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A GENERALIZATION OF SAMPLING WITHOUT
REPLACEMENT FROM A FINITE UNIVERSE*
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Towa State College

This paper presenta a general technique for the treatment
of samples drawn without replacement from finite universes
when unequal selection probabilities are used. Two sampling
achemes are discussed in connection with the problem of de-
termining optimum selection probabilities according to the
information available in & supplementary wvariable. Ad-

mittedly, these two schemes have limited application. They
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including both the sample design and the method of estimation. One
sampling system is said to be more efficient than another if the vari-
ance or mean square error of the estimate with the first system 1s less
than that of the second, provided the cost of obtaining the data and

results is the same for both. The development of stratified, multi-stage,

multinha.ﬁ{;. {‘:.lltlﬂtﬂl'. avstematic. and other samnle desiens hevand
roughout.

The possibility of using unequal probabilities for selecting the sample
elements from the universe a8 a means of inereasing precision perhaps
received its first impetus for applied sampling from Hansen and
Hurwitz [2] in 1943. They introduced the selection of primary units
(in a subsampling scheme) with probabilities proportionate to some
measure of their size and presented the appropriate theory. Their
sampling scheme was confined (when sampling without replacement)
to samples of one primary unit per stratum, however, the theory not
having been extended beyond this point. More recently, Midzuno [6]
has generalized the Hansen and Hurwitz approach to sampling & com-
bination of n clements of the universe with probability proportionate
to some measure of size of the combination. Madow [5] has made
some contributions to the theory of the systematic selection of several
clusters with probability proportionate to a measure of size.
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Tabella 1.3.1 - Valori totali e per unita di superficie del volume del fusto e del rami grossi per le categorie inventariali Boschi alti, Impianti di arboricoltura da legno e Aree temporaneamente prive di soprassuolo e per la
macrocategoria Bosco

Boschi alti Impianti di arboricoltura da legno Aree temp. prive di soprassuolo Tolale Bosco
Distratto lermiloriale
Volume ES Volume ES Volume ES Volume ES Volume ES Volume ES Volume ES Volume ES
{m”) (%) {m’ ha™') (%) (m*) (%) {m® ha'"} (%) {m?) (%) {m® ha'} (%) {m?) (%0} {m® ha''}) (%)
Piemonte 126 821 547 an 151.0 29 2 847 269 15.7 103.2 12.7 7613 60.2 33 45.9 129 776 430 30 1491 28
Valle d'Aosta 15 334 302 76 156.0 6.9 (] - 0 . 0 - 0 . 15334 302 76 155.8 69
Lombardia 105 423 628 4.2 1824 39 2613095 19.6 ar.4 17.8 0 - 0 B 108 036 723 4.1 178.3 39 )
Alto Adige 104721523 46 315.0 43 ] - ] - 467 004 314 109.6 14.7 | 105188 527 .
e e e s z e — : _ e T R e
i i e e T W S e : PP vy T
67 066 949 5.4 2121 5.1 763 052 26.8 100.3 18.7 0 - 0 - 67 830 001
guria 49 379 B29 4.5 147.3 43 39 233 100.0 107.1 - 18 730 56.8 5.7 49.0 49 438 791
Emilia Remagna 71063 339 38 128.7 az 1274428 208 130.8 131 356 726 0.3 537 | 72338122
Toscana 130 873 621 3.1 129.9 3.0 1042 114 432 189.7 47 40250 66.0 15.6 60.5 | 131955985
"""""""" Umbra | 20142004 48 | 792 46 | 112665 550 | 333 448 | o - | o - | 20254660 48 |
Marche 24 231 00B 66 B35S 6.3 62614 86.5 516 41,4 0 . 0 . 24 293 622
Lazio BT 249 600 4.7 107.0 4.4 160 483 66.2 1059 46.5 B0 552 46.9 11.1 41.4 AT 510 635
Abruzzo 50404 587 46 1295 4.4 87 051 718 | 77.5 422 1103 100.0 10 - 50 492 831
Molise 14 523 394 9.0 110.5 8.5 106 992 93.1 120.0 54.1 5508 100.0 224 . 14 535 984
Campania 42 353 904 6.0 1115 5.7 112 595 483 a7.4 42.7 36 194 59.6 11.2 49.3 42 502 693
Puglia 12 046 337 11.0 84.2 10.5 108 303 955 1235 66.4 5 844 100.0 3.0 - 12 160 485
"""""""" Baslicata | 27415389 68 | 1063 65 | 230731 460 | 1238 11 | 15086 730 46 648 | 27661206
Calabria B6 990 394 4.7 190.0 4.3 706 558 54.8 267.7 39.2 270 501 57.0 355 531 | 87967 454
""""" Sicilla 23125002 67 91.2 61 | 56190 957 494 76.4 1605 869 11 706 | 23182797 67 |
Sardegna 31286 179 58 57.1 54 1543 108 222 B0.4 200 53 445 56.1 586 531 | 32882733

Italia 1256 099 493 11 146.4 1.0 12 246 493 a.7 100.2 T4 1070512 214 19.8 200 | 1269416499




Number of satellites Purpose

3135 Communications

1030 Earth Observation

385 Technology development/demonstration
154 Navigation/positioning

22 Earth science

18 Other purposes
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- To the production of more timely, cost efficient, and
== e A e _— precise traditional inventory estimates

= e A b - To derive new spatial products (maps, small area

e i estimates)
ST E Technologies that are now on the horizon have the
e - potential to alter radically the ways in which trees are
e e e T measured,estimates are produced, and products are
SIS STLISLTT delivered.

The lack of standardized, spatially exhaustive Open

access datasets, as well as community consensus on
methods and best practices limits the broader uptake and
operationalization of these approaches




Auxiliary information available
for the entire population

Model-assisted

Model-based

estimation (with estimation
stratification)
Examples: Exsemples:
o Breidi & Opsosser (20004 o McRoberts (2006, 2010y
o Boodeoa ot ol (2008) ®  Haccini ef el (200%)
o Corna eral (2015) *  Armston er af (2009)
o Auur et ol 2010
o Hebmer er ol (2010)
*  Mapswwen (2015)
o Samelsctal (2016)

Model-based

Auxiliary information available
as probability sample

Hybrid inference

Model-assisted
estimation

A
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Exmples:

Sulbd er ol (2011)
Gobakken eraf. (2012)
Nelwa et ol (2012)
Healey er ol (2012)
Magnussen or ol (2014)
Coevna of ol (2014)
Margoles et al (2015)
Saarcla of ol 2015b)

Estimation

Reliance on
modefling

NONE

Estimation
Model-assisted
Estimation
Relianee o HIGH
probobility sampling
Deslgn-based

Estimation

Examples

Kahl 2011

Fasoeind o1 4l (2006)
Bredt ot ol (2005)
Opsoener ef wl (2007)
Anderses ef al (2000)
Giregotre etal 2011)
Naesset 7 ol 2011
Gobahhen eral (2012)
Nelwom or of. (2012}
Eine of ol (2012)

Stephemy eval (2012)
Notsaet o7 ol (201300, 2015)
Bollanduds ot od. (2013)
Magnussen el (N4 2015)
Massey of al (2014)
McRoberts ef ol (2014, 2015)
Sannier of ul (2014)
Showrcesskd et of. (2014)
Melville ef o (2015)
Saarcla eral (20152)
Chirici et al (XN116)
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Use of models in large-area forest surveys: @
comparing model-assisted, model-based
and hybrid estimation

Giran 5ikhi", Swetlana Saarela” @, Sebanzian Schnell’, Siren Holm', Johannes Breidenback”, Sean P, Healey',
Pal L Famenon’, Sspen Magnussen”, Eik Maset”, Ronald B, McRoberts” and Timathy G, Geegoine®

Abstract

This. pager focuses on the use of models for increatng the preciaon of emimalons in lange-ansa fonest sunsys, it
b mokieated by the increaing avallability of remotely serned data, which fadilitates the development of madels
predCting 1he vanables of inberedt in fonsst surveys. Wi preent, seview and compang theee diffenent estimation
Iramaeicn wiess madsh pliy A cons rall madal s, massl-based, 3nd Rybnid soimation, Tre s v am
well lrcwm, wherea the third b only recently been introcucesd in foeest surveys. Mybwid inference mines design-
el v racached-iried e, S it nelas o a peobabdity dmiple of sudkany data and a mdcel peedcing the
Targen variable feom e audiary daa.WWe riview Tudied of [nge-anss foredl turvinys Bated on modelasssted, madel-
i, and helrid etrration, and diouss sdvantages and desdvantages of the apgroaches, Wi conchude that ro
gl epcommmenclanons can b mads abour whether mocel-rmed, mooskbesd, o Fybridl ssrimation thould b
prefened. The choke deperds an the objective of the survey and the posaibilities to scquie xropriste Beld and
remotely sonded dita We a0 condhude that moddlng appeaaches can only be fucoeishilly appled for sstimating
Tt v iahless qusch 38 OMANG I ol o bitemon, swhich A advguenely relaced 10 commonly sdailabls
remolely sermed data, and thus purety field based sureeys semain important for several important forest parameters.

Keywordie Dvsigrhaned inderence, Modehaisaed egimanion, Modebaced inderence, Hybrid infenence, Barional
barest rwenitony, Rernote serning, Samgling

Irtroduction
Ui of macchebs. in Barge-ares sssrveys of farets i altracting
increased interest. The reascon is the improved svadabiliny
al manilismy alala e vamwmn, rremete sensing platfuem.
Asrial photographs (eg. Nasset 20005, Bohlin ot al. 2012}
ared spaical sarellite dats (2. Heese ot al. 2000) huve bheen
o amed el opraticrally o many ddecde, while
data freen profiling feg. Nelson o al 1984 Nelson et al
198H) and zcanning lasers (eg. Nusset 1997) and redars
{Anlberg o al J000) have lesuene available for practical
appdications more recently. Some of the new types of
remdcly seesod data, such as data Bom laser scannees,
have already Became widely applied in farest ienbor-

the devekepment ol muodeh thal are applicd wall-to-wall
trver an anea af irems (g, Ml H04), often for pr-
widing datas for forest management. However, this type of
tata i e rrwnagly applaeed aha in comne tur with lage-
area forest surveys, sach as national-bevel forest inventor-
e (Tomppe et al 2010, Asmer ot al 2012).

Applications. of mededs in Large-area fored surve often
et thee mreosdel-assdsted estimation framework (Shmadal et ol
LI where 3 model i used Lo suppott the estimution
flliwing probability cempling within the ontea of
design-based inference {Gregoire 1958} Imporanidy. an
wrabepaichy pevilind b will nof ke the el
Blsied in this case, But anly affect the varance of the eti-

iex (g, Musset 2002b) A
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Enaloes. ples of large-aren forest invensory applics-
e inchale Andersen ot al [2001) wha applicd the
techibgae i Alasda, Gregole et al [2011) and Gobakken
&t al, (00T, wha applied it in Hedmark County, Moresy,
ar] Saarels et sl (3005a) whar used it s Kuortane, Fasband
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White et al., 2013. The Utility of Image-Based Point Clouds for
Forest Inventory: A Comparison with Airborne Laser Scanning.
https://doi.org/10.3390/f4030518

Small area partitioning

Data assimilation/data integration

How to integrate multiple input data from multiple sources?
We just have to choice!

UAV->LIDAR->SATELLITE->NFI
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Vega et al., 2021

A new small area estimation algorithm to balance between
statistical precision and scale
https://doi.org/10.1016/j.jag.2021.102303
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Use of partial-coverage UAV data in sampling for large s

scale forest inventories.
https://doi.org/10.1016/j.rse.2017.03.019 Puliti S, Saarela S, et al., 2018

Combining UAV and Sentinel-2 auxiliary
data for forest growing stock volume
estimation through hierarchical model-
based inference
https://doi.org/10.1016/j.rse.2017.10.007
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| risultati del progetto
AGRIDIGIT

dalla ricerca all’applicazione

stima spazialmente
esplicita di variabill
forestall




Il problema deil
dati di input

Con algoritmi di
intelligenza
artificiale e
possibile
spazializzare con
Immagini
telerilevate e altri
strati informativi
geografici il dato
osservato nelle
aree di saggio a
terra INFC
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