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UN Sustainable Development Goals (SDG)
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-
The 17 Sustainable Development Goals (SDG)

GOAL 1: No Poverty

GOAL 2: Zero Hunger

GOAL 3: Good Health and Well-being

GOAL 4: Quality Education

GOAL 5: Gender Equality

GOAL 6: Clean Water and Sanitation

GOAL 7: Affordable and Clean Energy

GOAL 8: Decent Work and Economic Growth
GOAL 9: Industry, Innovation and Infrastructure
GOAL 10: Reduced Inequality

GOAL 11: Sustainable Cities and Communities
GOAL 12: Responsible Consumption and Production
GOAL 13: Climate Action

GOAL 14: Life Below Water

GOAL 15: Life on Land

GOAL 16: Peace and Justice Strong Institutions
GOAL 17: Partnerships to achieve the Goal
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Sample surveys

@ Probability sample surveys

@ Nonprobability sample surveys

P. Lahiri

Integrating survey data with alternative databases for small area estimation



Merfeld, J., Chen, H., Lahiri, P., and Newhouse, D. (2024). Small
Area Estimation with Geospatial Data: A Primer (draft).
Inter-Secretariat Working Group on Household Surveys,
Background document to the 55th session of the United Nations
Statistical Commission.
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Uses of Geo-spatial Datasets by WFP

@ Building footprint data from Google Open Buildings dataset
@ Road density data from Open Street Map
@ Nighttime lights

@ Vegetation Index

Ref: WFP Global Data Strategy 2024 — 2026
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https://www.wfp.org/publications/wfp-global-data-strategy-2024-2026

Satellite Data

Cropland Data Layer

Agriculture by crop type and location

Asample:

Clcon N WinterWheat [ Rice
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Zakzeski, A., National Agricultural Statistics Service
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Retail Scanner Data (Nielsen)

Regional Overview
Volume/Pricing/Sales NEW
ENGLAND
MID-
PACIFIC WEST EAST. ATLANTIC
NORTH NORTH
CENTRAL CERIRRG
$083 MOUNTAIN
[so5s |
$0.79
SOUTH
EAST ATLANTIC

WEST SOUTH
SOUTH CENTRAL
CENTRAL
L]
'

Figure: Scanner data of mango sales in grocery stores over different

geographical regions
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http://www.mango.org/wp-content/uploads/2018/09/1st-Half-resultsEnglish.pdf
http://www.mango.org/wp-content/uploads/2018/09/1st-Half-resultsEnglish.pdf

.
GPS Probe Data Collection

The following figure (from FHWA, 1998) summarizes the collection
of probe data

Control Center/Dispatch

Figure: GPS Data Collection (FHWA, 1998; Source Kartika, C.S.D.,
2015)
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Cell Phone Data

Location data from mobile phones
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Source: Pfeffermann (2017)

P. Lahiri

Integrating survey data with alternative databases for small area estimation



AGE2 SECTION D - CROPS AND LAND USE ON TRACT i

FrONAeE @ Iy I o I

REGRESSION Dependent Independent
VARIABLES: % X
Enumerated | CDL Classified
JAS Segments Acres
USDA Soybeans 227 273
ﬁ Wheat 337 541

Zakzeski, A., National Agricultural Statistics Service
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Notation

@ m small areas with N; units;

@ y;; and x;; denote the values of the study variable and a p x 1
vector of known auxiliary variables for the jth unit of the ith
small area, respectively, with:=1,....m, j=1,..., Ny;

o Parameter of interest: Y; = NZ._1 Z;V:””l Yij, t=1,...,m.

@ n; is the sample size for area ¢ and it is not large enough to
support the use of a direct estimator: g; = n; ! > jes; Yiss
where s; denotes the part of the sample from the ith small
area.
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Nested error regression model (NER)

P. Lahiri

@ Nested error regression model for the finite population:
Yij zﬁo—i—xgj,@—i—'yi—i—eij, 7 = 1,...,m; j: 1,...,]\71'7

@ (o and 3 are fixed intercept and regression coefficients,
respectively;

@ 7; is a random effect for area i; ¢;; is the sampling error for
the jth observation in the ith area; 7; and ¢;; are all assumed
to be independent with ; ~ N(O,ag) and €;; ~ N(0,02),
i=1,....m; j=1,...,Ny;

@ The model parameters 03 and o2 are referred to as the
variance components.
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An Example from the EMAP Lake Survey Data

@ 334 lakes selected from the population of 21,026 lakes

86 Hydrologic Unit Codes (HUCs) are in-sample

27 HUCs are out-of-sample

Estimation of average Acid Neutralising Capacity (ANC) by
HUC is of interest.
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-
An Example from the EMAP Lake Survey Data (Cont'd)
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-
An Example from the EMAP Lake Survey Data (Cont'd)
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An extension of NER model

We propose the following extension of NER model:

yZ]:BO+X;]ﬁz+’71+€ZJJ /L-:]-u“'vm;j:lw"aNiu

@ (p is a common intercept term;
@ 3, is a p x 1 vector of fixed regression coefficients for area i;
@ v; and €;; are all independent with ; ~ N(O,ag) and

Eij ~ N(O, O‘?Z)
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-
The Best Predictor (BP)

The best predictor (BP) of Y; ~ 0; = By + X3, + i is given by
éBP
= Bi) {wi + [Bo + (Xi — %:)'B4] } + Bi(Bo + XiB3;)
= 91‘(@52‘)7 (say)

where
@ X;: population mean for area i
@ X;: sample mean for area ¢

2
oz./n;
e B, = _Zalmi .

521/”1 U?Y’
° ¢; = (50,1817 O ez) '
® An empirical best predictor (EBP) of 0; can be written as
OFPF = 0i(¢y).
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Data-driven method for model parameter estimation

@ For estimating the model parameters ¢;, generalized
estimating equations (GEE) with area specific tuning
parameters are used to improve prediction accuracy.

@ Method allows to borrow strength across areas when
estimating each area specific vector of parameters.

@ For known area specific tuning parameters, our estimating
equation method yields consistent estimators of the model
parameters.

P. Lahiri

Integrating survey data with alternative databases for small area estimation



Measures of uncertainty of EBP

@ Parametric bootstrap
@ First-order unbiased when tuning parameters are known.

@ We deviate from the standard second-order unbiasedness
property of mean squared error (MSE) estimators.

@ Method can estimate various uncertainty measures (e.g.,
MSE, RRMSE, CV, etc.)
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EMAP Lake Survey Data Analysis
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Figure: Maps showing the spatial variation in the HUC-specific area
elevation slope coefficient (left) and sampling variance (right) estimates
that are generated when the proposed nested error regression model with
high dimensional parameter is fitted to the EMAP data.
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Maps of estimated average ANC for HUCs using direct and
EBP under NERHDP

Direct Estimates EBP
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Boxplot of CVs ratios

Figure: Boxplot showing the ratio between the CVs of the direct
estimates and the CVs of the estimates obtained by the nested error
regression model with high dimensional parameter. Values greater than 1
indicates that the CVs of the direct estimates are higher than the other
ones.
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.
R package: NERHD

The R package is at:

https://github.com/nicolasalvati73/NERHD/blob/main/
NERHD_0.1.1.tar.gz
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https://github.com/nicolasalvati73/NERHD/blob/main/NERHD_0.1.1.tar.gz
https://github.com/nicolasalvati73/NERHD/blob/main/NERHD_0.1.1.tar.gz

Concluding Remarks

Flexible modeling

Area specific estimating equation

@ Design consistency

Starightforward parametric bootstrap for measuring
uncertainty

Method is extendable to estimate nonlinear finite population
parameters.
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