Comparizon
Based on the 10 sandomdy selectad blocks, GIS technique

appears 1o be hetter than regression wechaigue mince the
per cent redative elficiency of 315 compared o regression
i (379324 100K or 154%.

However., it is only $or one of "C ) possible sets of 10
blocks, S0, we repeal e same exercise for apother 8
randomly selected setk of 10Macks. The regults are given
in Teble 3 : Col. {1) gives the sol number, [d of rapdomly
selected blocks in col, (2), average squared errocs in ool
(3) amd col. (4) respectively for GIS and regression
techniques; in addition, regresgion intercepts and slopes
are given in col. §5) and col. (6) along with comelation
cocfficiern in col. (7). Wit high ‘correlalion coefficient
values (0.7 o 0,87 across the © random selections, it
was expecied thal regression technique would be good,
bl 315 did better in mast cases, 8 out of 9 cases.

On an average, based on 9 replieations, the relative
efticiency of (I8 technique is {29 48/15%.06)* 106 = 155%

a5 compared 10 Tegression tachnigque, Momovgr, oo docs

not need any auxilkary variable to apply OIS techmique.

3. Methodology

3.1 GIS techmigne
For using (15 technique, a digitized miap is nesded, Using
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dite o sleast L0 points a surface is fitled (see appendix)
over the eotire atudy area, including ateas with data and
witkout data. Predicted value at 8 locabon is the height
of the sorface at the location {see appendix).

We are wreating centroids of blocks ax the representutive
of blacks, hoth For fitting the serfece and also for
prediction.

Afer digitization of the district of Nadia, aling with its
17 block bouddaries, we wsed G155 package far
computation of the centroids (see Fig.1). Data far Mocks
are then attached to respective block centrolds. Then a
surface 15 Atted vver the disirel, Basie GIS gssummption
is that the neiphbouring biocks influence the study vartable
meue Lhan the [ar sway blocks. OFseveral G15 kechmques,
we used nrdinary kriging {ses appendix) far fitting a
surface (see Fig.2 for fitted surface usigp set 1) A

predicted vahue of a block is the height of the snrface at
its centroid. The Fitted surface alweys passes throngh the
irue values uscd for fitting fhe surface.

3.2 With auxiliary infermation

A linear regression equatien is Glled with the help of
ardinary leas squares method based on blocks for which
buidy the study variahle aod the auxiliary variable e
available. The pradicted intercepts and predicted slopes
for the % s21s ame given in ool, () and col. (6) of Table 3
respechvely, The predicted value of a block is the
corresponding wnteicept ples the slope multiplied by 1he
comresponding value of the axiliary variahle of that block.
For this metbod no digiized map of the study area is
noCEsEary; also, we do not need 1o altach data to 1he
centroida,

A
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"Iabind : Comparison of Exror Rates In % Randomly Selected Seis of 10 of 17 blocks

Bot | Rasdomily Selected Blocia Average Sqeared Error * Regression cnmm
No with Identifiestion Mo GI5 Regression Totencepl Slope |  Coefficient |
1) @) 3 ) (5} (6) ] _-I
1 1,4,5,8,9,10,11,12,13,15 24.00 37.93 27.16 033 087 |
2 123,478.911,13,15 12.64 33,62 26,93 034 0.84 1|
3 14.7.89,11,12,13,14,15 15.45 36.08 29.21 0.33 077 |
4 1.4.5.6,7,8.9,10,15,16 AL 3139 24,42 041 .36
5 23,6,7,89,11,14,15,16 13.88 14,79 24.14 0.45 0,80
5 1.4,5.78.10,12,13,15.17 16.78 28.79 26.31 039 0.85
7 1,2,3,4,6,7,10,12,13,18 742 33.44 23.88 0.42 085 |
] 3 6.7,8,10,12,15,14,16,17 23,28 11497 23.10 048 ars |
9 2,4.6,7,89,10,11,13,17 38.91 47.28 26,95 030 0.74
Averuge of Average Squared Erroe 19.06 19,45

¥ Saw iable 1.2 for compuotation of Average Squered Ervor for Set Mo 1.
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3.3 Ecror n predicton

Eimor i5 the differcnce between The true value angd the
prediced vahue (¢ Table 2.2). Averags squarcd error is
an average of ihe 7 squared errors.

4. Appendix

Let (%, v, =} bt the Ikree coordimates of a point m 3-
dimension. Further 1t h be  (woviwm defined for every
point (X, ¥) in the X-Y plane, and 2 = hlx, y}. As (x, y)
varies over X-Y plane, z = hix, ¥} @nves a surface over
X-¥ plane. 2 = h(x,, ¥, }is the beight of the surface from
the point (%, ¥, ) on the X-Y plane.

For exampk, let x and ¥ be the latitude and Jouginide of
& locativn on ewrth. Let zbe the abiude  (heipht from sea
levsl) at the locadon {x. ¥). For a given location
(%,.y, Jmearh, 2, =h{x_, ¥, ) is it haighl from sea
TIevel. Similarly, z could be mperators or precipitation
be. The fanction R is nsually unknown; it is not possible
b find the alatudetemperatuce/precipitation at a location
Justwirh the Enowledee of its latitude and lonpiteda.

"Ihe problera of fitring of 2 surface is easentially a prablem
of estimating the funclion b withn knosm (x. y., z) values,
e, wilhlmown z values at s oumber of knowa locations
(2.¥,%i=L12 ..,n The problem of filling of a
surface is much more complex than standard regression
provlem since the z-values are comelated acress lovations.
There are several methods for fitting of a surface, one of

which 5 ocdinary kriging.

OUrdinary kriging has two dislinct tasks: quantification of
the spatial structure (the comclation across locations) of
observed z-values at known locations and computation
of predicted valucs at locations where g-values have nol
becn observed. Omantification of spatial stacture is known
as varingraphy that fits a spatiel dependence model ta the
ubserved z-values. Then the variography miodel i used,
tagethes with observed 2-values, for prediction.

Iata given are lalitudes and longitades of n locations
(%.¥)isL2 ___ nforwhichnz values ate known. In
ordinary kmging, one z-value is estimared fior o location
of inletes!; thea another z-value is estimated for annther
location of intarest; z-vahies are estimaied one at a Hme.
This way all z-values are cstimated for all Jocstions
(%, ¥)over a grographic area of inlerest, viekding a surface
over the peographic area of interest. Like every other
methed of fitting & surface, ordinary kxiging is very
vumputer intengive. Thompson (1992 illhuerrates a step-
by-step estimeation of one 2-valus.
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